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1.1 GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol), the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. Louis, Michigan plant 

site. The monitoring program is designed to address the 

following : 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3. Determination of site groundwater elevations 

This report details the initial site 

monitoring which occured during the period December 12 to 

December 14, 1984- 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

Mr. M. Strimbu (USEPA) was present on site 

and participated in the entire monitoring program. Mr. B. 



Hall (MDNR) was present during the collection of the 

containment wall sample. Ms. A. Couture and Mr. R; Teoh 

(MDNR) were present on site on December 12, 1984 to discuss 

the proposed gas vent sampling protocol. 

I 1.3 MONITORING AND SAMPLING PERSONNEL 

t - 
The monitoring and sampling program was 

I 
b ' C  carried out by Mr. D. Robinson and Ms. C. Cull 

(Conestoga-Rovers and Associates) assisted by Mr. Gene 

DeGeer, the Velsicol site custodian. 



1 2 -0  GAS VENT WONITORIRG 

GENERAL 

The gas vent monitoring began on December 14, 

1984 and was completed the same day. 

2.1.1 Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. 

Samples from each gas vent were collected in two 6-mm 

diameter x 70-mm long Tenax tubes and two charcoal tubes of 

similar dimensions. The samples were collected 

simultaneously using dual parallel/series tube holder sets. 

2.2 SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 

Sampling was conducted at the downstream 

sampling post on each gas vent as detailed on Figure 2. The 
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tube holder was attached d i r e c t l y  t o  the  gas vent sampling 

port  using a copper manifold assembly which was 

environmentally cleaned p r io r  t o  use. Tygon tubing was used 

t o  connect the  tube holder t o  the  sampler and was connected 

between t h e  base of the  tube holder and suction port of the  

sampler. The sampler which was pre-calibrated t o  

250cc/min/tube s e t ,  was operated for  a period of 20 minutes 

for each sampling event, resu l t ing  i n  a collected sample 

volume of f ive  l i t e r s  per tube s e t .  

Pr ior  t o  sample co l lec t ion ,  t h e  gas vent 

upper chamber was purged by pumping a t  500 cc/minute for a 

period of t en  minutes. This precluded the poss ib l i ty  of 

sampling retained atmospheric a i r  from the gas vent upper 

chamber. During the purging and sampling operations, the  

open end of the  gas vent was capped using a 4-inch diameter 

p l a s t i c  cover t o  prevent atmospheric a i r  being drawn in to  the  

sample . 

A t  the conclusion of each gas vent sampling, 

the  s e t  of four sample tubes were capped, label led and stored 

i n  a cooler maintained a t  O ° C .  

2 . 2 . 1  Sample Storage and Shipnent 

The samples were stored overnight i n  a 

freezer located within the project  o f f i ces .  O n  the  morning 



of December 15, 1984, the samples were transferred to a 

cooler containing frozen cold packs and styrofoam packing 

materials. The cooler was shipped under chain of custody 

protocol, to Velsicol's Memphis, Tennessee laboratory by 

overnight courier for analysis. A copy of the chain of 

custody is provided in Appendix A. 

2.2.2 Sample Analysis 

The sample tubes will be stored in a freezer 

until prepared for analysis and will be desorbed within 

thirty days of the sampling event. Analysis of the charcoal 

tubes will be conducted in accordance with NIOSH protocols 

for the following parameters: 

COMPOUND 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH 

METHOD NO. 

Should any of the above compounds be detected 

on any charcoal tube, the corresponding Tenax tubes will be 

analyzed by GC/MS using EPA Method 624. 



Data will be reported in written form to 

USEPA and MDNR within seven days after receipt by CRA of 

final laboratory data which is anticipated to be available 

during the last week of January 1985. A summary data report 

will be submitted to both Agencies following completion of 

the entire gas vent sampling program, in the fall of 1987. 

2.2.3  Sampling Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 



3.0 SITE PERIMETER CONTAINMENT WALL MONITORING 

3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984. The 

current sampling event occured December 13 and December 14, 

1984. All testing completed to date has confirmed the 

permeability of the site perimeter containment wall to be 

less than 1.0 x 10-7 cm/sec. 

3.2 EQUIPMENT 

A CME 175 trailer mounted drill rig equipped 

with rotary head and 6-inch diameter hollow stem augers was 

utilized to advance the borehole into the containment wall. 

A 3-inch diameter Shelby tube, hydraulically pushed and 

retrieved, was used to collect the samples. 

3.3. SAMPLE COLLECTION 

The containment wall was located by field 

survey on December 14, 1984. The sampling borehole was 

7 



begun a t  S t a t i o n  DGW 69+90 by auger ing th rough  the  c l a y  cap  

i n t o  t h e  unde r ly ing  m a t e r i a l .  

The p r e s e n c e  of s o i l / b e n t o n i t e  b a c k f i l l  

m a t e r i a l  was confirmed by examinat ion of  c u t t i n g s  on t h e  

auger  f l i g h t s .  A Shelby t u b e  w a s  i n t roduced  i n t o  t h e  

bo reho le  and a sample was r e t r i e v e d  a t  a  dep th  of  e i g h t  f e e t .  

Examination o f  t h e  c o n t e n t s  v i s i b l e  a t  t h e  b a s e  of t h e  t u b e  

i n d i c a t e d  t h a t  t h e  sample con ta ined  n a t i v e  m a t e r i a l .  The 

sample was d i s c a r d e d  and d i sposed  w i t h i n  t h e  bo reho le  which 

was then  b a c k f i l l e d  w i t h  b e n t o n i t e  and abandoned. I t  w a s  

concluded t h a t  t h e  bo reho le  had been l o c a t e d  on  t h e  i n s i d e  

edge of t h e  containment w a l l .  The program was postponed 

u n t i l  t h e  n e x t  day due t o  i nc l emen t  wea ther  and impending 

darkness .  

On t h e  morning of December 15 ,  1984 t h e  

sampling program w a s  resumed and t h e  d r i l l  r i g  w a s  moved two 

f e e t  t o  t h e  n o r t h .  A boreho le  was advanced t o  a d e p t h  of 

s i x  f e e t .  A Shelby t u b e  was i n t r o d u c e d  i n t o  t h e  bo reho le  and 

a  sample was withdrawn. Examination o f  m a t e r i a l  i n  t h e  b a s e  

of t h e  t ube  confirmed t h a t  t h e  sample was o b t a i n e d  from t h e  

containment  w a l l .  A f u r t h e r  sample was withdrawn f o r  t e s t i n g  

by MDNR. T h e  l o c a t i o n s  o f  t h i s  and p r i o r  sampling e v e n t s  a r e  

d e t a i l e d  on F i g u r e  3 .  





3.3.1 Sample Preparation and Shippinq 

The Shelby tubes were capped and taped at 

both ends to prevent sample loss and drying. One sample was 

hand delivered to the Michigan Testing Engineer's laboratory 

in Detroit, Michigan for permeability testing. The sample 

collected for MDNR was handed over to Mr. Ben Hall. 

Sample Testing 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 



4.0 GROUNDWATER TABLE MOHITORIHG 

4.1 GENERAL 

The initial monitoring of plant site 

groundwater elevation was performed on December 12, 1984. 

The water elevation of the St. Louis reservoir was also 

determined at this time. 

WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked surveyors tape into the 

monitoring well. Readings of the tape, which was graduated 

in increments of one one-hundredth of a foot, were taken at 

the water level and at the top of the well casing. The 

former reading was deducted from the latter and the resultant 

dimension was subtracted from the previously established top 

of well casing elevation. Well head and watertable 

elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



TABLE 1 

WATER LEVEL MEASUREMENTS 

DECEMBER 12, 1984 

1 MEASURED 
WELL HEAD DISTANCE TO 

MONITORING ELEVATION WATER TABLE 

t WELL ( AMSL 1 (ft.1 

Water level elevation, St. m u i s  Reservoir 

WATERTABLE 
EZEVAT ION 

( ) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater  e l e v a t i o n  d a t a  were used t o  

c o n s t r u c t  a s i t e  groundwater  e l e v a t i o n  con tou r  map which i s  

p r e s e n t e d  i n  F i g u r e  4. 

SITE MEAN GROUNDWATER ELEVATION 

The mean e l e v a t i o n  of  s i t e  groundwater  i s  

c a l c u l a t e d  t o  be 721.52. The maximum a l l o w a b l e  s i t e  

groundwater  e l e v a t i o n  s t i p u l a t e d  by t h e  Consent Judgement is 

724.13. 





I - 
5.0 SUMMARY 

All monitoring activities stipulated by the 

Consent Judgment were carried out between December 12 and 

December 14, 1984. 

Data from the chemical analysis of the gas 

vent samples and the permeability testing of the contaminant 

wall sample will be provided to MDNR and USEPA within seven 

days of receipt by CRA of laboratory final data. 

The present mean site groundwater table 

elevation is calculated to be 721.52. The elevation in the 

Pine ~iver/~t. Louis reservoir was determined to be 719.61. 

The next sampling and monitoring event will 

occur on or about March 15, 1985. 

1 
i All of which is respectfully submitted, 

I CONESTOGA-ROVERS & ASSOCIATES LIMITED 

I 
I D. Robinson R.G. Shepherd, P. Eng. 
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APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance with t h e  Consent Judgment, Vels icol  h a s  submitted a  
post-closure maintenance and monitoring plan f o r  i t s  
environmentally secured p lan t  s i t e  i n  S t .  Louis, Michigan. The 
post-closure maintenance and monitoring plan requ i res  quar t e r ly  
monitoring of 11 gas vents t h a t  have been i n s t a l l e d  t o  r e l ease  and 
appropriately t r e a t  in t e rna l  gases. This  program w i l l  be 
conducted over a  period of t h r e e  years .  

The gas vents ,  a s  d e t a i l e d  i n  Exhibi t  F of t h e  Consent Judgmnt,  
a r e  designed with two sampling por ts ;  one below t h e  base of the  
i n s t a l l e d  ac t iva ted  charcoal f i l t e r ,  and one above t h e  f i l t e r .  
Samples w i l l  be co l lec ted  from t h e  downstream por t .  Resul ts  w i l l  
i n d i c a t e  whether o r  not containment breakthrough h a s  occured 
through the  carbon f i l t e r .  

Samples w i l l  be analyzed f o r  t h r e e  separa te  compounds: carbon 
t e t r a c h l o r i d e ,  t r ich loroe thylene  and vinyl  ch lor ide .  

Samples w i l l  be co l lec ted  with a  Gi l ian  HE'S-113 AU DK va r i ab le  
flow pump. This p a r t i c u l a r  u n i t  al lows t h e  operator  t o  run a  
s e r i e s  of tubes concurrently i n  p a r a l l e l  arrangement. Four tubes  
w i l l  be co l lec ted  from each gas vent: two standard N I O S H  100/50 
mg act ivated charcoal tube,  and two 30/15 mg tenax tubes,  each 
tube measuring 6 mm x 70 mm. One blank s e t  and one dupl ica te  
s e t  of tubes w i l l  be col lec ted  during each q u a r t e r l y  sampling 
event. 

As v inyl  chloride represents  t h e  l e a s t  adsorptive of t h e  t h r e e  
compounds, the  sampling program i s  designed t o  accomodate t h i s  
compound. Therefore, sample volume s h a l l  not exceed 5  l i t e r s .  

P r io r  t o  sampling, the  vent w i l l  be sealed off  with a  p l a s t i c  cap, 
and purged f o r  10 minutes a t  a  r a t e  of 500 cc/min. This i s  t o  
el iminate  the p o s s i b i l i t y  of sampling atmospheric a i r  contained 
wi th in  t h e  upper por t ion  of t h e  gas vent. 

Two samples from each gas vent s h a l l  be col lec ted  simultaneously 
a t  a  r a t e  of 250 cc/min. f o r  20 minutes. The pump s h a l l  be l a b  
ca l ib ra ted  with sample tubes i n - l i n e  t o  determine t h e  exact flow 
r a t e .  Additionally,  flow w i l l  be checked a f t e r  f i e l d  sampling t o  
v e r i f y  t h a t  a  constant  flow was maintained throughout t h e  sampling 
period. 

F o l l w i n g  sample co l l ec t ion ,  each tube w i l l  be sealed with a  
p l a s t i c  cap a t  each end, l abe l l ed ,  placed i n  a  cold s torage  
environment and shipped under chain-of-custody v i a  a  commercial 
cour ier  serv ice  t o  V e l s i c o l ' s  a n a l y t i c a l  laboratory i n  Memphis. 



Analysis of the  charcoal tube w i l l  be conducted i n  accordance with 
NIOSH protocol  a s  de ta i l ed  below: 

Compound Revised Method N o .  

Carbon Tet rachlor ide  
Trichloroethylene 
Vinyl Chloride 

Analysis w i l l  proceed by f i r s t  e l u t i n g  t h e  carbon sample tubes 
wi th  carbon d i s u l f i d e  and then  analyzing by GC with a  flame 
ion iza t ion  de tec to r .  A l l  samples w i l l  be i n i t i a l l y  analyzed i n  
t h i s  fashion. I f  any of t h e  above canpounds a r e  de tec ted  on t h e  
charcoal tube,  the  corresponding tenax tube w i l l  he analyzed by 
thermal desorpt ion and GC/MS under EPA Method 624. 

Turnaround time f o r  t h e  completed a n a l y s i s  a t  t h e  laboratory i s  
an t ic ipa ted  t o  be 30 days from d a t e  of sample c o l l e c t i o n .  Samples 
w i l l  be desorbed within t h e  10 day l i m i t  spec i f i ed  f o r  vinyl  
chlor ide.  Analyt ical  d a t a  w i l l  be reported t o  CRA a s  mg/tube. 
F ina l  r e s u l t s  f o r  t h e  carbon tube w i l l  be ca lcula ted  by CRA,  using 
t h e  f o l l w i n g  formula. 

I .  Correct ions f o r  t h e  blank t o  be made f o r  each sample 
mg = mg sample - mg blank 

This  ca lcu la t ion  is  performed separa te ly  f o r  each tube.  

d 

2 .  Add t h e  amounts present i n  t h e  f r o n t  tube and backup tube t o  
determine t h e  t o t a l  weight i n  t h e  sample. 

3. Calculate  t h e  corrected mg/sample by d iv id ing  t h e  t o t a l  weight 
by t h e  desorpt ion e f f i c i ency  (D.E.  ) which i s  provided by t h e  
lab. 

corrected mg/sample = t o t a l  weiqht 
DE 

4 .  Calculate  t h e  concentrat ion of t h e  ana ly te  i n  a i r  
mg/m3 = Corrected mg x 1000 liters/rn3- 

A i r  volume Sampled ( l i t e r s )  

5.  Concentration w i l l  be r e p r t e d  a s  pprn, cor rec ted  t o  standard 
condi t ions of 25°C an4 760 mm Hg 

3  
ppm = mg/m x 24.45 x - 760 x (T+273) 

MW P 298 

where P = pressure ( m m  Hg) of a i r  sampled 
T = temperature ("C) of a i r  sampled 
2 4 . 4 5  = molar volum ( l i t e r j m o l e )  a t  2 5 ° C  and 760 mrn Hg 
M'W = Molecular Weight 
760 = standard pressure  (mrn Hg) 
298 = standard temperature ( O K )  



I NOTE: Temperature and pressure uncorrected t o  sea  l e v e l  w i l l  be 
co l l ec ted  f o r  t h e  dura t ion  of t h e  sampling event and 
averaged f o r  use i n  t h e  above ca lcu la t ions .  Information 
w i l l  be provided from t h e  National Weather Service i n  
Lansing, Michigan. 

6. I f  t h e  concentrat ion of t h e  back tube exceeds 10% of t h e  
concentrat ion of t h e  f r o n t  tube,  t h e  r e s u l t s  w i l l  be 
reported a s  a  sample breakthrough and poss ib le  sample 
loss .  

1 : -  
7 .  A s i m i l a r  procedure w i l l  be f o l l w e d  f o r  t h e  tenax tube,  

.should ana lys i s  be required.  

1 n a t a  w i l l  be reported t o  USEPA and MDNR o f f i c i a l s  w i t h i n  seven 
days a f t e r  r ece ip t  of f i n a l  laboratory data  f o r  each q u a r t e r l y  
sampling. Addit ional ly ,  a  summary d a t a  report  w i l l  be provided a t  

I t h e  conclusion of the  th ree  year sampling period,  o r  sooner, 
should breakthrough of any compound occur p r i o r  t o  t h e  t h r e e  year 
program. 

I n  addi t ion  t o  t h e  s e t  of f i e l d  blanks t o  be co l l ec ted  per 
q u a r t e r l y  sampling event ,  an a d d i t i o n a l  s e t  of 15 charcoal tubes 
and 15 tenax tubes w i l l  be forwarded unopened t o  t h e  l ab  during 

1 t h e  i n i t i a l  sampling event. 
1 

These "blank" tubes w i l l  be used a s  i n t e r n a l  c a l i b r a t i o n  
standards on which each of t h e  t h r e e  compounds w i l l  be spiked a t  

I - f i v e  d i f f e r e n t  concentrat ions.  The d a t a  from t h i s  a n a l y s i s  w i l l  
be used t o  c a l c u l a t e  the  desorpt ion e f f i c i e n c y  f o r  a  s p e c i f i c  l o t  
of ac t iva ted  charcoal .  Therefore, t h e  l o t  number of carbon tubes 

I and tenax tubes s h a l l  be recorded during each q u a r t e r l y  sampling. 
Should t h e  l o t  number change, a  new s e t  of 15 charcoal tubes and 
1 5  tenax tubes s h a l l  be forwarded t o  t h e  laboratory fo r  

I determination of t h e  new desorpt ion e f f i c i ency .  

I The allowable l i m i t s  f o r  these  compounds have been es tab l i shed  by 
t h e  MDNR and a r e  s i t e  s p e c i f i c  f o r  t h e  S t .  Louis s i t e .  These 

I l i m i t s  a r e  documented i n  sec t ion  4 .3  of t h e  post-closure 
maintenance and monitoring plan.  

I Copies of a l l  t h r e e  a n a l y t i c a l  pro tocols ,  t h e  chain of custody and 
the  data  c o l l e c t i o n  s h e e t a a r e  provided i n  t h e  following sec t ions .  



FORMULA: Table 1 HYDROCARBONS, HALOGENATED 

f4.U.: Table 1 
RETHOO: 1003 
ISSUED: 2/14/84 

UXPOUNOS : benzyl chloride chlorobrcmmethane 1,l-di chloroethane hexachloroethane 
(synonym branoform chloroform 1,2-dichloroethylene methylchloroform 
in Table 1) carbon tetrach'loride p-dichlorobenzene ethylene dichloride propylerie dichloride 

chlorobenzene e-di chlorobenzene 

S M P L  ING HEASUREMENT 

SAMPLER: SOLID SORBENT TUBE !TECHNIQUE: GAS CHRMTOGRAPHY. FID 
(coconut she1 1 charcoal, 100 */SO mg) ! 

!ANALYTt: carpounds above 
F L W  RATE: 0.01 to 0.2 L/min I 

!MSORPTION: 1 mL CS2, stand 30 min 
VOL-HIN: Table 2 ! 

-NU: Table 2 !INJECTION VOLUME: 5 pL 
? ! 

SHIFWENT : routine !TEWERATURES: Table 2 
1 

. SAMPLE STABILITY: at least 1 week @ 25 OC 

BLANKS: 2 to 10 field blanks per set 

b*.- 

ACCURACY 

BIAS: not significant i l j  

OVERALL PRECISION (s,): see EVALWTION OF 
RETHoo [I] 

!CARRIER GAS: N2 or He, 30 mL/min 
! 
!COLU)IW: Table 2; alternates are SP-2100, 
I SP-2100 with 0.1% Carbowax 1500 
I or 08-1 fused silica capillary colunn 
I 

!C/\LIB2ATT?T!: solcrtip?: ccf 8caIs i t :  i? 3 
. . , - - . - .  

I 

!RANGE: Taole 2 
i; 

! 
!€STINATE0 LOO: 0.01 mg per s w p l e  (21  
I 

!PRECISION (s,) : see EVALUATION O f  nETHOO [ 1 1  
I 

APPLICABILITY: This method uses a sirrple desorption and can be used for simultaneous analysis 
of two or more substances suspected to be present by changing the gas c h m t o g r a p h i c  
condiiions ( i . e . ,  rerrperature programed). High humiaity auring sanpling will prevent or~anic 
vapors fran being trapped efficiently on the sorbent and great1 y decreases breakthrough volume. 

INTERFERENCES : None idanti f ied. The chranatographic col unn or separation conditions may be 
changed to circumvent interference problems. 

OTHER METHODS: This mthod carbines and replaces Mthods P&AY 127 [3] ;  S95, 5101, 5110, 5113, 
5114, 5115, 5122, 5123 and 5133 [41; and 5135, 5281, 5314, 5328 and 5351 [S]. 



BETHOO: 1003 HYDROCARBONS. HALOGENATED 

a. Remove and discard back sorbent section o f  a media blank swpler .  
b. In jec t  a known m n t  o f  analyte o r  cal ibrat ion stock solut ion d i rec t l y  onto f ront  

sorbent section with a mi crol i t e r  syringe. 
c. Cap the tube. A l l w  t o  stand overnight. 
d. Desorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12). 
e. Prepare a graph o f  DE vs. mg analyte recovered. 
Analyze three qua1 i t y  control b l  ind spikes and three analyst spikes t o  insure that the - 
ca l ibrat ion graph and DE graph are i n  control.  

nEAWREnENT : 
11. kt gas chromatograph accprdi ng t o  manufacturer's reconnendations and t o  conditions given 

on page 1003-1. In jec t  s-le al iquot manually using solvent f lush technique or with 
autoranpl er . 
NOTE: I f  peak area i s  above the 1 inear range o f  the working standards, d i l u te  with eluent, 

reanalyze and apply the appropriate d i l u t i on  factor i n  calculations. 
12. Reasure peak area. Divide the peak area o f  analyte by the peak area of internal standard 

on the same c h m t o g r a n .  

CALCULATIONS: 
13. Determine the mss,  mg (corrected f o r  DE) o f  analyte found i n  the swple  f ront  (Wf)  and 

back (4) sorbent sections, and i n  the average media blank f ron t  (Bf) and back (b) 
sorbent sect ions. 
MOTE: I f  Wt, > Wf/ lO. report breakthrough and possible sarple loss. 

14. Calculate concentration, C, o f  analyte i n  the a i r  volune ranpled, V (L): 

.- - .  . . T i , . ,  * .  ;: - T TL,--,. - .  , - . - -  r. - -0. 

La83r~tory test: ng was perferred w i  th  spiked SLTS~OS snd ~-lr;eraisd aLrzsphfr2 ? 1. A; ; 
analytes are stable a t  least one week. A1 1 methods were val i ~ a t e d  using SKC Lot 1GS coconut 

she1 1 charcoal . Results were: 



R W :  1003 HYDROCARBONS, HALOGENATED 

191 Criteria for a Recanended Standard.. .Occupational Exposure to 1.1 ,I-Trichloroethane, U.S. 
Department of Health, Education, and Mlfare, Publ. (NIOSH) 76-184 (1976). 

[lo] Criteria for a Recumended Standard.. .Occupational Exposure to Carbon Tetrachloride, U.S. 
Department of Health, Education, and Welfare, Publ. (NIMH) 76-133 (1976). 

METHW REVISED BY: G. D. Foley; Y. T .  Gagnon; and K. J.  W i  1 1  i m ,  NIOSWDPSE; methods 
originally validated under N I M H  Contract COC-99-74-45. 



1,l-Dichloroethane CII CllCl 98.96; c ~:~ylidene chloride; 100 ppn 
3 2' 

4.05 ( ' . , ' a  #IS-34-3 100 Ppm 

C2H4C1 2 200 PPm, 
STEL 250 ppm 

OStM VPQ Density 

N n.w.; w/m3 NIOSH [6-101 20 OC (g/ml 

1'2-Dichloroethylene C1CH:CHCl; 96.95; dl :ltylene dlchloride; 200 ppm 60 (cis) 24-35 kPa 1 .28 
C II C1 3.96 I ,: ' -dichloroethene; 200 ppm 
2 4  2 

41 (trans) 
(, 7 0  a540-59-0 200 ppm, 

STEL 250 ppn 

1 Campounds Fomla =lppm Synonms ACGlH 0P (OC) -. ( 20 'C) 
VI 

e-Dichlorobenzene 1.4-CHCl 141.00; 1 ~dichlorobenzene; 15ppm 114 50 Pa 1.241 
6 4  2 

6.01 ( . U106-46-1 .-- 

15 PPm' 
STEL 110 ppn 

Ethylene dichloride* ClCtI,M,,Cl; 98.96; I . '-dichloroethane; 50 Ppm, 83 

s' . . 

i3 
W 

L L 
4.05 C ,  ' 3  1101-06-2 

C2114C1 
C 100 pprn 

5 ppm; 
15 ppmIl5 min 

10 Ppm, 
STEL 15 ppm 

Hexachloroethane* CCI CCl ' 
3 3' 

236.14; I chloroethane; 1 ppn (skin) 181 (sub\ isrs) 30 Pa 2.09 

C C1 
9.60 I & .  . #61-72-1 1 ppm (skin) 

2 6 10 PPn 

Hethylchlorofonn CII CCl ' 133.42; I ,  I ,  1-trichloroethane ; 350 ppm 14 13.3 kPa 1.335 
3 3' 

C2II3Cl3 
5.45 ( i 111-55-6 350 ppn/l5 min 

CAS Ill-55-6 350 Ppm, 

STEL 450 ppm 

Propylene dichloride CII CHClM C1; 112.99; 1 -dichloropropane 
3 2 75 ppm 95 5.3kPa 1.156 

c tI Cl 4.62 r U18-87-5 15 Ppn (25 'C) 
3 6  2 15 PPn, 

STEL 110 ppn 

- -- - 
1Suspec t carcinogen. 
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Trichloroethylene 

Analyt e : Trichloroethylene Method No. : 5336 

Matrix: Air Range: 519-2176 mg/cu m 

OSHA Standard: 200 ppm (1075 mg/cu m)-Ceiling Precis ion ( E T )  : 0.082 
100 ppm (535 mg/cu m)-T.W.A. 

Procedure: Adsorption on charcoal,  Validat ion Date: 6/6/75 
desorption with carbon 
d i s u l f i d e ,  GC 

P r i n c i p l e  of the  Method 

- 1.1 A known volume of a i r  is drawn through a charcoal tube t o  t r a p  
t h e  organic vapors present.  

1.2 The charcoal i n  t h e  tube i s  t r ans fe r red  t o  a small,  stoppered 
sample container and the  analyte  is desorbed with carbon disul -  
f ide. 

1.3 An a l iquo t  of t h e  desorbed sample is  in jec ted  i n t o  a gas 
chromatograph. 

1.4 The area  of t h e  r e s u l t i n g  peak is determined and compared with 
areas obtained from i n j e c t i o n  of standards. 

2. Range and S e n s i t i v i t y  

This method was val idated  wer t h e  range of 519-2176 mgfcu m a t  
an atmospheric temperature and pressure  of 24.5'C and 759.4 mm Hg, 
using a 3 - l i t e r  sample. Under t h e  condit ions of sample s i z e  
(3 l i t e r s )  t h e  probable use fu l  range of t h i s  method is 108-3225 
mgfcu rn at  a de tec to r  s e n s i t i v i t y  t h a t  gives near ly  f u l l  de- 
f l e c t i o n  on t h e  s t r i p  char t  recorder f o r  a 9.7 mg sample. This 
method is capable of measuring much smaller amounts i f  t h e  de- 
sorpt ion e f f i c iency  is adequate. Desorption e f f i c iency  must be 
determined wer t h e  range used. 

The upper l i m i t  of t h e  range of t h e  method is  dependent on t h e  
adsorpt ive  capacity of t h e  charcoal  tube. This capaci ty  v a r i e s  
with t h e  concentrat ions of ana ly te  and o the r  substances in t h e  
air. The f i r s t  sec t ion  of t h e  charcoal  tube was found t o  hold 
42 mg of analyte  when a test atmosphere containing 2266 mg/cu m 
of analyte  in air  was  sampled a t  0.187 liters per  minute f o r  99 
minutes; breakthrough was obsemed at t h i s  time, i.e. t h e  concen- 
t r a t i o n  of ana ly te  in t h e  e f f l u e n t  w a s  5% of t h a t  in t h e  inf luent .  



(The charcoa l  tube c o n s i s t s  of two s e c t i o n s  of a c t i v a t e d  char- 
c o a l  separa ted  by a s e c t i o n  of ure thane  foam. See Sec t ion  6.2). 
I f  a p a r t i c u l a r  atmosphere is suspected of conta in ing  a l a r g e  
amount of contaminant, a sma l l e r  sampling volume should be 
takeu. 

f n t e r f  e r m c e  

3.1 When t h e  amount of water  in t h e  air  is  s o  g r e a t  t h a t  condensa- 
t i o n  a c t u a l l y  occurs  in t h e  tube, organic  vapors  v i l l  no t  b e  
t rapped e f f i c i e n t l y .  Prel iminary experiments u s ing  to luene  
i n d i c a t e  t h a t  high humidity s eve re ly  decreases  t h e  breakthrough 
volume. 

3.2 When two o r  more compounds a r e  hewn o r  suspected t o  be  p r e s e n t  
in  t h e  a i r ,  such information,  inc luding  t h e i r  suspected iden- 
t i t ies ,  should be t r ansmi t t ed  wi th  t h e  sample. 

3.3 It must be emphasized t h a t  any compound which has t h e  same 
r e t e n t i o n  time a s  t h e  a n a l y t e  a t  t h e  ope ra t ing  cond i t i ons  de- 
s c r ibed  i n  t h i s  method is  an in t e r f e rence .  Retent ion time da t a  
on a s i n g l e  column cannot be considered a s  proof of chemical 
i d e n t i t y .  

3.4 I f  t h e  p o s s i b i l i t y  of i n t e r f e r e n c e  exists,  s epa ra t ion  cond i t i ons  
(column packing, temperature,  e t c . )  must be  changed t o  circum- 
ven t  t h e  problem. 

4. P rec i s ion  and Accuracy 

4.1 The Coef f i c i en t  of Var i a t ion  f o r  t h e  t o t a l  a n a l y t i c a l  and 
sampling method i n  t h e  range of 519-2176 mg/cu m was 0.082. 
Th i s  va lue  corresponds t o  an  88.2 mg/cu m s tandard  d e v i a t i o n  a t  
t h e  OSHA s tandard  l e v e l .  S t a t i s t i c a l  information and d e t a i l s  
of t h e  v a l i d a t i o n  and experimental  t e s t  procedures  can be found 
in Reference 11.2. 

4.2 On t h e  average t h e  concen t r a t ions  obta ined  a t  t h e  OSHA s tandard  
l e v e l  u s ing  t h e  o v e r a l l  sampling and a n a l y t i c a l  method were 6.4 X 
lower than  t h e  "true" concen t r a t ions  f o r  a l i m i t e d  number of 
l a b o r a t o r y  experiments. Any d i f f e r e n c e  between t h e  "found" and 
"true" concen t r a t ions  may n o t  r ep re sen t  a bias in t h e  sampling 
and a n a l y t i c a l  method, bu t  r a t h e r  a random v a r i a t i o n  from t h e  
exper imenta l ly  determined "true" concent ra t ion .  Therefore,  no 
recovery c o r r e c t i o n  should b e  app l i ed  t o  t h e  f i n a l  r e s u l t .  

These d a t a  are based on v a l i d a t i o n  experiments u s ing  t h e  in- 
ternal s tandard  method. 

5. Advantages and Disadvantages of t h e  Method 

5.1 The samvling device  i s  s m a l l ,  po r t ab l e ,  and involves  no l i q u i d s .  
I n t e r f e r e n c e s  a r e  m i n i m a l ,  and most of t hose  which do occur  
can be e l imina ted  by a l t e r i n g  chromatographic condi t ions .  The 
tubes  a r e  analyzed by means of a quick,  i n s t rumen ta l  method. 
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The method can a l s o  be used f o r  the  simultaneous ana lys i s  of 
two o r  more substances suspected t o  be present  in t h e  same 
eample by simply changing gas chromatographic condit ions from 
i a o t h e n m l  t o  a temperature-programmsd mode of operation. 

5.2 One disadvantage of t h e  method is that the  amount of eample 
which can be taken fe l imi ted  by t h e  number of m i l l i g r a m  t h a t  
t h e  tube w i l l  hold before overloading. When t h e  sample value 
obtained f o r  the  backup sec t ion  of the  charcoal tube exceeds 
25% of t h a t  found on the  f ron t  eect ion,  t h e  p o s s i b i l i t y  of 
sample l o s s  exists. 

5.3 Furthermore, the  precieion of the  method is l imi ted  by t h e  
reproduc ib i l i ty  of the pressure drop across t h e  tubes. This 
drop w i l l  a f f e c t  the  flow r a t e  and cause t h e  volume t o  be 
impreciee, because the  pump is usually ca l ib ra ted  f o r  one tube 
anly . 

6. Apparatus 

6.1 A ca l ib ra ted  personal sampling pump whose flow can be deter-  
mined within +5% a t  the  recommended flow rate. 
(Reference ll. 3) . 

6.2 Charcoal tubes: glass tube with both ends flame sealed ,  7 cm 
long with a k O.D. and a 4-mm I.D., containing 2 sec t ions  
of 20/40 meeh ac t iva ted  charcoal separated by a 2-mm por t ion 
of urethaue foam. The ac t iva ted  charcoal  is prepared from 
coconut s h e l l s  and is f i r e d  at 600°C p r i o r  t o  packing. The 
adsorbing sec t ion  contains 100 mg of charcoal,  t h e  backup see- 
t i o n  50 rag. A 3- por t ion of urethane foam is placed between 
t h e  o u t l e t  end of t h e  tube and t h e  backup sect ion.  A plug of 
s i l y l a t e d  g lass  wool is placed in f r o n t  of t h e  adsorbing sec- 
t ion.  The pressure  drop ac ross  t h e  tube must be less than one 
inch of mercury at  a flow r a t e  of 1 l i ter  per minute. 

6.3 Gas chromatograph equipped v i t h  a flame ion iza t ion  de tec to r .  

6.4 Column (10-ft x l / & i n  s t a i n l e s s  steel) packed with 10% OV-101 
s ta t ionary  phase on 1001120 mesh Supelcoport. 

6.5 An e lec t ron ic  i n t e g r a t o r  o r  erne o ther  s u i t a b l e  method f o r  
measuring peak areas. 

6.6 l t r e m i l l i l i t e r  sample containers v i t h  glass s toppers  o r  
Teflon-lined cape. I f  an automatic sample i n j e c t o r  i s  used, 
the associa ted  vials m y  be used. 

6.7 Microl i ter  syringes:  lO-mIcroliter, and other  convenient s i z e s  
f o r  maw standards. 

6.8 Pipets :  1.0 m l  type graduated in 0.1-ml increments. 
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6.9 Volumetric f l u b :  1 M  or  convenient s i z e s  f o r  making 
standard solutiono. 

7. Reagents 

7.1 Qro~. tographic  q w l i t y  carbon di.ulfide. 

7.2 Trichloroethylene, reagent grade 

7.3 Octane, o r  other su i t ab l e  internal s ta idard  

7.4 Pur i f ied nitrogen 

7.5 Prepurified hydrogen. 

7.6 F i l t e red  compressed air. 

8. Procedure 

8.1 Cleaning 9f equipment. All glassware used f o r  the  laboratory 
analysis  should be detergent washed and thoroughly r insed v l t h  
tap water and d i s t i l l e d  water. 

8.2 Calibration of Personal Pumps. Each personal pump nwt be 
cal ibrated with a representat ive  charcoal tube in the  line. 
Thin w i l l  mlniorize e r ro r s  u s o c l a t e d  v i t h  uncer t8Int ies  I n  
the  sample trolme collected.  

8.3 Collection m d  Shipping of Samples 

8.3.1 I1IPCdiately before sampling, break t h e  ends of t he  tube 
t o  provide m opening a t  la-t o n c h a l f  t he  internal 
diameter of the tube (2 PP). 

8.3.2 The maller sect ion of charcoal i. rued as a back-up 
and should be positioned nearest  t h e  saapling pump. 

8.3.3 The charcoal tube should be placed in a vertical direc- 
t i on  during sclmpling t o  minimize channeling through the  
charcoal. 

8.3.4 Nr being sampled should not be  p u s e d  through an9 hose 
or  tubing before enter ing t he  charcoal tube. 

'8.3.5 At the  ce i l i ng  and peak concentrations, a sample s i z e  of 
3 l i t e r s  is  recommended. Sample f o r  15 minutes a t  a flow 
of 0.2 liters per mlnute. A t  the  T.W.A. concentration, 
a sample s i z e  of 10 liters is reconrmcnded. Sample a t  a 
flow of 0.2 liters per mlnute or  less. The flow r a t e s  ehould 
be bown with an accuracy of a t  l e a s t  25%. 

8.3.6 The temperature and pressure of the  atmosphere being sampled 
should be recorded. If pressure reading is not avai lable ,  
record the  elevation. 
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8.3.7 The charcoal  tubes should be capped with t h e  supplied 
p l a s t i c  caps immediately a f t e r  sampling. Under no 
circumstances should rubber caps be used. 

8.3.8 One tube should be handled i n  t h e  same manner a s  t h e  
sample tube (break, seal, and t r a n s p o r t ) ,  except t h a t  
no a i r  is  sampled through t h i s  tube. This  tube should 
be labeled  a s  a blank. 

8.3.9 Capped charcoal  tubes should be packed t i g h t l y  and pad- 
ded before they a r e  shipped t o  minimize tube  breakage 
during shipping. 

8.3.10 A sample of the  bulk material should be submitted t o  t h e  
labora tory  in a g l a s s  conta iner  with a Teflon-lined cap. 
This sample should not  be t ranspor ted  i n  t h e  same conta iner  
a s  the  charcoal  tubes. 

8.4 Analysis of Samples 

8.4.1 Prepara t ion  of Samples. I n  prepara t ion  f o r  a n a l y s i s ,  
each charcoal  tube is  scored wi th  a f i l e  in f r o n t  of 
t h e  f i r s t  s e c t i o n  of charcoal  and broken open. The 
g l a s s  wool is removed and discarded. The charcoal  i n  
t h e  f i r s t  ( l a rge r )  s e c t i o n  is t r a n s f e r r e d  t o  a 2-ml 
stoppered sample container .  The separa t ing  s e c t i o n  of 
foam is  removed and discarded;  t h e  second s e c t i o n  is  
t r ans fe r red  t o  another  stoppered conta iner .  These 
two s e c t i o n s  a r e  analyzed separa te ly .  

8.4.2 Desorption of Samples. P r i o r  t o  a n a l y s i s ,  1.0 m l  o f .  
carbon d i s u l f i d e  is p ipe t t ed  i n t o  each sample conta iner .  
(Al l  work wi th  carbon d i s u l f i d e  should be performed i n  
a hood because of its high t o x i c i t y . )  Desorption should 
be  done f o r  30 minutes. Tes t s  i n d i c a t e  t h a t  t h i s  is  ade- 
quate  i f  t h e  sample i s  a g i t a t e d  occas iona l ly  during this 
period. I f  an automatic sample i n j e c t o r  is used, t h e  
sample v i a l s  should be capped a s  soon a s  t h e  so lvent  is 
added t o  minimize v o l a t i l i z a t i o n .  For t h e  i n t e r n a l  stan- 
dard method, desorb using 1.0 m l  of carbon d i s u l f i d e  con- 
t a i n i n g  a known amount of t h e  chosen i n t e r n a l  s tandard.  

8.4.3 GC Conditions. The t y p i c a l  opera t ing  condi t ions  f o r  
t h e  gas chromatograph a re :  

1. 30 d/min  (60 ps ig)  Nitrogen carrier gas flow 
2. 35 ml/min (25 ps ig)  Hydrogen gas flow t o  d e t e c t o r  
3. 400 ml/min (60 ps ig)  Air flow t o  d e t e c t o r  
4. 225°C i n j e c t o r  temperature 
5. 250°C manifold temperature (de tec to r )  
6. 70°C column temperature 



8 .4 .4  I n j e c t i o n .  The f i r s t  s t e p  i n  t h e  a n a l y s i s  is t h e  in j ec -  
t i o n  of t h e  sample i n t o  t h e  gas chromatograph. To eli- 
minate d i f f i c u l t i e s  a r i s i n g  from blow back o r  d i s t i l l a t i o n  
w i t h i n  t h e  sy r inge  needle ,  one should employ t h e  s o l v e n t  
f l u s h  i n j e c t i o n  technique. The 10-microliter s y r i n g e  is  
f i r s t  f lushed  wi th  s o l v e n t  s e v e r a l  t i m e s  t o  w e t  t h e  b a r r e l  
and plunger.  Three m i c r o l i t e r s  of s o l v e n t  a r e  drawn i n t o  
t h e  sy r inge  t o  i n c r e a s e  t h e  accuracy and r e p r o d u c i b i l i t y  
of t h e  i n j e c t e d  sample volume. The need le  is removed 
from t h e  s o l v e n t ,  and t h e  plunger  is pu l l ed  back about  
0.2 m i c r o l i t e r  t o  s e p a r a t e  t h e  s o l v e n t  f l u s h  from t h e  
sample wi th  a pocket of a i r  t o  be  used as a marker. The 
needle  is  then  immersed i n  t h e  sample, and a 5 -mic ro l i t e r  
a l i q u o t  is  withdrawn, t ak ing  i n t o  c o n s i d e r a t i o n  t h e  volume 
of t h e  needle ,  s i n c e  t h e  sample i n  t h e  need le  w i l l  b e  
completely i n j e c t e d .  Af t e r  t h e  need le  is removed from 
t h e  sample and p r i o r  t o  i n j e c t i o n ,  t h e  plunger  i s  pu l l ed  
back 1 . 2  m i c r o l i t e r s  t o  minimize evapora t ion  of t h e  sample 
from t h e  t i p  of t h e  needle .  Observe t h a t  t h e  sample 
occupies  4.9-5.0 m i c r o l i t e r s  i n  t h e  b a r r e l  of t h e  sy r inge .  
Dupl ica te  i n j e c t i o n s  of each sample and s t anda rd  should 
be made. No more than  a 3% d i f f e r e n c e  in a r e a  i s  t o  
be expected. An automatic  sample i n j e c t o r  can  b e  used 
i f  i t  is  shown t o  g ive  r e p r o d u c i b i l i t y  a t  least as good 
as t h e  so lven t  f l u s h  technique.  

8 .4 .5  Measurement of area. The a r e a  of t h e  sample peak i s  meas- 
ured by an e l e c t r o n i c  i n t e g r a t o r  o r  some o t h e r  s u i t a b l e  
fonn of a r e a  measurement, and p re l imina ry  r e s u l t s  are read  
from a s t anda rd  curve prepared as d i scussed  below. 

8.5 Determination of Desorption Ef f i c i ency  

8.5.1 Importance of de te rmina t ion .  The deso rp t ion  e f f i c i e n c y  of a 
p a r t i c u l a r  compound can vary  from one l a b o r a t o r y  t o  ano the r  
and a l s o  from one ba tch  of c h a r c o a l  t o  another .  Thus, i t  i s  
necessary  t o  determine a t  least once t h e  percentage  of t h e  
s p e c i f i c  compound t h a t  is removed i n  t h e  d e s o r p t i o n  p roces s ,  
provided t h e  same ba tch  of cha rcoa l  is used. 

8.5 .2  Procedure f o r  determining deso rp t ion  e f f i c i e n c y .  Activ- 
a t e d  cha rcoa l  equ iva l en t  t o  t h e  amount i n  t h e  f i r s t  sec- 
t i o n  of t h e  sampling tube  (100 mg) is measured i n t o  a 
2.5 i n ,  4 - m  I.D. g l a s s  tube,  flame s e a l e d  a t  one end. 
This  cha rcoa l  must be  from t h e  same ba t ch  as t h a t  used 
i n  ob ta in ing  t h e  samples and can be  obta ined  from unused 
cha rcoa l  tubes.  The open end i s  capped w i t h  Paraf i lm.  
A known amount of t h e  a n a l y t e  is  i n j e c t e d  d i r e c t l y  i n t o  
t h e  a c t i v a t e d  cha rcoa l  w i t h  a m i c r o l i t e r  sy r inge ,  and 
t h e  tube  is  capped w i t l l  more Paraf  i l m .  When us ing  an  
au tomat ic  sample i n j e c ~ o r ,  t h e  sample i n j e c t o r  v i a l s ,  
capped wi th  Teflon-faccd s e p t a ,  may b e  used i n  p l a c e  of 
t h e  g l a s s  tubes.  



S i x  tubes at each of t h r e e  concent ra t ion  l e v e l s  (0.5X.U and 
2X of t h e  s tandard)  a r e  prepared by adding an amount of ana- 
l y t e  equiva len t  t o  t h a t  p re sen t  i n  a ' 3 - l i t e r  sample a t  t h e  
s e l e c t e d  l e v e l .  The tubes a r e  allowed t o  s t and  f o r  a t  l e a s t  
overn ight  t o  a s s u r e  complete adso rp t ion  of t h e  a n a l y t e  onto 
t h e  charcoal .  These tubes a r e  r e f e r r e d  t o  as t h e  samples. 
A p a r a l l e l  blank tube  should be  t r e a t e d  i n  t h e  same manner 
except  t h a t  no sample i s  added t o  it. The sample and blank 
tubes a r e  desorbed and analyzed i n  e x a c t l y  t h e  same manner 
as t h e  sampling tube  descr ibed  i n  Sec t ion  8.4. 

Two o r  t h r e e  s tandards  a r e  prepared by i n j e c t i n g  t h e  same 
volume of compound i n t o  1.0 ml of carbon d i s u l f i d e  wi th  t h e  
same sy r inge  used in t h e  of t h e  samples. These 
a r e  analyzed wi th  t h e  samples. 

I f  the  i n t e r n a l  s tandard  method is used, prepare  c a l i b r a t i o n  
s tandards  by us ing  1.0 ml of carbon d i s u l f i d e  conta in ing  a 
known amount of t h e  i n t e r n a l  s tandard ,  

The desorp t ion  e f f i c i e n c y  (D.E.) equals  t h e  average weight 
i n  mg recovered from the  tube d iv ided  by t h e  weight i n  mg 
added t o  t h e  tube,  o r  

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorp t ion  e f f i c i e n c y  is dependent on t h e  amount of 
a n a l y t e  c o l l e c t e d  on t h e  charcoal .  P l o t  t h e  deso rp t ion  
e f f i c i e n c y  versus  weight of a n a l y t e  found. This  curve 
i s  used i n  Sec t ion  10.4 t o  c o r r e c t  f o r  adso rp t ion  l o s s e s .  

9. Ca l ib ra t ion  and Standards 

It is  convenient t o  express  concent ra t ion  of s t anda rds  i n  terms of 
mg per  1.0 ml carbon d i s u l f i d e ,  because samples a r e  desorbed i n  t h i s  
amount of carbon d i s u l f i d e .  The d e n s i t y  of t h e  a n a l y t e  i s  used t o  
convert  mg i n t o  m i c r o l i t e r s  f o r  easy measurement wi th  a m i c r o l i t e r  
syr inge.  A s e r i e s  of s t anda rds ,  vary ing  i n  concen t r a t ion  over  t h e  
range of i n t e r e s t ,  is prepared and analyzed under t h e  same GC condi- 
t i o n s  and dur ing  t h e  same time per iod  as t h e  unknown sample. Curves 
a r e  e s t a b l i s h e d  by p l o t t i n g  concent ra t ion  i n  mg per  1 .0  ml ve r sus  
peak area.  

For t h e  i n t e r n a l  s tandard  method, use  carbon d i s u l f i d e  con ta in ing  a 
predetermined amount of t h e  i n t e r n a l  s tandard .  The i n t e r n a l  s t anda rd  
concen t r a t ion  used was approximately 70% of t h e  concen t r a t ion  a t  2 X  
the  s tandard .  The a n a l y t e  concen t r a t ion  i n  mg per  m l  i s  p l o t t e d  
versus  t h e  a r e a  r a t i o  of t h e  a n a l y t e  t o  t h a t  of t h e  i n t e r n a l  s tandard .  
Note: Whether t h e  e x t e r n a l  s tandard  o r  i n t e r n a l  s t anda rd  method i s  
used, s tandard  s o l u t i o n s  should be  analyzed a t  t h e  same time t h e  
sample a n a l y s i s  is done. This  w i l l  minimize t h e  e f f e c t  of v a r i a t i o n s  
i n  FID response. 



10, Ca lcu la t ions  

10.1 Read t h e  weight,  i n  mg, corresponding t o  each peak area from 
t h e  s tandard  curve. No volume c o r r e c t i o n s  a r e  needed, because 
t h e  s tandard  curve is based on mg pe r  1.0 mt carbon d i s u l f i d e  
and t h e  volume of sample i n j e c t e d  is i d e n t i c a l  t o  t h e  volume 
of t h e  s t anda rds  i n j e c t e d .  

10.2 Correc t ions  f o r  t h e  blank must be made f o r  each sample. 

mg = mg sample - mg blank 

where : 

mg sample = mg found i n  f r o n t  s e c t i o n  of sample tube  
mg b lank  - mg found in f r o n t  s e c t i o n  of blank tube  

A s i m i l a r  procedure is  followed f o r  t h e  backup s e c t i o n s .  

10.3 Add the  amounts p re sen t  i n  t h e  f r o n t  and backup s e c t i o n s  of 
t he  same sample tube t o  determine t h e  t o t a l  weight i n  t h e  
sample. . 

10.4 Read t h e  desorp t ion  e f f i c i e n c y  from t h e  curve ( see  Sec t ion  8.5.2) 
f o r  t h e  amount found i n  t h e  f r o n t  s e c t i o n .  Divide t h e  t o t a l  weight 
by t h i s  deso rp t ion  e f f i c i e n c y  t o  o b t a i n  t h e  co r r ec t ed  mg/sample. 

Corrected mg/sample = Tota l  
D.E. 

10.5 The concent ra t ion  of t h e  a n a l y t e  i n  t h e  a i r  sampled can be ex- 
pressed  i n  mg per  cu a. 

mg/cu Corrected m9 (Sec t ion  10.4) x 1000 ( l i t e r s / c u  m) 
Air  Volume Sampled ( l i t e r s )  

10.6 Another method of express ing  concen t r a t ion  i s  ppm (co r rec t ed  
t o  s tandard  cond i t i ons  of 25°C and 760 mm Hg). 

24 45 760 x(T + 273) ppn = mglcu m x - x - MW P 298 

where: 

P = pres su re  (mm Hg) of a i r  sampled 
T = temperature ("C) of air  sampled 
24.15 = molar volume ( l i t e r / m o l e )  a t  25°C and 760 nnn Hg 
MW = molecular weight 
760 = s tandard  p r e s s u r e  (mm Hg) 
298 = s tandard  temperature (OK) 
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FOfMUU: C+C+Cl; Cwl 

R.Y.: 62.50 

VINYL CHLORIDE 

0944: 1 p p n ; C S p p n  - PROPERTIES: 8P -14 *C; vapor density 2.2 (air = 1) 
HIOW: mininun fneasurable 
KX;IH: 5 ppn ( h m n  carcinogen) [ l ]  

(1 ppn = 2.56 lrg/ma Q NTP) 

-- 

W L  IMG HmslRElENT 
! 

W L E R :  SOLID SORBENT TlBE !TEOIISIQUE: GAS m T O G R A P H Y ,  F I D  
( 2 t a n , ~ t u b e s , e a c h w i t h 1 5 0 m g  ! 
a c t i G & - m u t  charcoal) !AIULYTE: vinyl chloride 

I 

FLOW RATE: 0.05 L/min !#SORPTION: 1 mL carbon disulfide; 30 min 
I 

VOL-HIN: 0.7 L !INJECTION ALIQUOT: 5 VL 
m: 5 L ! 

!COLUW: stainless steel, 6.1 m x 3.2 mn, 101 
SHIPRENT: separate primary and backup tubes ! SE-30 80/100 r ~ s h  Ch-rb W 

and cap each ! (AsMncs) 
! 

W L E  STABILITY: 10 days @ 25 OC !CARRIER GAS: He, 40 ni/min 
! 

BUNKS: 2 to 10 field blanks per set !EWEft4flRE-INJECTOR: 230 OC 
! -DETECTOR: 230 OC 
! - W L U W :  60 OC 

ACCURACY ! 
!CALIBRATION: solutions of vinyl chloride in CS2 

R A W  STUDIED: 1 to 64 mg/ma [2] ! 
!RANGE: 0.002 to 0.2 mg per simple [21 ' 

BIAS: -6% of calculated concentration [2] ! 
!ESTIMATED LOO: 0.00004 mg per simple [21 

OVERALL PRECISION (+I: 0.06 121 . !  
!PRECISION (s,): not determined 
! 

APPLICABILITY: The vorking range is 0.4 to 40 hg/ma (0.16 to 16 p(m) for a 5-L air raple. 
The mthod is applicable to l h i n  simples at concentrations of 1 ppn or hig)ler. 

INTERFERENCES: Other than the possibility of loss of raple upon storage of two weeks or mre 
at  roo^ tenperature, none have been noted. 

OTHER =TWOS: This i s  a revision of fWbA 118 [3]. 



REAGENTS : 
1. Carbon disulfide,* chrarratographic 

quality. 
2. .Vinyl chloride,*, 99.9%. i n  

lecture bott le f i t t e d  with valve 
and septun. 

3. Calibration stock solution, 
0.26 ms/ns. 
a. Inrer t  the t i p  of a gas syringe 

containing 1 AL vinyl chloride 
gas under the surface of 5 nl 
CS2 i n  a 1 0 4  volunetric 
flask. 

b. Open the valve o f  the syringe 
and withdraw the plunger to pu l l  
CS2 into the barrel. (As 
vinyl chloride dissolves, a 
vacuun w i  11 be created, pu l l  ing 
CS2 in to  the syringe.) 

c. Push the solution fran the 
syringe into the flask. Rinse 
the syringe twice with 1 4  
portions of CSp and add the 
uashings to the flask. 

d. Dilute to the ~ r k  with CS2. 
4. Helim, purified. 
5. Hydrogen, purif ied. 
6. A i r ,  f i l tered. 

% Special Precautions 

EQUIPPENT : 
1. Sapler: two tandem glass tubes, 7 an long, 

6 am OD, 4 UWI ID ,  f l a p - ~ l c d  en&, each 
containing 1% mg of 20/40 aesh activated (~JCMI OC) 

coconut shell charcoal. A s i ly lated glass -1 
plug pmedcs the charcoal b d s  and a 3am urethane 
fom plug f o l l m  the charcoal beds. Plastic caps 
are included fo r  real ing a f ter  use. Pressure drap 
r c m s  each tube a t  1 Vmin airf low nust be less 
than 3.4 kPa. 
MOTE: A pair  o f  two-section (100 mg/50 mg) 

tubes m y  be used. 
2. Personal r a p l i n g  purp, 0.05 L/min, with f lexible 

connecting tubing. 
3. Gas chrarratograph, flab? ionization detector, 

integrator and colum (page 1007-1). 
4. File. 
5. Bent wire fo r  mmving plugs f m n  sap l ing  tube. 
6. Vials, 2 4 ,  glass with PTFE-lined septa and 

cr inpan seals. 
7. Volunetric flasks, I-, with polyethylene 

stoppers. 
8. Pipettes, delivery, 1 . W ,  graduated i n  O.1-mL 

increments, 2- and 5 4 ,  with pipet bulb. 
9. A i r  sap l ing  bags, Tedlar, 10-L. 

10. Gas syringe, with gas-tight valve, 0.1- and 1 4 .  
11. Syringe, 10-pL, with 0.1-pL graduations. 

SPECIAL PRECAUTIONS: Carbon disulf ide i s  toxic and an acute f i r e  and explosion hazard (flash 
point = -30 OC); work with i t  only i n  a hood. 

Vinyl chloride i s  a hunan carcinogen [I] .  

SAWLING: 
1. Calibrate each personal simpling purp with a represenbtive sap le r  i n  l ine.  
2. Break the ends of the tubes imnediately before supl ing.  Attach two tubes, with ends 

touching, with a short piece of tubing. Label one tube as the back tube and insert the 
back tube in to  the f lex ib le  tubing attached to the personal -1 ing purp. 

3. Saple a t  0.05 L/min for 15 to 100 min. Do not r n p l e  more than 5 L of a i r .  
4. Separate the priarary and backup tubes and cap each tube for  shipnent. 

W L E  PREPARATIOH: 
5. Add 1.0 mL CS2 to an urpty v ia l .  Loosely cap the v ia l .  
6. Score each sap le r  tube with a f i l e  i n  fmnt  of  the glass uool plug. Break the tube at  the 

score 1 i ne . 



NETWOD: 1007 VINYL CHLORIDE. 

1. Transfer the charcoal frm the front and back tubes to  separate vials. D i su rd  the glass 
wool and fom plugs. Seal the v ia ls with septun caps imnediately. 

8. A l l o w  to stand for 30 min, with occasional agitation. Analyze the ~ p l e  within the next 
30-min period. 

CALIBRAT ION AND QUALITY CCWROL : 
9. Calibrate with a t  least f ive working standards covering the range 0.0002 to  0.2 aq per 

saple.  
a. Add knarn a w n t s  of calibration stock solution to CS2 i n  1- volunetric flasks and 

d i lu te  to the marks, using serial d i lu t ion as appropriate. 
WOTE: Yorking standards can be s tond  a t  -20 OC for  at  least three days. 

b. Analyze together with r ap les  and blanks (steps 12 and 13). 
c. Prepare calibration graphs o f  peak area vs. quantity (mg) of vinyl chloride per tube and 

peak area vs. qwnt i  ty  (ng) per injection. 
10. Determine desorption efficiency (El at  least once for each l o t  of charcoal used i n  the 

cal ibration range .(step 9). Prepare three tubes at  each of  f ive levels plus throe Redid 
blanks. 
a. Prepare three atmospheres o f  vinyl chloride i n  a i r  by injecting 0.01, 0.08, and 0.2 n L  

vinyl chlorjde gas into 10 L a i r  i n  Tedlar bags. The resulting concentrations are 
approximately 2.6, 21 and 52 mg/m3. 

b. Following steps 1 through 4, r a p l e  these atmospheres according to  the following scheme: 

Cuncen t ra t i on 
i n  Bag (mg/m3) 

2.6 

Vol rme 
Sapled (1) 

Qwnt i ty o f  
Vinyl Chloride (mg) 

Obtain three saples at  each level. 
c. Oesorb (steps 6 through 8) and analyze together with working standards (steps 12 and 

3 Mo vinyl chloride should be fwnd on the back tubes. 
d. Analyze the amspheres i n  the bags (steps 12 and 13) using 1 4  gas saples. Read f m  

the calibration graph the quantity (ng) per injection, which for a Id injection o f  gas 
i s  nunerically equal to  the concentration i n  mg/ma. 

e. Calculate DE frun the mass (mg) of vinyl chloride on the front tube (Yf) , the average 
blank (a),  the concentration o f  vinyl chloride i n  the synthetic atrnvspheres (Q, 
mg/m3), and the v o l u r ~  of a i r  r ap l ed  (V, L): 

f .  Prepare a graph of  D€ vs. mss found (Wf - B). 
11. Analyze three qwl i t y  control b l ind spikes and three analyst spikes to ensure that the 

cal ibration graph and # graph are i n  control. 



VINYL MLORIDE IETH00: lo07 

mEAsuEENT : 
12. Set the gas chrrmatogrph according to manufacturer's instructions and to  conditions given 

on page 1001-1. Inject sap le  aliquot manually using solvent flush techniqw or with 
autosampler. The retention time of  vinyl chloride i s  about 1.7 min. 
NOTE: I f  peak area i s  above the l inear range of the working sbndards, d i lu te  with CS2, 

reanalyze and apply the appmpriate di lut ion factor i n  calculations. 
13. M w r e  peak area. 

CALWUTIom: 
14. Determine the mass, mg (corrected for  #I of  vinyl chloride found i n  the m l e  front 

(4) and back (%I tubes. and i n  the average media blank (8). 
NOTE: I f  % > */lo, report breakthrough and possible sap le  loss. 

IS .  Calculate concentration. C, of vinyl chloride i n  the a i r  volune sapled, V (1): 

EVALWTION OF EMOO: 
The method was evaluated using single 150mg sapl ing tubes with 100-mg front beds and 50- 
back beds [2]. A t  four concentrations between 1 and 64 mg/m3, the pooled re la t ive standard 
deviation was 0.06 and the measurements averaged 94% of the concentrations calculated fmn the 
volcrnes of  vinyl chloride and a i r  used for  the amspheres sapled; r ap les  a t  the 3-pg level 
showed no loss of vinyl chloride when stored for 12 days at man  tenperature or 19 days at  
-20 OC. There m y  be significant loss of  vinyl chloride fmn saples stored for 14 days at 
rwm tenperature 141. The 1% breakthrough capacity for a 150- bed of  coconut charcoal 
challenged a t  100 mL/min with vinyl chloride i n  a i r  a t  16 mg/mJ and a relat ive hunidity o f  
7a uas 4.6 L [S]. 

REFERENCES : 
[I] - Threshold 1 imi t Values for Chemical Substances and Physical Agents i n  the Work 

Envirorment w i t h  Intended Chanqes for  1983-84, ACGIH, Cincinnati, OH (1983). 
[2] H i l l ,  R. H., Jr., C. S. kCamron, A. T .  Saalnaechter, A. Y.  Teass. and U. J. Lbodfin. 

-1. Chem.. 4E. 1395-1398 (1976). . 

[3] NIOSH lhnual of Analytical Rethods, 2nd. cd., V. 1, P&Wl 178, U.S. Oepartnent of Health 
and Hunan Services, Publ. (NIOSH) 17-1514 (1971). 

[4] CuMebck, J .  E.. U. R. Burg, and S .  R. Birch, Environ. a. Tuhnol.. 9, 1168-1 171 (1975). 
[5] htsuntra,  Y. p&. Health, l8, 61-67 (1980). 
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INTRODUCTION 

Construction of a soil/bentonite containment 

wall along the perimeter of the former Velsicol Chemical 

Corporation (~elsicol) plant site in St. Louis, Michigan was 

completed in August 1983. The containment wall was 

constructed in accordance with the provisions of the Consent 

Judgement negotiated between Velsicol, the United States 

Environmental Protection Agency (USEPA), the Michigan 

Department of Natural Resources (MDNR) and the United States 

Department of Justice. A copy of Section 8.d of the Consent 

Judgement, which details the post-construction testing 

requirements for the containment wall, is contained in 

Appendix A. 

A stringent quality assurance/quality contra1 

(QA/QC) program was implemented during the construction of 
- - 

the containment wall. The QA/QC testing has been previously 

documented and submitted to the USEPA and MDNR in the report 

entitled "Quality ~ssurance/Quality Control Testing - 
Containment Wall Construction" (Conestoga-Rovers & 

Associates, March, 1984). 

In accordance with the Consent Judgement, a 

post-construction testing program on the containment wall has 

been undertaken. This report summarizes data collected 

during the post-construction testing program. 



2.0 POST CONSTRUCTION CONTAINMENT W A U  MONITORING 

2.1 GENERAL 

The post-construction containment wall 

monitoring program, consisting of the collection of an 

undisturbed sample of the containment wall with subsequent 

permeability testing, was initiated three months after the 

completion of the wall on December 15, 1983. Subsequent 

sampling events occurred on March 15, 1984, June 15, 1984, 

September 14, 1984, December 14, 1984, March 16, 1985, June 

19, 1985, September 16, 1985, December 14, 1985, March 13, 

1986, June 9, 1986 and September 22, 1986. All testing 

completed to date has confirmed the permeability of the site 

perimeter containment wall to be less than 1.0 x 

10-7 cm/sec. 

2.2 SAMPLING EQUIPMENT 

For sampling completed through March 1985, a 

CME 175 trailer-mounted drill rig equipped with rotary head 

and 6-inch diameter hollow stem augers was utilized to 

advance the borehole into the containment wall. A 3-inch 

diameter Shelby tube, hydraulically pushed and retrieved, was 

used to collect the samples. 



For all remaining sampling events, a Mobil 

Truck mounted drill rig equipped with rotary head and 4-inch 

O.D. diameter augers was utilized to advance the borehole 

into the containment wall. A 3-inch diameter Shelby tube, 

hydraulically pushed and retrieved, was used to collect the 

samples. 

Figure 1 details the sampling locations for 

each sampling event. 

2.3 PERMEABILITY TESTING PROTOCOL 

In accordance with Section 8.d of the Consent 

Judgement, all collected samples were tested in accordance 

with ASTM D 2434. 

ANALYTICAL RESULTS 

A summary of all post-construction 

containment wall testing data is presented in Table 1. 

Individual analyses are included in Appendix B. 





STATION 

UGW 7+70 

DWG 71+25 

UGW 19+5O 

DWG 42+50 

DWG 69+90 

DWG 47+50 

UGW 31+00 

DWG 63+25 

UGW 2+60 

DWG 38+10 - 
UGW 15+00 

DGW 58+25 

TABLE 1 

SUMMARY OF QUARTERLY PERMEABILITY TESTING 
ST. LOUIS. MICHIGAN 

DEPTH DATE 
PERMEABILITY 

Icmlsec 



3.0 CONCLUSIONS 

Velsicol, for a period of three years, has 

collected and tested samples of the soil/bentonite 

containment wall constructed at its former St. Louis, 

Michigan plant site, in accordance with the Consent Judgement 

between Velsicol, USEPA and MDNR. 

Testing indicates that the containment wall 

has essentially achieved and maintained a permeability of 1.0 

x lo-' cm/sec or less, and that the performance standard 

stipulated in the Consent Judgement for the containment wall 

has been achieved. 

All of which is respectfully submitted 

CONESTOGA-ROVERS& ASSOCIATES 

C. Cull, B.Sc. 

! R.G. Shepherd, P. Eng. 



APPENDIX A 

SECTION 8.d OF THE 

ST. LOUIS CONSENT JUDGEMENT 



5 )  S l u r r y  samples which s h a l l  be pumped from the  bottom 
of t h e  t r e n c h ,  and backf i l l - s a m p l e s  from mix being  
added t o  t h e  t r e n c h ,  s h a l l  be t e s t e d  f o r  u n i t  weight, 
i n  accordance w i t h  API-RP-13B, a t  l e a s t  once each 
hour of t h e  working s h i f t .  

, d. 'r'ost Cons t ruc t ion  Tes t in?  

Following i n s t a l l a t i o n ,  f a l l i n g  head l a b o r a t o r y  t e s t i n g ,  
s e t  up i n  accordance wi th  ASTM D 2434, on a s i n g l e  
c o l l e c t e d  sample of t h e  i n s t a l l e d  containment wal l  s h a l l  
be  done every t h r e e  ( 3 )  months for' t h i r t y - s i x  ( 3 6  1 months 
t o  w a l u a t e  maintenance of a  pe rmeab i l i ty  of 
1 x 10'7 cm/sec., o r  less. Analysis  of the d a t a  
s h a l l  be c a r r i e d  o u t  as s p e c i f i e d  in  subparagraph 8.a.4, 
above. 



APPENDIX B 

ANALYTICAL RESULTS FOR 

POST CONSTRUCTION 

CONTAINMENT WALL TESTING 



I= 
Professional Service 1 .tries 

PERMEABILITY RESULTS OF CONTAINMENT WALL AND CLAY CAP SAMPLES 

TABLE NO. 2 

CONTAINMENT WALL SAMPLES 

Samp 1 e 
&umber 

UGW-R I 
DGW -R2 

Samp 1 e 
hurnber 

CC- 7 

CC- 10 

T i  me Samp 1 e Samp 1 e Permeabi 1 i t y  
In-P 1 ace Locat  i o n  Depth (cm/s ) 

3-months S t a t i o n  7+70 4.0' 2.2 x 10-8 
6-months S t a t i o n  71+25 5.0' 1.1 x 10-7 

9-months S t a t i o n  19+50 6.0' 5.3 x 10-8 
12-months S t a t i o n  42+50 12.0' 3.8 x 10-8 

Samp 1 e 
Locat  i on  

CLAY CAP SAMPLES 

S t a t i o n  3+508 
& 350 Feet R i g h t  

S t  a t  i on 1 1 +008 
& 400 Feet R i g h t  

S t a t i o n  12+00A 
t 250 Feet L e f t  

S t a t i o n  5+00 
& 700 Feet L e f t  

Samp 1 e 
Depth 

Grade 

Grade 

Permeabi 1 i t y  
(cm/s 

LC-9 Grade 

Grade 



RESULTS OF PERMEABILITY TEST 

( f r i a x i a l  Cel l  With Back Pressure Saturation) 

\ Project S t .  Louis, Michigan 

S a p  l e  Nunber She1 by Tube DDW-69-90 11 1/2' - 14 112' 

i Sample Descr ipt ion Sandy, clay, brown 
2 

Permeab i 1 i ty 

Dry Density 

Percent Compaction 

Height o f  Samle (L) 

Area o f  S w l e  (A)  

Head D i f f e r e n t i a l  

Top Pressure 

Bottom Pressure 

Cel I Pressure 

Speci f ic Gravi ty 00 . 

! 

cm. /sec . 
p.c.f. 

X 

in. 

in.2 

I - 
i 

NOTE: Speci f ic  g rav l t y  i s  determined by back ca lcu la t ion  assurnlng 
zero a i r  voids a f t e r  campletion o f  test .  



Professional Service Industries, Inc. 
Michigan Testing Engineers Division 

1 
! 

TESTED FOR Cones toga Rovers & Associates, LTD PROJECT: S t .  Loui s , M i  c h i  gan 
651 Col by Drive 

I Waterloo, Ontario 
A Canada N2V- 1C2 

1 
4 

>A= March 29, 1985 OUR REWRT NO.: 406-55004 

REMARKS: PERMEM ILITY TEST RESULTS 

a Procedure: Sample was placed i n  t r i a x i a l  chamber and subjected t o  a c o n f i n i n g  
pressure. Sample was saturated using back pressure. A 
d i f f e r e n t i a l  pressure was appl i e d  across the  sample and the f tow 
was m n i t o r e d  u n t i l  f l ow  i n t o  the sample equaled f l ow  out o f  the 

I 

sample. Pemeabi 1 i t y  was ca lcu la ted  us ing Darcy's Law. 

S a p l e ~ o . :  ShelbyTubeSampIe Date Sampled: kfsu- \b , 19-5 

Sample Location: DGW 47+ 50 8'  - 10' 

Height o f  Sample: 4.0 i n .  Dia. o f  Sample: 2.8 i n .  

I n i t i a l  Weight o f  Sample: 920.79 I n i t i a l  Moisture Content: --- 
d 

Confining Pressure: 60 ps i  Saturat ion Pressure: 50 ps i  

Bottom Pressure : 50 ps i  Top Pressure: 45 ps i  

- 8 
Permeabi 1 i ty: 3 x 10 cm/sec. 

Elapsed Time 
(mi n. ) 

1250 

141 

24355 Capitol Avenue Detroit MI 48239 Phone: 31 3/255-4200 

Flow I n  ' 
(cc)- 

2.95 

.30 

Flow Out 
(CC) 

2.95 

.30 

Remarks 

4 



rEsm FOCI: Conestoga Rovers L Associates, LTD m ~ c r :  S t -  Louis Michigan 
651 t o 1  by Drive 
Waterloo, Ontario 
Canada NZV-lC2 

DATE: July 12, 1985 asft ~ ~ ~ o f f t  NO.: 406- 5 5004 

h - .{ARKS: PERMEABILITY TEST RESULTS 

Procedure: Smple was placed i n  t r i a x i a l  chamber and subjected t o  a conf ining 
pressure. Sample was saturated using back pressure. A 
d i f f e r e n t i a l  pressure was applied across the sample and the f low 
was mn f to red  u n t t l  f low i n t o  the sample equaled f low out of the 
sample. Pemeabi 1 t t y  was calculated usfng Darcy' s Law. 

- 
Sample No.: Shelby  Tube Sample Date Sampled: by CRA 4 J I C ~  -? A - I - -  c =  

Sample Location: n u n .-. 31-t.00 7'-9' 
Height o f  Sample: 5.0 inches Dla. of Sample: 5.85 inches 

I n f t i a l  Weight o f  Sample: 1173 grams I n f t l a l  Moisture Content: 19 .7% 

Confining Pressure: 62 mi Saturat ion Pressure: 50 ~ s i  - 
Bottom Pressure: 60 p s i  . Top Pressure: 50 p s i  

Penneabi 1 i ty: 

Elapsed Time 
( m i  n. ) 

12n 

1016 

t 

Flw I n  ' 
(CC) 

1.35 

Flow Out 
(CC) 

1 .35 

4 

Remarks 

13.75 13.75 



TE~TEDFOA: Conertoga Rovers & Associates, L t D  PROJECT: S t .  Louis, Michigan 
651 Col by Drive 
Waterloo, Ontario 
Canada N2V-1C2 

DATE: 9-24-85 OUR REPORT NO.: 406-55004 

REMARKS: PERMEM IL ITY EST RESULTS 

Procedure: Sample was placed i n  t r i a x i a l  chamber and subjected t o  a conf in ing  
pressure. Sample was saturated using back pressure. A 
d i f f e r e n t l a l  pressure was applied across the  sample and the f l ow  
was monitored u n t i l  f low i n t o  the sample equaled flow out o f  the 
sample. Permeabil i ty was calcu lated ustng Darcy's Law. 

Sample No. : Date Samp led : By CRA 

Sample Location: DGW 63 + 25 
Height o f  Sample: 4.925" Dia. o f  Sample: 2.91" 

I n l t i a l  Weight o f  Sample: 1174 I n i t i a l  Moisture Content: 6.0 

Confining Pressure: 77 ~ s i  Saturat ion Pressure: 6 0  p s i  

Bottom Pressure: 70 ps i  Top Pressur, : 60 ps i  

Permeabi l i t y :  3.9 x 1 0 - ~  cm/zpc 

Remarks 

I 

Dry density = 123.3 pcf 

Final  Moisture Content = 12.7% 

Elapsed Time 
( m i  n. ) 

r 

3 74 

I 

Flon I n  ' 
(CC) 

2.10 

Flow Out 
(CC) 

2.10 



nrm,rar. Conestoga Rovers !I Assoc ia t e s ,  LTD PCI)ACI: S t .  
651 Colby Drive 
~ a t e r l o o ;  On ta r io  
Canada, N2V-lC2 

mR: January 6 ,  1986 

W K 3 :  P€RMABILITY TEST RESUlTS 

Procedure: S m l e  was p l u d  i n  t t l u l r l  c h a t  ud 8ubJected to r conflnln 
pressure. S m l e  wr srturatab using back pressure. 1 
differential pressure w u  -11cd Yross th s w l a  and the flow 
was amnltotad until flow Into Ulr s-18 oqtrled flow out of the 
s m l e .  Pemdility was c8lcuIrtod using D&rcyls L a .  

~mp la l o .  : 5 1  - 3 '  ~ r t e  ~ r a p t d :  ~ Y C R A  I Z I I ~ I P ~  
Suple  Locit(on: Base l ine  ' 0 "  S t a t i o n  0+50 ~ G w  Z t  60 
ntfght of Stllaplt: 4.652" Dir. of *la: 2 . 8 n M  

Initial W g h t  of -18: 1161 grams Inltlrl Hofgtam bntent: 10.8% 

Confining Pressure: 72 p s i  Srturrtim Pressurn: 60 ps i  . 

Bottom Pressure: 70 p s i  fop h s ~ u t c :  60 ~ s i  

Pemeabl l l ty: 6.5 X loo8 cmlsec. 

* 

Elwstd Tim 
(mi n. ) 

L 

2 10 
L 

v 

b 

F l a  In ' 

(CC ) 

2.05 

Flat Out 
(CC) 

2.05 

R r r r l t s  

18 

Final  d r y  d e n s i t y  = 131.9 pcf 
I 

Final  mo i s tu re  c o n t e n t  = 10.8% 
I 

1 



I 
; t m F m  L Conestoga-Rovers & Ass. Ltd. 

651 Colby D r i  ve 
I Waterloo, O n t a r i o  
i Canada, N2V IC2 

-CI: 
St.  Louis,  Michigan 

' 
DATE; March 26, 1986 406-55004 

L 

REMARK* P€RMNILIT Y TEST RESULTS 

Procedure: Smpl t  was placed I n  t r f u i a l  ch-t and subjected to  a conflnln 
pressure. S w l e  ws saturated uslng back pressure. I 
d i f fe ren t ia l  pressure w u  applied r r o s s  t)w s e l e  and the flow 

9 was aunttored mtll flow i n to  tha $-la maled flow out of the 
smple. Pcmerbl l l ty  was calculrted using Oarcy's Law. 

A 

1 

f w 1 t M 0 . :  6 ' _ - S ' P e p t h  Date S-led: h\LCBA rn , J  a , ~ $ 6 ; -  . -  

S w l e  C~Catlon: -inn 38 + I n  

k l g h t  of Sabgle: 5-19'' Dia. of Suple: 2-94 ' '  

I n l t l r l  Yeight of W k :  j 7s7  nrmm Initial h i s t -  hunt: 17.5% 
. -- - Conf in ing Pressure: 7?& o s i  Saturation Pre~rurr: 61.5 o s i  

; Bottom Pressure: 70.0 p s i .  fop Rcttut..: 6 l . s  n q i  

. 
Elapsee Tim 

(mi  n. ) 
L 

1257 

I 

L 

Remarks 
J 

F i n a l  d ry  d e n s i t y  = 118.4 pcf  

F i n a l  mo is tu re  content  = 13.6% 
1 

F l a  In ' 

(CC) 

8,65 

J 

f l a  Out 
(CC 1 

8.65 



Professional Service Industries, Inc. 
Michigan Testing Engineers Division 

I 

TESTEDFOA: Conestoga Rovers &Assoc ia tes ,  L T D P ~ E ~ ~ :  S t .  Louis, Michigan 
651 Colby Dr ive i 

I Waterloo, Ontar io 
L Canada N2V-1C2 

REMARKS: PERMEABILITY TEST RESULTS 

Procedure: Sample was placed i n  t r i a x i a l  chamber and subjected t o  a c o n f i n i n g  
pressure. Sample was saturated us ing back pressure. A 
d i f f e r e n t i a l  pressure was appl ied across the sample and the f l o w  
was monitored u n t i l  f l o w  i n t o  the sample equaled f l o w  ou t  o f  the 
sample. Permeabi 1 i t y  was ca l cu la ted  using Darcy's Law. 

Sample Eco.: #1524- 5 ' - 7 '  Date Sampled: - 5 ~ d E  '_ !!C16G, 
I 

Sample Locatfon: U l i d  ICjtOQ 

Height  o f  Sample: 5 773"  Dia. o f  Sample: 2 .954"  

t I n i t i a l  Weight o f  Sample: 1453.4 qrams I n i t i a l  Moisture Content: 23.0 

Conf in ing Pressure: 73 ps i  Sa tu ra t ion  Pressure: 60 ~ s i  

Bottom Pressure : 70 ps i  Top Pressur, : 60 p s i  

Permeabi 1 i ty: 7.0 X 1 0 ' ~  crn/sec 

I 

Elapsed Time 
( m i  n. ) 

r 

55 

, 

! 

24355 Capitol Avenue Detroit, MI 48239 a Phone: 3131255-4200 

Flow In ' 

(CC) 

.55 

Flow Out 
(CC)  

.55 

-- 

Remarks 

- - Orv Denzitv 1 7 5 . 7  PCF 



m m  Conestoga Rovers 6 Associates, L T D  m r c r  S t .  Louis, Mlchlgan 
651 Col by Dr i ve  
Yatcr loo,  Onta r io  
Cans& N2V-1CZ 

PERMEABILITY TEST RESULTS 

Ptoccduta: S-le was placed I n  t r i u i a l  c h w b e r  and subjactcd t o  r c o n f l n l n g  
pressure. Sanple was saturated us1ng b a  prcssut-e. A 
d i f f e r e n t l a 1  p t e r s u n  was applied across tha s ~ t e  Md the f l a w  
was m n f t o r e U  untll fl'ow i n t o  the sample equaled flow ou t  of the 
smple .  P e m a b t l l t y  was ca l cu la ted  us ing  Oarcy's L a .  

+C- 221zd 
Sarple No.: 4'-6:- Date Smgled: BY - M U  5 6 ~ 7 5  
Sdagle L ~ ~ d t i o n :  -STATION 58+25 

Height of  Smple:  4.785 inches D i a .  o f  5-18: 2.96 inches 

I n l t l a l  ldeight o f  Sarrple: 1200 qrams h t t f a l  H o i s t u r n  Content: 20.3% 

Conf in ing  Pressure: 73 p s i  Satura t ion  Pressure: 60  ~ s i  

Bottom Pressure : 70 ps i  Top Pressur, : 50 ~ s i  

Remarks 

Dry Dens i t y  = 115.5 PCF 

Final M o i s t u r e  Content  1 15 .O% 

Flow Out 
( C C  

0.50 

r 

Elapsed T ime 
( m i  n. ) 

L 

100 

I 

. 
> 

F l o w  I n  ' 

k c )  

0.50 

I 
6 
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GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol ) , the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. Louis, Michigan plant 

site. The monitoring program is designed to address the 

following : 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3 .  Determination of site groundwater elevations 

This report details the site monitoring which 

occured during the period March 13 to March 16, 1985. 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

Mr. R. Teoh (MDNR) was present on-site on 

March 14, 1985 and observed the carbon changeout of gas vents 

7 and 8. 



1.3 MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Mr. D. Robinson and Ms. C-. Cull 

(Conestoga-Rovers and Associates) assisted by Mr. Gene 

DeGeer, the Velsicol site custodian. 



2.0 GAS VENT MONITORING 

2.1 GENERAL 

The gas vent monitoring began on March 15, 

1985 and was completed the same day. 

Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix B. Samples 

from each gas vent were collected in two 6-mrn diameter x 

70-ram long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual parallel/series tube holder sets. 

2.2 SAMPLE COLLECT1 ON 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 





Sampling was conducted at the downstream 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached directly to the gas vent sampling 

port using a copper mani fold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to connect the tube holder to the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to 

250cc/min/tube set, was operated for a period of 20 minutes 

for each sampling event, resulting in a collected sample 

volume of five liters per tube set. 

Prior to sample collection, the gas vent 

upper chamber was purged by pumping at 500 cc/minute for a 

period of ten minutes. This precluded the possiblity of 

sampling retained atmospheric air from the gas vent upper 

chamber. During the purging and sampling operations, the 

open end of the gas vent was capped using a 4-inch diameter 

plastic cover to prevent atmospheric air being drawn into the 

sample. 

At the conclusion of each gas vent sampling, 

the set of four sample tubes were capped, labelled and stored 

in a cooler maintained at 0°C. 



L

SAMPLING PORT USED FOR
MARCH I9B5 SAMPLING EVENT

TEMPORARY SAMPLING
COVER

CRA

figure 2
ACTIVATED CHARCOAL GAS VENT DETAIL

St. Louis Plant Site



2.2.1 Sample Storage and Shipment 

On the afternoon of March 15, 1985, the 

samples were transferred to a cooler containing frozen cold 

packs and styrofoam packing materials. The cooler was 

shipped under chain of custody protocol, to Velsicol's 

Memphis, Tennessee laboratory by overnight courier for 

analysis. A copy of the chain of custody is provided in 

Appendix A. 

2.2.2 Sample Analysis 

All of the samples were desorbed and analyzed 

during the period March 18 to March 21, 1985. Analysis was 

conducted in accordance with NIOSH protocols as follows : 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

S-336 

1007 

Results were reported verbally as non 

detectable for all parameters for all samples. 

A hard copy of the laboratory report will be 

forwarded to USEPA and MDNR as it becomes available. 



Samplinq Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 

CARBON CHANGEOUT 

2.3.1 General 

The terms of the Consent Judgment requires 

that should the presence of carbon tetrachloride, vinyl 

chloride or trichloroethylene be detected in any gas vent 

sampling in exceedence of stipulated concentrations, the 

carbon will be changed and the program be revised. 

In order to comply with the terms of the 

Consent Judgment, the activated carbon filters were changed 

on March 14, 1985. At the recommendation of the supplier, 

the product was changed to a grade of activated carbon which 

will more readily adsorb the three parameters. The revised 

product is referred to as Calgon PTL 4 x 10 activated 

carbon. 



2.3.2 Method 

Initially, the top section of the gas vent 

was removed and examined for damage or corrosion; none was 

observed. 

The 3-foot long section containing the 

activated carbon was removed and the spent carbon was poured 

directly into a three ply polyethylene bag. The bag was 

closed by tying a knot in the neck of the bag. 

The three foot section was examined for 

damage or corrosion; none was observed. The stainless steel 

screens were examined and replaced. 

The 3-foot section was replaced on the gas 

vent and filled with the revised activated carbon product. 

The top section was replaced. All bolts were given a final 

tightening. The bags containing the spent carbon were 

deposited in a D.O.T. approved 55-gallon drum for subsequent 

disposal. The disposal method has not yet been identified. 

2.3.3 Health and Safety 

During the carbon changeout, personnel were 

required to wear disposable tyvek coveralls and disposable 



vinyl gloves. Those were deposited into an on-site D.O.T. 

- approved 55-gallon drum for subsequent disposal following 

completion of carbon changeout. 



3-0 SITE PERIMETER CONTAIHMENT WALt MONITORING 

3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984 and 

December 14, 1985. The current sampling event occured March 

15 and March 16, 1985. All testing completed to date has 

confirmed the permeability of the site perimeter containment 

wall to be less than 1.0 x 10-7 cm/sec. 

EQU I PMENT 

A CME 175 trailer mounted drill rig equipped 

with rotary head and 6-inch diameter hollow stem augers was 

utilized to advance the borehole into the containment wall on 

March 15 and a truck-mounted CME 175 drill rig was used on 

March 16, 1985. A 3-inch diameter Shelby tube, hydraulically 

pushed and retrieved, was used to collect the samples. 



3.3 SAMPLE COLLECTION 

The containment wall was located by field 

survey on March 14, 1985. The sampling borehole was 

begun at Station DGW 47+50 by augering through the clay cap 

into the underlying material. 

The presence of soil/bentonite backfill 

material was confirmed by examination of cuttings on the 

auger flights. A Shelby tube was introduced into the 

borehole and a sample was retrieved at a depth of eight feet. 

Examination of the contents as the sample was extruded in the 

laboratory indicated that the sample contained native 

material. The sample was discarded. It was concluded that 

the borehole had been located on the inside edge of the 

containment wall. 

On the morning of March 16, 1985 the sampling 

program was resumed and the drill rig was moved three feet to 

the west. A borehole was advanced to a depth of eight feet. 

A Shelby tube was introduced into the borehole and a sample 

was withdrawn. Examination of material in the base of the 

tube confirmed that the sample was obtained from the 

containment wall. The locations of this and prior sampling 

events are detailed on Figure 3. The boreholes were 

backfilled with bentonite and abandoned. 





3.3.1 Sample Preparation and Shipping 

The Shelby tube was capped and taped at both 

ends to prevent sample loss and drying. The sample was hand 

delivered to the Michigan Testing Engineer's laboratory in 

Detroit, Michigan for permeability testing. 

3.3.2 Sample Testinq 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 



4.0 GROUNlMATER TABLE MOHITORIHG 

4.1 GENERAL 

The monitoring of plant site groundwater 

elevation was performed on March 13, 1985. The water 

elevation of the St. Louis reservoir was determined on March 

15, 1985. 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated in increments of one one-hundredth of a foot, were 

taken at the water level and at the top of the well casing. 

The former reading was deducted from the latter and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



MONITORING 
WELL 

TABLE 1 

WATER LEVEL MEASUREMENTS 

MARCH 13, 1985 

WELL HEAD 
ELEVATION 
(AMSL ) 

MEASURED 
DISTANCE TO 
WATER TABLE 

(ft.1 

Water level elevation, St. Louis Reservoir 

(March 15, 1985) 

WATERTABLE 
ELEVATION 
(AMSL 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater  e l e v a t i o n  d a t a  were used t o  

c o n s t r u c t  a s i t e  groundwater  e l e v a t i o n  con tou r  map which is  

p r e s e n t e d  i n  F i g u r e  4. 

4.4 SITE MEAN GROUNDWATER ELEVATION 

The mean e l e v a t i o n  o f  s i t e  groundwater  is 

c a l c u l a t e d  t o  be 721.66. The maximum a l l o w a b l e  s i t e  

groundwater  e l e v a t i o n  s t i p u l a t e d  by t h e  Consent Judgement is 

724.13. 



G W M -  S 
(721.19) 

GWM - I4 
(TP l .2b l  

GWM-I - GROUNDWATER 
MONITORING WELL 

(721.74) - WATER LEVEL 
(MARCH 14, 19851 

-7z/ - GROUNDWATER COMOUR 

- 

figure 4 

SITE GROUNDWATER CONTOURS 
CRA Sf. Lou13 Hunt Site 

1324- 0 / 0 3 / 0 3  



5.0 SUMMARY 

All monitoring activities stipulated by the 

Consent Judgment were carried out between March 13, and March 

16, 1985. 

The gas vent activated carbon filters were 

changed on March 14, 1986. 

Data from the chemical analysis of the gas 

vent samples and the permeability testing of the contaminant 

wall sample will be provided to MDNR and USEPA within seven 

days of receipt by CRA of laboratory final data. 

The present mean site groundwater table 

elevation is calculated to be 721.66. The elevation in the 

Pine ~ i v e r / ~ t .  Louis reservoir was determined to be 720.41. 

The next sampling and monitoring event will 

occur on or about June 15, 1985. Interim gas vent sampling 

will be performed on or about April 29, 1985. 

1 

All of Which is Respectfully Submitted, 
/ 

1 CONESTOGA-ROVERS & ASSOCIATES LIMITED 

D. Robinson R.G. Shepherd, P. Eng. 

14 C<>p.'F.STOC,&-f?OVEF,S i; L~S~>C:I,L,I~F.:l i :P / ;*Ef .  
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CHgIN OF CUSTODY 
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SAMPLE SEO TIME DATE NQ 

SAMPLE TYPE 
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a 
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1 \ \-. C, 
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I 

TOTAL NQ. OF CONTAINERS 

CHAIN OF CUSTODY 
RECORD 

RELINOUISHED BY 1 DATE /TIME 

$9 (.- -. . - - . -... (iJ 
l SIGN l 

- - 

RELINOUISHED BY I 1 DATEITIME 

_j 

PROJECT NP. 

1524 

pJ I SIGN 1 1- 
RELINOUISHED BY: DATE/ TIME 

PROJECT NAME I GAS VENT MONITORING 

PLANT SITE ST. LOUIS, MICHIGAN 

@ I I SIGN l 

METHOD OF SHIPMENTI 

' VEUKOL CHLMICAL CORPORATION 2 
701 W. WASHINGTON STREET 
ST. LOUIS, MICHIGAN 48880 ' 

RECEIVED BY,* 1 ' / 
1 -, / - VJ i :  1, , (,! , /Q 

1 SIGN 
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( SIGN 
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1524 

PROJECT MIME I GAS VENT MONITORING 

PLANT SITE ST. LOUIS, MICHIGAN 
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ST. LOUIS, MICHIGAN 48880  

RELINQUISHED BY1 

t S IGN I 
I 
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APPENDIX B 

GAS SAMPLING PROTOCOLS 



APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance with the  Consent Judgment, Velsicol has submitted a 
post-closure maintenance and monitoring plan for  i t s  
environmentally secured plant  s i t e  i n  St .  Louis, Michigan. The 
post-closure maintenance and monitoring plan requires quarterly 
monitoring of 11 gas vents t h a t  have been ins t a l l ed  t o  release and 
appropriately t r e a t  in ternal  gases. This program w i l l  be 
conducted over a period of three years. 

The gas vents, a s  detai led i n  Exhibit F of the  Consent Judgment, 
a r e  designed with two sampling ports;  one below the base of the 
ins ta l led  activated charcoal f i l t e r ,  and one above the  f i l t e r .  
Samples w i l l  be collected from the  downstream port.  Results w i l l  

I 
indicate whether o r  not containment breakthrough has  occured 
through the carbon f i l t e r .  

Samples w i l l  be analyzed for  three separate compounds: carbon 
te t rachlor ide,  trichloroethylene and vinyl chloride. 

Samples w i l l  be collected with a Gilian HFS-113 AU DK variable 
flow pump. This par t icular  uni t  allows the operator t o  r u n  a 
s e r i e s  of tubes concurrently i n  para l le l  arrangement. Four tubes 
w i l l  be collected from each gas vent: two standard N I O S H  100/50 
mg activated charcoal tube, and two 30/15 mg tenax tubes, each 
tube measuring 6 mm x 70 mm. One blank s e t  and one duplicate 
s e t  of tubes w i l l  be collected during each quar ter ly  sampling 
event. 

As vinyl chloride represents the  l e a s t  adsorptive of the  three 
compounds, the sampling program i s  designed t o  accomodate t h i s  

( -  compound. Therefore, sample volume s h a l l  not exceed 5 l i t e r s .  

Prior t o  sampling, the vent w i l l  be sealed off with a p la s t i c  cap, 
and purged for  10 minutes a t  a r a t e  of 500 cc/min. This i s  t o  
eliminate the poss ib i l i ty  of sampling atmospheric a i r  contained 
within the upper portion of the  gas vent. 

Two samples from each gas vent sha l l  be collected simultaneously 
a t  a r a t e  of 250 cc/min. for  20 minutes. The pump sha l l  be lab 
calibrated with sample tubes in-l ine t o  determine the exact flow 
rate .  Additionally, flow w i l l  be checked a f t e r  f i e l d  sampling t o  
ver i fy  tha t  a constant flow was maintained throughout the  sampling 
period. 

Following sample collection,  each tube w i l l  be sealed with a 
p l a s t i c  cap a t  each end, labelled,  placed i n  a cold storage 
environment and shipped under chain-of-custody v ia  a commercial 
courier service t o  Vels icol ' s  analyt ical  laboratory i n  Memphis. 



Analysis of the charcoal tube w i l l  be conducted i n  accordance with 
NIOSH protocol a s  detailed below: 

Carbon Tetrachloride 
Trichloroethylene 
Vinyl Chloride 

Revised Method N o .  

Analysis w i l l  proceed by f i r s t  e lu t ing  the carbon sample tubes 
with carbon d isu l f ide  and then analyzing by GC with a flame 
ionization detector.  A l l  samples w i l l  be i n i t i a l l y  analyzed i n  
t h i s  fashion. I f  any of the  above canpounds a r e  detected on the  
charcoal tube, the corresponding tenax tube w i l l  be analyzed by 
thermal desorption and GC/MS under EPA Method 624.  

Turnaround time for  the  completed analysis  a t  the  laboratory i s  
anticipated t o  be 30 days from d a t e  of sample col lect ion.  Samples 
w i l l  be desorbed within the 10 day l i m i t  specified for  vinyl 
chloride. Analytical data w i l l  be reported t o  CRA as mg/tube. 
Final r e su l t s  for  the  carbon tube w i l l  be calculated by CRA, using 
t h e  follawing formula. 

1. Corrections f o r  the  blank t o  be made fo r  each sample 
mg = mg sample - mg blank 

T h i s  calculation is  performed separately f o r  each tube. 

t 2.  Add the amounts present i n  the  f ront  tube and backup tube t o  
determine t h e  t o t a l  weight i n  t he  sample. 

3.  Calculate the corrected mg/sample by dividing the  t o t a l  weight 
by the  desorption efficiency (D.E.  ) which i s  provided by the  
lab. 

corrected mg/sample = t o t a l  weight 
DE 

4. Calculate the concentration of t h e  analyte i n  a i r  
mg/m3 = Corrected mg x 1000 l i t e r s / &  

A i r  volume Sampled ( l i t e r s )  

5. Concentration w i l l  be reported as ppm, corrected t o  standard 
conditions of 25'C an? 760 mm H g  

3 
ppm = mg/m x 24.45 x 760  x (T+273) - 

MW P 298 

where P = pressure ( m m  Hg) of a i r  sampled 
T = temperature ( ' C )  of a i r  sampled 
24 .45  = molar volume ( l i te r /mole)  a t  25.C and 760 mm Mg 
MW = Molecular Weight 
760  = standard pressure ( m m  Flg) 
298 = standard temperature (OK) 



NOTE: Temperature and pressure uncorrected t o  sea level  w i l l  be 
collected f o r  the  duration of t h e  sampling event and 
averaged for  use i n  the  above calculations.  Information 
w i l l  be provided fran t h e  National Weather Service i n  
Lansing, Michigan. 

6. I f  the concentration of t h e  back tube exceeds 10% of the 
concentration of the  f ront  tube, the r e su l t s  w i l l  be 
reported a s  a  sample breakthrough and possible sample 
loss.  

7 .  A s imilar  procedure w i l l  be fo l lmed for  the  tenax tube, 
should analysis be required. 

nata  w i l l  be reported to  USEPA and MDNR o f f i c i a l s  w i t h i n  seven 
days a f t e r  receipt  of f i n a l  laboratory data for each quar ter ly  
sampling. Additionally, a  summary data  report w i l l  be provided a t  
the  conclusion of the  three year sampling period, o r  sooner, 
should breakthrough of any c m p u n d  occur pr ior  t o  the  three  year 
program. 

In addition t o  the  s e t  of f i e l d  blanks t o  be collected per 
quar ter ly  sampling event, an addit ional  s e t  of 15 charcoal tubes 
and 15 tenax tubes w i l l  be forwarded unopened t o  the  lab d u r i n g  
the  i n i t i a l  sampling event. 

These "blank" tubes w i l l  be used a s  internal  ca l ibra t ion  
1 --. 

standards on which each of the three compounds w i l l  be spiked a t  
f ive  d i f fe rent  concentrations. The data  from t h i s  analysis w i l l  
be used t o  calculate  the desorption efficiency for  a  spec i f ic  l o t  
of activated charcoal. Therefore, t h e  l o t  number of carbon tubes 
and tenax tubes sha l l  be recorded during each quar ter ly  sampling. 
Should the  l o t  number change, a  new s e t  of 15 charcoal tubes and 
15  tenax tubes s h a l l  be forwarded t o  the  laboratory for  
determination of t h e  new desorption efficiency.  

The allowable l imi ts  for  these compounds have been established by 
t h e  MDNR and a r e  s i t e  specif ic  for  the  S t .  Louis s i t e .  These 
l imi ts  a re  documented i n  section 4.3  of the post-closure 
maintenance and monitoring plan. 

Copies of a l l  t h ree  analyt ical  protocols, t he  chain of custody and 
the data col lect ion shee t -are  provided i n  the following sections.  



FOfUluLA: Table 1 

M.W.: Table 1 

HYDROCARBONS, HALOGENATED 
METHOD: 1003 
ISSUED: 2/14/84 

COnWUNDS: benzyl chloride chlorob~mmethane 1, l-dichloroethane hexachloroethane 
(synonym b r m f o n n  chl orof o m  1,24ichloroethylene methylchloroform 
in Table 1) carbon tetrach7oride ~ichlorobenzene ethylene dichloride propylene dichloride 

ct~ 1 ombenzene Hi chl orobenzene 
- ~ 

SNIPLING HEASUREMENT 
! 

SAMPLER: SOLID SORBENT TUBE ! TEMNIC&E : CAS a(RWTM;RAPHY, F ID 
(coconut shell charcoal, 100 mg/50 rng)! 

!ANALYTt: carpounds above 
F L W  RATE: 0.01 to 0.2 L/min I 

!MSORPTION: 1 mL CS2, stand 30 min 
VOL-HIN: Table 2 I 

4U: Table 2 !INJECTION VOLIME: 5 pL 
I 

SHIPMENT : rout i ne !TEMPERATURES: Table 2 
! 

SAMPLE STABILITY: at least 1 week @ 25 O C  !CARRIER GAS: N2 or He, 30 mL/min 
! 

BLANKS: 2 to 10 field blanks per set ! M L W :  Table 2; alternates are SP-2100, 
! SP-2100 with 0.1% Carbowax 1500 

5.. ! or 06-1 fused silica capillary colum 
ACCURACY I 

!CALIBRA7 TC;!: so?uticcs cf zr.e7~::? i o 5- :t8 
- . . .  - - .  . ..- .- _-. --  .... . - - -  . . . . . - - . .  :' . . 

~ . - - - .  

BIAS: not significant i l j  

OVERALL PRECISIW (s,) : see EVALUATION OF !ESTIMlED LOO: 0.01 mg per sample 121 
RETHoo t l ]  ! 

!PRECISION (s,): see EVALUATION OF RETHO0 [I] 

APPLICABILITY: This method uses a sinple desorption and can be used for simultaneous analysis 
of two or more substances suspected to be present by changing the gas chmtographic 
condiiior~s (i.e., terrperature programed). ~ i g h  numioity during sanpling will prevent orsanic 
vapors frcm bei r~g trapped efficiently on the sorbent and greatly decreases breakthrough volvne. 

INTERFERENCES: None identified. The chranatographi c colum or separation condi tions may be 
changed to circumvent interference problems. 

OTHER RETHODS: This method cmbines and replaces Pkthods P&% 127 [3]; S95, SlOl, SllO, S113, 
5114, 5115, S122, 5123 and 5133 141; and 5135, 5281, 5314, 5328 and 5351 151. 



t * 
nETc100: 1003 HYDROCARBONS, HALOGENATED 

a. Ramve and discard back sorbent section of a media blank sanpler. 
b. Inject a known mount of analyte or calibration stock solution directly onto front 

sorbent section with a microliter syringe. 
c. Cap the tube. Allar to stand overnight. 
d. Desorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12). 
e. Prepare a graph of DE vs. mg analyte recovered. 

10.AMlyzethreeqwlitycontmlblindtpikerandthreea~lptrpikestoinsuretht the . 
calibration graph m d  DE graph are in control. 

WEASUREENT : 
11. kt gas chmtograph acwrding to manufacturer's recarrmendations m d  to condi tions given 

on page 1003-1. Inject ~ l e  aliquot manually using solvent flush technique or with 
autosaplet. 
NOTE: If peak area is above the 1 inear range of the working standards, dilute with eluent, 

reanalyze and apply the appropriate dilution factor in calculations. 
12. basure peak a?. Divide the peak area of analyte by the peak area of internal standard 

on the same chmnatogram. 

CALCULATIONS: 
13. Octetmine t h  mss, mg (corrected for DE) of analyte fwnd in the tanple front (Wf) and 

back (C)p)  sorbent sections, and in the average Rledia blank front (Bf) and back (4) 
sorbent sections. 
NOTE: If lr+, > Uf/lO, report breakthrough and possible simple loss. 

14. Calculate concentration, C, of rnalyte in the air voluw fapled, V (L) :  

- - - . I  . '  ,-= . =:-- --,. . -- -- r. . - " d .  ... Laxratory testin5 uas pericmd with spiked srsles and ;cr;cr~iod atcsphere [ I ; .  nl t 

analytes are stable at least one week. All methods were valioated using SKC Lot lG5 ccconut 
she1 l charcoal. Results were: 



NETWOO: 1003 HYDROCARBONS, WALKENAED 
7 - 

191 Cri ter ia for a Recanaended Standard.. .Occupational Exposure to l,l, 1-Trichlmthane,  U.S. 
Departanent of Health, Education, and Welfare, Publ . (NIOSH) 76-184 (1976) . 

1101 Criter ia for a Recamended Standard.. .Occupational Exposure to  Carbon Tetrachloride, U.S. 
Department of  Health, Education, and Welfare, Publ. (NIOSH) 76-133 (1976). 

KTMX REVISED BY: G .  0. Foley; Y. 1. Gagnon; and K.  J. W i l l i a m ,  UIOSWDKE; methods 
origjnally validated under NIOSH Contract COC-99-74-45. 



1.1-~ichlomthane UICIEI 96.96; c I llylidene chloride; 100 ppm 51 24.3 kPa 1.114 
3 2' 4.05 (':..> 115-34-3 

C2tI4Cl2 100 ppm 
200 PPn, 
SlEL 250 ppm 

1.2-Dichloroethylene ClCIi=MCl; 96.95; dl :.tylene dichloride; 200 ppm 60 (cis) 21-35 kPa 1.20 
C tl C1 3.96 I ,  ;' -dichloroethene; ' 200 ppm 41 (trans) 
2 4  2 

('. . ,  1540-59-0 200 PP, 
STEL 250 ppm 

tkxachlomthane* CC1 3CC13; 236.14; 11, I chloroethane; 1 ppm (skin) 101 (sublirlcs) 30 Pa 2.09 
9.60 4 161-12-1 1 ppn (skin) 

c2c'6 10 Ppn 

Ethylene dichloride* ClM al CI; 98.96; 1 ,  '-dichloroethane; 50 ppm, 83 
2 2 

8.3kPa 1.255 

t 4.05 C, * 1101-06-2 C 100p~rn 
CP4C12 

4 5 ppm; 
15 ppm/lS min 

10 w. 
SlEL 15 p ~ l n  

tlethylchlorofoni U13CCls; 133.42; 1 ,  I ,  1-trichloroethane ; 350 ppn 14 13.3kPa 1.335 

cp3c1 5.45 1 i R71-55-6 350 ppn/l5 min 
CAS 111-55-6 350 PPn* 
SlEL 450 ypn 

1 

Propylene dichloride CI13CHCIM C1; 112.99; 1 dichloropmpane 1s PPn 95 5.3kPa 1.156 
2 

4.62 (.,. . U10-81-5 
C3"16C12 15 Mn 

(25 OC) 
15 ppn* 
S1EL 110 ppm 

+Suspect carcinogen . 



-- Sanplin,l -- - 
A i r  Sanple 

Y 
d 

-- Volune (1) 
Rrcal: Ill* ta~gh 

Carpound - Hin lbK -- I I .!ir 

1, I-Dichloroethane 1 (J 100 ppm 10 10.3 I. . :;l mg/ms 

Ethylene dichloride 1 Q 50 ppm 10 29 L : : tly/m3 

8' 
$ kthy lch lomforn  0.5$35Oppm 6 9.5k t .  iilOmg/ma 

Measurement 

_Lm 
Working Colum Range 
Range Injector Internal (mg Per 

(mg/m3 ) Colum* Detector Standard sarple) 

10 octane 0.1 to  4 
225 
250 
110 n-trldecane 0.01 to  0.3 
110 
2 10 

10 octane 0.6 t o  I1 
225 
250 

Propylene dichloride 1 O IS ppn 10 1 1 : ty/ms 35 t o  1050 A 80 n -undecane 0.3 to  10 
(10 1) 110 

2 10 

- - - . - . . -- . . . . .. 
*A = 3 'm x 3 .an s l a i ~ ~ l ~ .  .,:. steel, 10S SP-lO!r:r :. . I00 mesh Supelcogort; 

B = 6 m x 3 ,,II, ctt.1 I?I.. . i : r! sane as A; 
C -- 3 m x 3 1.~1 slaittl...; . steel, 10% W-101 II:I . !?O rnesh Supelcoport; or 
D=3mx6. ,kng la :s ,  ..ISP-2250on00/10'3n: : .?lcoport. 



Trichloroethylene 

Aualyte: Trichloroethylene Method No.: S336 

Matrix: Air BaPge: 519-2176 mg/cu m 

OSEU Standard: 200 ppm (1075 mg/cu m)-Ceiling Precis ion (ST): 0.082 
100 ppm (535 mg/cu m)-T.W.A. 

Procedure: Adsorption on charcoal, Validation Date: 6/6/75 
desorption with carbon 
d i su l f i de ,  GC 

1. Pr inc ip le  of t he  Method 

- 1.1 A hewn volume of a i r  is  drawn through a charcoal tube t o  t r a p  
t h e  organic vapors present. 

1.2 The charcoal  in t h e  tube is  t rans fe r red  t o  a small, stoppered 
enmple container  and t he  ana ly te  is desorbed with carbon disul-  
f ide. 

1.3 An a l iquo t  of t h e  desorbed sample is in jec ted  i n t o  a gas 
chromatograph. 

1.4 The area of t h e  r e su l t i ng  peak is determined and compared with 
areas obtained from in j ec t i on  of standards. 

2. Range and Sens i t i v i t y  

This method was val idated wer t h e  range of 519-2176 mg/cu m at 
an atmospheric temperature and pressure  of 24.5OC and 759.4 nun Hg, 
using a 3 - l i t e r  sample. Under t h e  condit ions of sample s i z e  
(3 liters) the  probable usefu l  range of t h i s  method i s  108-3225 
mg/cu m at  a de tec tor  s e n s i t i v i t y  t h a t  gives near ly  f u l l  de- 
f l e c t i o n  on t h e  s t r i p  char t  recorder f o r  a 9.7 mg oample. This 
method is capable of measuring much amaller amounts if t he  d r  
uorption e f f ic iency  is adequate. Desorption e f f ic iency  must be 
determined wer t h e  range used. 

The upper limit of t h e  range of t h e  method is dependent on t h e  
adsorpt ive  capaci ty  of t h e  charcoal tube. This capacity v a r i e s  
with t h e  concentrat ions of ana ly te  and o ther  substances i n  t he  
air. The f i r s t - s e c t i o n  of t h e  charcoal tube was found t o  hold 
42 mg of ana ly te  when a test atmosphere containing 2266 mg/cu m 
of analyte  in air was sampled a t  0.187 liters per  minute f o r  99 
minutes; breakthrough w a s  obsenred at this time, 1.e. t h e  concen- 
t r a t i o n  of ana ly te  in t h e  e f f l uen t  w a s  5% of t h a t  in the  inf luent .  



(The charcoal  tube c o n s i s t s  of two  s e c t i o n s  of a c t i v a t e d  char- 
c o a l  separa ted  by a s e c t i o n  of urethane foam. See Sect ion 6.2). 
I f  a p a r t i c u l a r  atmosphere is suspected of c o n t a h i n g  a l a r g e  
amount of contaminant, a smaller sampling volume should be 
taken. 

3. In te r fe rence  

3.1 When t h e  amount of water i n  t h e  air is s o  great t h a t  condmsa- 
t i o n  a c t u a l l y  occurs in t h e  tube, organic  vapors w i l l  no t  b e  
trapped e f f i c i e n t l y .  Prel iminary experiments uoing to luene 
i n d i c a t e  t h a t  high humidity severe ly  decreases t h e  breakthrough 
volume. 

3.2 When two o r  more compounds a r e  kriown o r  suspected t o  be p resen t  
in t h e  air, such information, including t h e i r  euspected iden- 
t i t ies,  should be t ransmit ted  wi th  t h e  sample. 

3.3 It must be emphasized t h a t  any compound which has  t h e  same 
r e t e n t i o n  time as t h e  ana ly te  at  t h e  opera t ing condi t ions  de- 
sc r ibed  in t h i s  method is an in te r fe rence .  Retention time data  
on a s i n g l e  column cannot be considered as proof of chemical 
i d e n t i t y .  

3.4 I f  t h e  p o s s i b i l i t y  of i n t e r f e r e n c e  e x i s t s ,  separa t ion  condi t ions  
(column packing, temperature, e tc . )  must be changed t o  circum- 
ven t  t h e  problem. 

4. R e c i s i o n  and Accuracy 

4.1 The Coef f i c ien t  of Var ia t ion  (zT) f o r  t h e  t o t a l  a n a l y t i c a l  and 
sampling method in t h e  range of 519-2176 mg/cu m was 0.082. 
This va lue  corresponds t o  an 88.2 mg/cu m standard dev ia t ion  a t  

I t h e  OSHA standard l eve l .  S t a t i s t i c a l  information and d e t a i l s  
of t h e  v a l i d a t i o n  and experimental test procedures can be found 
in Refe rmce  11.2. 

4.2 On t h e  average t h e  concentra t ions  obtained a t  t h e  OSHA standard 
l e v e l  us ing t h e  uverall sampling and analytical method were 6.4 Z 
lower than t h e  "true" concentra t ions  f o r  a l imi ted  number of 
l abora to ry  experiments. Any d i f f e r e n c e  between t h e  "found" and 
"true" concentra t ions  may n o t  r epresen t  a b i a s  in t h e  sampling 
and analytical method, but  r a t h e r  a random v a r i a t i o n  from t h e  
experimental ly detesmined "true" concentrat ion.  Therefore, no 
recovery c o r r e c t i o n  should be appl ied  t o  t h e  f i n a l  r e s u l t .  

These d a t a  are based on v a l i d a t i o n  experiments using t h e  in- 
ternal standard method. 

5. Advantages and Disadvantages of t h e  Method 

5.1 The samoling device is  s m a l l ,  por table ,  and involves no l i q u i d s .  
In te r fe rences  a r e  minimal, and most of those  which do occur 
can be el iminated by a l t e r i n g  chromatographic condit ions.  The 
tubes a r e  analyzed by means of a quick, ins t rumenta l  method. 
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The rncthod can ale0 be used f o r  the  simultaneous a n a l y s b  of 
two or  =re  substances suspected t o  be present in the  same 
mxuple by simply chsnging gas chromatographic conditions from 
laothermsl t o  a tcmpuaturrprogranrmed m d e  of operation. 

5.2 One diradvantage of the  method b t h a t  t he  amount of sample 
which can be taken l a  U t e d  by the number of milligrams t h a t  
the tube will hold before werloading. When the  esmple value 
obtained f o r  the  backup sect ion of the charcoal tube exceeds 
25% of tha t  found on the f ront  sect ion,  the  poss ib i l i t y  of 
sample loas  exists. 

5.3 Furthermore, the  precision of the  method ia limited by the  
reproducibl l i ty  of the pressure drop across t h e  tubes. This 
drop will a f f ec t  the  flow rate and cause the  volume t o  be 
imprecise, because the pump is w u a l l y  ca l ib ra ted  f o r  one tube 
only. 

6. Apparatus 

6.1 A ca l ibra ted  personal sampling pump whose flow can be deter-  
mined within 55% a t  the  recormncnded flow rate. 
(Reference ll.3) . 

6.2 Charcoal tub-: glses tube with both cnds flame maled ,  7 cm 
long with a 6-m O.D. and a 4-m X.D., containing 2 aect ions  
of 20/40 mesh act ivated charcoal separated by a 2-wn port ion 
of urethane foam. The act ivated charcoal I s  prepared from 
coconut rhe l l s  and is f i r e d  at 600°C p r io r  t o  packing. The 
adsorbing sect ion contains 100 mg of charcoal, the  backup sec- 
t i o n  50 mg. A 3-mm portion of urethane foam is placed between 
the  o u t l e t  end of the  tube and the  backup section. A plug of 
s i l y l a t ed  g lass  wool I s  placed in f ron t  of the  adsorbing sec- 
t ion.  The pressure drop across t he  tube must be less than one 
inch of mercury at a flow r a t e  of 1 l i ter  per olinute. 

6.3 Gas chromatograph equipped with a flame ionizat ion detector.  

6.4 Coluum (10-ft x l / & i n  s t a i n l e s s  s t e e l )  packed with 10% OV-101 
s ta t ionary  phase on 100/120 mesh Supelcoport. 

6.5 An e lec t ron ic  in tegra tor  o r  some other  s u i t a b l e  method f o r  
measuring peak uscu .  

6.6 Rro-milliliter sample containers with g lass  stoppers o r  
Teflon-lined cape. I f  an autamatic sample in j ec to r  i s  used, 
the  aasoclated vials may be used. 

6.7 Microl i ter  ~ y t i n g e s :  lO-microliter, and other  convenient sizes 
f o r  making standards. 

6.8 Pipets:  1.0 m l  type graduated in 0.1-ml increments. 



6.9 V o l w t r i c  flub : 10-al o r  convenient r i z en  f o r  lult iag 
r t m d a r d  r o l u t ~ .  

7.1 Chro~. tographic  qua l i t y  carbon dlaulf ide .  

7.2 Trlchloroethylene, reagent grade 

7.3 Octrrrre, o r  o ther  r u i t a b l e  internal 8-d 

7.4 Pur i f ied  nitrogen 

7.5 Prcpuri f ied hydrogen. 

7.6 F i l t e r ed  wmprermed alr. 

8. Procedure 

8.1 Cleaning of equipment. A l l  glassware used f o r  t h e  laboratory 
ana lys i s  should be detergent washed and thoroughly r u e d  wlth 
tap  water and & t i l l e d  uater. 

8.2 W r a t h  of Pe rwna l  ms. b c h  personal p w  muat be  
Enlibrated y i t h  a represen ta t ive  charcoal tube In  the line. 
Thia will d n l m t z e  error. u r o c i a t e d  wlth uncertalntiem in 
the .ample voluae collected.  

8.3 Collection and Shfpping of Sampler 

8.3.1 -lately before umpllng,  break t h e  end.-of  t h e  tube 
t o  provide m opening at l e u t  o n e h a l f  t h e  internal 
diameter of t he  tube (2 PIPD) . 

8.3.2 The d e r  mectim of c h a r d  i. rued co 8 back-up 
m d  should be poritiorred neares t  t h e  a m l i n g  p-. 

8,3.3 The charcoal tubs rhould be placed in a v e r t i c a l  d i r r c -  
tion during 88mpliag t o  mlnlmize chanaellng through t h e  
chucoal. 

8.3.4 Air being -led should not be pusmd through any home 
o r  tubing before en te r ing  t h e  charcoal tube. 

8.3.5 At t h e  ce i l i ng  and peak concentrations,  a sample rise of 
3 liters is recommended. Sample f o r  15 minuteo at a flow 
of 0.2 liters per minute. At t he  ToWaA. concentration, 
a sample s i z e  of 10 liters is recommended. Sample at  a 
flow of 0.2 liters per minute or  less. The flow rates should 
be h m  with an accuracy of a t  l e a e t  25%. 

8.3.6 The temperature and pressure of t he  atmoephere being sampled 
should be recorded. I f  pressure reading is not ava i lab le ,  
record t h e  e lwar ion .  
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8.3.7 The charcoal tubes should be capped v i t h  t h e  supplied 
p l a s t i c  caps inmediately a f t e r  sampling. Under no 
circumstances should rubber caps be used. 

8.3.8 One tube should be handled in the  same manner a s  the  
sample tube (break, seal, and t ranspor t ) ,  except t h a t  
no air is sampled through t h i s  tube. This tube should 
be labeled as a blank. 

8.3.9 Capped charcoal tubes should be t i g h t l y  and pad- 
ded before they a r e  shipped t o  minimize tube breakage 
during shipping. 

8.3.10 A sample of t h e  bulk mater ia l  ehould be submitted t o  t he  
laboratory in a g lass  container with a Teflon-lined cap. 

. This sample should not be transported in the  same container 
a s  the  charcoal tubes. 

8.4 Analysis of Samples 
? 

8.4.1 Preparation of Samples. I n  preparat ion f o r  ana lys i s ,  
eiich cbarcoal tube is scored with a f i l e  in f r o n t  of 
t h e  f i r s t  sec t ion  of charcoal and broken open. The 
g l a s s  wool is ranoved and discarded. The charcoal in 
t h e  f i r s t  ( larger)  sec t ion  is t rans fe r red  t o  a 2 4  
stoppered sample container. The separat ing s ec t i on  of 
foam is removed and discarded; t he  second sec t i on  is  
t ransfe r red  t o  another stoppered container.  These 
NO sec t ions  are analyzed separate ly .  

8.4.2 Desorption of Samples. P r io r  t o  ana lys i s ,  1.0 m l  of 
carbon d i s u l f i d e  is  pipet ted i n t o  each sample container.  
(All  work with carbon d i s u l f i d e  should be performed i n  
a hood because of its high tox ic i ty . )  Desorption should 
be done f o r  30 minutes. Taste ind ica te  t h a t  t h i s  i s  ad* 
quate lf t h e  sample i s  ag i ta ted  occasional ly  during this 
period. I f  an automatic sample i n j e c t o r  is used, t h e  
sample v i a l s  should be capped as soon as t h e  solvent  i s  
added t o  minimize vo l a t i l i z a t i on .  For t h e  i n t e r n a l  stan- 
dard method, desorb using 1.0 m l  of carbon d i s u l f i d e  con- 
t a in ing  a known amount of t he  chosen i n t e r n a l  standard. 

8.4.3 GC Conditions. The t yp i ca l  operating condi t ions  f o r  
t h e  gas chromatograph are: 

1. 30 ml/min (60 psig)  Nitrogen c a r r i e r  gas flow 
2. 35 m l / m i n  (25 psig)  Bydrogen gas flow t o  de tec tor  
3. 400 nd/mfn (60 ,psig) Air flow t o  de tec tor  
4. 225'C l n j e c t o r  temperature 
5 . .  250°C manifold temperature (detector)  
6. 70°C column temperature 



8.4.4 In jec t ion .  The f i r s t  s t e p  i n  t h e  a n a l y s i s  is t h e  in jec-  
t i o n  of t h e  sample i n t o  t h e  gas chromatograph. To e l l -  

! ' 

e t e  d i f f i c u l t i e s  a r i s i n g  from blow back o r  d i s t i l l a t i o n  
w i t h i n ' t h e  syr inge  needle, one should employ t h e  so lven t  
f l u s h  i n j e c t i o n  technique. The l ~ m i c r o l i t e r  sy r inge  is 
f i r s t  f lushed wi th  so lven t  several times t o  w e t  t h e  b a r r e l  

\ and plunger. Three m i c r o l i t e r s  of so lven t  a r e  drawn i n t o  
t h e  sy r inge  t o  i n c r e a s e  t h e  accuracy and r e p r o d u c i b i l i t y  

I of t h e  i n j e c t e d  sample volume. The needle  is  removed 
from t h e  so lven t ,  and the  plunger i s ' p u l l e d  back about 
0.2 m i c r o l i t e r  t o  s e p a r a t e  t h e  so lven t  f l u s h  from t h e  
sample with a pocket of air t o  be used as a marker. The 

I needle  is  then immersed i n  t h e  sample, and a 5-microliter 
i a l i q u o t  is withdrawn, t ak ing  i n t o  cons ide ra t ion  t h e  volume 

of t h e  needle,  s i n c e  t h e  sample i n  t h e  needle  w i l l  be  
completely i n j e c t e d .  Af ter  t h e  needle  is removed from 

, ? -  t h e  sample and p r i o r  t o  i n j e c t i o n ,  t h e  plunger is  pul led  

back 1.2 m i c r o l i t e r s  t o  minimize evaporat ion of t h e  sample 
from t h e  t i p  of t h e  needle. Observe t h a t  t h e  sample 
occupies 4.9-5.0 m i c r o l i t e r s  i n  t h e  b a r r e l  of t h e  syr inge .  
Duplicate i n j e c t i o n s  of each sample and s tandard  should 
be made. No more than a 3% d i f f e r e n c e  i n  a r e a  is  t o  
be expected. An automatic sample i n j e c t o r  can be  used 
i f  i t  is shown t o  g ive  r e p r o d u c i b i l i t y  a t  least as good 
as t h e  so lven t  f l u s h  technique. 

8.4.5 Measurement of area. The a r e a  of t h e  sample peak i s  meas- 
ured by an e l e c t r o n i c  i n t e g r a t o r  o r  some o t h e r  s u i t a b l e  
form of area measurement, and pre l iminary  results a r e  read 
from a s tandard  curve prepared as discussed below. 

8.5 Determination of Desorption Ef f i c iency  

8.5.1 Importance of determination.  The desorp t ion  e f f i c i e n c y  of a 
p a r t i c u l a r  compound can vary from one l abora to ry  t o  another  
and a l s o  from one batch of charcoa l  t o  another. Thus, i t  is 
necessary t o  determine at least once t h e  percentage of t h e  
s p e c i f i c  compound t h a t  is removed i n  t h e  desorp t ion  process ,  
provided t h e  same batch of charcoa l  is  used. 

8.5.2 Procedure f o r  determining desorpt ion e f f i c i e n c y .  Activ- 
a t e d  charcoal  equivalent  t o  t h e  amount i n  t h e  f i r s t  sec- 
t i o n  of t h e  sampling tube  (100 mg) i s  measured i n t o  a 
2.5 in, 4-nm~ I.D. g l a s s  tube,  flame s e a l e d  a t  one end. 
This charcoal  must be from t h e  same batch as t h a t  used 
in ob ta in ing  t h e  samples and can b e  obtained from unused 
charcoal  tubes.  The open end is capped wi th  Parafi lm. 
A known amount of t h e  a n a l y t e  is i n j e c t e d  d i r e c t l y  i n t o  
t h e  a c t i v a t e d  charcoal  wi th  a m i c r o l i t e r  sp r inge ,  and 
t h e  tube i s  capped w i t h  more Parafi lm. When us ing an 
automatic sample i n j e c t o r ,  t h e  sample i n j e c t o r . v i a l s ,  
capped wi th  Teflon-faccd s e p t a ,  may be  used i n  p lace  of 
t h e  g l a s s  tubes. 



Six tubes at each of t h r e e  concentra t ion l e v e l s  (0.5X.l.X and 
2X of t h e  standard) ate prepared by addlag an amount of ana- 
l y t e  equivalent  t o  t h a t  present  i n  a 3 - l i t e r  sample at  t h e  
s e l e c t e d  l eve l .  The tubes a r e  allowed t o  s tand f o r  a t  least 
overnight  t o  a s s u r e  complete adsorpt ion of t h e  a n a l y t e  onto 
t h e  charcoal.  These tubes a r e  r e f e r r e d  t o  as t h e  samples. 
A parallel blank tube should be t r e a t e d  in t h e  eame manner 
except  t h a t  no sample is added t o  it. The sample and blank 
tubes a r e  deeorbed .ad analyzed in exac t ly  t h e  same manner 
as the  oantpllng tube described in Sect ion 8.4. 

Two o r  t h r e e  s tandards  a r e  prepared by i n j e c t i n g  t h e  same 
volume of conrpound i n t o  1.0 ml of carbon d i s u l f i d e  with the  
oame syr inge  used in t h e  p repara t ion  of t h e  samples. These 
a r e  analyzed wi th  t h e  samples. 

I f  t h e  internal s tandard  method is used, prepare  c a l i b r a t i o n  
s tandards  by using 1.0 ml of carbon d i s u l f i d e  conta in ing a 
known amount of t h e  i n t e r n a l  s tandard.  

The desorption e f f i c i e n c y  (D . E . ) equals  t h e  average weight 
i n  mg recovered from t h e  tube divided by t h e  weight in mg 
added t o  t h e  tube, o r  

D.E. = Average Weight (mg) recovered 
Weight (mg) added 

The desorpt ion e f f i c i e n c y  is dependent on t h e  amount of 
a n a l y t e  co l l ec ted  on t h e  charcoal .  P l o t  t h e  desorpt ion 
e f f i c i e n c y  versus weight of ana ly te  found. This curve 
i s  used in Sect ion 10.4 t o  c o r r e c t  f o r  adsorpt ion l o s s e s .  

9. Ca l ib ra t ion  and Standards 

It is convenient t o  express concentra t ion of s tandards  i n  terms of 
mg per 1;0 m l  carbon d i s u l f i d e ,  because samples a r e  desorbed in t h i s  
amount of carbon d i s u l f i d e .  The dens i ty  of t h e  a n a l y t e  is  used t o  
convert mg i n t o  m i c r o l i t e r s  f o r  easy measurement wi th  a m i c r o l i t e r  
syringe.  A series of s tandards ,  varying in concentra t ion over t h e  
range of interest, is prepared and analyzed under t h e  same GC condi- 
t i o n s  and during t h e  same time period as t h e  unknown sample. Curves 
a r e  e s t a b l i s h e d  by p l o t t i n g  concentra t ion in mg per  1.0 ml versus  
peak area. 

For t h e  i n t e r n a l  s tandard  method, use  carbon d i s u l f i d e  conta in ing a 
predetermined amount of t h e  internal standard.  The i n t e r n a l  s tandard  
concentra t ion w e d  w a s  approximately 70% of t h e  concentra t ion at  2X 
t h e  standard.  The ana ly te  concentra t ion i n  mg p e t  m l  i s  p l o t t e d  
versus t h e  a r e a  r a t i o  of t h e  a n a l y t e  t o  t h a t  of t h e  i n t e r n a l  s tandard.  
Note: Whether t h e  e x t e r n a l - s t a n d a r d  o r  internal s tandard  method is 
used, s tandard s o l u t i o n s  should be analyzed a t  t h e  same t i m e  t h e  
sample a n a l y s i s  is done. This will minimize t h e  e f f e c t  of v a r i a t i o n s  
i n  FID response. 



10. Calcula t ions  

10.1 Bead t h e  weight, in mg, corresponding t o  each peak area from 
t h e  s tandard  curve. No volume cor rec t ions  a r e  needed, because 
t h e  s tandard  curve io based on mg per  1.0 m l  carbon d i s u l f i d e  
and t h e  volume of sample i n j e c t e d  is i d e n t i c a l  t o  t h e  volume 
of t h e  r tandards in jec ted .  

10.2 Correct ions f o r  t h e  blank must be made f o r  each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in f r o n t  s e c t i o n  of sample tube 
mg blank = mg found in f r o n t  s e c t i o n  of blank tube 

A similar procedure is followed f o r  t h e  backup sec t ions .  

10.3 Add t h e  amounts present  in t h e  f r o n t  and backup s e c t i o n s  of 
t h e  same sample tube t o  determine t h e  t o t a l  weight i n  t h e  
sample. . 

10.4 Read t h e  desorpt ion e f f i c i e n c y  from t h e  curve ( see  Section 8.5.2) 
f o r  t h e  amount found in t h e  f r o n t  sec t ion.  Divide t h e  t o t a l  weight 
by t h i s  desorpt ion e f f i c i e n c y  t o  ob ta in  t h e  cor rec ted  mg/sample. 

Corrected mg/sample - Tota1 weight 
D.E. 

10.5 The concentra t ion of t h e  ana ly te  i n  t h e  air sampled can be  ex- 
pressed in mg per  cu m. 

-icu Corrected mn (Section 10.4) x 1000 ( l i t e r s l c u  Q) 

Air Volume Sampled ( l i t e r s )  

10.6 Another method of express ing concentra t ion i s  ppm (corrected  
t o  s tandard  condi t ions  of 25'C and 760 mm Hg). 

where : 

P = pressure  (mm Hg) of air sampled 
T = temperature ('C) of air sampled 
24.45 = molar volume ( l i t e r l m o l e )  a t  25'C and 760 nm Hg 
W = m l e c u l a r  weight 
760 = s tandard  p ressure  (mn Hg) 
298 = s tandard  temperature (OK) 
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F U M J U :  WpCX1; C & C l  

R.Y.: 62.K) 

VINYL CHLORIDE 

OSHA: 1 ppm; C 5 ppn - PROeERTIES: BP -14 *C; vapor dcmity 2.2 (a i r  = 1) 
#OW: mini- r ~ a w r a b l e  
m 1 H :  s ppD (burn -xi-) [ I ]  

(1 ppn = 2.56 rg/cns 0 NTP) 

SARPLIffi rUSlREMENT 
t 

SAMPLER: SOLID SORENT NBE !TECMIQlE: CAS OI#WATOGRAPHY, F I O  
(2 tan,- tuks, each with 150 ng ! 
ac t I--u t c h r a a  1 ) !#Urn: vinyl chloride 

! 
F L W  RATE: 0.05 Vmin !#SORPTIO)I: 1 d arbon diurlfide; 30 min 

! 
VOLAIN: 0.7 L !INJECTION ALIQUDT: 5 )rL 

m: 5 L I 

!COLUW: stainless s teel ,  6.1 n x 3.2 mn, 10% 
SHIPPENT: separate primary and baclcup krks ! SE-30 on 80/100 a s h  ChromDsorb Y 

and up each ! (-1 
I 

SAMPLE STABILITY: 10 days @ 25 % !CARRIER CAS: He, 40 nVrnin 
I 

BLNKS:  2 to 10 f i e ld  blanks per set !rr)lPaUlLUE-INJECfOR: 230 .C 
I -#TECfOR: 230 .C 
I -CDLU+I: 60 .C 

ACCURACY I 

!CALIBRATIW: solutions of vinyl chloride in CS2 
RANGE STUDIED: 1 to 64 mg/mS [2] I 

!RAN€: 0.002 to 0.2 mg per m l e  121 
BIAS: -6% of calculated amcentration 121 I 

!ESTIllAfED LOO: 0.00004 .g per rrrplc 121 
OVERALL PRECISION (s,) : 0.06 [21 . !  

!PR€CISIO)I (+I : not dctennintd 
I 

APPLICABILITY: The uorking range i s  0.4 to 40 rl19/lRs (0.16 to 16 ppn) for a S-L a i r  rrrple.  
The uethod i s  applicable to l b i n  -Its at concentratiom of 1 ppm w hi-. 

INTERFERENCES: Other than the possibi 1 i ty of loss of s a p l e  upon storage of tuo uee&s or mre 
a t  mcm temperature, none have been noted. 

OTHER METHODS: This is a mvision of F'&AN 118 131. 



VINYL MLORIOE METHOO: 1W7 

- REAGENTS: 
1. CaM disulfide,* chrwnatographic 

qua1 i ty. 
2.  .Vinyl chloride,*, 99.9%. in 

lecture bottle f i t t t d  with value 
and septrm. 

3. Calibration stock solution, 
0.26 ag/rd. 
a. Insert the t i p  of r gas syringe 

containing 1 nl vinyl chloride 
gas under the surface of 5 IM 
CS2 i n  a 1- voluaetric 
flask. 

b. Open the valve of the syringe 
and withdraw the plunger to pull 
CS2 into the barrel. (As 
vinyl chloride dissolves, a 
vacuun will be created, pulling 
CS2 into the syringe.) 

c. Push the solution frun the 
syringe into the flask. Rinse 
the syringe twice with 1 4  
portions of C52 and add the 
washings to the flask. 

d .  Dilute to the raarlc with CS2. 
4. Wcliun, purified. 
5. Hydrogen, purified. 
6. Air, f i l tered. 

EqJIP lEWT : 
1. Smpler: t# hndmn glass tubes, 7 an long, 

6 an 00, 4 nn I D ,  flmc-sealed ends, each 
wntdining 150 ng of 2WIO l e s h  activated (600 *C) 
coconut shell chartoal. A silylated glass uool 
plug pmcdw the thrrcual b d s  a d  r a urethane 
foan plug f o l l m  the charcoal kdr. Plastic caps 
are included for sealing af ter  use. Pressure dmp 
rcrws each tube a t  1 Lhin airflow u s t  be less 
than 3.4 IrPI. 
NOTE: A pair of t-section (100 q / S O  nrg) 

tubes my be utcd. 
2. P e r s o ~ l  -ling purp, 0.05 L/min, with flexible 

connecting tubing . 
3. (;as chrrrwtograph, f l am ionization detector, 

integrator and colum (page 1007-1). 
4. File. 
5. Bent uim for reroving plugs f m  rapl ing tube. 
6. Vials, 2 4 ,  glass with PTFE-lined septa and 

crinpsn seals. 
7. Voltmetric flasks, I-, with polyethylene 

stopgcts. 
8. Pipettes, delivery, I.-, graduated in 0 . 1 4  

incrrrr~nts, 2- and 5 4 ,  with pipet bulb. 
9. Air rap l ing  bags, tedlar, 10-L. 

10. Gas syringe, with ps-tight valve, 0.1- and 1 4 .  
11. Syringe, l&pL, with 0.1-pL graduations. 

xSee Special Precautions. 

SPECIAL PRECAUTIONS: Carbon disulfide i s  toxic and an acute f i r e  and explosion hazard (flash 
point t -30 OC) ; wrk with i t  only in a hood. 

Vinyl chloride i s  a hunan carcinogen [I]. 

SAneLIm;: 
1. Calibrate each personal sampling purp with a r e p r e ~ n t a t i w  srrpler in line. 
2. B m k  the ends of the tubes imnediately before simpling. A t h c h  two tubes, with ends 

touching, with r short piece of tubing. Label one tube as the bad: tube and insert the 
back tube into the flexible tubing attached to the personal r ap l ing  purp. 

3. Saple  a t  0.05 Umin for 15 to 100 nin. Do not r a p l e  mre  t h a n  5 L of a i r .  
4. Separate the primry and backup tubes and cap mch tube for shipnnt.  

S M P L E  PREPARATIOII: 
5. Add 1.0 nb CS2 to an mpty vial. Loosely cap the vial. 
6. Score each s a p l e r  tube with a f i l e  in front of the glass wool plug. Break the tube a t  the 

score 1 ine. 



- 7. Transfer the charcoal f m n  the frunt and back k k s  to Kparate vials. Discard the glass 
wool and f o m  plugs. Seal the vials with septun inrrrdiately. 

8. A1 low to stand for 30 min, with occasional agitation. Analyze the rrrple within the next 
3 0 4  n period. 

CALIBRATICM AND QUALITY c u m o L :  
9. Calibrate with at least fiue uorking standards covering the rage 0.0002 to 0.2 19 per 

m l t .  
a. Add lmMl m n t s  of ulibration stock solution to CS2 in 1 0 4  voluetric flasks and 

dilute to the marks, using serial dilution as appmpriate. 
NOTE: Working standards can be stored at -20 .C for at least three days. 

b. Analyze together with m l e s  and blanks (steps 12 and 13). 
c. Prepare calibration graphs of peak area vs. quantity (mg) of vinyl chloride per tube and 

peak area vs. qwntity (ng) per injection. 
10. Determine &sorption efficiency (DE) at least once for each lot of charcoal used in the 

calibration range (step 9).  Prepare three tubes at each of five levels plus three Rledia 
blanks. 
a. Prepare t h m  atmospheres of vinyl chloride in air by injecting 0.01, 0.08, and 0.2 nl 

vinyl chloride gas into 10 L air in Tedlar bags. The resulting concentrations are 
approximately 2.6, 21 and 52 mg/m3. 

b. Follaring steps 1 through 4, -1e these atmorphems according to the following s c m :  

in Bag (ng/ma) 

2.6 

Vol rmp 

sawled (L) 
Qwntity of 

Vinyl Chloride (ng) 

0.002 
0.006 
0.017 
0.046 
0.13 

Obtain t h m  saples at each level. 
c. Dew* (steps 6 through 8) and analyze together with uorking standards (steps 12 and 

13). Wo vinyl chloride should be found on the back tuks. 
d. Armlyre the atAPsphens in the bags (steps 12 and 13) using 1 4  gas rarples. Read fm 

the calibration graph the quantity (ng) per injection, which for a 1 4  injection of gas 
is nunerically cgwl to the mccntration in r p / m s .  

a. Calculate # frcm the mass (w) of vinyl chloride on the front tube (Yf) , the average 
blank (B), the concentration of vinyl chloride in the synthetic atnorphem (&, 
mg/$), and the volure of air -led (V, L): 

f. Prcparc r graph of DE vs. mass found (Yf - B) . 
11. Analyze t h m  pudlity control blind spikes and three analyst spikes to ensure that the 

calibration graph and # graph are i n  control. 



1 1  . 
1 ! VINYL OlLORIDE . m: 1007 
I .i 

- IUWREHENT: 
i ' 12. k t  the gas chmnatogrph according to mnufacturer's instructions and to conditions given . 

on page 1007-1. Inject vie aliquot m n w l l y  using solvent flush technique or with . 
a u ~ l e r .  The retention ti- of vinyl chloride is about 1.7 min. 
WTE: If peak area is above the l i m r  range of the working standards, dilute with CSt, 

mnalyze md apply the appropriate dilution factor in calculations. 
13. hasure perk arm. 

CALWUTIOWS: 
14. atennine the nass, mg (corrected for #) of vinyl chloride found in the rrrple f m t  

(Yf) and back tubes, and in the average r d i r  blank (0). 
NOTE: If > */lo, report breakthrobgh and possible rrrple loss. 

IS. Calculate concentration, C, of vinyl chloride in the air volrne -led, V (L):  

E V A L L ~ I N  OF CIETHUI: 
The l~ethod was evaluated using single 150- -ling tuks with 100-mg frat beds m d  50419 
back beds 121. At four concentrations betwen 1 and 64 @atJ, the pooled rplative standard 
deviation was 0.06 and the neasurcrnents averaged 94% of the concentrations ulculated f m n  the 
volmes of vinyl chloride and air used for the a t m q h r e s  simpled; triples it the 3-rg level 
shared no lors of vinyl chloride when stored for 12 days at man tcnperature or 19 days at 
-20 OC. There my be significant loss of vinyl chloride f m  rrrples stored for 14 days at 
rorm tmperatun 141. The IS breakthrwgf~ capacity for a 150- kd of coconut charcoal 
challenged at 100 W m i n  with vinyl chloride in air at 16 ng/ms and a relative hunidity of 
70% uas 4.6 L IS]. 

REFERENCES : 

! [I ] TJ& - Threshold Limit Values for Chemical Substances and Physical Agents in the York 
Environment with Intended Changes for 1M3-84, ACGIH, Cincinnati, OH (1983) . 

121 Hill, R. H., Jr., C. 5. kCnnon, A. 1. Saalwiechter, A. Y. Tcass, andY. 3. W i n .  
h l .  - --* Chem 48, 1395-1398 (1976). . 

131 WIOSH Ranwl of Analytical Methods, 2nd. ed., V. 1, PKW 178, U.S. hpartnont of HMlth 
and Hunan Services, Publ. (NIOSW) 77-1574 (1977). 

[4] hddehck, J .  E., U. R. Burg, and 5. R. Birch, Environ. s. Tuhnol., 3, 1168-1 171 (1975). 
153 hatunura, Y. w. Health, x, 61-67 (1980). 

ETHOO REVISED BY: A. U. Tcass, Ph.0.. NIMWDeSE. 
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GAS VENT SAMPLING * PUMPS 
CALIBRATION LOG 

COMMENTS 

. 
DATE , \4-\5 \ 7 5 5  CALIBRATED BY i 

I 

151 59 
1 

24-HR. 
TIME 

12'30 

12'35 
" 

PUMP 
NUMBER 

\ 

/ 

PUMP 
TYPE 

I I a) 
! I 

, cx 
I ,  - I i 

, 

T EMP. 
(OF) 

37.5 
37.5 

37.5 

37.6 

5 , 
I 
24-HR. 
TIME 

I 

I 

T EMP. 
(OF)  

3' 
3 3  
33 

33 

BEFORE SAMPLING 3 1 121 
HUMIDIT Y 

('/el 

5 7  
ST 
57 
57 

AFTER 

HUMIDITY 
(%) 

5) 

59 
53 

54 

TEMP. 
(OF) 

6 L 
6 2  

4 2  

4 2  

AVERAGE ' 2  / 
BAROM. 

PRESSURE 
[Inches Hg: 

30.\45 

33. \45 

%.rbS 

3*\&5 

BAROM. 
PRESSURE 
(Imhes Hg) 

23-3(. 

Z ' : . ~ C .  

z y ? ~  
23.C)G 

HUMIDITY 
(OI0) 

5 5 

55 

55, 
r c  
22 

15 / ~ 5  

FLOW 
(cc/min.) 

2-50 

252.5 

zso 
250 

I I 

*) , 
i 

SAMPLING 
BAROM. 

PRESSURE 
(Inches Hq) 

53 ,_ 4 7 ,  

- 0.  c7,3 
-, 

3. 32, 

30. -33 

f ( 7  , 

INITIAL 
FLOW 

(cc/min.) 

~ 5 5  

(5; 

, 

- 

3 

FLOW 
(cc/min.) 

. 

;! ; r; 
J 

, 

CAU 
FLOW 

(cc/min.) 

c -. , ( )  

,?'- I 

? ~ r  \ 
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GAS VENT SAMPLING 

C 

DATE OF 
COLLECTION 3\ \5! ,~~ - 
TEMPERATURE 37.5 -- 
CHARCOAL \= ., 
LOT NO 

rC 

SAM P L ER $ ? G ~ , ~ ~ ~ - & . J  
RELATIVE 
HUMIDITY 57 70 
TENAX 
LOT NO 27 '  

BAROMETRIC 30. ,h5 
PRESSURE 
GAUGE 

READING 

.b :> 0': L. \ \ T , C \  \ ( 2L, .-ill ,*/F'( - SAMPLE SHIPMENT ?> \ \c\:?\/ I SHIPMENT t- 
- \ 

C O M M E N T S C ~ G L ~ ~ Q  ? , I \ L /  1 9 ,  

SAMPLING RATE 
1 (c~/mln.) 

2 \- 

z r o  
7 1- 

2-50 

~ 5 6  

2 5 0 ~ ~  

GAS VENT 
NUMBER 

I 
2 
3 
4 
5 
6 
7 
8 

9 
10 
I I 

OUPLlCATE 

BLANK 
DATE O f  

SAMPLE 
VOLUME (1) 

rC 3 ' 0 

5 c, 
51 d 

t- L' o 

5 o 

St a 

PUMP 
NUMBER 

t 

I 
1 

I 

I 

1 

ELAPSED 

zo 
lo 
70 

10 

'L 0 

20  

START 

11.49 
l l  05 
10.27 
01 5a 

9 is  

8 %  - 

( 1  15 
METHOD 

1 

SAMPLE 
NUMBER 

7 
5 
4 
3 

2 

\ 

6 

SAMPLING TIME 
FINISH 

12 o f  

1 1 .  2s 

10 4 7  

10 , lo  

3 3  

- 8 . 5 ~  --- - 

OF-- 

5 2 3 6 

A? 

4 7 

& p " k ~ '  

l o l l  8 9 
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DATE OF 
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TEMPERATURE 37 .5  
CHARCOAL 

j' ' 1 7  LOT NO- 

I - I I I I I I 

DATE OF 
SAMPLE SHIPMENT 2, \ \ ,-\ g r  

METHOD OF 1 SHIPMENT ','s; C.\ \ c',? \ C, LC, 31 I &-/qy 

SAMPLER C ~ L L  
RELATIVE 
HUMIDITY 57 "/o 
TENAX , , r 
LOT NO- 

BAROMETRIC k ,  ,b5 
PRESSURE 

GAS VENT 
NUMBER 

I 

10 
I I 

OUPLICATE 

BLANK 

COMMENTS ~ : I Q ~ , Y  c,~.=.~,c, I) >; ...l f 
I 

GAUGE 

READING 

SAMPLING RATE 
(cc/min.) 

SAMPLE 
VOLUME (1) 

PUMP 
NUMBER 

3 
L. 

z ' ' 7 5 )  

1 

SAMPLE 
NUMBER 

2- 

\3 4 

2 3 

SAMPLING TIME 

!>fpj -.I 

1 % c ; ~ ,  

5 

i, 

4 

ELAPSED START 

I ' ;  

\2 \5 

6 

F INlSH 

2 0  

zo 

7 

z 50 

250 

8 

0 0 , ) O  

5# 0 

~~0 
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1.1 GENERAL 

In accordance with the terms of the technical 

appendix t o  the Consent Judgment entered into by Velsicol 

Chemical Corporation ( ~ e l s i c o l )  , the United States 

Environmental Protect ion Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

t o  perform specified monitoring ac t iv i t i e s  a t  quarterly 

intervals following closure of i ts  St.  U u i s ,  Michigan plant 

s i t e .  The monitoring program is designed to  address the 

following: 

1. Performance of gas vents 

2. Performance of the s i t e  perimeter containment wall 

3 .  Determination of s i t e  groundwater elevations 

This report de t a i l s  the s i t e  monitoring which 

occured during the period June 19 t o  June 21, 1985. 

1 .2  PARTICIPATION BY REGULATORY AGENCIES 

The regulatory agencies did not part icipate  

i n  or attend th i s  monitoring event. 



1.3 MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Mr. D. Robinson (Conestoga-Rovers and . 

~ssociates) assisted by Mr. Gene DeGeer, the Velsicol site 

custodian. 



I: ' 
2 - 0  GAS MOLSITORIffi 

1: 2.1 GENERAL 

The gas vent monitoring began on June 20, 

1985 and was completed June 21, 1985. 

2.1.1 Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix B. Samples 

from each gas vent were collected in two 6-mm diameter x 

70-mm long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual parallel/series tube holder sets 

2 2 SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 



GAS VENT . G v-1 LOCATION 

I524 - 19/03/05 



Sampling was conducted a t  the downstream 

sampling port on each gas vent as detailed on Figure 2.  The 

tube holder was attached d i rec t ly  to the gas vent sampling 

port using a copper manifold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to  connect the tube holder t o  the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated t o  

250cc/min/tube se t ,  was operated for a period of 20 minutes 

for each sampling event, resulting i n  a collected sample 

volume of five l i t e r s  per tube s e t .  

Prior to sample collection, the gas vent 

upper chamber was purged by pumping a t  500 cc/minute for a 

period of ten minutes. This precluded the possibl i ty  of 

sampling retained atmospheric a i r  from the gas vent upper 

chamber. During the purging and sampling operat ions, the 

open end of the gas vent was capped using a 4-inch diameter 

p las t ic  cover to prevent atmospheric a i r  being drawn into the 

sample. 

A t  the conclusion of each gas vent sampling, 

the se t  of four sample tubes were capped, labelled and stored 

i n  a cooler maintained a t  O ° C .  



I 3'-O* 
L IM ITS  OF ACTIVATED CHARCOAL 



2 .2 .1  Sample Storage and Shipment 

On the afternoon of June 21 ,  1985 the samples 

were transferred to a cooler containing frozen cold packs and 

styrofoam packing materials. The cooler was shipped under 

chain of custody protocol, to  Velsicol 's  Memphis, Tennessee 

laboratory by overnight courier for analysis. A copy of the 

chain of custody is provided i n  Appendix A. 

2 .2.2 Sample Analysis 

Analysis w i l l  be conducted i n  accordance with 

NIOSH protocols as follows : 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

S-336 

1007 

Results w i l l  be reported verbally as they 

become available. 

A hard copy of the laboratory report w i l l  be 

forwarded to  USEPA and MDNR within seven days a f te r  receipt 

of f ina l  laboratory data by CRA. 



2.2.3 Sampling Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 



1. ' 

3-0 SITE PERIHETER CONTAINHENT WALL UONITORIW; 

I 3.1 GENERAL 

The moni tor ing program c o n s i s t i n g  of t h e  

c o l l e c t i o n  o f  an und i s tu rbed  sample of  the containment w a l l  

wi th  subsequent p e r m e a b i l i t y  t e s t i n g  was i n i t i a t e d  on 

December 15,  1983. Subsequent sampling e v e n t s  occur red  on 

March 15,  1984, June 15,  1984, September 14 ,  1984, December 

14 ,  1985 and March 16,  1985. The c u r r e n t  sampling event  

occured J u n e  19,  1985. A l l  t e s t i n g  completed t o  date h a s  

confirmed t h e  p e r m e a b i l i t y  o f  t h e  s i t e  pe r ime te r  containment 

wal l  to be less than  1 .0  x 10-7 cm/sec. 

3 . 2  EQUIPMENT 

A Mobil Truck mounted d r i l l  r i g  equipped with  

r o t a r y  head and 6-inch d iameter  auge r s  w a s  u t i l i z e d  t o  

advance t h e  bo reho le  i n t o  t h e  containment wall. A 3-inch 

d iameter  Shelby tube ,  h y d r a u l i c a l l y  pushed and r e t r i e v e d ,  was 

used t o  c o l l e c t  t h e  samples.  



3.3 SAMPLE COLLECT ION 

The containment wall was located by f ie ld  

survey on June 19, 1985. The sampling borehole was begun a t  

Station DGW 31+00 by augering through the clay cap into the 

underlying material. 

The presence of soil/bentonita backfi l l  

material was confirmed by examination of cuttings on the 

auger f l ights .  A borehole was advanced to  a depth of seven 

feet .  A Shelby tube was introduced into the borehole and a 

sample was withdrawn. Examination of material i n  the base of 

the tube confirmed that  the sample was obtained from the 

containment wall. The locations of t h i s  and prior sampling 

events are detailed on Figure 3. The boreholes ware 

backfilled w i t h  bentonite and abandoned. 

3.3.1 Sample Preparation and Shipping 

The Shelby tube was capped an13 taped a t  both 

ends to  prevent sample loss and drying. The sample was hand 

delivered to the Michigan Testing Engineer's laboratory i n  

Detroit,  Michigan for permeability test ing.  



----- UPGRADIENT 
CONTAlNMENT WALL 

CONTAINMENT WALL 

I -  PERlMET ER FENCELINE 

SAMPLING LOCATION 

UPGRADIENT AND 
DOWNGRADIENT CONTAINMENT 

WALL SAMPLING LOCATIONS 
Sf. Louis P/ont Site 



3.3.2 Sample Testing 

The undisturbed sample is to  be tested for 

permeability using a fal l ing head permeameter se t  up i n  

accordance with ASTM D 2434. Results of the testing w i l l  be 

provided i n  written form to  USEPA and MDNR within seven days 

a f t e r  receipt of f inal  laboratory data by CRA. A summary 

data report w i l l  be prepared and presented to  both Agencies 

following completion of the containment wall monitoring 

program i n  the f a l l  of 1986. 



4-0 GR-TER TABLE MONITORIHG 

4.1 GENERAL 

The monitoring of plant s i t e  groundwater 

elevation was performed and the elevation of the S t .  Louis 

reservoir was determined on June 19, 1985. 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

s i t e  monitoring well to the watertable. T h i s  distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated i n  increments of one one-hundredth of a foot, were 

taken a t  the water level and a t  the top of the well casing. 

The former reading was deducted from the l a t t e r  and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the S t .  Louis reservoir was 

determined by level and rod survey. 



TABLE 1 

WATER LEVEL MEASUREMENTS 

JUNE 19, 1985 

MONITORING 
WELL 

WELL HEAD 
ELEVATION 

( AMSL 

MEASURED 
DISTANCE TO 
WATER TABLE 

(ft.1 

Water level elevation, St. Louis Reservoir 

(June 19, 1985) 

WATERTABLE 
ELEVATION 

( AMSL ) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater  e l e v a t i o n  d a t a  were used to 

c o n s t r u c t  a s i te  groundwater  e l q v a t i o n  con tou r  map which is 

p r e s e n t e d  i n  F i g u r e  4. 

4 .4  SITE M E A N  GROUNDWATER ELEVATION 

The mean e l e v a t i o n  of  s i t e  groundwater  is 

c a l c u l a t e d  t o  be 721.71. The maximum a l l o w a b l e  s i t e  

groundwater  e l e v a t i o n  s t i p u l a t e d ' b y  t h e  Consent Judgment is 

724.13. 

4 . 5  WELL HEAD ELEVATION SURVEY 

I n  accordance  w i t h  the Pos t  C losu re  

Maintenance and Moni to r ing  P l a n ,  the w e l l  head e l e v a t i o n s  

were re-surveyed to  e n s u r e  accu racy  of  the e l e v a t i o n s .  Minor 

d i f f e r e n c e s  from p r e v i o u s  su rveys  were r eco rded  and the 

groundwater  e l e v a t i o n s  were a d j u s t e d  a c c o r d i n g l y .  





A l l  mon i to r i ng  a c t i v i t i e s  s t i p u l a t e d  by t h e  

Consent  Judgment were c a r r i e d  o u t  between J u n e  19  and 21, 

1985. 

Data from the chemical a n a l y s i s  o f  the g a s  

v e n t  samples and t h e  p e r m e a b i l i t y  t e s t i n g  o f  t h e  contaminant  

w a l l  sample w i l l  be p rov ided  t o  MDNR and USEPA w i t h i n  seven  

d a y s  o f  r e c e i p t  b y  CRA of  l a b o r a t o r y  f i n a l  d a t a .  

The p r e s e n t  mean s i t e  groundwater  table 

e l e v a t i o n  is c a l c u l a t e d  t o  be 721.71. The e l e v a t i o n  i n  t h e  

P i n e  ~ i v e r / ~ t .  Lou i s  r e s e r v o i r  w a s  de te rmined  to be 720.03. 

The nex t  sampl ing and mon i to r i ng  even t  w i l l  

occur  on or abou t  September 1 5 ,  1985. 

I 
A l l  of  Which is R e s p e c t f u l l y  Submi t t ed ,  

[ -  CONESTOGA-ROVERS h ASSOCIATES LIMITED 

I 
D. Robinson R. G. Shepherd,  P. ~ n g  . 
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CHAIN OF CUSl 
RECORD 

SAMPLE SEQ 
NO NQ DATE 

- 

ODY PROJECT NQ. PROJECT ! AE GAS V E N T  MONITORING 
J 

- .I 

'VLLSKDL CHEMICAL C O R ~ A T I O N  
701 W. WASHINGTON STREET 

1524 PLANT SITE ST. LOUIS, MICHIGAN ST. LOUIS, MICHIGAN 48880 

.a 01 

SAMPLE TYPE C O ~ T A I ~ C ~ ~  REMARKS 

1040 F T p  c. 6 s  V-Y 2 E\IJC\~S.\',, 
1640 T tc  Z C i - m  n*k 

. 
b. 

L 

\\-03 'f ~t C b 8  c1 2 

\ \ s o 3  tc T $  C h a. 

\3.& F tC. %. - i 1 
A 

\ 3-6d T ~ C  - - Z I+ 

1345 F 7j.c u - z \ 
I345 T ~ C  H u 1 

\ 4 2 j  F '2- {C &. b 2 

\ A 2 3  (Z 't!C w t- 2 \ I 
\ 3 4 L  p T j C  L. CI Z 

C .  - . L. 

< L -  

RE LlNQUlSH 

a 
I S I G N )  . 

I SIGN 1 

RELINQUISHED BY r 

RELlNOUlSHED BY: 

T 

- I@ ( S I G N  ) 

RECEIVEOW: 

@ 
I S IGN 

DATE/ TIME 

DATE/TIME RECEIVED BY : -1- 

RECEIVED BY: 

@ I S l G N  

METHOD OF SHIPMENT I SHIPPED BY: 

-- 

RELINQUISHED BY: 

RELINQUISHED BY: . 
@ 

I SIGN I 

RELINQUISHED BY: ( DATE /TIME ( RECEIVED BY: 

I S I G N  I S IGN 

DATE /TIME 

- 0  

RECEIVED BY: 

I SIGN ) 

I 

RECEIVE0 FOR LABORATORY 1 DATE /TIME 



SAMPLE 

- -- - .  - 

SAMPLE 
NQ 

I'S SIGNATURE *\Y \., -.-.A 
( s 1 0 w p - h .  

S € 0  TIME N Q DATE 

I CHAIN OF CUSTODY PROJECT NO. PROJECT!. ..*E GAS VENT MON~TOR~NG 

.a 0. 

SAMPLE TYPE c o n t ~ w c a ~  REMARKS 

I 

l L L t  I , ,  . 
TOTAL No OF CONTAINERS 3- 

RECORD 

RELINOUISHED BY: I 

T .  I 

1524 PLANT SITE ST. LOUIS, MICHIGAN 

MET HOD OF SHIPMENT I 

' V W K D L  CHLMICAL CORFOCtATlON 
701 W. WASHINGTON STREET 
ST. LOUIS, MICHIGAN 48880 

RECEIVED BY I 

RECEIVED BY: 

@ 
I S I G N )  

RECEIVED BY : 

SHIPPED BY: 

RELINQUISHED BY8 I DATE /T IME I RECEIVED BY: 

I SIGN 1 

RELINQUISHED BY; 

pJ 
. ( SIGN1 

RELINQUISHED BY: 

- 0  
DATE/TIME 

pFJ 
( S I G N  1 

( S I G ~  1 

RECEIVED BY: 

----L---- 

DATE /T IME 

S I G N  1 

@ (s1Gn I 

RECEIVED BY : 

RECE lVEO FOR LABORATORY I DATE /TIME 



--.. *-.. .- ~ - -  -.- - * .  . .-- . . - ---- -- -- - , - - - - )L1- 

. . 
SHEET Z OF 

I 

SAMPLER'S SIGNATURE .. +- an OP 

SAMPLE SEO DATE T IME SAMPLE TYPE C O I I A l . t l *  

N Q NQ 
REMARKS 

a 

t Rpc? \3 \3 5\=4 

CHAIN OF CUSTODY 
RECORD 

1 TOTAL No,. OF CONTAINERS 

RELINOUISHED BY I DATE/TIME 

I 

PROJECT NP. 

1524 
,----\ 

RELINQUISHED BY: I DATE/TIME 

I SIGN 1 

PROJECT '. AE I GAS VENT MONITORING 

PLANT SITE ST. LOUIS, MICHIGAN 

MET HOD Of SHIPMENT 8 

- VLLUCOL CHEMKAL COUFOQATION 
701 W.  WASHINGTON STREET 
ST. LOUIS, MICHIGAN 4 8 8 8 0  

RECEIVED BY: 

RECEIVED BY: 

( S I G N )  

RECEIVED BY I 

1  S I G N  1 

RELINQUISHED BY: I OATE 

I SIGN I 

I SIGN I 
I 

RELINOUlSHED BY: DATE/TIME 

pYJ L 
( S I G N  I 

RECEIVED BY8 I 
RECEIVED BY: I 

@ 
(SIGN 1 I 

RECEIVED BY i I 
( S I G N  l I 

I SHIPPED BY: I RECEIVED FOR LABORATORY IDATE/TIME I 
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APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance with t h e  Consent Judgment, Vels icol  h a s  submitted a 
post-closure maintenance and monitoring plan f o r  i t s  
environmentally secured p l a n t  s i t e  i n  S t .  Louis, Michigan. The 
post-closure maintenance and monitoring plan requ i res  quar t e r ly  
monitoring of 11 gas vents t h a t  have been i n s t a l l e d  t o  r e l ease  and 
appropr ia te ly  t r e a t  i n t e r n a l  gases. This  program w i l l  be 
conducted over a period of t h r e e  years.  

The gas vents ,  a s  d e t a i l e d  i n  Exhibi t  F of t h e  Consent Judgment, 
a r e  designed with two sampling por ts ;  one below t h e  base of t h e  
i n s t a l l e d  ac t iva ted  charcoal f  i l t e r ,  and one above t h e  f i l t e r .  
Samples w i l l  be col lec ted  from t h e  downstream pott. Results w i l l  
i n d i c a t e  whether o r  not containment breakthrough h a s  occured 
through the  carbon f i l t e r .  

Samples w i l l  be  analyzed f o r  t h r e e  separa te  compounds: carbon 
t e t r a c h l o r i d e ,  t r ich loroe thylene  and vinyl  chlor ide.  

Samples w i l l  be co l lec ted  with a Gi l ian  HFS-113 W DK Variable 
flow pump. This p a r t i c u l a r  u n i t  allows t h e  operator  t o  run a 
s e r i e s  of tubes concurrently i n  p a r a l l e l  arrangement. Four tubes  
w i l l  be co l lec ted  from each gas vent: two standard NIOSH 100/50 
mg act ivated charcoal tube,  and two 30/15 mg tenax tubes,  each 
tube measuring 6 mm x 70 mm. One blank s e t  and one dupl'icate 
s e t  of tubes w i l l  be col lec ted  during each quar t e r ly  sampling 
event. 

A s  v iny l  chlor ide represents  t h e  l e a s t  adsorptive of t h e ' t h r e e  
compounds, t h e  sampling program i s  designed t o  accomodate t h i s  
canpound. Therefore, sample volume s h a l l  not  exceed 5 l i t e r s .  

.- 

Pr io r  t o  sampling, t h e  vent w i l l  be  sealed off  with a p l a s t i c  cap, 
and purged f o r  10 minutes a t  a r a t e  of 500 cc/min. This i s  t o  
el iminate  the  p o s s i b i l i t y  of sampling atmospheric a i r  contained 
wi th in  t h e  upper por t ion  of t h e  gas vent. 

Two samples from each gas vent s h a l l  be col lec ted  simultaneously 
a t  a r a t e  of 250 cc/min. f o r  20 minutes. The pump s h a l l  be l a b  
ca l ib ra ted  with sample tubes in- l ine  t o  determine t h e  exact flow 
ra te .  Additionally,  flow w i l l  be checked a f t e r  f i e l d  sampling t o  
v e r i f y  t h a t  a constant  flow was maintained throughout t h e  sampling 
period. 

F o l l w i n g  sample co l l ec t ion ,  each tube w i l l  be sealed .with a . 

p l a s t i c  cap a t  each end, l abe l l ed ,  placed i n  a cold s torage  
environment and shipped under chain-of-custody v i a  a commercial 
cour ier  serv ice  t o  Ve l s i co l ' s  a n a l y t i c a l  laboratory i n  Memphis.. 

- .  - . .- . .) . : ... .. . . . .. . - . , . . . .. ;.:. . .,. .;,. - .  .., ... -...: .; .. . .. &...,, .I.... :.;; .::-* ..:- .;: : .,. ;,.. .:;. .I.:: a d . . .  , . . . I .  ..< . .:- :- . .-:: .. . . 



Analysis  of t h e  charcoa l  t ube  w i l l  be conducted i n  accordance w i t h  
NIOSH p r o t o c o l  a s  d e t a i l e d  below: 

Compound Revised Method No. 

Carbon Te t r ach lo r ide  
Tr ich loroe thy lene  
Vinyl Chlor ide  

Analysis  w i l l  proceed by f i r s t  e l u t i n g  the carbon sample tubes  
w i t h  carbon d i s u l f i d e  and t h e n  analyzing by GC w i t h  a flame 
i o n i z a t i o n  d e t e c t o r .  A l l  samples w i l l  be i n i t i a l l y  analyzed i n  
t h i s  fashion. I f  any of t h e  above compounds a r e  de t ec t ed  on t h e  
charcoa l  tube,  t h e  corresponding tenax  tube  w i l l  be analyzed by 
thermal deso rp t ion  and GC/W under EPA Method 624. 

Turnaround t i m e  f o r  t h e  completed a n a l y s i s  a t  t h e  l abo ra to ry  i s  
a n t i c i p a t e d  t o  be  30 days f r a n  d a t e  of sample c o l l e c t i o n .  Samples 
w i l l  be  desorbed wi th in  t h e  10 day l i m i t  s p e c i f i e d  f o r  v iny l  
ch lo r ide .  Ana ly t i ca l  d a t a  w i l l  be repor ted  t o  CRA a s  mg/tube. 
F i n a l  r e s u l t s  f o r  t h e  carbon tube  w i l l  b e  c a l c u l a t e d  by CRA, u s ing  
t h e  fol lowing formula. 

1. Cor rec t ions  f o r  t h e  blank t o  be made f o r  each sample 
mg = mg sample - mg blank 

T h i s  c a l c u l a t i o n  is performed s e p a r a t e l y  f o r  each tube .  
- - -  1 

- 2. Add t h e  amounts p re sen t  i n  t h e  f r o n t  tube and backup tube t o  
determine t h e  t o t a l  weight i n  t h e  sample. 

3 .  C a l c u l a t e  t h e  co r r ec t ed  mg/sample by d iv id ing  t h e  t o t a l  weight 
by t h e  deso rp t ion  e f f i c i e n c y  (D.E. ) which i s  provided by t h e  
lab.  

co r r ec t ed  mg/sample = t o t a l  weight 
DE 

4. Ca lcu la t e  t h e  concent ra t ion  of t h e  a n a l y t e  i n  a i r  
mg/m3 = Corrected mg x 1000 l i ters/& . 

A i r  volume Sampled ( L i t e r s )  . .. . . . .  . 

5 .  Concentra t ion w i l l  b e  repor ted  a s  ppm, c o r r e c t e d  t o  s tandard  
cond i t i ons  of 25'C and 760 m H g  

5 

where P = pressure  (mm Hg) of  a i r  sampled 
T = temperature ('C) of a i r  sampled 
24.45 = molar volume ( l i t e r / m o l e )  a t  2 S e C  and 7 6 0  mm Hg 
MW = Molecular Weight . .  . 
760 = s tandard  p r e s s u r e  ( m m  H ~ ) '  

' 298 = s tandard  temperature  ( 'K)  . . . . . . . . . .  i . . . . .  . . . . . -  



NOTE: Temperature and pressure uncorrected t o  sea level  w i l l  be 
collected for  the duration of the  sampling event and 
averaged for use i n  the above calculations. Information 
w i l l  be provided from the  National Weather Service i n  
Lansing, Michigan. 

6. I f  the concentration of t h e  back tube exceeds 10% of the 
concentration of the f ront  tube, the r e su l t s  w i l l  be 
reported a s  a sample breakthrough and possible sample 
loss. 

7. A similar  procedure w i l l  be fol lwed for  the  tenax tube, 
should analysis be required. 

I , nata w i l l  be reported to  USEPA and MDNR o f f i c i a l s  w i t h i n  seven 
, days a f t e r  receipt of f ina l  laboratory data for each quarterly 

sampling. Additionally, a summary data report w i l l  be provided a t  
the conclusion of the three year sampling period, or  sooner, 
should breakthrough of any canpund occur pr ior  t o  the three year 
program. 

I I n  addition t o  the  s e t  of f i e l d  blanks t o  be collected per 
quarterly sampling event, an additional s e t  of 15 charcoal tubes 
and 15 tenax tubes w i l l  be forwarded unopened to  the lab d u r i n g  

1 the i n i t i a l  sampling event. 
i 

These "blank" tubes w i l l  be used a s  internal  calibration 

I 
standards on which each of the three compounds w i l l  be spiked a t  
f ive  different  concentrations. The data fran t h i s  analysis w i l l  
be used t o  calculate the desorption efficiency for a specific l o t  
of activated charcoal. Therefore, t h e  l o t  number of carbon tubes 

I and tenax tubes sha l l  be recorded during each quarterly sampling. 
Should the  l o t  number change, a new s e t  of 15 charcoal tubes and 
15 tenax tubes sha l l  be forwarded t o  the laboratory for 

I determination of the  new desorption efficiency. 

I The allowable l i m i t s  for these compounds have been established by 
the  MDNR and a re  s i t e  specific for  the S t .  Louis s i t e .  These 

I .- . l i m i t s  a re  documented in section 4.3 o f . t h e  post-closure. 
maintenance and monitoring plan. . . .  . .. . . . . .  .. . . -  . . . . . .  

Copies of a l l  three analyt ical  protocols, the  chain of cubtody and I the data collection sheet .are provided i n  the following sections. 



FWU: Table 1 

M.Y.: Table 1 

HYDROCARBONS, HALOGENATED 
METHOO: 1003 
ISSUED: 2/14/84 

WWCUNDS: benzyl chloride chlombtarrmethane 1.14 chloroethne hexachl omethne 
(synonym bmnofonn chloroform 1.2-dichlomethylene mthyl chloroform 
in Table 1) carbon tetrachhride pjichlombenzene ethylene dichloride pmpylene dichloride 

chlorobanzsne pdichlorobcnzene 

SAMPLING NEASURERENT 
I 

W L E R :  SOLID SORBENT TUBE !TECWIQUE: GAS O-RWTOGRAPHY, FID 
(coconut shell charcoal, 100 mg/SO mg)! 

!ANALYTt: cmqounds above 
FLCW RATE: 0.01 to 0.2 Vrnin I 

!#SORPTION: 1 a& CS2, stand 30 mi n 
VOL-WIN: Table 2 9 .  

a: Table 2 !IMJECTIffl MLUrYE: 5 rL 
! 

SHIPMENT: routine !TEHP€RATUES: Table 2 
! 

W L E  STABlLITY: at least 1 ueek @ 2S *C !CARRIER GAS: n;! or He, 30 W m i n  
I 

BLANKS: 2 to 10 field blanks per set !CDLUPW: Table 2; altemtes a n  SP-2100, 
I SP-2100 with O:1% Carbaru 1500 

-. ! w 08-1 fused silica capillary alum 
AcamCY I 

!CALfBRAT?CS: solutic?s cf eca'vte ir! CS-, i!:% 
. - . . - . 1 . . , .- - - - - . - .-. _.- .- .. -- C . . 

? . -  . . . - . . . . . . .  . - -  . . .  . I .  - , . .  . . :. - .  . .  .I-:-;... - - 
I 

B W :  not significant i l 3  !RANGE: Table 2. . . 
I i ;  

OVERALL PRECISION (+I: see EVALUATION OF !ESTIMATED LOO: 0.01 mg per sanple 121 
rrnrro 111 I 

!PRECXSIOI (+I : see EVALWTIffl OF ETKX) [ 1 ) 
! 

APPLICABILITY: This mthod uses a sinple &sorption a d  can be used for sinultaneous a ~ l y s i s  
of two or mrt substances suspected to be present by changing the gas chm~tographic 
condi tions (i .e. , tenperazure programed). High hunioi ty during r ~ p l  ing ui 11 prevent organic 
vapors frun being trapped effici~tly on the torbent and greatly decredses breakthrough volune. 

INTERFERENCES: None identified. The chtamatographic colum or separation conditions my be 
changed to circumrent interference problcrm. - .  . - .  

OTHER ETHOOS: This method ccmbines and replaces Rethodo P & M  127 [a]; 595, 5101, 5110, 5113, 
5114, 5115, 5122, 5123 and 5133 141; and 5135, 5281, 5314, 5328 and 5351 151. 



a. U m w e  and discard back rorknt section of a mdia blank sanpler. 
b. Inject a lmon mount of analyte w calibration stock solution d i m t l y  onto front 

torbent section with a micro1 i ter syringe. 
c. Cap tht tube. All- to sbnd owmight. 
d. Dtsorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12). 
8 .  Prepare r gtaph of OE vs. mg uralyte r+urvmd. 

10. kralyze t h m  quality control blind spikes and t h m  analyst spikes to insure U m t  the . 
calibration graph and # graph are in amtrol. 

CIEASU1EWT : 
11. Set gas chranrtograph accprding to manufacturer's mcommdations and to conditions gi vtn 

on page 1003-1. Inject ~ l t  aliquot manually wing solvent flush technique or with 
wtorrPpla. 
WE: If peak area is above t)w linear ran* of the working stmbtdr, dilute with elwnt, 

reanalyze Md w l y  the appropriate dilution factor in ulculrtiom. 
12. Measure peak a m .  Divide the pmk are& of analytt by the peak area of internal standard 

on the trnc ch~oraatogra. 

CALCUUTIOWS : 
13. Ocknnint tk mass, mg (wmctcd for DE) of analytt found in tht rrrplt f m t  (uf) and 

back (#) sorbent sections, Md in the average media blank fmt (Bf) m d  back (b) 
sorbtnt sections. 
NOTE: If \\b > +/lo, rcpwt bre~kthrough md possible sa~ple loss. 

14. Calculate concentration, C, of uulytt in the air v o l w  sawled, V (1): 

t 

" -...--?I . C' ','T+;3: &.. - - . 7 ;  -:-! . .- . 

Laoratory testing te as performd w i  L\ spfpi k t d  -16s and gneratcd atmsphere i l  j. A; 1 
analytes are stable at least one uck. All methods were validated using SKC Lot 105 coconut 
she1 1 chrcoll . krul ts era: 



8 

HE'THOO: 1003 WWOORBONS. HALOGENATED 

f9J Criteria for a Recmmdd Standard...OcmpatioM1 Expowre to l,l,1-Triehlor#thane, U.S. 
DepaTtmnt of Health, Edcation, and Welfare, Publ. (NIOSH) 76-184 (1976). 

... [lo] Criteria for a Rccancnded Standard Occup.tio~1 Exposure to Carban Tetrachloride, U.S. 
Dsprrtment of Health, Education, and Uelfare, Publ. (NIOW) 76-133 (1976). 

HEW REVISED BY: G .  0. Foley; Y. 7. Cagnon; and K. J.'~illim, NIOSWDPSE; nethodt 
originally validated under NIOSH Contract CIIC-99-7&4S. 



OSIU VP @ Density 
MlWl [6-10) 20 *C (g/cnl 

Synonm ACOlH BP ('C) e 20 'C) 

clltyl idene chloride; 100 ppm 5 1 24.3 kPa 
r:,:, #IS-34-3 100 ppn 

200 m, 
SIEL 250 ppl 

a, :*tylene dichlorlde; 200 ppr 60 (cis) 24-35 kPa 
I ,;'-dichlocoethene; ' 200 ppn 41 (trans) 
C. , n 640-59-0 200 ppl, 

STEL 250 ppm 

'-. 
( I *  I chlorocthane; 1 ppn (skin) 181 (subllbrs) 30 Pa 
I.!:. dl-12-1 1 ppn (skin) 

10 ppn 

1, I ,  1-trichlomethane ; 350 ppn 14 13.3 kPa 

i 111-55- 6 350 ppmIl5 nin 
CAS 111-55-6 350 PP, 

SIEL 450 ppn 



- Smpllna -- - 
A i r  Saple 

a- Volune (1) 
Breal: I 111 cwlgh 

Caroound -. M i  n I b x  I i!ir 

3 .  
I 

. , 
C 

.... --- .- . . . . -- .. 
:$. *A = 3 '1  x 3 r h ~  s\ait\lt:..~ steel, 101 SP-I@K) I . . :  . 
' B - 6 m .x 3 i,n, !,t.l.cr. .. i i e  sate  as A; . . < C P 3 rn x 3 hat sta\~~I . : . ; : .  steel, 101 W-101 'crl ;. . , 
.: D = 3 n x 6 .*a gla:.s, . .1 SP-2250 on [10/10;1 nt . I 
. . 
.,.. . 
? 

. - 

fleasuremen t 
-uQ 

Wrk \ ng Colurn Range 
ftinge Injector Internal (ng Per 
(m/ma Colum* Detector Standard sanp1e) 

40 to 1215 A 10 octane 0.1 to 4 
(3 1) 225 

250 
1 tu  30 D 110 11-tridecrne 0.01 to 0.3 

(10 L) 1 10 
2 I0 

ill9 ug/am 190 to 5100 A 10 octane 0.6 to I 1  
(3 1) 225 

250 



Procedure : Adsorption on cborcoal, Validation Date: 6/6/75 
desorption with carbon 
di ru l f  i de  , GC 

I ( -  

1. Principle of the  Method 

1.1 A Zcnown volume of alr i s  dram through a charcoal tube t o  t r ap  
the  organic vapors present. 

-. 

1.2 The charcoal in the  tube is t ransferred t o  r s m a l l ,  rtoppered 
sample container and the  m l l y t e  i. desorbed with carbon disul- 
f id.. 

1.3 An al iquot  of the  desorbed u q l e  I t s  injected i n to  r gas 
chromatograph. 

1.4 The uu of the r e s u l t h g  peak is d e t e e c d  and campared with 
arau obtained from inject ion of standards. 

TUs r~dtbod was validatad over t h e  t l ~ g e  of 519-2176 =/CU m at 
an atmospheric temperature and pressure of 24.5.C and 759.4 nm Hg, 
using a 3- l i ter  8-1.. Under the conditions of m l e  s i z e  
(3 l i t e r a )  the  probable useful  range of t h l s  method i. 108-3225 
-/ma m a t  a detector sasrr i t iv i ty  tha t  gives nearly f u l l  de- 
f l e c t i o n  on the  r t r f p  chart recorder f o r  a 9.7 mg sample. Th i s  
method I s  capable of measuring much rmrller amounts i f  the  de- 
sorption efficiency is adequate. Desorption eff ic iency m u i t  be 
determined w u  the  range wd. . 

2.2 The upper 1-t of t he  range of t h e  hethod ia dependent on the  
rdoorptive capacity of t he  charcoal tube. This capacity varies 
d t h  the  c m c c n t r a t ~  of d p t e  .nd other substances In the  
air. The f i r s t  sect ion of t h e  charcoal tube vaa fuund t o  hold 
42 mg of analyte vhen a test atmosphere containing 2266 q / c u  m 
of d y t e  in rir was sampled at 0.187 U t e r s  per minute f o r  99 

. . eutu;  Ibr&boughsiwu'. obs-d. ;a t : ' tw :t*;.. xis. . the. "cooc-:: '' . .? -: -.... - .  .:-.. - .., 
t r a t i o n  of analpte in t h e  c f f luea t  wao 5% of that in the  influent.  



(The charcoal tube consis ts  of two sect ions  of act ivated char- 
c o d  separated by a sect ion of urethane foam. See Section 6.2). 
If 8 p a r t i c u k r  atmosphere i s  nuspected of containing l l a rge  
amount of coat8minaat, a rmnller aamplips volume should be 
taken. 

3.1 When t he  mount of water in the  air l a  so great  t h a t  coadeasa- 
tiw actua l ly  occurs in t h e  tube, organic vapors toill not be 
trapped e f f ic ien t ly .  P r d h l a a r y  experiment8 unlng toluene 
ind ica te  t ha t  high humidity severely decreases t h e  brulcthrough 
volume. 

3.2 When two or  more compounds a r e  or  suspected t o  be present 
in the  air, such lnforaution, including their nupected iden- 
tities, should be t r r ~ s m l t t e d  with t he  rampla. 

3.3 It must be cmgh8alz.d t ha t  any campound which has t he  same 
re tent ion time u t he  aaalyte  at the  operatfng conditions d c  
scribed in t h i s  method i s  m interference. Retantion time data 
on a s ing le  column cannot be considered as proof of chcmical 
ident i ty .  

3.4 If the  p o r s i b U t y  of in terference exists, reparation conditions 
(column packing, temperature, etc.) murt be changed t o  circum- 
v rn t  the  problem. 

R e c i s i o n  and Accuracp 

4.1 The Coefficient of V a r l a t b n  (FT) f o r  t he  t o t a l  analytical and 
sumpling method in t h e  range of 519-U76 mg/cu m m e  0.082. 
Thia value corresponds t o  m 88.2 mg/cu m standard deviation at 
t h e  OSHA rtandard level. Statistical information and d e t a i l s  
of t he  val idat ion and expalmental  test procedures can be found 
in Reference u.2. 

4.2 On t he  average t h e  concentrations obtained a t  the  OSHA standard 
l e v e l  using t he  werall rampling and analptical method were 6.4 X 
lower than t h e  "true" concentrations f o r  a l imited number of 
l abora tmy aperimcnta.  Auy'difference between the  "found" and 
"true" concentrations may not represent a b i a s  in  t he  sanpling 
md analytical method, but r a the r  a random var ia t ion  from the  
experimentally detumined "true" concentration. Therefore, no 
r e c w u y  correct ion should be applied t o  t h e  f i n a l  result. 

These data are based on va l ida t ian  experiments using the in- 
ternal rtandard method. 

Advantages and Disadvantages of the  Method 
. .  . -  . .. ' . :. ne . s&-&'i Ld--.=i=-='-' &--.-.,* li&*;i.l =,,. : &&, .&.6$+. .: &:: i.i.@ :id;* ..>? .,, .:. ... .i,* ->,.:.. : , . ; . 

Xaterfermces a r e  mlaimal, and most of those which do occur 
can be ellmiaated by a l t e r i ng  chromatographic condifions. The 
tubes a r e  analyzed by m c a p r  of a quick, htnnneatal method. 

S336-2 . 



The lprthod can a b o  be used for  the  rlnsultaneous analysis of 
hro o r  -re rubrtmc- nupected t o  be prwent  in the  rame 
rmrple by rimply changing ga8 chromatographic conditioru from 
Lothermal t o  8 tasperaturrprogrrmn.ld mode of operation. 

5.2 h u  dimadvantage. of the method i a  that the  amount of .ample 
which can be taken l a  Umited by the mrmbu of milligrrtar that 
tha tube w i U  hold before wcrloading. When the  rmtple valw 
obtained f o r  the brclo,tp racrim of the ch.rcorl tube rxceadr 
25% of that found un the f ront  rectian, the po r s ib i l i t y  of 
rampla lo88 exist.. 

5.3 Ftatbenmre, the precirion of the method l s  linrited by the  
reproducibil i ty of the prasrQre drop acrorr  the  tubes. This 
drop w U l  af fec t  the f lov  rate .nd urue the  volume t o  be 
Smprecbe, becauae the pump ir ruurllp cal ibrated f o r  me tube 

6.1 A c8Ubrat.d purOLI.I r1~lpliOg pump whore flow cua be deter- 
mined vithb f i X  at the  rec-nded flow rate. 
(Ref erarce U. 3) . 

6.2 Charcoal tub-: t ubewl th  both endm flame wrled, 7 em 
long with a 6-m O.D. and a 4-m I.D., c u n t a b h g  2 mectium 
of 20140 meah activated charcoal repazated by a 2- portion 
of urethane foam. The activated charcoal L p r e p a r d  from 
cocomrt rha l l r  md b f i r e d  at 600.C pr ior  to  packing. The 
adsorbhg  rectian contafas 100 mg of charcoal, the hackup sew 
tion SO mg. A * portion of urethape foam is placed between 
the  ou t l e t  end of the tube a d  the  backup rectiou. A plug of 
s i l y k t e d  glass wool to placed in f roa t  of the  adaorbiPg aec- 
tion. The pressure drop acrous t he  tube amst be laso  than one 
inch of mercury a t  8 f l ow  r a t e  of 1 l i ter  per Ipimtte. 

6.3 Cu chromatograph equipped with a flame iorriwtion detector. 

6.4 Column (10-ft x I/&h stainless steel) packed vith: 10% 0V-101 
' 

s ta t ionary phase on 100/120 mcsh Supclcopart. 

6.5 An e lac t roo ic  i a tegra tor  or some other r u i t a b l s  mthod f o r  . 

meamring puk  uau. . . . . . .  . . . 

6.6 'RPollmillilitsr rample .containerr wlth ghrr rtopperr or 
T e f l o s l l n e d  a p r .  I f  m automatic rample In jec tor  ir wed, 
the u r o c l a t e d  v i3r  may be ured. 

6.7 . , W c r o l i t e r  .- i-d. rpringcr : :.:. lO-adcroliter . :. .. . . ..; .... ....:?$ md ; . .  . ..-.,.!,,.. other ,  "... . co~lvcrri+. . . ., . . ,... . . . . s i t u  ,.. . -:.> ..-.,.:.,.:. . :: ... . .<  ,: . ..- : .. :.. .- . 
6.8 Pipes.: 1.0 m l  type graduated in 0.1-d incremeata. 

. . . . . . 



7.2 Trichloroethplene, reagent grad. 

7.6 Filtered compre~sd' .ire 

8.1 Cleaning of equ imt .  A U  gl.aa.wue used f o r  the laboratory 
. n J y r i .  .hould be detergent truhed and thoroughly r h e d  vith 
tap water .nd - t i l l ed  uater. 

. 8.2 Cdlbra t ion  of P e r s o n a l  -8.. lCIch perronal ptrmp wt be 
c8Ubrat.d with 8 r ep ruen ta t lve  charcoal tube in the l ine.  
Tbir u a l  minimbe UrOra u.ockted vith tmcar t . in t lu  in  
the 88mpJ.e -1- colJectrd. 

-t.ly bafore -ling, b r u k  the  en& of the tube 
to provide aa opening at lrut o a t W  the i n t e n d  
-ta of th. tub. (2 r) . 
The d e r  a.ctioP of charcoal L used u a back-up 

ahodd be porit iontd n u r u t  the  rampling pump. 

The charcoal tube rhould be placed in a vertical direc- 
t ioa during ..mpUng t o  rminimrize chrnneling through the  

. . .  . . .  I . . .  chucorl. -- . . . . . . 

U r  being -1.d rhould not be pumed through m y  home 
or tubing before ent- the c h r c o a l  tube. . . 

A t  the cei l ing and p u k  concentratloas, a ..mple rize of 
3 liters l a  recammeadd. Sample fo r  15 d m t w  at a flow 
of 0.2 Utes  per e u t e .  At the T.W.A. concentration, 
a .ample r l ce  of 10 literr la reccnmnended. m l e  at 8 

flow of 0.2 literr par: mlaute ar less. The flow ra t e s  rhould 
be known with an accuracy of a t  1-t 9%. 
.- ............. .'.+ ...... .,-' ... -. . ,.-C., .... ..-.. . ..- . - ' S < , r - =  '7.5. .-'.a .- : .: 

The temperature and pressure of the atmosphae being rampled 
rhould be recorded. If prcouure r eadbg  la not mailable, 
record the elevation. 
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8.3.7 The charcoal tubas should be capped v i t h  the  supplied 
p l a s t i c  caps Inmediately a f t e r  sampling. Under no 

. circumot8nces should rubber caps be used. 

8.3.8 Oat tube should be handled fn the  same manner u the  
sample tube (break, seal, and t ransport ) ,  u c e p t  t h a t  
no d r  l a  sampled through this tube, This tube rhould 
be labsled u a blank. 

8.3.9 Capped charcoal t u b a  should be Gked t i g h t l y  .ad pad- 
ded before they a r e  shipped t o  miuimlze tube breakage 
during shipping. 

8.3.10 A a.mple of the bulk matuial ahould be s u W t t e d  t o  t h e  
laboratory in a gloss contaiaer with a Tef lon -bed  cap. 

. This sample should not be transport& in the  same container 
as the  charcoal tubes. 

8.4 Analyrla of Samples 
! C  

8.4.1 Repara t ion  of Samples. I n  preparation f o r  a a d y s i s ,  
each charcoal tube is scored with a f i l e  i n  f ron t  of 
t he  f i r s t  sect ion of charcoal and brolccn open. The 
glass wool is ra~otted and discarded. The charcoal in 
the f i r s t  (larger) sect ion is t ransferred t o  a 2 4  
stoppered -1. container. The reparating section of 
foam I s  rmwved and discarded; the  second section b 
t ransferred t o  another stoppered container. These 
nto sect ions  a r e  aaalyzed separately. 

8.4.2 D u o r p t i o n  of Samples. Pr io r  to &psis, 1.0 m l  of 
carbon d i d I d a  i r  pipettad i n t o  u c h  santple container. 
( A l l  work with carbon d in r l f i de  should be performed in 

hood becatme of its high toxici ty . )  Desorption should 
be done f o r  30 mlPUtes. . T u t s  indicate  that thio I s  ad- 
qucrte if the aumple is  agi ta ted occrrsioually during t h i s  
period. If m automatic sample in jec tor  is used, t he  
s m p l e  vials rhould be capped a s  soon as t he  solvent is 
added t o  d n i m i z e  trolati l lzation.  For t h e  internal st- 
d u d  method, desorb using 1.0 ml of carbon d i su l f ide  cw- 
talalng a h w a  amount of the chosen i n t e r n a l  standard. 

8 .4 .3  GC Conditions. The typicd'~~erat~~'corrdftions f o r  
t h e  gau chromatograph are: 

1. 30 m l / m l n  (60 psig) Nitrogen carrier gas flow 
2. 35 ml/min (25 psig) Hydrogen gas flow t o  detector  
3. 400 xd/min (60 .psig) N r  flow t o  detector  
4. 225'C in jec tor  temperature 

. 5, . 250°C w o l d .  ta~pcrama. . , (detactor) .  . . . .;-b . .x :;- . - - x i ,  s....? ..-.- c:, .. .. .-, 
6. 70°C column temperature 



8.4.4 I a j ec t ion .  The f i r s t  s t e p  in t h e  m a l y s l s  is t h e  injec-  
tioP of t h e  sample i n t o  t h e  gas chromatograph. To ell- 
e t e  d i f f i c u l t i e s  a r i s i n g  from b l w  back o r  d i s t i l l a t i o n  
v i t h i n ' t h e  syr inge  needle, one should employ t h e  solvent  
f l u s h  i n j e c t i o n  technique. The l+mic ro l i t e r  syr inge  is 
first f lushed v l t h  so lvent  s e v e r a l  tlmes t o  w e t  t h e  b a r r e l  
and plunger. Three m i c r o l i t e r s  of so lven t  are drawn in to  
t h e  syringe t o  iacrease t h e  accuracy and reproduc ib i l i ty  
of t h e  in jec ted  sumple volume. The needle is removed 
frum t h e  solvent ,  and the  plunger i e ' p u l l e d  back about 
0.2 microliter t o  separa te  t h e  so lven t  f l u s h  from t h e  
sample v i t h  a pocket of air t o  be used os a marker. The 
needle io then  b n e r s e d  in t h e  sample, and a S-mlcroliter 
U q w t  fs  withdrawn, taking i n t o  corrsideratiun t h e  volume 
of t h e  needle, since t h e  sample in t h e  needle vill b e  
completely in jec ted .  Af ter  the needle  i s  removed from 
t h e  sample and p r i o r  t o  i n j e c t i o n ,  the plunger is pul led  
back 1.2 m i c r o l i t e r s  t o  minimize evaporat ion of t h e  simple 
from the t i p  of the  needle. Obsenre t h a t  t h e  sample 
occupiar 4.9-5.0 m i c r o l i t e r s  in the  b a r r e l  of t h e  syringe. 
Duplicate i n j e c t i o n s  of each sample and standard should 
be made. NO more than a 3% d i f f e r e n c e  l n  area i s  t o  
be  expected. An a u t o r ~ a t i c  sample i n j e c t o r  can b e  used 
if it is shown t o  g ive  reproducibility a t  least as good 
u the so lven t  f l u s h  technique. 

8.4.5 'mu-t of UCp. The U W  of the 8-lc p ~ k  18 -6- 
ured by m electronic i n t e g r a t o r  o r  some o t h e r  s u i t a b l e  
form of area mmsurement, and p r e l h d n a r y  r e s u l t s  arc raad 
from a s tandard  curve prepared as discussed below. 

8.5.1 Xmportuxe of determination. The desorpt ion  e f f i c i e n c y  of a 
p a r t i c u l a r  compound can vary from one l abora to ry  t o  another  
and also from one batch of charcoal  t o  another. Thus, l& is  
necessary t o  determine at luret once t h e  percentage of t h e  
s p e c i f i c  compound that in removed in t h e  desorpt ion  process, 
provided the same batch of charcoal .  b rued. 

8.5.2 Procedure f o r  detenniaing d e s o r p t i m  e f f i c i ency .  A c t i v -  
a ted  charcoal  equivalent  t o  t h e  mount  in t h e  f i r s t  sec- 
t i o n  of t h e  ampling tube  (100 mg) is measured i n t o  a 
2.5 in, I-= I.D. glass tube, flame sea led  at  one and. 
Thia charcoal  mist be from t h e  same batch  .s t h a t  used 
in obtakt lng  t h e  samples and can b e  obtained from mused  
charcoal  tubes. The open end ie capped wi th  Paraf h. 
A Lpawn .mount of the U y t e  is inj ected d i r e c t l y  LDto 
t h e  ac t iva ted  charcoal  v i t h  a m i c r o l i t e r  syr inge ,  and 
,the tube is capped with mote . P a r a f i l a  . .am w i n g  am :- .. .>- + =. .-..- - :- - . .. 

. automatic sample i n j e c t o r ,  t h e  sample i n j e c t o r  v i a l s ,  
capped wi th  Tef lon- facd  sep ta ,  may be  used in p lace  of 
t h e  g l a s s  tubes. 
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S i r  tubes at each of three concentration l e v e l s  (O.SX,U[ m d  
2X of the standard) are prepared by adding an amount of ma- 
l y t e  equivalent  t o  t h a t  present  in a 3 - l i t e r  sample at  t h e  
se lec ted  level .  The tubes a r e  a l loved  t o  stand f o r  a t  least 
w e r n i g h t  t o  usure complete adsorption of t h e  w l y t e  onto 
t h e  charcool. These tubes are re fe r red  t o  u t h e  samples. 
A p a r a l l e l  blank tube should be t r e a t e d  in the same manner 
except t h a t  no smuple is added t o  it. The sample and blank 
tubes a r e  desorbed md d y z d  in u u c t l y  t h e  same manner 
u the  sampling tube described i n  Section 8.4. 

Two o r  th ree  standards art prepared by i n j e c t i n g  t h e  same 
volume of c ~ m ~ o u n d  i n t o  1.0 ml of carbon d i s u l f i d e  v i t h  the  
8- sy?frrge used in t h e  preparat ion of the  umples .  These 
u e  urolyzed with t h e  samples. 

If the  intern81 standard method is used, prepare c a l i b r a t i o n  
standards by using 1.0 ml of carbon d i s u l f i d e  containing a 
hovn mount  of the  i n t e r n a l  standard. 

The desorption e f f i c iency  (D.E.) equals t h e  average veight  
in mg recovered from the  tube divided by t h e  veight  fa mg 
added t o  the  tube, o r  

D.E. Average Weight (ma) recovered 
Weight (mg) added 

The dcsorption e f f i c iency  i s  dependent on t h e  .mount of 
ana ly te  col lec ted  on t h e  charcoal. P lo t  t h e  desorption 
ef f ic iency versus weight of u m l y t e  found. This curve 
ir used in Section 10.4 t o  cor rec t  f o r  adsorption losses .  

9. Cal ibra t ion and Standards 
I r 

I It i s  convenient t o  express concentrat ion of standards i n  terms of 
mg per 1;0 m l  carbon d i su l f ide ,  because nomples a r e  desorbed i n  this 

I amount of carbon diaul f ide .  The densi ty  of t h e  U y t e  i s  used t o  
convert mg i n t o  m i c r o l i t e r s  f o r  aasy measurement v i t h  a m i c r o l i t e r  
syringe. A series of standards, varying in concentrat ion wet t h e  
range of interest, is prepared and analyzed under t h e  same CC c d i -  

I t i o r u  and during t h e  srmt t h e  period rs t h e  unknown sample. Cumso 
are es tabl ished by p l o t t i n g  concentration in mg per 1.0 m l  versus 
peak uar .  

I For the i n t e a  standard method, use carbon d i s u l f i d e  containing a 
predetermined amount of t h e  internal standard. The internal standard 
concentrat ion used was approximately 70% of t h e  concentrat ion a t  ZX 

I t he  stnndlrd.  The m o l y t e  concentrat ion in mg per m l  il plo t t ed  
versur t h e  area  r a t i o  of the  d y t e  to that of t h e  internal standard. 
Note: Uhetber the  external standard o r  internal standard method is 

I rued, srrndnrd so lu t ions  should be aualyzed at  t h e  same time the . . .  
sample r r u l y s i s  is done: This- w l l l  minimize. t h e  i ff  ect 'of vmAatl&s' ' " '. '--' I -' 

I '  
in FID response. 



10. Calculat ions 

10.1 Read t h e  weight, in mg, co&tsponding t o  each peak area from 
the standard curve. No volume correct ions  a r e  needed, because 
t h e  standard curve ir based on mg per 1.0 m l  carbon d i s u l f i d e  
rrrd t h e  voluov of a m p l e  in jec ted  is i d e n t i c a l  t o  t h e  volume 
of the rtmdards injected.  

10.2 Cor rec t iws  f o r  t h e  blank must be made f o r  each sanqle. 

mg = mg sample - mg blank 

where: 

ntg srmple = mg found in f r o n t  sec t ion  of sample tube 
mg blank - mg found in f r o n t  r ec t ion  of blank tube 

A srmilar procedure is followed f o r  the  backup sect ions .  

10.3 Add the  .mounts present  in t h e  f r o n t  and backup sec t ions  of 
the  o m  sample tube t o  determine t h e  t o t a l  weight in t h e  
sample. . 

10.4 Bsad the  durorption ef f ic iency frum the curve (see Section 8.5.2) 
f o r  the amount found in the f r o n t  sect ion.  Divide the  t o t a l  weight 
by thir d u o r p t i o n  e f f i c iency  t o  obta in  the corrected m g / s ~ l e .  

Corrected m g / q l e  - weight 
D.E. 

10.5 The concentrat ion of t h e  d y t e  in t h e  r ir  sempled can be  ex- 
praared in mg per cu a 

-leu . Corrected ipp (Section 10.4) x 1000 ( l i t e r s l c u  m) 
LUr Volume Sampled ( l i t e r s )  

10.6 b o t h e r  method of expressing concentrat ion is ppm (corrected 
t o  staadard conditiorrcr of 25.C and 760 3lm lig). 

24.45 760 .(T + 273) ppn = mglcu IU x - x - IN P 298 

where: 
- .  

P - presoure (m Hg) of air urnpled 
T = temperature ('C) of rir armpled 
24.45 - molar volume ( l i te r /mole)  at  25.C m d  760 um Hg 
W - molecular weight 
760 = rtandard pressure  (nm Hg) 
298 = standard t a spera tu re  (OK) 
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- VINYL CHLORIDE 
Em: 1007 
ISSLED: Y 1 m 4  

QSM: 1 p ; C S p p a  - PROQOITIES: BP -14 .C; vapor d m i t y  2.2 (air = 1) 
MIOW: mini- marumble 
ACGIH: 5 pea (hum urcinogm) [ I  1 

(1 pp = 2.56 rO/cls C rn) 

I 

W L E R :  SOLID SOREEMl nBE !fEMIIQlE: GAS OROMTOGRWW, FID 
(2trndmtubes,wchvithlSOmg ! 
~ t - m t  durcorl) !A)(~UYTE: vinyl chloride 

! 
FLOY R A E :  0.05 Vlrin ! W I Q I :  1 rl urWn disulfidr; 30 lain 

! 
VOL-HIN: 0.7 L !INJECTION ALIQUOT: 5 VL 
4w: 5 L ! 

!Q#Lm: s u i n l m  tkrl, 6.1 x 3.2 ma, 101 
SHIPPENT: separate primary and backup tukr ! SE-30 on W100 rsh OIroaProsb W 

d u g -  @ 
@ 

(Wacs) 

S M P ~ E  STABILITY: 10 &yr e 2s .c !CARRIER GAS: bh, 40 m n  
I 

BUNKS: 2 to 10 f ie ld  blanks per ut !TEHPERATU?E-UsBCTOR: 230 % 
I -oEnEcm:tr).c 
! . =aLm: 60% .--- - 

KXUUCY I 

!CALIBRC,TIOI: solutions of vinyl chloride i n  CS2 
RASE SMIED: 1 to 64 m g h a  t21 ! 

!IUnQ: 0 . a  to 0.2 10 per sraple C21 
B W :  4% of u lcul r ted concmtrrtian 121 I 

!QTUWTED LOD: 0.00004 mg per cnple 121 
CWEFwL PRECISION (+I : 0.06 123 . . I 

!PRECISIO( (+I: not btennind 
! 

APPLICABILITY: f)w tarking range i s  0.4 to 40 ng/ora (0.16 to 16 -1 for a S-L a i r  rmple. 
The rthod i s  applicable to l b i n  rrrpltt at crmmtrrtiom of 1 ppa or hi-. 

~ : h r r t h n t h r p o t t i b i l i t y o f l ~ o f v l p l e ~ s t a r r g + o f ~ w d c t a r r r r ,  
at man tmperrture. rime haw bnn noted. 



IIEACE)ITS : 
1. Carbori disulfide,+ chravtogr@ic 

quality. 
2. Vinyl chlwick,*, 99.%, in 

leeturn bottle f i t ted  w i t h  valve 
ud septu. 

3. Calibration stock solution, 
0.26 .ghl. 
a. Inwtt the t i p  of a grs syringe 

containing 1 Y vinyl &lorid, 
g8s undn the tu r fao  of  5 rl 
CS2 i n  a 1&mL v o l u t r i c  
flask. 

b. Qmn the valve of the syrinp 
and withdraw the plunger to pul l  
CSp into the bml . (As 
vinyl chloridr dissolves, a 
vrcuua w i l l  k cmated, pulling 
CS2 into the syringe.) 

c. Push the solution frra the 
ryringe into the flask. R i m  
the syringe twice with 1 4  
pottiomofCS2andaddthe 
vrshingt to the flask. 

d. Dilute to the mar(( with  Q2. 
4. Helirn, purified. 
5. lfydqpn, purified. 
6. A i r ,  fi ltered. 

EQUfPI'EWT : 
1. - 1 ~ :  tro trndrn glass hbes, 7 0 long, 

6 rm W,4 am ID, f l rar-ur led ends, each 
containing 150 mg of 2W40 rth activated (600 .C) 
a~onut -1 1 chrcor l  . A ti lylated glass vool 
plug pmadr t  the charcoal beds and a Zra umthnc 
for plug f o l l m  the thrtorl kdt. Plastic uqs 
are included fa t u l i n g  after use. Rntur, dmp 
rrron udr kk at 1 L h i n  a i m -  nust k less 
thn 3.4 km. 
NOTE: A pair of t u o - e i o n  (100 rg/50 mg) 

t u k t u y  k usrd. 
2. P.ttorul -ling pmp, 0.05 Vllin, with flexible 

o n m t i n g  tubing. 
3. I s  chrrwtogrrph, f lrn ionization detector, 

intagrator and colran (page 1007-1) . 
4. File. 
5. Bent wire for rarpving plugs fm sapling tube. 
6. Vials, 2 4 ,  glass with PtFE-lined septa Md 

crirplon soals. 
7. V o l w t r i c  flasks, IQ-aL, with polyethylene 

stapp.rr. 
8. Pipettes, &livery, I.-, grab ted  i n  0 . 1 4  

i-ts, 2- md S-mL. with pipet bulb. 
9. A i r  -ling bags, Tedlar, 104. 

10. Gas syringe, vith g a ~ t i # t  valve, 0.1- and 1 4 .  
11. ~*iqp, l&rL, w i t h  0.1-pL g r a h t i w .  

*kr Special R.uut iom. 

SECIAL PRECWTIOMS: Carbon disulfide i s  toxic and an acute fir+ md explosion hard (flash 
point r -30 OC); YO* with i t  only i n  a hod. 

Vinyl chloride i s  a tunan carcinogen I l l .  
--- - -- pp - - -- - - - - -- --- 

I SAMPLING: 
1. Cllibrate uch pmaul -ling pup w i t h  I representative smpler i n  line. 

I 
2. Break the ends of the tubes irnrdirt8ly before -ling. At- bo tubes, ui th a d s  

touching, with a short piece of tubing. We1 on kk as the back tuk and insert the 
bdr tube into the f lexible tubing attached to the -1 tap l i ng  pup. 

3. k r p l e  at 0.05 Vain for 15 to 100 min. Do not trrple .w, than S L of air. 

I 4. Separate the pr iavy  Md brclnp tukr and cap each kk for shipamt. 

SASIPLE PUWARATIQI: 
I 5. Add 1.0 ml CS2 to an n p t y  vial. Loosely ap the vial. 

I : . . -  
. 6. Score uch  wlu kk with a f i l e  in-t of-the g l k t i  ucol ptG.* 'Srdc t&:&'at-th, 

" . ' ' ' 

score line. 



- 7. Transfer the dwrcmal fmr the front and back tukr to separate vials. Discard the glass 
wool a d  forn plugs. Seal the vials with septu upr iarrdiately. 

8. Allow to stand f a  30 min, with ocusionrl agitation. Analyze the m p l e  within the next 
-in period. 

CALIBRATIOl AND QlULIfY mmol: 
9. Calibrate with at 1 w t  five d i n g  stMdrrdc cowing the range 0.0002 to 0.2 ~g per 

-1.. 
a. Add kncwn r w n t s  of calibration ttodt solution to Q2 in 1011 voluctric fla* md 

dilute to the urlrr, using serial dilutim as appmpriak. 
MOTE: W i n g  sturbrdr un be stored at -20 .C for at lust thm drys. 

b. Analyze together with unplct md blanks (steps 12 ud 13). 
c. Rrprrr calibration gr- of peak area vs. quantity (ag) of vinyl chlorida per tuk md 

pmk arm vs. quantity (ng) per injection. 
10. Deternine &sorption efficirncy (#) at least ortee for each lot of charcoal uwd in the 

calibration range (step 9). Prrprn thm tuks at each of five l w l s  plus thrn M i a  
bl rnks . 
a. Prepare thm ataosphems of vinyl chlwib in air by injecting 0.01, 0.m. md 0.2 rrl 

vinyl chloride gas into 10 L air in Tedlar bags. The resulting concentrations are 
rggroxinutely 2.6, 21 .nd 52 uq/ma. 

b. Following steps 1 through 4, w l e  these atmqhern accotding to the following schare: 

Quantity of 
Vinyl Chlorib b g )  

0.002 
0.006 
0.011 
0.046 
0.13 

Obtain three vaplcr at each 1-1. 
c. Ottorb (steps 6 through 8) and analyze together with uorlting standart (steps 12 md 

13). No vinyl chloride should be found arr the back tukr. 
d. Analyze tht rtlrPrphcm in the bags (steps 12 and 13) using 1 4  gas smplcs. Read fmn 

the Calib~ti~fI graph the qwntity (ng) per injection, which for a 1 4  injtction of gas 
is nuncriully equal to the concentration in ma. 

e. Calculate # f m  the w s s  (mg) of vinyl chlorida on the front kk (Yf), the average 
blank (B), the cwentration of vinyl chloride in the synthetic atra3Eptwrcs .(%, 
m g d ) ,  and the volrm, of air sapled (v, L): 

f. Rbprrea graph of # vr. u s s  found (Yy-8). 

I 11. Analyze thm quality control blind tpikes urd thm analyst spikes to .murr that the 
calibration graph and DE graph a m  in control. 



. IUSLRErnT: 
12. kt the gas chmratogrph ucwding to nmufactum's instructions and to conditions given I I on page 1007-1. Inject t a p l e  aliquot wnurlly using solvent flush technique or with . 

autoraplet. retention t i r  of vinyl chloride i s  about 1.7 rin. 
KlTE: If peak a m  i s  dovt the l i m r  range of the worlting standards, dilute uith CS2, 

m a ~ l y z e  and rpply the appropriate dilution fact# in u l c u l a t i w .  
13. krture peak arm. 

I ' CAlQlUtfOlS: 
14. Detennin the cwss, rq (cormctd for #) of vinyl chloride famd in th srrple front 

w) and back (4) tubes. and in the awage  media blurk (8). 
NOTE: If lb >/lo, mport bmakthrough and possible m l e  l o n .  1 .  . IS. CIlculak emcentration, C, of vinyl chloride in the a i r  w l w  smpled, V (L): 

EVM&TIO)( OF IEm: 
The latthod wrs evaluated using single 1- sapling tubes with 1- front kdr and 50-rg 
back beds (21. A t  four awrntrr t ions between 1 and 64 rg/mS,  the paold rrlative t tudr rd  
dwirtion urs 0.06 and the r u k t s  averaged 94% of the wncentrat iw calculated fmn the 
vol ra r  of vinyl chloride and a i r  used far the L- sapled; -1s at the 3-pg l m l  
sfmd no loss of vinyl chlor ib  when rtorrd for 12 Qyr a t  man tagcntur, or 19 Qyr a t  
-20 T. There my be significant loss of vinyl chloride fmn rrrples stwd far 14 Qyr a t  

tnprrature (41. The ?% brsrkthmugh u p ~ i t y  for a 1- bed of a#nut charcoal 
challenged a t  100 d J l i n  uith vinyl chlwide I n  a i r  a t  16 11g/(P, and a relative huidity of 
7QS mas 4.6 L (51. 

-: 
[I] fLVt - Thmhold Limit Values for Olmical Subrtrnces and P h s i u l  Aamts in the bbdc- 

Envirwrr~nt Intended Charms for 199344, XGIH, Cincinnati, 0( (1983). 
121 Hill, R. H., Jr., C. 5. rrcCrmorr, A. 1. krlwrcchter, A. W. feast, andw. J .  W i n .  

-1. m.. 9, 1395-1398 (1976). . 
[3] NIOSH Raw1 of Analytical k t h d s ,  2nd. ed., V. 1, P&M 178, U.S. Dlpr rkn t  of W l t h  

and Hcrmn ~ N ~ Q L ,  Rb1. (HIOW) 71-IS74 (1977). 
(4) Cuddcbrdt, J.  E.. W. R. Burg, ud 5. R. Birch, Envfron. s. Tehnol., $, 1'168-1 111 (3975). 

. . . . . . . . . .  IS] ktsunura, I. w. x, 61-67 (1980). .. . . .  - .  . . . 
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VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT Ne 1524 

GAS VENT SAMPLING 

COMMENTS 

LOATE OF 
CoLLEcrloN 21 \$r 
TEMPERATURE ' 7 0 . 5  
CHARCOAL 
LOT Ne \ Z6 

SAMPLE%B ,, ,a 
RELATIVE 
H U M l O l f  Y 
TENAX 
LOT Ne 27 \ 

BAROMETRIC Sg 3.55 PRESSURE 

L 

GAS VENT 
NUMBER 

I 
2 
3 
4 
5 
6 

7 
8 

9 
10 
I I 

GAUGE 

READING 

SAMPLE SHIPMENT 3wW 2-1 \qe,S SHIPMENT kdi cy  ~ U . I - S  Ad(% d,\\ ?>:c?I 543 

DUPLICATE 

BLANK 
DATE OF 

PUMP 
NUMBER 

9 310 
9310 
9 3% 
93-1b 

7370  

SAMPLING RATE 
(cc/mln.) 

250 

ZSO 

z ~'o 

2 5 0  

c. '\ 1 7 .  - 

SAMPLE 
NUMBER 

(3 
lo 
\ \ 

\Z 
13 

ELAPSED 

20 

zo 
za 
20 

Z 6  

START 

8 

\\ \4- 
8 a? 
S 47 
\ 2 . 0 3  

13 26 

METHOD 

1 

SAMPLE 
VOLUME (1) 

5 0  
5 a 
5.0 
e - 
~1 .() - 
a * 

'SAMPLING TIME 
FINISH 

* 

\ \  3L 
E $9 
1 0  09 

\ 2 . r 3  

\ ~ L L  

OF- 

2 3 4 5 6 7 8 9 l o l l  
/ 

i J 



VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT Ne 1524 

. . 
GAS VENT SAMPLING 

COMMENTS 

DATE OF 
COLLECTION 3ud~  ~ a \ * 5  
TEMPERATURE G3 -5 
CHARCOAL ( 2 0  

*LOT Nn 

 SAMPLER^^^^ 
RELATIVE 5s .S 
HUMIDITY 
TENAX ~7 \ 
LOT Ne 

BAROMETRIC z9 9.35 
PRESSURE 

GAS VENT 
NUMBER 

I 
2 
3 

4 
' 5  

6 
7 
8 

9 
10 
I I 

DUPLICATE 

BLANK 
DATE OF 
SAMPLE SHIPMENT 5-a. 2\ \c~%-s I $;i(&TOF Fa E-+e i~x  ct\ c;%qt 513 

SAMPLING RATE 
(CC /min.) 

250 

2-0 

250 

2% 

;"30 

ZSO 

z% 
Z=J 

GAUGE 

READING 

SAMPLE 
VOLUME (1) 

5-0 
-5. a 

5 ~ 3  

5 Ci 

5 o 

a. o C- 

56 

50 

PUMP 
NUMBER 

9 3c? 
% ~ p  

4367 

q369 
9 367 
456~1 - 

3367 

9s53 

6 1 

SAMPLE 
NUMBER 

\ 

S 
4- 
5 

8 

~ ( b ~ l )  
& .  

7 2 

(4 

START 

\ b- 10 

i 2  LG, 
1.3 25 

\I 03 

\ 4  LZ 
\b ar> 

b 65 

+3=&&3%= 

8 3 9 1 0 1 1  

SAMPLING TIME 
FINISH 

10 .4<s 

\3bd 

1 3  45 
\ h  2 3  
\s 02 
\b 20 

\ \  03 

1336 

ELAPSED 

20 

20 

20 

20 

Zo 

-20 

26 
b 

4 5 

94~444 



VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT Ng I524 

GAS VENT SAMPLING PUMPS 
CALIBRATION LOG 

COMMENTS 

DATE 2 \ 1485 1 CALIBRATED BY ~--s\+s> 

PUMP 
NUMBER 

q3.76 

,9 3.. q 

- 

W M P  
T YPE 

---- 

TEMP. 
(OF ) 

0 

TEMP. 
(OF) 

10.5 
k-s 

SAMPLING 

FLOW 
(cc/min.) 

2 5 0  

'L50 

24-HR. 
TIME 

\ 4.m 

- 6  

AFTER 

HUMIDITY 
(%) 

53 

53 

------------ 

i 

HUMIDITY 
(O/O) 

do 

Lo 

f EMP. 
(OF) 

b / 
L l  

BAROM. 
PRESSURE 
(Inches Hg) 

'zc> 33 

23.93 

BEFORE 
BAROM. 

PRESSURE 
(Inches Hg) 

Z7..98 

Z c , . 3 Y ,  

HUMIDITY 

7 
6 7  

AVERAGE SAMPLING 
INITIAL 
FLOW 

(cc/min.) 

2521 

2% 

BAROM. 
PRESSURE 
:Inches Hgh 

FLOW 
(cc/min.) 

CAL. 
FLOW 

(cc/min.) 

25% 

2 5  

24-HR. 
TIME 

00@ 

06b4 29.355 

-, 

ZSa 

2-50 
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GAS VENT SAMPLING PUMPS 
CALIBRATION LOG 

COMMENTS 1 

w 

OAT E s , , ~ .  '26 \-L5 (CALIBRATEO BYL-Z~Q~~~P~ 

PUMP 
NUMBER 

9370 
9 3 ~ 9  

PUMP 
TYPE 

SAMPLING 
INITIAL 
FLOW 

(cc/min.) 

2 La 

2% 

BEFORE 
BAROM. 

PRESSURE 
(lnchrrtig) 

ZC/ .43  

z333 

TEMP. 
(OF) 

55 
5s 

T EMP. 
(OF ) 

12 

3 2  

T EMP. 
(OF) 

c 3  5 

L . 3 5  

HUMIDITY 
(%) 
€33 

SAMPLING 
BAROM. 

PRESSURE 
(Inchor Ha) 

29 cH 

?33+ 

CAL. 
FLOW 

(cc/min.) 

2 5 ,  

Zes, 

AFTER 

HUMIDITY 
(O/O) 

3L 
3L 

24-HR. 
TIME 

a d 5 4  

0450 

AVERAGE 

HU FLOW 
(cc/min.) 

2% 

t f i j  

5 ~ ~ 5  

-5 

24-HR. 
TIME 

\I 10 
\ ? Z 5  

~ 9 . ~ > 5 5 j  

L34.45 

2St 

~ S J  

. 



'" VELSICOL CHEMICAL CORPORATION 

1 POST - CONSTRUCTION 
QUARTERLY MONITORING REPORT 

1 .  SEPTEMBER 16-17, 1985 

1 Plant Site, St. Louis Michigan 

I September 1985 

Ref. No. 1524 
I - 

CONESTOGA-ROVERS & ASSOCIATES LIMITED 



TABLE OF CONTENTS 

INTRODUCTION 

1.1 GENERAL 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

1.3 MONITORING AND SAMPLING PERSONNEL 

GAS VENT MONITORING 

2.1 GENERAL 

2.1.1 Equipment 

2.2 SAMPLE COLLECTION 

2.2.1 Sample Storage and Shipment 

2.2.2 Sample Analysis 

2.2.3 Sampling Protocol 

SITE PERIMETER CONTAINMENT WALL MONITORING 

3.1 GENERAL 

3.2 EQUIPMENT 

3.3 SAMPLE COLLECTION 

3.3.1 Sample Preparation and Shipping 

3.3.2 Sample Testing 

GROUNDWATER TABLE MONITORING 

4.1 GENERAL 

4.2 WATER LEVEL DETERMINATION 

4.3 GROUNDWATER CONTOUR MAP 

4.4 SITE MEAN GROUNDWATER ELEVATION 

4.5 WELL HEAD ELEVATION SURVEY 

Page 

SUMMARY 



LIST OF FIGURES 

FIGURE 1 GAS VENT LOCATIONS 

FIGURE 2 ACTIVATED CARBON GAS VENT DETAIL 

FIGURE 3 UPGRADIENT AND DOWNGRADIENT CONTAINMENT WALL 
SAMPLING LOCATIONS. 

FIGURE 4 SITE GROUNDWATER CONTOURS 

LIST OF TABLES 

TABLE 1 WATER LEVEL MEASUREMENTS 
SEPTEMBER 17, 1985 

LIST OF APPENDICIES 

Page 

3a 

4a 

8a 

l l a  

APPENDIX A CHAIN OF CUSTODY 
APPENDIX B GAS SAMPLING PROTOCOLS 



GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol) , the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. Louis, Michigan plant 

site. The monitoring program is designed to address the 

following: 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3. Determination of site groundwater elevations 

This report details the site monitoring which 

occured during the period September 16 to September 17, 

1985. 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

The regulatory agencies did not participate 

in or attend this monitoring event. 



e 
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1.3 MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Ms. C. Cull   onest toga-Rovers and Associates) 

assisted by Mr. Gene DeGeer, the Velsicol site custodian. 



2 -0 GAS VENT M 0 N I T O R . I ~  

2.1 GENERAL 

The gas vent monitoring began on September 

16, 1985 and was completed September 17, 1985. 

2.1.1 Equipment 

.Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix 9. Samples 

from each gas vent were collected in two 6-mm diameter x 

70-mm long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual parallel/series tube holder sets. 

2.2 SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 





Sampling was conducted at the downstream 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached directly to the gas vent sampling 

port using a copper manifold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to connect the tube holder to the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to 

250cc/min/tube set, was operated for a period of 20 minutes 

for each sampling event, resulting in a collected sample 

volume of five liters per tube set. 

Prior to sample collection, the gas vent 

upper chamber was purged by pumping at 500 cc/minute for a 

period of ten minutes. This precluded the possiblity of 

sampling retained atmospheric air from the gas vent upper 

chamber. During the purging and sampling operations, the 

open end of the gas vent was capped using a 4-inch diameter 

plastic cover to prevent atmospheric air being drawn into the 

sample. 

At the conclusion of each gas vent sampling, 

the set of four sample tubes were capped, labelled and stored 

in a cooler maintained at O°C. 



/ 
SAMPLING PORT 

TEMPORARY SAMPLING 
COVER 

. - 

-- 

figure 2 
ACTIVATED CHARCOAL GAS VENT DETAIL 

CRA St. Louis P/ont Site 
1524 - 27/09/8S 



2.2.1 Sample Storaqe and Shipment 

On the afternoon of September 17, 1985 the 

samples were transferred to a cooler containing frozen cold 

packs and styrofoam packing materials. The cooler was 

shipped under chain of custody protocol, to Velsicol's 

Memphis, Tennessee laboratory by overnight courier for 

analysis. A copy of the chain of custody is provided in 

Appendix A. 

2.2.2 Sample Analysis 

Analysis will be conducted in accordance with 

NIOSH protocols as follows: 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

Results will be reported verbally as they 

become available. 

A hard copy of the laboratory report will be 

forwarded to USEPA and MDNR within seven days after receipt 

of final laboratory data by CRA. 



2.2.3 Sampling Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 



3.0 SITE PERIMETER CONTAI- WALL MONITORING 

3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984, December 

14, 1985, March 16, 1985 and June 19, 1985. The current 

sampling event occured September 16, 1955. All testinq 

completed to date has confirmed the permeability of the site 

perimeter containment wall to be less than 1.0 x 10-7 

cm/sec. 

3.2 EQUIPMENT 

A Mobil Truck mounted drill rig equipped with 

rotary head and 4-inch diameter augers was utilized to 

advance the borehole into the containment wall. A 3-inch 

diameter Shelby tube, hydraulically pushed and retrieved, was 

used to collect the samples. 



SAMPLE COLLECTION 

The containment wall was located by field 

survey on September 16, 1985. The samplinq borehole was 

begun at Station DGW 63+25 by auqering throuqh the clay cap 

into the underlyinq material. 

The presence of soil/bentonite backfill 

material was confirmed by examination of cuttinqs on the 

auger flights. A borehole was advanced to a depth of seven 

feet below grade. A Shelby tube was introduced into the 

borehole and a sample was withdrawn. Examination of material 

in the base of the tube confirmed that the sample was 

obtained from the containment wall. The locations of this 

and prior sampling events are detailed on Figure 3. The 

boreholes were backfilled with bentonite and abandoned. 

3.3.1 Sam~le Pre~aration and S h i ~ ~ i n a  

The Shelby tube was capped and taped at 50th 

ends to prevent sample loss and dryinq. The sample was hand 

delivered to the Michigan Testing Engineer's laboratory in 

Detroit, Michigan for permeability testinq. 





3.3.2 Sample test in^ 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 



4 -0 GROUMmATER TABLE mlNITORIbiG 

GENERAL 

The monitoring of plant site groundwater 

elevation was performed and the elevation of the St. Louis 

reservoir was determined on September 17, 1985. 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated in increments of one one-hundredth of a foot, were 

taken at the water level and at the top of the well casing. 

The former reading was deducted from the latter and the 

resultant dimens ion was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



TABLE 1 

WATER LEVEL MEASUREMENTS 

SEPTEMBER 17, 1985 

MEASURED 
DISTANCE TO 
WATER TABLE 

(it. 1 

WELL HEAD 
ELEVATION 
(AMSL) 

WATERTABLE 
ELEVAT ION 
(AMSL 

MONITORING 
WELL 

Water level elevation, St. Louis Reservoir 

(September 17, 1985) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater elevation data were used to 

construct a site groundwater elevation contour map which is 

presented in Figure 4. 
- - 

4.4 SITE MEAN GROUNDWATER ELEVATION 

The mean elevation of site groundwater is 

calculated to be 721.49. The maximum allowable site 

groundwater elevation stipulated by the Consent Judgment is 

724.13. 

4.5 WELL HEAD ELEVATION SURVEY 

In accordance with the Post Closure 

Maintenance and Monitoring Plan, the well head elevations 

were re-surveyed in March to ensure accuracy of the 

elevations. Minor differences from previous surveys were 

recorded and the groundwater elevations were adjusted 

accordingly. This phase of the program will be conducted 

yearly. 



GWM- 14 
(721.27) 



All monitoring activities stipulated by the 

Consent Judgment were carried out between September 16 and 

17, 1985. 

Data from the chemical analysis of the gas 

vent samples and the permeability testing of the contaminant 

wall sample will be provided to MDNR and USEPA within seven 

days of receipt by CRA of laboratory final data. 

The present mean site groundwater table 

elevation is calculated to be 721.49. The elevation in the 

Pine ~iver/~t. Louis reservoir was determined to be 719.39. 

The next sampling and monitoring event will 

occur on or about December 15, 1985. 

All of Which is Respectfully Submitted, 

CONESTOGA-ROVERS & ASSOCIATES LIMITED 

R.G. Shepherd, P. Eng. 
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APPENDIX B 

GAS SAMPLING PROTOCOLS 



APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance with t h e  Consent Judgment, Vels icol  has  submitted a 
post-closure maintenance and monitoring p lan  f o r  i t s  
environmentally secured p lan t  s i t e  i n  S t .  Louis, Michigan. The 
post-closure maintenance and monitoring plan requ i res  q u a r t e r l y  
monitoring of 11 gas vents t h a t  have been i n s t a l l e d  t o  r e l ease  and 
appropr ia te ly  t r e a t  in t e rna l  gases. This program w i l l  be 
conducted over a period of t h r e e  years. 

The gas vents ,  a s  d e t a i l e d  i n  Exhibi t  F of t h e  Consent Judgnrsnt, 
a r e  designed with two sampling por ts ;  one below t h e  base of t h e  
i n s t a l l e d  ac t iva ted  charcoal f i l t e r ,  and one abwe t h e  f i l t e r .  
Samples w i l l  be col lec ted  from t h e  downstream port. Resul ts  w i l l  
i n d i c a t e  whether o r  not  containment breakthrough h a s  occured 
through t h e  carbon f i l t e r .  

Samples w i l l  be analyzed f o r  t h r e e  separa te  compounds: carbon 
t e t r a c h l o r i d e ,  t r ich loroe thylene  and vinyl  ch lor ide .  

Samples w i l l  be  co l lec ted  with a Gi l i an  HFS-113 AU DK va r i ab le  
flow pump. This p a r t i c u l a r  u n i t  al lows t h e  operator  t o  run a 
s e r i e s  of tubes concurrently i n  p a r a l l e l  arrangement. Four tubes  
w i l l  be  co l l ec ted  from each gas vent: two standard N I O S H  100/50 
mg ac t iva ted  charcoal tube,  and two 30/15 mg tenax tubes,  each 
tube  measuring 6 mm x 70 x u .  One blank s e t  and one dupXicate 
s e t  of tubes w i l l  be col lec ted  during each q u a t t e r l y  sampling 
event. 

A s  v iny l  chlor ide represents  t h e  l e a s t  adsorptive of t h e ' t h r e e  
compounds, t h e  sampling program i s  designed t o  accomodate t h i s  

r - canpound. Therefore, sample volume s h a l l  not  exceed 5 l i t e r s .  

P r i o r  t o  sampling, t h e  vent w i l l  be  sealed of f  with a p l a s t i c  cap, 
and purged t o r  10 minutes a t  a r a t e  of 500 ccjrnin. This i s  t o  - 
el iminate  the  p o s s i b i l i t y  of sampling atmospheric a i r  contained 
wi th in  t h e  upper por t ion  of t h e  gas vent. 

Two sampler from each gas vent s h a l l  be co l l ec ted  simultaneously 
a t  a r a t e  of 250 cc/min. f o r  20 minutes. The pump s h a l l  be l a b  
ca l ib ra ted  with sample tubes in- l ine  t o  determine t h e  exact flow 
ra te .  Additionally,  flaw w i l l  .be checked a f t e r  f i e l d  sampling t o  
v e r i f y  t h a t  a constant  flow w a s  maintained throughout t h e  sampling 
period. 

Following sample co l l ec t ion ,  each tube w i l l  be sealed with a 
p l a s t i c  cap a t  each end, l abe l l ed ,  placed i n  a cold s torage  
environment and shipped under chain-of-custody v i a  a canmercial 
cour ier  serv ice  t o  Ve l s i co l ' s  a n a l y t i c a l  laboratory i n  Memphis.. 

- .  . . ! .  . . . . . . . . '  . . . .* . - . '  . -. . . . .  . . .  . ,. . , . -., ,.., -.-.:. .: ...-. L. . . . ,<... . . .:. .. .-' . .  . .. . , ... . . L 



Analysis of the  charcoal tube w i l l  be  conducted i n  accordance with 
NIOSH protocol  a s  d e t a i l e d  b e l w :  

Carbon Tet rachlor ide  
Trichloroethy lene 
Vinyl Chloride 

Revised Method N o .  

Analysis w i l l  proceed by f i r s t  e l u t i n g  t h e  carbon sample tubes 
wi th  carbon d i s u l f i d e  and then  analyzing by GC with a flame 

I i on iza t ion  de tec tor .  A l l  samples w i l l  bo i n i t i a l l y  analyzed i n  
t h i s  fashion. I f  any of t h e  above caupounds a r e  de tec ted  on t h e  
charcoal  tube, the  corresponding tenax tube w i l l  be analyzed by 
t h e m 1  desorpt ion and GC/% under EPA Method 624. 

Turnaround time f o r  t h e  c m p l e t e d  a n a l y s i s  a t  t h e  laboratory i s  
an t i c ipa ted  t o  be 30 days f r m  d a t e  of sample co l l ec t ion .  Samples 
w i l l  be desorbed wi th in  t h e  LO day l i m i t  spec i f i ed  f o r  v inyl  
ch lor ide .  Analyt ical  d a t a  will be  reported t o  CRA a s  mg/ tuk .  
F ina l  r e s u l t s  f o r  t h e  carbon tube w i l l  be  ca lcu la ted  by CRA, using 
t h e  following formula. 

1. Correct ions f o r  t h e  blank t o  be made f o r  each sample 
mg = mg sample - mg blank 

This c a l c u l a t i o n  is performed separa te ly  f o r  each tube.  

- 2. Add t h e  amounts present  i n  t h e  f r o n t  tube and backup- tube t o  
determine the t o t a l  weight i n  t h e  sample. 

3 .  Calculate  t h e  correc ted  mg/sample by d iv id ing  t h e  t o t a l  weight 
by t h e  desorpt ion e f f i c i ency  (D.E. ) h i c h  i s  provided by t h e  
lab. 

corrected mg/sample = t o t a l  weight . 
'DE 

4. Calcula te  t h e  concentrat ion of t h e  ana ly te  i n  a i r  
mg/m3 = Corrected mg x 1000 l i te rs /m3 

A i r  volume Sampled .( l i t e r s )  . .,, . , . . 

5. Concentration w i l l  be  reported a s  ppm, correc ted  t o  s tandard 
condi t ions of 25'C anQ 760 mm Hg 

3 
PPm * mg/m x 24.45 x - 760 x (T+273) 

- .  MW P 298. . . . . . -  , . . + - a  - .  . - -  - . - - -.- 

where P - pressure (mm Hg) of a i r  sampled 
- T = temperature ( 'C)  of a i r  sampled 

24 .45  = molar volume ( l i t e r / m o l e )  a t  2S°C and 7 6 0  mm Hg 
MW = Molecular Weight.. . 
760 = s t a n d a r d p r e s s u r e  (mmHg) - 
298 = standard temperature ('K) . 

. . ' . .  . ' 
. . 

- .  



NOTE: Temperature and pressure 'uncorrected t o  sea  l e v e l  w i l l  be 
co l l ec ted  f o r  t h e  dura t ion  of t h e  sampling event and 
averaged f o r  use i n  t h e  above ca lcu la t ions .  Information 
w i l l  be provided fran t h e  National Weather Service i n  
Lansing, Michigan. 

6. If t h e  concentrat ion of t h e  back ,tube exceeds 10% of t h e  
concentrat ion of t h e  f r o n t  tube,  t h e  r e su lks  w i l l  be 
reported as a sample breakthrough and poss ib le  sample 
loss .  

\ 7. A s i m i l a r  procedure w i l l  be f o l l w e d  f o r  t h e  tenax tube,  
should a n a l y s i s  be required.  . 

n a t a  wi l l  be reported t o  USEPA and MDNR o f f i c i a l s  wi th in  seven 
days a f t e r  r e c e i p t  of f i n a l  labora tory  data  f o r  each q u a r t e r l y  
sampling. Addit ional ly ,  a summary d a t a  report  w i l l  be provided a t  
t h e  conclusion of t h e  t h r e e  year  sampling period,  o r  sooner, 
should breakthrough of any compound occur p r i o r  t o  t h e  t h r e e  year  
program. 

I n  add i t ion  t o  t h e  s e t  of f i e l d  blanks t o  be co l l ec ted  pe r  
q u a r t e r l y  sampling event,  an add i t iona l  s e t  of 15 charcoal tubes 
and 15 tenax tubes w i l l  be  fowarded unopened t o  t h e  l a b  during 
t h e  i n i t i a l  sampling event. 

These "blank' tubes w i l l  be  used as i n t e r n a l  c a l i b r a t i o n  
standards on which each of t h e  t h r e e  compounds w i l l  be spiked a t  

( f i v e  d i f f e r e n t  concentrations.  The d a t a  fran t h i s  a n a l y s i s  w i l l  
be used t o  c a l c u l a t e  t h e  desorpt ion e f f i c i e n c y  f o r  a s p e c i f i c  l o t  
of ac t iva ted  charcoal.  Therefore, t h e  l o t  number of carbon tubes 
and tenax tubes s h a l l  be recorded during each q u a r t e r l y  sampling. 
Should t h e  l o t  number change, a new s e t  of 15 charcoal tubes and 
15 tenax tubes s h a l l  be forwarded t o  t h e  laboratory f o r  
determination of t h e  new desorpt ion ef f ic iency.  

The allowable l i m i t s  f o r  these  compounds have been es tab l i shed  by 
t h e  MDNR and a r e  s i t e  s p e c i f i c  f o r  t h e  S t .  Louis site. These 
l i m i t s  a r e  documented i n  sec t ion  4.3 o f . t h e  post-closure.  . . 

maintenance and monitoring plan. . . .  . . .  . . 

Copies of a l l  t h r e e  a n a l y t i c a l  protocols ,  t h e  ehain  of custody and 
t h e  da ta  c o l l e c t i o n  s h e e t - a r e  provided i n  t h e  following sec t ions .  



FQPJWLA: Table 1 

M.U.: Table 1 

HYDROCARBONS, HALOGENATED 
METHOD: 1003 
ISSUED: 2/14/84 

m: krrryl chloride chlombmmnethrne 1, I-dichlomrttune h e x a c h l o m e t ~  
hynonm bro~lofom ch 1 omfona 1 ,t-dichlomcthylcne nrethylchlomfona 
i n  Table 1) carbon tetrachloride +ichlof%benzem e t h y l m  d ich lo r ib  p r c p y l w  dichloride 

C h l ~ z w  fliChlOmhnzene 

I 

W P L E R :  SOLID SORENT tlWE ~ T E W N X ~ E :  GAS  TOGW WHY. F I D  
(coconut -1 1 chrcor l  , 100 mg/SO -1 ! 

!AnALrn: ccapowh above 
t FLOW RATE: 0.01 to 0.2 Urnin I 

!#SQIPTIW: 1 oL Ct2, stand 30 min 
VOL4IN: Table 2 I .  

4lM: Table 2 I13ECTION MLUE: 5 rL 
! I 

WIPfl€NT: routine !TWPERAfLRES: Tabla 2 
! 

W L E  STMlLITY: a t  l u s t  1 ueek O 2'5 T !CAARIER GAS: )12 or He, 30 Wmin 
I 

BLANKS: 2 to 10 field blanks per set !am: Table 2; alt8rrut.s are SP-2100, 
I 

! SP-2100 ui tit' O.'K Clrbawx 1500 
-. ! or 06-1 fused s i l i ca  capillary colum 

BUS: not significant i l l  
i - 

OVERALL PRECISIO( (+I:  see EVALUATION Cf !ESTIfUfED LOO: 0.01 q per srrple 121 
mH00 t11 ! 

!PRECISION (+I : trr EVALUATIOI OF ?€THO0 t 11 
! 

APPLICABILITY: This mrthod uses a siaple &sorption and can be used for simultaneous analysis 
of two w aorr substances suspected to be present by dvnging th. gas, chmwtographic 
condi tims (i . e .  , tameracure progrcanrdl . High m i a i t y  auring s a p 1  ing w i  11 prevent organic 
vapors f m n  being trapped efficiantly on the sorknt and greatly dwrrases bmkthrougf~ volrm. 

INTERFERENCES: Nonc identified. me chmnrtographic colum or separation conditions may be 
changed to cirturnrmt interference pmblarr; - ._ . - . .  

OTHER E W S :  This mthod mbim and replaces tlethods P a  127 [a]; S95, SlOl, SllO, Sll3, 
5114, 5115, S l Z ,  5123 md 5133 141; and 5135, 5281, S314, S32E and S3Sl 151. 



- a. RLIIDVe and discard bad fdrknt set ion  of r n d i a  blank rmpler. 
b. Inject r Lman m n t  of w l y t e  or u l i b ra t i on  stack solution directly onto fmnt 

sorbent section w i t h  a microliter syringe. 
c. Cap the tube. Allan to stand overnight. . 
d. Octorb (steps 5 through 7) and uulyn together with working standards (steps 11 and It). 
e. Rrprre a graph of # vs. mg w l y t e  movered. 

10.kulyzethmqwlityaorrtmlblind~ik~~thmuulytttpilnstoimurrthtthl! . 
calibration graph and # graph are i n  oontrol. 

EasmxNT: 
11. kt gas chrorartcqraph aceprding to muutfrcturcr's rraeRnrndrtiats ud to conditions given 

an p.gr 1003-1. Inject -1e aliquot uutuully using solvmt flush trchniqw or with 
autosa@a. 
MOTE: I f  peak area is above the linear rmge of thr worlring rtmdrrds. dilute w i t h  eluent, 

reuulyzc and apply ttbe w m p r i a t e  dilution factor i n  u l c u l i t i o m .  
12. n+rwrt peak a?. Divide the peak a rm of urr lyte by tho peak r r u  of i n te rn1  standard 

on the w chmartogr=. 

ULQltATIW: 
13. Oatennine tk nuts, mg (owmt+d for DE) of urr lyte found i n  the q l e  fmt and 

back (Ub) m t  trctionr, and i n  the average d i a  blank fmt (Bf) and back (4) 
torbent uct iom.  
NOTE: If % * Y l O ,  repart bnrLtnrough and possible saple loss. 

14. C l l~u la te  cmcefWation, C, of uu ly te  i n  the a i r  velum -lode V (L): 

-: . . . . r rr..: r :  . .: :&.a: & .. --.TI -- ". . .- 
Lssarstory testing # a s  p e r f ~ ~  wit.? spiked w i e s  a d  pneratrd atraspc\ere [I:. A;: 
i rulytes are stab\e at l u s t  one udr. A l l  kethods wm validated using 5KC Lot 105 aoconut 

t - shell chtteul. Results urn: 



- [9] Criteria for a R.cormmdcd Stadard...Occupationrl Exposure to l,l,l-Trichlomethmne, U.S. 
Departaant of Wlth, €&cation, and welfarc, Publ. (WIOSH) 76-184 (1976). 

[lo] Criteria for a RacDnnandcd Standard...Occuprtio~l Expourre to C a m  Tetrach\oridc, U.S. 
D e pammt of Health, Ebution, and bklfan, Publ. (NIOSCI) 76-133 (1976). 

KfWaO REVISED BY: 6. 0. Foley; Y. T. Gagnon;'md I(. J. Wflliarrs, NIOSWDPSE; mthods 
Origjnally validated under NIOSH Contract WC-99-74-4S. 



OS)U VP @ Density 
wiml [a-101 M .C (g /n l  

s y r ~ n ~  m11i e9 (*c) e M 'c) 

r thylidene chloride; 100 ppm 5 1 
Vb:, #IS-34-3 100 p9n 

200 Pm, 
SIEL 250 ppm 

a* t * t y 1 ~  dich1oridc; 200 pp 60 (cis) 21-35 kPa 1 -28 
I ,;'-dichloroethene; ' 200 ppm 41 (trans) 
t:. . 1540-59-0 200 F W D  

SILL 256 ppl 

I, ' - d l c h l ~ l h m ~ ;  50 W, 83 8.3kPii 1.255 
cr 1101-a-2 C 1OD pp 

5 PP; 
I5 p@lS r i n  

10 WD 
SIEL IS ppm 

8 . . 
11. I ch1-tW; 1ppn(skin) 181 (subllrrcs) 30Pa 2.09 
I,!. . 61-12-1 1 ppm (skin) 

10 ppr 

I, ID  I-trichloroethane ; 350 pp 14 13.3kP.a 1.335 

( i 111-55-6 350 @I5 min 
CAS 111-55-6 350 F P I D  

SILL 450 ppm 

Yuspec t carcinogen. 
.: 



- .  - -  - - . . I-; 1 

-- sapl ina -.- - 
A i r  Sarple 

e : -- Volune (1 
Brcrl: I IV mcgh 

I 0  octane 0.1 t o  4 
225 
250 
110 n-tridecane d.01 to  0.3 
110 
2 10 

I 

Measurement 
-m1 

10 octane 0.6 t o  I t  
225 
250 

wmJ C o l m  Range 
Range Injector Internal (4 Per 

(ns/ma ) Colmn* Detector Standard sanple) 

40 to  1215 A 50 -- 0.4 to  12 
(10 1) loo 

I 15 

:. *A P 3 . r ~  3 ; k a s l a i ~ ~ l t : . ~  steel, 10% SP-IWiO I..; . I(I0nesh Supelcoporl; 
6 P 6 (I x  3 ,,a, rrU.c?r.. i i e sane as A; r. 

;' C u 3 r x 3 a,, slai~~l . . . ; :  . steel, 10% W-I01 crl ;. t?O msh Sqwlcqwt ;  or 
' 0 P 3 r x  6 1191a:.s, . . j  SP-2250on00/100~1. 4 ,.21cogort. 
. . 

. . 
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lp.1yt8: T r ~ r o e t b y ~  Method No.: S336 

O S B I  St.ndrrd: 200 ppm (1075 q / c u  m ) - C & l h g  Precision (5,): 0.082 
500 ppm (535 q / c u  m)-T.W.A. 

Procedure : Adaorptian on charcoal, -Validation Date: 6/6/75 
daeorptian vith -boa 
d i ru l f ide ,  GC 

1. Princiole  of the  Method 

1-1 A boom volume of air i s  drawn through a charcoal tube t o  t rap  
the organic vapors presmt.  

1.2 The charcoil in t he  tube ir trazmferred t o  a tmnll, stoppered 
-1. c o p t a b u  aad the  &yte ir desorbed v f th  carbun dlsul- 
f idea 

1 3  Aa al iquot  of the d u o r b d  ..ntpL. i s  ia jected i n t o  a gas 
C h ~ t 0 ~ 8 p h e  

1,4 The rru of the  resu l t ing  p u k  i a  dete rnbed  arid compared trlth 
ueaa  obtained from in jec t ion  of st~dards. 

2 , l  Thi. method au valld8t.d wer t he  r m g e  of 519-2176 mg/ctt m at 
m atznouphuic tqeraure  md pressure of 24.5.C md 759.4 m Hg, 
t u b s  i 3 - l i t u  a m l a ,  Under t he  condftioPI of sample sire 
(3 liters) the  probable useful  range of thir method i a  108-3225 
mg/m m at a detector r e m i t i v i t y  that gives nearly f u l l  d c  
flection on the  s t r i p  chart recorder f o r  a .9.7 mg -lee !Chis 
mmthod ir capable of m a m r h g  much rmrller rpporrnts I f  the d c  
aorptiun afficlancy i s  rdequatr. Dmorption eff ic iency m w t  be 
d e t b e d  wes the  range usad. . . . , . . .  . .  . 

2.2 The upper lhit of the rauge of the' . he tbd  i. dependant on the  
adsorptive capacity of t he  charcoal tube, This caprci ty  varies 
w%th the  concentrations of d y t e  .Pd othar n r b s t . ~ ~ ~  in t he  
air. The f i r s t  sect iun of t he  c h t c o a l  tube vas found t o  hold 
42 mg of aaalyte  what  a tut aanosphera corrtaidag 2266 mg/ctt m 
of analyte fn air was sampled at 0.187 l i t e r n  per minute f o r  99 

- . . . . . . . .. , & u t o ;  .br-hrough.'m . obsmd.:.f; t a i t h ; . . ' & i a i  . the-  "concsn-.. . " - ' 

tratian of d y t e  in t h e  e f f luen t  was 5% of  that in the  influent. 



(The c h r c o a l  tube consists of two section# of activated dur- 
coal separated by a section of urethane foam. See Section 6.2). 
Lf a p u t i w k r  amosphare is auapected of containing a Large 
amount of coutamiaant, a smaller aamplfps volume should be 
tltm* 

3. Interference 

3 1  Wbrn the amaxat of water l a  t he  air ir so great  that condaua- 
t h  ac tur l ly  ocaars in t h e  cube, orgaaic vapors w i l l  not be 
trapped S f i d m t l y .  P r e l h h a r y  eqerdhents using toluene 
ind ica te  tht hlgh humidity severely  decreases t he  braalcthrough 
v o h a .  

3.2 When t vo  o r  more compormdr a r e  h m m  or  suspected t o  be p r r s m t  
i a  t he  air, such laformation, including their mspected idea- 
titles, should be transmitted v i t h  the  sample. 

3.3 It wt be mph.lzed tb t  any campound which hu the  s.me 
r e t m t i o n  t i m e  as the d y t e  a t  t he  operating conditions d c  
scribed i a  thir method is an i n t e r f a t s n c ~ .  Retention t h e  data 
an a s ing le  column cmnnt be considered u proof of chemical 
i dea t i t y  . 

3.4 If the  p o r s i b u t y  of interfereuce a i s t s ,  s e p u a t i m  conditions 
(~01- -, temperature, etc.) must be changed t o  cirasm- 
v a t t  the problem. 

4. Recision and Actur8CY 

6.1 The CoSf icirnt of Varlatiun (ET) f o r  the t o t a l  d y t i u l  and 
-ling method la the range of 519-U76 mg/cu m was 0.082. 
Thir valua corrsrpcmds t o  m 88.2 mgfcu m standard d r o k t i o n  at 
the OSHA standard 1mal. . S u t i r t i c r l  information md d e t a i l s  
of the  valld8tion and rxperimsntal test procedures cm be found 
in Bcfersnce 11.2. 

4.2 On t h e  average t he  concenuationr obtainad at  the  OSHA standard 
levrl wing  the  overall  sampling md analytical method were 6.4 X 
lower tbrn the  "truen c o r r c e n t r a t ~  f o r  a l imited mrmbu of 
laboratory a p u h e a t s .  Any'differmce between the  "foundn and 
"truen concentrations may not represent a b i a s  i a  t he  sampling 
and onr ly t i ca l  method, but rather a random variation from the 
a p e r i m m c l r l y  detuminsd "truen conccntratbn. .  .Thuefore, .  no 
recwery conec t iou  should be applied t o  the  firul resul t .  

These data are based on val idat ion expe rhea t s  using the  in- 
t e r n a l  standard method. 

5. Advantages and Disadvantaqes of the Method 
. . .... . - . . L  .- .: --t: ..:.... .=,.-.: . . . .  

- 5*1 : ' splnoUdg ddii is....aPill'. ;-p;*&li,. . Gd indal++k' ;&o.:Ii.ilu :: : .., _... . .. . 
Interferences a r e  rain4mal, m d  =st of those which do occur 
can be eltminlted by a l t e r i ng  chronutographic condifions. 'The 
tubes u e  analyzed by m e a n s  of a quick, instrmenul method. 

S336-2 . . 



Th. =thod c+n &o be mad for  the r iml tmeour  a u a l y r b  of 
two or =re .ubrtmcu m r p e c t d  to  be present in the ram 
8-1. by risply ch.nging gs8 ckomatographic conditioru from 
iroebuPIIT to a t r m p a a ~ r p r o g r d  d e  of operatima. 

5.2 Oru dl .dorntyte  of th. method i s  that the muat of smrple 

- 
which a be t8km L Utd by th. amber of milugr.nu th8t 
the tube roiff hold brfore werlording. Vhan the ssmple value 

\ obuined f a r  th. backup aection of the charcoal tube uceedr  
25% of that found an the fraut  rectiorr, the poaribf l i ty  of 
8ampfelo8. d u .  

5.3 M - 8 ,  the p r r c i . i . ~ ~  of the mthod i s  M t e d  by the 
~producibll i ty of the pruoare drop u r o r a  the  tuba. Thi. 

I ' drop will affect the trov r a t a  od utu. the mlum t o  be  
WiacLa, bacauaa thr p u q  i s  u s d y  ealibratad for on8 tube 
a s  

6 1  A calibrated p u o d  r.mpling pump whore flow can be deter- 
ndnd etbfn f5% U the -ad f h  r8t.a 
(Weram 11.3). 

6.2 ehucorl tub-: g k r ~  tt&evith both ard. W d e d ,  7 
long u&th a h O.D. md a I.D., conu idag  2 rectionr 
of 20/40 w h  ati~8t.d chuc0.l ~p8Zat.d by 8 2- pottian 
of urathaae f0.1~. Zh. activsted charcoal L prmpared from 
cocomrt r h d b  md L f i red  u 60O.C prior  to  prckiug. The 
adsorblag rrczLua cuntrtns 100 mg of charcoal, the backup r e r  
tian SO mg. A h pottion of urethane foam i s  placed b e m m  
the out le t  ead of the tube md the backup rectiorr. A plug of 
milylated g l u a  wool i a  placed in f roa t  of the adsorbing arc- 
t a m  The presmuze drop actor8 the tube must be l u r  than one 
inch of mercury at a flow r a t e  of 1 li ter  per  mixmtr. 

6.3 G u  chromatograph equipped trith a flame ioniut ian detrctor. 

6.4 Colrrnrn (10-ft x l/&in stniarrrcl r t e e l )  psclud trith l O X  OV-101 
statfonrrp phme an 100/120 mesh Supelcopart. 

6.5 & G u t r o n i c  krtegrator or ram other su i tab le  nvthod fo r  
. . . .  w u r i n g  puk uru. . . . . . . .  

6.6 TvePdllilitsr umple .mt&err with rtopperm or 
Taflou-Used crpr. If aa cutemutic .maple h j e c t o r  ir wad,  
the asroclated vU.8 may be wed. 

6.7 -OIL= -8- : l*c?,Gt~,,.; . . . . . .  * ,.-. other.  ... .,. ,., . . . . . . . . . . . . . . . . .  coaoanirot. .s i t-  .,,.:.. - . 7..: ': ' . ...... . : . . . .  . -  
for  lddq 0 ~ d S . ~  

. . 

6.8 Pi-: 1.0 m l  type graduated h 0 . 1 4  increments. 

S336-3 
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6.9 V o l m t r i c  flub: 10-91 or convmiart situ for making 
8- .01~-. 

8. Procad- 

8.1 Cl- of quipmmnt. All glaamtare mod f o r  the laboratory 
rrulysi .  ohould be deter teat  washed and thoroughly r i m e d  vith 
tap #tar arrd d is t i l l ad  water. 

8.3.1 r.rrdirt.17 bofore -ling, b r a  t he  en& .of the  tube 
to pfOVid. 8~ op- u least o n r b d f  the b t d  
dlrrrta of th. -e (2 9.). 

8-3.2 T b  r * r r l ~  Of ir ~ . d  u l b.&-p 
m d  .hould be positionmi n u r u t  tha  mmlfrrg pump. 

8.3.3 The c h a r d  tube should be placed in a vertical diree- 
tiOIL during u m p l h g  t o  - ebr.mrllnr through the  
chucorl. . . .- . . . . . . 

803.4 A ~ x  -1.d ~WUU ~t be pu8 .d  ~g 

or ah- before o a t w  the  charcoal tube. . . 

8.3.5 At the c d l i n g . a a d  p u k  corrcentrationr, a untple s i z e  of 
3 l i t e r8  l a  r e c e d e  m l e  f o r  U d a u t e s  at a flow 
of 0.2 liters per minute. - '  A t  the T.W.A. concentration, 
a ..nrple s i ze  of 10 liters ir recommded. Sample at  a 
f l o w  of 0.2 liters per minute or less. The f l o w  rates should 
be lcnaJn vith ~ C ~ U Y  of a t  1-t +5X. 

. . .  . . . . .  . . . .  .:........ .. . . ... .. ... .. ,- ....,.. -.,, :: -.: J-. ..:, :;_ P-:;.;... :.\ :.;..-,.::. :<.". * ,..,, -,'..' ...-;.: ;--:. i. . . . . -. .. - .: . . - .  

8.3.6 The temperature md ~resmure of the atmosphere baing srmpled 
should be recorded. If prumsre reading la -not  available, 
record  the elevation. 

S336-4 . . . . 



8.307 The chrcoll l  tub- U~OUU be upped  with the  ~upp1 i .d  
p h r t i c  caps inmedlately a f t e r  sampling. Under no 

. cirnmutaucrs  should rubber u p s  be ured. 

8.3.8 One tube should be h n d l a d  in the same -r u the  
sample tube fbruk ,  real, and t ransport ) ,  except t h a t  
no alr l a  sampled through t h i s  tube. This tube should 
be labeled 8a 8 b-• 

8.3.9 Capped c h u c o a l  w b u  should be p8cked t i g h t l y  and pad- 
d d  brfora they u e  shipped t o  d s h i z e  tube br-e 
dur-g #hipping. 

8.3.10 A -le of the bulk material rhould be submitted to t he  
laborarory in a @ass container with a Teflm-r inul  cap. 

. This sample should not be a tmaported in  t he  s- contalnu 
u the chuc0.l tubes. 

8.4 Ilpplysio of S - l u  
? C  

8.4.1 Preparation o f  Samples. I n  preparation f o r  d p s l s ,  
a8ch cbucorl tube ir scored w i t h  a f i l e  in f ron t  of 
the f i r s t  rectiarr of charcoal sad broken opm. Th. 
g l m a  -1 l a  r-d and d l s ~ . r d e d .  The c b u c o i l  in 
the f i n t  (larger) rect ion ir txrruf .rrd t o  8 2 4  
s t o p p u d  umple  contaber. Th. r e p u a t i a g  section of 
f- l a  removed and discarded; t h e  second sect ion ir 
tramfar~d t~ mtbr stoppered cunuina.  I h u e  
two setloas u e  d y z d  s e p u a t d y .  

8.4-2 Demrptim of Samples. Prior t o  d y s i . ,  1.0 m l  of 
carboa di.ulfide l a  pipet ted i n t o  u c h  -1. coataiaar. 
( A l l  work wlth car- dintlf ide should be performad in 
a hood because of i t a  high t U z y . )  Desorptiua should 
be done f o r  30 minutes. T u t s  l ad lea te  t ha t  thir fr a d c  
qu8te Ff the sample is agiutd occuionnl ly  duriag thir 
p a i d .  If ur automatic 8rmple l u j ac to r  ir used, t h e  
-1. oklr should be capped u soon u t h e  so lves t  is 
ddd t o  t r o l ~ t i l i z 8 t i o n .  For t h e  i r r terrul  stm- 
d u d  metbod, darorb using 1.0 d of carbon disulflde con- 
tnfning a lcrrown amount of the  &oom internil standard. 

8.4.3 GC Conditions. I%. typical  ' o$u.eing' corditLon8 f o r  
t h e  g u  chromatograph are: . . . 

1. 30 a l / e  (60 prig) Nitrogea carrier gas flow 
2. 35 ml/min (25 psig) Hydrogen g u  flow t o  detector  
3. 400 d l m ~ n  (60 .psig) ldr flow t o  detector  
4. . 225.C lnj ector  tmpera tura  

. . : . . . . 5 .,.. . ,250.C .mrnifou. t ~ ~ ~ ~ e : . : ( l & t e ~ + o r ) :  .. ...: ... -. :.a r;.. . :- . :r:<.*.;>.: ;.-. ;...::-. .. .. ..r 

6. 70.C colrmm temperature . . 



8.4.4 Injection.  & f i r s t  s tep  in the  analysis  is the  f n j e r  
tiosr of the  sample Fnto t he  gaa chromatograph. To e l i -  
pdrute d i f f i c u l t i e s  arising from b l w  back o r  d f s t f l l a t i o n  
v i t h i n ' t h e  syringe needle, one should enploy the  solvent 
f lush  fn jec t ion  technique. The l ~ c r o l i t e r  syringe i s  
f i r s t  flushed vith solvent several  t i m e s  t o  w e t  the  ba r r e l  
.nd plunger. .Three m%crolitsrs of solvent a r e  drawn in to  
the  ryrirrge t o  increase the  accuracy a d  reproducibi l i ty  
of the ia jac ted  sample volume. The needle %a removed 
from the solveat ,  and che pluager i r ' p u l l e d  back &out 
0.2 micro l i t e r  t o  separate  the  solvent f lush from the  
sample w i t h  a pocket of alr t o  be used aa a purhr. The 
neadle F. thm -sad in t h e  smlr, and a ~ c r o l i t a r  
a l iquot  is vfthdrawn, t ik ing  b t o  cousideration the  volume 
of the needla, s b c e  tire sample in the medle vill be 
cumplately inj ectrd. After the  needle L removed from 
the sample and pr lo r  t o  in jec t ioa ,  the plunger f s  pulled 
back 1.2 d c r o l i t e r s  t o  minimize evaporation of t he  sample 
frola the tip of the needle. Obseme t h a t  the  sample 
occupies 4.9-5.0 micro l i t e r s  in the  b a r r e l  of t he  syringa. 
Duplicate b j e c t l o n s  of each sample and standard should 
5e made. No more than a 3% difference irr area l a  t o  
be .rprcted. An automatic sample i n j ec to r  coo be used 
if i t  ir show t o  give reproducfbil i ty a t  lust u good 
88 the  solvent f lush  technique. 

8.4.5 bas=-t of area, The arm of the s q l e  p u k  is DU~)- 
ured by cn rlectronic in tegra tor  o r  some other  s u i t a b l e  
fa= of uu meaauranrat, urd pre- r e s u l t s  a r e  raad 
from a standard curve prepared u di.scwsed below. 

8.5.1 Importance of determbation.  The d u o r p t l o n  eff i c i m c y  of a 
p r u t i c u l u  compound can w r y  from one laboratory t o  mo the r  
a d  a l so  from one batch of charcoal t o  another. Thus, i t  is 
rucesaary t o  determine at least once t h e  p u c m t a g e  of the  
rpecf f ic  compound that fr removed in  t he  desorptioa process, 
prwided the same batch of charcoal ir ured. 

8.5.2 Procedure f o r  determining desorptian r f f lc ieacy.  kti- 
atad c h u c o l l  equivalent t o  t he  amount in the  f i r s t  see- 
t i on  of the -ling tube (100 mg) i s  measured i n t o  a 
2.5 AIL, 4-m 1.D. glus tube, f h m e  sealed a t  one end. 
This charcoal mst be from the  ssme batch u t h a t  wed 
b o b t d d a g  the samples d crp be obtained from unused 
charcoal tubes. The opea ard ir capped with P a r a f i h .  
A lmawn amaunt of the ans ly te  I n  l n j  eeted d i r ec t l y  i n t o  
the act ivated charcoal with a micro l i t e r  rpriage,  and 
the tube is capped v i t h  =re P a r a f i l a  . Uhen r u h g  am . . -. *- . -.. -.. - . - 

. automatic sample in jec tor ,  the  sample in jec tor  via ls ,  
capped wi th  Teflorrfaccd septa, may be used in place of 
the  g lass  tubes. 



S i s  t u b u  at u c h  of w e e  conceat ra t ioa  l e v e l s  (O.5X.U and 
2X of t h e  8-d) are prepared by adding m amount of .zu- 
lyte equivalarrt t o  that present  in o 3- l i t e r  sample a t  t h e  
s e l e c t e d  level. The tubes u e  a l l w e d  t o  s tand f o r  a t  least 
m r m i g h t  t o  assure complete adsorption of t h e  ana ly te  onto 
the chucor l .  Thue tubes a r e  r e fe r red  t o  u the sampler. 
A parallel blaak tube should be t r e a t e d  in t h e  same mrPoer 
except that no sample i s  added t o  it. The r.mplr and blank 
tub- u e  d e a o r b d  urd analyzed in u o c t l y  the same -rr 
u t he  -ling tube described in Sect ion  8.4. 

Two o r  three rtnndnrdr arc prepared by i n j e c t i n g  t h e  8- 

volume of compound l a t o  1.0 ml of carbon dirulflde v i t h  t he  
same syr10g8 used fsr the prapua t io r r  of t h e  u m p l r s .  These 
a r e  aaalyzed with t h e  s.~ples. 

If the bterrul  r t l n d r r d  method ir used, prepare c a l i b r a t i o n  
rtpodords by using 1.0 m l  of carbun d i r u l f i d e  c o a u i n i n g  a 
kama muat of the Late- s m d a r d .  

The desorption e f f fc i eacy  (D.E.) equals t h e  m e r a g e  weight 
fn mg recovered from t h e  tube divided by t h e  veight  In mg 
added t o  t h e  tube, or  

D.E. . Average Weight (mn) recovered . 
Weight (mg) added 

Tbe desorptiou e f f i c i ency  is dependeat on t h e  amount of 
u u l y t e  co l l ec ted  a9 t h e  ch.rcorl. P l o t  the darorpt ion  
ef f ic iency versus v r i g h t  of r ~ o l y t e  found. This curve 
ir ured in Section 10.4 t o  co r rec t  f o r  adsorption l o s n u .  

9. Ca l ib ra t ion  md Standards 

\ .-, 
It i. couvealent t o  r x p r u r  concentrat ion of standards f n  terms of 
mg per  1;0 m l  carbon d i su l f fde ,  because r a p l e a  a r e  desorbed in this 
mount  of c a ~ b o n  diaul f ide .  The dens i ty  of t h e  .p.fyte l a  used t o  
conv8rct mg i n t o  d c r o l i t e r s  f o r  u s y  masruemeat v i t h  a m i c r o l i t e r  
syringe. A rer iu of rur rdards ,  varylag  in c a n c m t r a t i o o  over t h e  
r w e  of &aterut, i. prepared and analyzed under t h e  same CC condi- 
ti- and during the 8ame t ime p e r i o d  u the unkwwn sample.-. Cumen 
u8 es tab l i rhad  by p l o t t i n g  concentrat ion in p u  1.0 xal varsus 
pe8k uu. 

. .  . '  

l o r  the LO~M.I st-d i t h ~ d .  ur. -bm d i r u l f i d e  Con'trlnlng. 
predeterrPioed amouat of the interaal standard. The internal rtandard 
couc~~~tration wed vu a p p r o x h a t e l y  70% of t h i  ~ o u c e n t r a t f o n  at ZX 
the r t u d a r d .  The d y t e  coaceatratlcm in mg p u  m l  %a p l o t t e d  
versur the area r a t i o  of t h e  aua ly te  t o  that of the internal standard. 
Note: Whethu the a r t e n u l  s tandard o r  - ta rnal  s tandard method i n  
urd,  standard so lu t ions  should b e  8nalyz.d at t h e  same t i m e  the . . .  

. . -.-Ie, dPris tr ,be; . .- mz'=...ihi' .ffect' -6f .v-tl-. : " .. ':-...' .' . 

in FID resporue. 



10. Calculat ions 

1 &ui t h e  weight, in mg, .corresponding t o  each peak area  from 
the s t l a a l r d  curve. 100 volume correct ionr  u e  neaded, because 
the standard curve ir b u d  on mg p e t  1.0 m l  c u b o n  d i s u l f i d e  
.Pd th8 ooluma of u m p l e  iofected is i d e n t i c r l  t o  t h e  volume 
of the smdards injected.  

10.2 Correctioru f o r  t h e  blank must be made f o r  aach sample. 

mg sample = mg f o d  b f r o n t  s e c t i o n  of sample tube 
mg b&uk - mg found in f r o n t  sec t fon of blank tube 

A sbf&r procedure ir followed f o r  t h e  backup sections. 

1 0 3  Add the  rmouots p r u m r t  in the f r o n t  and backup sec t ions  of 
the s.nu sample tube t o  determiae t h e  t o t a l  weight in t h e  
umple.  - 

10.4 Read t h e  d u o r p t i o a  e f f i c iency  frcm the curve (see Section 8.5.2) 
f o r  the amouut found in the f r o a t  aection. Divide the t o t a l  weight 
by this d o o r p t i u n  s f f i c i r n c y  t o  obta in  the corrected  m g / r q l e .  

c ~ r t e c t e d  mg/umple = T o t d  v e i a t  
D.E. 

1 0  The c m c e n t r a t i o a  of t h e  d y t e  in t h e  .it sampled can be  u- 
p r u r e d  in mg p u  aa nr. 

( -  
mglcu - Corrected u (Section 10.4) x 1000 ( l i t e r s / ~ ~  m) 

hir Volume Sampled ( l i t e r s )  

10.6 b o t h e r  mathod of expressiag c o n t m t r a t i o n  i s  ppm (corrected 
t o  staadard corrditiozu of 25'C md 760 = Eg). 

vhere : 

P = pressure (m Hg) of afr  sampled 
T = temperature (OC)  of air srmpled 
24.05 - =lor volume ( l i te r /mole)  a t  25.C and 760 nnn Hg 
w - mleculu weight 
760 - standard pressure  ( ~ m  Hg) 
298 - standard temperature (OX) 
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R.W.: 62.50 

VINYL CHLORIDE 
Ern: 1007 
ISSUED: 2/1YSa 

WPlER: SOLID SQtBEWT nBE 
(2 turds tubes, wch with 1% ag 
r c t i a c ? j c o n u t  chrcorl) 

FllY RATE: 0.05 Vmin 

WL-nIN: 0.1 L 
a: 5 L 

M # O ( T :  separate priwy and bKinO tukr 
md=P- 

SMPLE STABILITY: 10 Qyr C 2s .C 

BUIIKS: 2 to 10 f ie ld  blanks per a t  

!TmwqiE: CLLS malh-, Fro 
I 

WITE:  vinyl chloride 
I 

!OaQIPtfQ1: 1 ill cart#, d i a l t i & ;  30 d n  
! 
!ac3ECTIOn ALrptoT: s pL 
! 
!W: stainless -1, 6.1 a x 3.2 am, 1QL 
! S E - 3 0 0 n 8 0 / 1 W ~ Q l m a P c o r b Y  
I 

8 
(Awlaes) 

!CMRlER W: WI, 40 I V . i n  
t 

!TEwEwTUIE-DUECIPR: 230 .c 
! 4mECTOR: tr) .c 
! ' .  w: ,60 .C . .. 

( -1 KXUUCT ! 
!CALIBRATIaW: oolutiom of vinyl chlorib  i n  Q2 

iMQ STUDIED: 1 to64mg/ea [ Z ]  ! 
!RAnQ: 0.002 to 0.2 ag per -18 I21 

BUS: 4% of ulculated c w m t n t i a n  C21 I 

!ESTIWTED LOO: 0.00004 .O p.t -1. 121 
OVERALL PRECISIOn (%I: 0.06 123 . !  

!PFIECTSfOl (+I: llOt dltrrrinea 
! 

WPCICABILITY: The d i n g  range i s  0.4 to 40 (0.16 to 16 pp) for r 5-L air  w l e .  
The nrthod i s  rppliuble to 1 W n  rrp les  at corwuntrrtiats of 1 pp or.Ri*. 

-: Other than the ponibil ity of loss of rap18 tpan storage of tw nek a mm 
at r p a  tapenturn, none haw been noted. 

O M  m: This i s  r m i s i m  of M 178 131. 



YIm OlLORIE 
% - 
-IS: 
1. Clrbon disulfi&,* chmwtographic 

purlity. 
2. Vinyl chloride,*, 99.91, i n  

1.ctum bottle f i t ted  with value 
and sap-. 

3. Calibration stock oolution, 
0.26 m. 
a. Inwrt the t i p  of a gas syringe 

containing 1 m l  v i y 1  ch lo r ih  
gas undn the arrf.0 of 3 rS 
C52 i n  r 1 0 4  u o l u t r i c  
firs&. 

b. the value of the syringe 
I 

and withdrm the plunger to pul l  
CS2 into the b a m l .  (As 
v i y l  chlorid, dissolves, a 
vacum w i l l  be muted, pulling 
CS2 into th. syringe.) 

c. Pusit the solution fm the 
syringe into the flask. Rinse. 
the syringe twice with 1 4  
p a t i o m o f  Q 2 m d a d d t h  
urthings to Uw n&. 

d. Dilute to the mrlr m t h  Q2. 
4. Helilr, purified. 
5. Wydrogm, putifid. 
6. A i r .  f f l t m d .  

nFTK]O: 1007 

m: 
1. Lrrpla: ha tand.a glass tukf, 7 01 long, 

6 n 0 0 - 4  a ID, fl-smlod ends, each 
- m t r i n i n g  150 mg of W10 Prth activated (600 Y) 

cocanut shell duraal . A si ly lr ted glass wrol 
plug p m r d r t  the durcm1 kdt and a Zlrp wthm 
for p l q  kllm thr threoll be&. Plastic caps 
m inc ld rd  for -ling aftar tm. Pressurn 
acmss ud, krb at  1 -in airflow ~t be 1m 
thn 3.4 kP8. 
WOTE: A pair of -section (100 mg) 

tukr m y  k &. 
2. -1 c l i n g  prmp, 0.05 LMn, w i t h  f l u i b l e  

canmeting tubing. 
3. Gas chmmtograph, f l  t m i u t i m  a m ,  

integrator and a l u m  (page 1007-1). 
4. File. 
5. Bent w i r *  for rra~ving plugs fma -ling kk. 
6. Vials, 2 4 ,  glass with PTFE-lined septa and 

mi- -1s. 
7. V o l u ~ t r i c  flasks, 1011, with polyathylmr 

8. Pipettes, &livery, 1.011, grrbrted i n  0 . 1 4  
incments, 2- and S 4 ,  with pipet bulb. 

9. A i r  -ling bags, todlar, 104. 
10. Q s  syringe, with gas-tight valve, 0.1- and 1 4 .  
11. tytirye, 10-rL, d t h  0.1-yL g r r b t i w .  

SPECIAL P R E M I Q ( S :  carbon d i r u l f f b  i s  tDxic a d  m acute f i re  md uplor ion tuzard (flash 
point r -30 'C); wrk w i t h  i t only i n  a hood. 

Vinyl chloride i s  a hwn umimgan [I]. 

. . .  . .  . ' 

WUWG: 
1. Calibrate udr pmonrl sapling pmg w i t h  a r e p m t a t i v e  -la i n  t i n .  
2. Brwlr the ends of the U h s  imnrdiately Mom -ling. At- tuo.tukz, with on& 

touching, with a short piace of hbing. Label one tubo'rr th back tuk md imnt the .. . 
back tuk into th f l a i b l e  tubing a t M  to th p.rconrl -ling prp. 

3. tnple at  0.05 Vain for 15 to 100 dn .  Do not -1. m Mul 5 L of air.  
4. Separate the primmy and ba- kkz and up .Kh tubo for s h i m t .  

SMPLE PUEPARATIO(: 
5. Md 1.0 ml CS2 to m .rgty vial. Loosely clp thr vial. . . ..' . . . . 

. . 6. wr*. .-la m::i th. a f ..-rof;th, gla&..-l 'dlui., '.-. & :'d'at -t)w . ': . 

swre line. 



7. Transfer the charam1 fra the f m t  md back tuks to separate vials. Oisurd the glass 
roo1 md foa, plugs. Seal th vials with saptun ups innrdirtely. 

8. Allow to stand for 30 min, with occasional agitatiorr. Analyze the -1e within tha next 
-in wad. 

CALIBRAT ra t  AWD QWITY COITROL: 
9. Qlibrata uith at 1-t fiw uwlting s-rds wuering the turg, 0.0002 to 0.2 q per 

-1.. 
a. Add knou, rants of ulibntlon stock solution to CSa in 1 0 4  volwtric f lask and 

dilute to the m, using suial dilution as appmprirb. 
' 

I NOTE: Worlring standards un be rtorrd at -20 .C for at lust thm Qyr. 
I b. kulym mther uith -1- and bludn (rtrqr 12 .nd 13). 

c. Pmparr calibration grphr of p.rk aru vr. quurtity (ap) of vinyl chloride per tube ud 
I pulr arm vt. w n t i t y  (ng) per injectim. 

I 10. Determine &sorption efficiency (#) at lust ono far wdr lot of charcoal used in the 
calibration rmgr (st.p 9). Pmpan thme tukt at wch of fin 1-1s plus thme rdia 
blanks. 
a. Prepare throe of vinyl chloride in air by injecting 0.01, 0.06, and 0.2 II 

vinyl chlorib grt into 10 L air in TdIar bags. Th. resulting cmantrrtiw are 
appmximately 2.6, 21 and 52 mg&. 

b. Follawing s m  1 thrargt~ 4, raple these atapsphmz aearrding to the follwing Khra: 

quurti t Y  of 
Vinyl Ollorib (Iq) 

0.002 
0.006 
0.017 
0.046 
0.13 

Cbuin three -1s at mh 1-1. 
c. (steps 6 thmugh 8) and analyze togrth.r with uoriring stuldrr&s (steps 12 and 

13). No vinyl chlorib should k found an th. back ta&es. 
d. Analyze the atmsphm in the bags (skgl I2 md 13) using 1 4  gas rmples. bad frwn 

the calibration grrph the q m t i t y  (ng) per injeian, uhich for r 1 4  injection of gas 
is nrarrically cqurl to the a~rrcmtratian in q h P .  

e. Qlculata OE f m n  the wn (mg) of vinyl chloride an the front kk the 
blank (B), t fm  concentration of vinyl chloride in the synthetic atpprphnn -(&, 
a g d ) ,  ud ttm volrmr of air -1.d (V, L) : 

f. Prepam r graph of OE us. uss found (YI - B). .. 
11. hlyn thm qwlity mtml bllnd spikes and thm analyst spikes to ensum that the 

callbratian graph and # graph a m  in mtml. 



lUSUIOOiT: 
12. kt the gas chrunatoOrph d i n g  to m u u f u t u r r r a s  instructions and to conditions g i m  

on pge 1007-1. Inject r a p l e  aliquot unur l ly  using solwnt flush tedmiqm a with . 
rutorrrp1.r. The retention t i r  of vinyl chloride is &out 1.7 r in.  
NOTE: If  prrlr arm i s  above Or l i m r  range of the working standards, d i lu te  with Q2, 

m m a l y n  md w l y  thr rgpmgriate dilution factor in ulculations. 
13. hasum pwk uu. 

eALQRAtDW: 
14. & W i n e  the urr, mg (cwmt.d f a  #) of vinyl chloride fwnd i n  th tnple front 

(YC) mdbadt h l  t&es,ndinthawrrgrrrdiabluJl (0). 
NOTE: If > WlO, mport b e t h r o u g h  md ponible m l e  loss; 

IS. Calculate conantration, C, of vinyl c h l o r i b  in th a i r  v o l w  sapled,  V (Ll: 

N M ~ I I O I U  ff klHW: 
The mthod was evaluated using single 1- -ling tuks with 1- front kdr and 50.rg 
back beds [2]. A t  four c w r n t r a t i o m  kbrrr 1 Md 64 &, the poolod r t l a t i n  s t m h r d  
deviation urs 0.06 and the msummts w a g a d  94% of the e u n c e n t r a t i ~ ~ ~  ~ 1 c ~ l a t . d  fmn the 
vol& of vinyl chloride and a i r  usad for the a b a s p h m  trapled; -1- at the I r g  1-1 
sitmad no loss of vinyl drloridr uhn rtorrd for I2 Qyr a t  roa taperaturn a 19 Qyr a t  
-20 f. Thm aay be significant loss of v i y l  chloride fmn ~ l r p i e s  ttorrd fa r  14 drys a t  
roar trrprntum (41. Tho I% brutrthrough u p ~ i t y  f a  a 1- b d  of ooconut chrear l  
thrllenged a t  100 rVIlin with vinyl e h l o t i b  i n  air at  16 uld a r t l a t i n  hu id i ty  of 
tOZ urr 4.6 L [S]. 

CIEFERO(CEf: 

I -, [ l ]  fLVt - Threshold birnit Val- for Olmiul Sbstrnces and P h n i u l  Amnts i n  the m- 
gnvirormnt g& Intendad Chanrm for 1963-84, KXiUI, Cincinnati, M (1963). 

[2] Hill, R. H., Jr., C. 5. -,A. T. Srrlwmhter, A. Y. Twn, m d Y .  3. W i n .  
Anal. Umn., 3, 1395-1398 (1976). . 

(31 NIW Bwml of Analytical Mthods, 2nd. ad., V. 1, MCM 178, U.S. OqrttPrnt of Wsrlth 
md Wmn Semi-, -1. (WIQSW) 71-1574 (1971). 

[4] Cudd.brtk, J.  E., U. R. wrd 5. R. Birrh, 5~im. s. T-1.. 2, 1168-1171 (1975). 
[S] k t a a r r a ,  Y. u. w. g, 6147 (1380). . -  . . . . . . . . 

IETWD WISED BY: A. U. twrt, Ph.D., WIOSWDPSE. 
. . 
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I GAS VENT SAMPLING I 
I 

GAS VENT PUMP SAMPLE 
'NUMBER NUMBER NUMBER START 

I I 4 qjb 14:~s 
2 2 3 14 l40 
3 1 3 14 \ 58 
4 Z * 9 15: 15 

'DATE OF 
5 COLLECTION \b %~'TEVV~E~? ~\q 8 

TEMPERATURE 68'f 
CHARCOAL 

126 LOT Ng 

DUPLICATE I I q ;  I +  
I 

I I . .# I 

DATE OF METHI 
SAMPLE SHIPMENT 9 / 1 7  lh5 SHl PM 

I I 

SAMPLER C A  p U U  % .  

RELATIVE 
HUMIDITY - 50 70 
TENAX 
LOT Ng 220  

SAMPLING TIME SAMPLING RATE SAMPLE 
FINISH I ELAPSED (cc /mln.) VOLUME (1) 

COMMENTS 

- 

BAROMETRIC 
PRESSURE 3. /? 
GAUGE 1 

0 

2 

o 
3 

o 
4 

a 
6 

6, 

5 

a 
7 

o 
8 

(j, 

9 

a o 

l o l l  

0 
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1.1 GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol), the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. Louis, Michigan plant 

site. The monitoring program is designed to address the 

following: 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3. Determination of site groundwater elevations 

This report details the site monitoring which 

occured during the period December 14 to December 15, 1985. 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

The regulatory agencies did not participate 

in or attend this monitoring event. 



MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Mr D. Robinson (Conestoga-Rovers and 

~ssociates) assisted by Mr. Gene DeGeer, the Velsicol site 

custodian. 



2 .o GAS VENT MoHITORIblG 

2.1 GENERAL 

The gas vent monitoring began on December 14, 

1985 and was completed December 15, 1985. 

2.1.1 Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix B. Samples 

from each gas vent were collected in two 6-mm diameter x 

70-mm long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual parallel/series tube holder sets. 

2.2 SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 





Sampling was conducted at the downstream 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached directly to the gas vent sampling 

port using a copper manifold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to connect the tube holder to the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to 

250cc/rnin/tube set, was operated for a period of 20 minutes 

for each sampling event, resulting in a collected sample 

volume of five liters per tube set. 

Prior to sample collection, the gas vent 

upper chamber was purged by pumping at 500 cc/minute for a 

period of ten minutes. This precluded the possiblity of 

sampling retained atmospheric air from the gas vent upper 

chamber. During the purging and sampling operat ions, the 

open end of the gas vent was capped using a 4-inch diameter 

plastic cover to prevent atmospheric air being drawn into the 

sample. 

At the conclusion of each gas vent sampling, 

the set of four sample tubes were capped, labelled and stored 

in a cooler maintained at OmC. 
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2.2.1 Sample Storaqe and Shipment 

On the Morning of December 16, 1985 the 

samples were transferred to a cooler containing frozen cold 

packs and styrofoam packing materials. The cooler was 

shipped under chain of custody protocol, to Velsicol's 

Memphis, Tennessee ' laboratory by overnight courier for 

analysis. A copy of the chain of custody is provided in 

Appendix A. 

2.2.2 Sample Analysis 

Analyses were conducted in accordance with 

NIOSH protocols as follows: 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

Results have been reported verbally by the 

laboratory as non-detectable for all parameters at all 

sampling points. A hard copy of the laboratory report will 

be forwarded to USEPA and MDNR within seven days after 

receipt of final laboratory data by CRA. 



2.2.3 Samplinq Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 



3.0 SITE PERIMETER m A I -  WALL mNITORING 

3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984, December 

14, 1985, March 16, 1985, June 19, 1985 and September 16, 

1985. The current sampling event occured December 14, 1985. 

All testing completed to date has confirmed the permeability 

of the site perimeter containment wall to be less than 1.0 x 

10-7 cm/sec. 

3.2 EQUIPMENT 

A Mobil Truck mounted drill rig equipped with 

rotary head and 4-inch diameter augers was utilized to 

advance the borehole into the containment wall. A 3-inch 

diameter Shelby tube, hydraulically pushed and retrieved, was 

used to collect the samples. 



3.3 SAMPLE COLLECTION 

The containment wall was located by field 

survey on December 14, 1985. The sampling borehole was begun 

at Station 0+50, Baseline B by augering through the clay cap 

into the underlying material. 

The presence of soil/bentonite backfill 

material was confirmed by examination of cuttings on the 

auger flights. A borehole was advanced to a depth of seven 

feet below grade. A Shelby tube was introduced into the 

borehole and a sample was withdrawn. Examination of material 

in the base of the tube confirmed that the sample was 

obtained from the containment wall. The locations of this 

and prior sampling events are detailed on Figure 3. The 

boreholes were backfilled with bentonite and abandoned. 

3.3.1 Sample Preparation and Shippinq 

The Shelby tube was capped and taped at both 

ends to prevent sample loss and drying. The sample was hand 

delivered to the Michigan Testing Engineer's laboratory in 

Detroit, Michigan for permeability testing. 





3.3.2 Sample Testinq 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 



4.0 GRO-TER TABLE mNITORIblG 

4.1 GENERAL 

The monitoring of plant site groundwater 

elevation was performed and the elevation of the St. Louis 

reservoir was determined on December 15, 1985. 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated in increments of one one-hundredth of a foot, were 

taken at the water level and at the top of the well casing. 

The former reading was deducted from the latter and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



TABLE 1 

WATER LEVEL MEASUREMENTS 

DECEMBER 15. 1985 

MONITORING 
WELL 

MEASURED 
WELL HEAD DISTANCE TO 
ELEVATION WATER TABLE 
(AMSL 1 (ft.1 

Water level elevation, St. Louis Reservoir 

(December 15, 1985) 

WATERTABLE 
ELEVATION 
(AMSL 1 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater e l e v a t i o n  d a t a  were used to 

cons truc t  a site groundwater e l e v a t i o n  contour map which is 

presented  i n  Figure 4 .  

SITE MEAN GROUNDWATER ELEVATION 

The mean e l e v a t i o n  o f  s i t e  groundwater is 

c a l c u l a t e d  to be 721.55.  The maximum a l l owab le  s i t e  

groundwater e l e v a t i o n  s t i p u l a t e d  by t h e  Consent Judgment is 

724.13.  
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5.0 SUMMARY 

A l l  m o n i t o r i n g  a c t i v i t i e s  s t i p u l a t e d  by  the 

Consent  Judgment were carried o u t  be tween  December 1 4  a n d  15, 

1985. 

Data from the c h e m i c a l  a n a l y s i s  o f  the g a s  

v e n t  samples and  t h e  p e r m e a b i l i t y  t e s t i n g  o f  t h e  c o n t a m i n a n t  

w a l l  sample  w i l l  be p r o v i d e d  t o  MDNR and USEPA w i t h i n  s e v e n  

d a y s  o f  receipt b y  CRA o f  l a b o r a t o r y  f i n a l  data. 

The p r e s e n t  mean s i t e  groundwater  table 

e l e v a t i o n  as o f  December 15, 1985  w a s  c a l c u l a t e d  t o  be 

721.55. The e l e v a t i o n  i n  the P i n e  ~ i v e r / ~ t .  Lnu i s  r e s e r v o i r  

a t  t h a t  t i m e  w a s  d e t e r m i n e d  t o  be 719.60. 

The n e x t  sampl ing  and m o n i t o r i n g  e v e n t  w i l l  

o c c u r  o n  or a b o u t  March 15, 1986. 

A l l  o f  Which is R e s p e c t f u l l y  S u b m i t t e d ,  

CONESTOGA-ROVERS & ASSOCIATES LIMITED 

D. Robinson R.G. Shepherd ,  P. Eng. 
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CHAIN OF CUSTODY PROJECT NP. PROJECT NAME 1 GAS VENT MONITORING -v- OlfMlCAL CoRPOClATlON 

RECORD ---- PLANT SITE ST. LOUIS, MICHIGAN el 8 1  ST. LOUIS, MICHIGAN 48000 
701 W. WASHINGTON STREET , 

1524 
c- - / .- 

SAMPLER'S SIGNATURE Q ; ~ --A- *- 
. 

t 8le~3- 
> 

n. or 
SAMPLE SEO DATE TIME . . SAMPLE TYPE C O * t A Y R I S  

N Q 
REMARKS 

NQ 

\ I i r I l4 3.19 20 / 2~ &&,s \ I t j - a ~ *  4- 

. .  
REL ISH .CBY: DATE/TI E RECEIVED BY 1 RELINOUISHED BY1 DATE / TIME RECEIVED BY1 &,,Q 1 i/, 

I SIGN 1 

RELINQUISHED BY 1 

I SIGN I 

RELINOUISHED BY1 

(TJ 1 SIGN I 

DATE/ TIME 

-@) 

DATE/TIME 

A 

METHOD OF SHIPMENT 1 

@ 
t SIGN 1 

RECEIVED BY: 

I SIGN 1 

RECEIVED BY I 

-GN) 

SHIPPED BY: 

I3 I SIGN I . 
' RELINQUISHED BY 

I S IGN)  . 
RELINQUISHED BY: 

a ( S I G N  1 

RECE IVEO FOR LABORATORY 

. I S IGN I 

- 0  
DATE/TIME 

-0 
DATE /TIME 

- 0  
DATE /TIME 

I 

1 SIGN l 

RECEIVEDBY: 

I SIGN I 

RECEIVED BY 1 

I SIGN I 



. - ... - - -. CI- b-d  t* 
I .  - .. - - ..... dC - .  

7 
SHEET , OF - 

CHAIN OF CUSTODY 
RECORD 

SAMPLER'S SIGNATURE 

RELINQUISHED BY 8 

Ci) I S I G N  I 

-- 

DATE/TlME RECEIVED BY a I 

PROJECT NAME I GAS ' VENT MONIT~RING 

PLANT SITE 'ST. LOUIS, MICHIGAN 

PROJECT NP. 

1524 

.I 0. 

cwra~mcna 

14 

! 

RELINQUISHED B Y :  

I3 I S I G N  I 

RELINQUISHED BY: I - -  

'VUSKM. CHEMICAL COILFORATION 
701 W. WASHINGTON STREET , 
ST. LOUIS, MICHIGAN 48880 

REMARKS 

- .  %", ."!- 

DATE/TlME 

- 0  

I DATE /T IME RECEIVED BY: I 

DATE 

\2)6 

SAMPLE 
N Q 

\ 

( SIGM ) 

TIME SAMPLE T ~ F E  

3.00 
" c - l i ~  .\J&* .. 

DATE/ TIME 

A @  

SEQ 
NQ 

I 

1 

. - 3 , % '  ~ .& "A e 
RECEIVED BY 8 

I S I G N  I 

--- 6 ? 0 ~ 6 & ~  1 
I S l G N  I 

. . 

.. ' 
. . ... . . . 
. . 
I 

. . . . 

. . . .  
1 .  . 

-1 

. . 
.. - 

TOTAL NP OF CONTAINERS 

RECEIVED BY 8 

I S I G N )  

a I S I G N  I 

RELINQUISHED BY;: 
'. 

El I SIGN i : 

RELINQUISHED BY:  
. . . . 

@ I SIGN I 

-@ 

DATE /T IME 

- 0  

METHOD OF SHIPMENT 8 

RECEIVED BY I 

I SIGN I 

DATE/TlME 

- 0  

( S I G N  I 

RECEIVED BY: 

( S I G N  I 

SHI~PED BY: RECE IVED FOR LABORATORY 1 1 DATE /TIME 

. f  . .a I S I G N  I ' . - 0  ( S I G N  I 
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APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance wi th  t h e  Consent Judgment, V e l s i c o l  h a s  submit ted a 
pos t -c losure  maintenance and monitoring p l an  f o r  i t s  
environmental ly  secured p l a n t  s i t e  i n  S t .  Louis,  Michigan. The 
pos t -c losure  maintenance and monitoring p l an  r e q u i r e s  q u a r t e r l y  
monitoring of 11 gas  ven ts  t h a t  have been i n s t a l l e d  t o  r e l e a s e  and 
a p p r o p r i a t e l y  t r e a t  i n t e r n a l  gases .  Th i s  program w i l l  be 
conducted over  a per iod  of three years .  

The gas  ven t s ,  as  d e t a i l e d  i n  E x h i b i t  F of  t h e  Consent Judgment, 
a r e  designed w i t h  two sampling ports; one b e l o w  t h e  base of t h e  
i n s t a l l e d  a c t i v a t e d  charcoa l  f i l t e r ,  and one above t h e  f i l t e r .  
Samples w i l l  be c o l l e c t e d  from the downstream p o r t .  Resu l t s  w i l l  
i n d i c a t e  whether  o r  no t  containment breakthrough h a s  occured 
through t h e  carbon f i l t e r .  

Samples w i l l  b e  analyzed f o r  t h r e e  s e p a r a t e  compounds: carbon 
t e t r a c h l o r i d e ,  t r i c h l o r o e t h y l e n e  and v i n y l  c h l o r i d e .  

Samples w i l l  b e  c o l l e c t e d  w i t h  a G i l i a n  HF'S-113 AU DK v a r i a b l e  
f low pump. T h i s  p a r t i c u l a r  u n i t  a l lows  t h e  o p e r a t o r  t o  run a 
s e r i e s  of tubes  concur ren t ly  i n  p a r a l l e l  arrangement. Four t u b e s  
w i l l  be c o l l e c t e d  from each gas vent:  two s t anda rd  NIOSH 100/50 
mg a c t i v a t e d  charcoa l  tube ,  and two 30/15 mg tenax tubes ,  each 
tube  measuring 6 nun x 70 mm. One b lank  set and one d u p l i c a t e  
s e t  of tubes  w i l l  be c o l l e c t e d  dur ing  each q u a r t e r l y  sampling 
event .  

A s  v i n y l  ch lo r ide  r e p r e s e n t s  t h e  l e a s t  adso rp t ive  of the t h r e e  
compounds, t h e  sampling program i s  designed t o  accomodate t h i s  
ccnnpound. Therefore ,  sample volume s h a l l  n o t  exceed 5 l i t e r s .  

P r i o r  t o  sampling, t h e  ven t  w i l l  b e  s ea l ed  o f f  wi th  a p l a s t i c  cap,  
and purged f o r  10  minutes a t  a r a t e  of 500 cc/min. This  i s  t o  
e l i m i n a t e  t h e  p o s s i b i l i t y  of sampling atmospheric a i r  contained 
w i t h i n  t h e  upper p o r t i o n  of the gas  vent .  

Two samples from each gas ven t  s h a l l  be c o l l e c t e d  s imul taneously  
a t  a  r a t e  of 250 cc/min. f o r  20 minutes.  The  pump shal l  be  l a b  
c a l i b r a t e d  w i t h  sample tubes  i n - l i n e  t o  determine t h e  exac t  flow 
r a t e .  Add i t i ona l ly ,  f low w i l l  be checked a f t e r  f i e l d  sampling t o  
v e r i f y  t h a t  a  cons t an t  flow w a s  maintained throughout  t h e  sampling 
per iod .  

Following sample c o l l e c t i o n ,  each tube  w i l l  be sea l ed  w i t h  a 
p l a s t i c  cap a t  each end,  l a b e l l e d ,  p laced i n  a c o l d  s t o r a g e  
environment and shipped under chain-of -custody v i a  a c m m e r c i a l  
c o u r i e r  s e r v i c e  t o  V e l s i c o l ' s  a n a l y t i c a l  l abo ra to ry  i n  Memphis. 



Analysis of the charcoal tube w i l l  be conducted i n  accordance with 
NIOSH protocol a s  detailed below: 

. - Compound 

I I- Carbon Tetrachloride 
Trichloroethylene 

. - Vinyl Chloride 

Revised Method No. 

Analysis w i l l  proceed by f i r s t  eluting the carbon sample tubes 
w i t h  carbon disulf ide and then analyzing by GC with a flame 
ionization detector. A l l  samples w i l l  be i n i t i a l l y  analyzed i n  
t h i s  fashion. I f  any of the  above canpounds a r e  detected on the  
charcoal tube, the corresponding tenax tube w i l l  be analyzed by 
thermal desorption and GC/MS under EPA Method 6 2 4 .  

Turnaround time for the completed analysis a t  the laboratory i s  
anticipated to  be 30 days from date  of sample collection.  Samples 
w i l l  be desorbed within the 10 day l i m i t  specified for vinyl 
chloride. Analytical data w i l l  be reported to  CRA a s  mg/tube. 
Final resu l t s  for the  carbon tube w i l l  be calculated by CRA, using 
t h e  f o l l w i n g  formula. 

1. Corrections fo r  the  blank t o  be made for  each sample 
mg = mg sample - mg blank 

T h i s  calculation i s  performed separately f o r  each tube. 

2 .  Add the amounts present i n  the  front tube and backup tube t o  
determine the  t o t a l  weight i n  t he  sample. 

3.  Calculate the corrected mg/sample by dividing the t o t a l  weight 
by the  desorption efficiency (D.E. ) which i s  provided by the 
lab. 

corrected mg/sample = t o t a l  weight 
DE 

4. Calculate the concentration of the  analyte i n  a i r  
mg/m3 = Corrected mg x 1000 liters/m3 

A i r  volume Sampled ( l i t e r s )  

5. Concentration w i l l  be reported as ppm, corrected t o  standard 
conditions of 25'C an4 760 mm Hg 

3 
ppm = mg/m x 24.45 x 760 x ( T + 2 7 3 )  - 

MW P 298 

where P = pressure ( m m  ~ g )  of a i r  sampled 
T = temperature ( ' C )  of a i r  sampled 
24 .45  = molar volume ( l i te r /mole)  a t  2 5 ' C  and 760 mm Mg 
MJ = Molecular Weight 
7 6 0  = standard pressure ( m m  Hg) 
298 = standard temperature ('K) 



NOTE: Temperature and pressure uncorrected t o  sea level  w i l l  be 
collected fo r  the  duration of the  sampling event and 
averaged for  use i n  the above calculations.  Information 
w i l l  be provided from the  National Weather Service in  
Lansing, Michigan. 

6. I f  the concentration of t h e  back tube exceeds 10% of the 
concentration of the  f ront  tube, the r e su l t s  w i l l  be 
reported a s  a  sample breakthrough and possible sample 
loss. 

7. A s imilar  procedure w i l l  be follcwed fo r  the  tenax tube, 
should analysis be required. 

nata  will  be reported t o  USEPA and MDNR o f f i c i a l s  w i t h i n  seven 
days a f t e r  receipt  of f i n a l  laboratory data for each quarterly 
sampling. Additionally, a  summary data  report w i l l  be provided a t  
the  conclusion of the three year sampling period, o r  sooner, 
should breakthrough of any canpund occur pr ior  t o  the three year 
program. 

I n  addition t o  the  s e t  of f i e l d  blanks t o  be collected per 
quarterly sampling event, an addit ional  s e t  of 15 charcoal tubes 
and 15 tenax tubes w i l l  be forwarded unopened to  the  lab during 
the  i n i t i a l  sampling event. 

These "blank" tubes w i l l  be used a s  internal  cal ibrat ion 
standards on which each of the  three compounds w i l l  be spiked a t  
f ive  d i f f e ren t  concentrations. The data  fran t h i s  analysis w i l l  
be used t o  calculate  the desorption efficiency for  a  spec i f ic  l o t  
of activated charcoal. Therefore, t h e  l o t  number of carbon tubes 
and tenax tubes sha l l  be recorded during each quar ter ly  sampling. 
Should the  l o t  number change, a  new s e t  of 15 charcoal tubes and 
15 tenax tubes sha l l  be forwarded t o  the laboratory for 
determination of the  new desorption efficiency. 

The allowable l i m i t s  f o r  these compounds have been established by 
the  MDNR and a r e  s i t e  specific for  the  S t .  Louis s i t e .  These 
l i m i t s  a re  documented i n  section 4.3 of the post-closure 
maintenance and monitoring plan. 

Copies of a l l  t h ree  analytical  protocols, the  chain of custody and 
the data collection sheet-are  provided i n  the following sections. 



FORWLA: Table 1 

H.Y.: Table 1 

HYDROCARBONS, HALOGENATED 
t€THOO: 1003 
ISSUED: 2/14/84 

WHPWNDS: benzyl chloride chlorobmmnethane 1, l - d i  chlomethane hexachlomethane 
(synonym bramf onn chloroform 1,24ichloroethylcne methylchlorofonn 
i n  Table 1) carbon tetrachloride -dichlombenzene ethylene dichloride pmpylene dichloride 

chlorobanzene e-di chl ombenzene 

! 
SAMPLER: SOLID SORSENT TUBE !lEOP(IQUE: GAS CHRWToGWlPHY, FID 

(coconut she1 1 charcoal, 100 mg/M mg) ! 
!UIULYlC: corrpounds above 

FLOW RATE: 0.01 to 0.2 Vmin I 

!#SU?PTION: 1 mL CS2, stand 30 m i  n 
VOL-RIN: Table 2 I 

ARX: Table 2 !INJECTION MLME: 5 IJL 
I 

SHIPMENT : tout i ne !TEMPERATU?ES: Table 2 
! 

W L E  STABILITY: a t  least 1 neek 8 25 *C !CARRIER GAS: % or Me, 30 W m i n  
! 

BWJKS: 2 to 10 f i e l d  blanks per set !COLlNlN: Table 2; alternates are SP-2100, 
! SP-2100 with 0.1% Carbarax 1500 

'C. 
I or 06-1 fused s i l i c a  capi l lary c o l m  

ACCURACY ! 
!CALIBRATtC;I: soltltic?: cf et.e'vte ir '35- +::3 - - .  . -.- .- .-. - -  r . .  . - . -  . . . .  . . . - .  .. . . . . 
I 

BLS: not significant j l j  !RANG€: T a l e  2 
I ': 

OVERALL PRECISION (s,) : see EVALWTIW OF !ESTIMTED LOO: 0.01 mg per r a p l e  121 
111 ! 

!PRECISIOIJ (+): see EVALWTIW OF METHOD [I] 
! 

APPLICABILITY: This method uses a sil lple desorption and can be used for  simultaneous analysis 
o f  two or more subsbnces suspected to be p m e n t  by changing the gas chmnatographic 
conditions (i .e. , renperature progracmred) . High nrrmiai t y  ouring -1 ing u i  1 i prevent organic 
vapors frcm being trapped e f f i c i r ~ t l y  on the rorbent and greatly decredses breakthrough volune. 

INTERFERENCES : None i danti f ied. The chranatographi c col m or separation condi ti ons m y  be 
changed to  c i  rcunvent interference problem. 

OTHER METHODS: This method W i n e s  and replaces nethods P W V l  127 [3]; 595,  5101, 5110, 51 13, 
5114, 5115, 5122, 5123 and 5133 (41; and 5135, 5281, 5314, 5328 and 5351 IS ] .  



1 * 
nETWOD: 1003 WMROCARBONS , HALOGENATED 

a. Rarwe and discard back torbent section of a media blank simpler. 
b. Inject a kmun -nt of m l y t e  or calibration stock solution d i m t l y  onto front 

sorbent section with a microliter syringe. 
c. Cap the tube. Allow to stand overnight. 
d. Dcsorb (steps 5 through 7) and analyze together with working standards (steps 1 1  and 12) . 
e. -re a graph of OE vs. mg analyte tecovered. 

10. Analyze three quality control blind spikes and three analyst spikes to insure that the . 
ul ibratiorr graph and DE graph are in control. 

nEASLRErrEN1: 
11. k t  gas chmnatograph accprding to manufacturer's rccomnerrdations and to conditions given 

on page 1003-1. Injtct ~ l e  aliquot manually using solvent flush technique or with 
autos9pler. 
MOTE: If peak area is above the 1 inear range of the working standards, dilute with eluent, 

reanalyze and apply the approgriate dilution factor in calcu\ations. 
12. Measure peak a v .  Divide the peak area of analyte by the peak area of internal .standard 

on the sam chmraatogram. 

CALCULATIONS : 
13. Detenni ne thC mass, mg (corrected for MI of anal yte found in the sample front (Wf) and 

back sorbent sections, and in the average aredia blank fmnt (Bf) and back (b) 
rorbent sections. 
NOTE: If > +/lo, report brcakthmugh and possible rap1e loss. 

14. Calculate concentration, C, of mnalyte in the air volrmc -led, V (L): 

anal ytes are stable at least one week. All methods were val ioated using SKC Lot 105 ccconut 
she1 1 charcoal. Results were: 



i.
t j.. •

METHOD: 1003________________________________________HYDROCARBONS. HALOGENATED
r
1 ' [9] Criteria for a Reccmnended Standard...Occupational Exposure to 1,1,1-Trichloroethane, U.S.

Department of Health, Education, and Welfare. Publ. (NIOSH) 76-184 (1976).
r- [10] Criteria for a Reconroended Standard...Occupational Exposure to Carbon Tetrachloride, U.S.
I • Department of Health. Education, and Welfare, Publ. (NIOSH) 76-133 (1976).

METHOD REVISED BY: 6. D. Foley; Y. T. Gagnon; and K. 3. Williams, NIOSH/DPSE; methods
i originally validated under NIOSH Contract COC-99-74-45.

2/15/84 1003-5



Ethylene dichloride* Clal a1 C1; 
2 2 

90.96; 

C2114Cl 
4.05 

4 

llethylchloroforn al ccl  
3 3' 

133.42; 

C$I3Cl3 
5.45 

Propylene dichloride Ul~CtC1Ol,,Cl; 112.99; 

Yuspec t carcinogen . 

MI U\ VPQ Density 
NlOSll [6-101 20 O C  (g/nrl 

Synonyms ACGIII BP (OC) -. @ 20 OC_1 

I I--d\chlorobenrene; 15 p p  114 50 Pa 1.241 
f . . #106-46-1 .-- 

15 P P *  
SIEL 110 ypcr, 

c I llylidene chloride; 100 pprn 51 24.3 kPa 1.114 
(-:, , 115-34-3 100 ppll 

200 ppn' 
SlEL 250 

al :~tylene dichloride; 200 ppn 60 (cis) 24-35 kPa 1.28 
I, ;' -dichloroethene; ' 200 ppn 41 (trans) 

( ' 6  , n 1540-59-0 200 PPn, 
STEL 250 ppm 

I, '-dichloroethane; 50 We 83 8.3kPa 1.255 
c, .. 11014-2 C 100 ~ p n  

5 ppn; 
15 ppn/lS n i n  

10 pym* 
SIEL 15 pprn 

(I. 1 chloroethane; 1 ppm (skin) 101 (StIblihtCs) 30 Pa 2.09 
1 I . .  161-12-1 1 ppm (skin) 

10 P P  

I ,  I ,  1-trichloroethane ; 350 ppn, 14 13.3 kPa 1.335 

4 ; B11-55.6 350 ppcrr/ 15 coin 
CAS 11 1-55-6 350 me 

SlEL 450 ppm 

1 ,  -dichloropropane 15 P P  95 
(' . . #18-01-5 15 MIA 

15 P P *  
SlEL 110 ypln 



L 
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Trichloroethylene 

Bnalyte: Trichloroethylene 

Matrix: bir 

Hcthod No.: S336 

Bange: 519-2176 mg/cu m 

O S I U  Standard: 200 ppm (1075 mglcu m)-Ceillng Precision (KT)  : 0.082 
100 ppm (535 mg/Cu In)-T.W.A. 

Procedure : Adsorption on charcoal, Validation Date: 6/6/75 
desorption with carbon 
d i su l f i de ,  GC 

1. Pr inc ip le  of t he  Method 

- 1.1 A b o w n  volume of oir is drawn through a charcoal tube to t r ap  
t h e  organic vapors present. 

1.2 The charcoal in t h e  tube is t r ans fe r red  t o  a small, stoppered 
rllrnple container and the analyte  is desorbed with carbon disul- 
f idem 

1.3 An a l iquo t  of t h e  desorbed armple ir in jec ted  i n t o  a gas 
chronutograph. 

1.4 The area of t h e  r e su l t i ng  peak is determined and compared v i t h  
area obtained from i n j ec t i on  of standards, 

2. Bsnne and Sens i t i v i t y  

2.1 Thia method was val idated wer t h e  range of 519-2176 nrg/cu m at 
8x1 atmospheric temperature and pressure of 24.5.C and 759.4 mm Hg, 
using a 3 - l i t e r  sample. Under t he  conditions of sample s i z e  
(3 U t e r s )  t he  probable useful  range of th i s  method is 108-3225 
mg/cu m at a detector  sensitivity t h a t  gives near ly  f u l l  d c  
f l e c t i o n  on t h e  r t r i p  chart recorder f o r  a 9.7 mg 8.mple. This 
method i s  capable of measuring much smaller amounts if the  d t  
ro rp t ian  e f f ic iency  is adequate, Desorption eff ic iency must be 
determined wer the  range used. 

The upper l i m i t  of t h e  range of t h e  method is dependent on t h e  
d s o r p t i v e  capacity of t h e  charcoal tube. This capacity va r i e s  
with t he  concentrations of Pnaryte and other  substances in the  
.ire The f i r s t  sec t ion  of t h e  charcoal tube was found t o  hold 
42 mg of analyte  when a test atmosphere containing 2266 mg/cu m 
of soa ly te  i n  a i r  was sampled at 0.187 l i t e r s  per minute f o r  99 
minutes; breakthrough was observed at this time, lee. t h e  concert- 
t r a t i o n  of analyte in t h e  e f f luen t  was 5% of that in t he  inf luent .  



(The charcoal  tube consists of two sec t ions  of a c t i v a t e d  char- 
coa l  separated by a s e c t i o n  of urethane foam. See Section 6.2). 
I f  a p a r t i c u l a r  atmosphere is suspected of contaioing a l a r g e  
amount of contaminant, a smaller sampling volume should be 
taken. 

3.1 When t h e  amount of water in t h e  air is r o  g r e a t  that condensa- 
tfoa a c t u a l l y  occurs in t h e  tube, organic vapors w i l l  not  be  
trapped e f f i c i e n t l y .  P r d h b a r y  experiments w h g  to luene 
i n d i c a t e  tha t  high humidity s m e r e l y  decreases t h e  breakhrough 
velum+. 

3.2 When tvo  o r  more col~pounds are hown o r  suspected t o  be present  
in t h e  alr, such Information, including their suspected iden- 
tities, should be t r m s m i t t e d  v i t h  t h e  sample. 

3.3 It must be q h a s i z e d  t h a t  m y  compound which has t h e  same 
r e t e n t i o n  time as t h e  aaa ly te  at  t h e  opera t ing condit ions dc- 
scr ibed i n  this method is m inter ference .  Retention time da ta  
on a s i n g l e  column cannot be considered as proof of chaulcal  
i d e n t i t y .  

3.4 If t h e  p o r s i b i l i t y  of in te r fe rence  exists, separa t ion condi t ions  
(colwm packing, temperature, etc.)  must be changed t o  circum- 
vent  t h e  problem. 

Prec i s ion  and Accuracy 

4.1 The Coeff ic ient  of Variation (zT) f o r  t h e  t o t a l  a n a l y t i c a l  and 
sampling method in t h e  range of 519-2176 mg/cu m was 0.082. 
This va lue  corresponds t o  an 88.2 mg/cu m standard dev ia t ion  a t  
t h e  OSHA standard level .  S t a t i s t i c a l  information and d e t a i l s  
of t h e  v a l i d a t i o n  and experimental test procedures can be found 
in Reference ll.2. 

4.2 On t h e  average t h e  concentrat ions obtained a t  t h e  OSHA standard 
level using t h e  overall sampling and analytical method were 6.4 X 
lower than t h e  "true" concentrat ions f o r  a l imi ted  number of 
l abora to ry  clcperimurts. Any di f fe rence  between t h e  "found" and 
"true" c o n c e t r a t i a n s  may not  represent  a b i a s  in t h e  sampling 
and analytical method, but r a t h e r  a random v a r i a t i o n  from t h e  
experimentally detexmined "true" concentration. Therefore, no 
recovery cor rec t ion  should be applied t o  t h e  f i n a l  result. 

These d a t a  a r e  based on v a l i d a t i o n  experiments using t h e  in- 
terndl standard method. 

5. Advantages and Disadvantages of t h e  Method 

5.1 The s a n d i n g  device is small, por table ,  and involves no l iqu ids .  
In te r fe rences  a r e  m i n i m a l ,  and most of those  which do occur 
can be el iminated by a l t e r i n g  chromatographic conditions. The 
tubes a r e  analyzed by m c a p s  of a quick, instrumental  method. 
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The mathod can a b o  be w e d  f o r  the  simrrltaneous ana lys i s  of 
two o r  =re submtaaces ~ p e c t e d  t o  be prasent in t h e  same 
.ample by s h p l y  chlmging gas chromatographic conditionn from 
isothermal t o  a temperature-progrrmmed mode of operation. 

3.2 One diradvaatage of the  mthod i s  that the  amount of s ~ m p l e  
which can be taken ir l lmited by the  number of nrilligrams t h a t  
the  tube w i l l  hold before overloading. When the  sample value 
obtained f o r  the backup sect ion of the  charcoal tube exceeds 
25% of that found on the  f ront  mection, the  pos s ib i l i t y  of 
s.apple l o s s  eriata.  

5.3 F u r t h e m r e ,  the  precir ion of the method i s  -tad by the  
reproducibi l i ty  of the prersQre drop acroas t he  tubes. This 
drop w i l l  a f f e c t  the  f l w  r a t e  d w e  the  mlume t o  be 
lqrecire, b e w e  the ptlmp i a  usually ca l ib ra ted  f o r  one tube 
&Y 

6.1 A ca l ib ra ted  p u m o a a l  sampling pump whose flow can be deter- 
mhed -thin 25% a t  the r ecomeadd  flow rate. 
(Befareace U.3) .  

6.2 Charcoal tuber: g l a r  tube with both endm flame mealed, 7 cm 
long vi.th a bnrm O.D. and a l-am I.D., contnining 2 sect ions  
of 20/40 maah act ivated charcoal maparatad by r 2- portion 
of urethane foam. The act ivated charcoal in prepared from 
coconut s h e l l r  and i s  f i r e d  at 600.C pr ior  t o  packing. The 
adsorbing sect ion contains 100 mg of charcoal, the  backup sec- 
t i o n  50 mg. A 3-mm portion of urethane foam is placed between 
t h e  ou t l e t  end of t h e  tube and the  backup section. A plug of 
s i l y l a t e d  g lass  wool l s  placed in f ron t  of t he  adsorbing see- 
tion. The pressure drop across the  tube must be less than one 
inch of mercury at a flow r a t e  of 1 li ter  per  mlnute. 

6.3 Cu chromatograph equipped vith a f h  ionizat ion detector.  

6.4 Column (10-ft x l / & i n  s a s s  s t e e l )  packed with 10% OV-101 
s ta t ionary  phase on 100/120 mesh Supelcoport. 

6.5 An e lec t ron ic  in tegra tor  o r  sane other s u i t a b l e  mthod f o r  
nmauuring pralr area80 

6.6 Bm-mllliliter sample.contalners v i t h  glass  stoppers or 
Teflon-1Fned caps. I f  m automatic sample l n j ec to r  is used, 
the associated vials may be used. 

6.7 Microl i ter  m i n g u r :  lO-microliter, and other  convenient sizes 
f o r  d d n g  standards. 

6.8 Pipet.: 1.0 m l  type graduated in 0.1-ml increments. 



6.9 Vol-tric 5 t :  1- or c o n v e a i . ~ ~ t  8 h . s  f o r  .Irkinn 
a tmdl rd  molufiOP.. 

7. Buncntr 

7.1 Chrautogrsphic quality carbon dbulf ide.  

7.4 Purified ni tmgen 

7.5 -id hydrogen. 

7.6 Fi l tered wmpreard air. 

8. Procedure 

8.1 C l r r l n i n g  of equipment. A l l  g l a e . ~ u e  used f o r  the laboratory 
8aalyri. rhould be detergent varhed and thoroughly r inred with 
tap uater  and & t i l l e d  vatu. 

8.2 Calibration of Personal -8. Each prrmond pump mt be 
uliaratd vith a representative charcoal tube in the h a .  
Thia  rill mlah ize  u t o r r  u r o c b t d  wlth oncut . in t iu  in 
the ..npl. .elm collected. 

8.3.1 -trly before sampling, break the  m& of the  tube 
to provide aa opening at l e u t  o n t h d f  the  in ta rna l  
diameter of the tube (2 =) . 

8.3.2 The murler rect ion of c h u d  ir w e d  u back-up 
aad .hould be positioned neareat t he  smapling pump. 

8.3.3 The thud tube rhould be placed in a v e r t i c a l  direc- 
t b n  during q l i n g  t o  mhimize chrrmellng through the  
chuc0.l. 

8.3.4 Air b e h g  -led should not be p u s d  through any hoae 
or tubing before enterlug the  charcoal tuba. 

8 . 3 5  At the cei l ing and peak concentrations, a rrmple r i z e  of 
3 liters ie recommended. Sample fo r  15 minutea at a flow 
of 0.2 liters per minute. A t  the ToWoA. concmtratioa,  
a q l e  s i z e  of 10 liters io recommended. Sgnple at a 
flow of 0.2 l i t e r e  per minute or  less. The flow r a t e s  should 
be lcnown with an accuracy of a t  least 5%. 

8.3.6 The temperature and pressure of the atmasphere being sampled 
should be recorded. If pressure reading is not available,  
record the elevation. 
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8.3.7 The charcoal tubes should be capped with t he  supplied 
p l a s t i c  caps Inmediately a f t e r  sampling. Under no 

. circumetances should rubber caps be used. 

8.3.8 One tube should be handled in the same manner a s  the  
sample tube (break, seal, and t ranspor t ) ,  except t h a t  
no air I s  sampled through t h i s  tube. This tube should 
be labeled as a blank. 

8.3.9 hpped charcoal tubes should be t i g h t l y  and pad- 
ded before they a r e  shipped to  miaimlze tube breakage 
during shipping. 

8.3.10 A rample of the  bulk mater ia l  should be submitted t o  t he  
laboratory in a g lass  container with a Teflon-lined cap. 

. This sample should not be transported in the  same container 
as the  charcoal tubes. 

8.4 Analysis of Smuples 
L 

-! 
8.4.1 Repa ra t i on  of Samples. I n  preparation f o r  ana lys i s ,  

each charcoal tube is scored with a f i l e  in f ron t  of 
t he  f i r s t  rectlm of charcoal and broken open. The 
gla88 wool is removed and discarded. The charcoal in 
t h e  first ( la rger )  sec t ion  is t ransfe r red  t o  a 2 4  
stoppered srrnple contalaer. The separat ing s ec t i on  of 
foam is removed and discarded; t he  second sec t ion  is 
t ransferred t o  another stoppered container. These 
two sect ions  are a d y z d  separately.  

8.4.2 Desorptior! of Samples. Pr io r  t o  analysis ,  1.0 m l  of 
carbon d i su l f i de  is  pipet ted i n t o  each sample container.  
(All  w r k  w i t h  carbon d i su l f i de  ahould be performed i n  
a hood because of its high toxici ty . )  Dcsorption should 
be done f o r  30 minutes. Teuts ind ica te  t h a t  this is ad* 
quate if t he  sample is ag i ta ted  o c c a s + o d y  during this 
period. I f  an automatic sample b j e c t o r  is used, t h e  
s m p l e  vials should be capped as soon a s  t h e  solvent is 
added t o  minimize vo l a t i l i z a t i on .  For t h e  i n t e r u a l  stan- 
dard method, dcsorb using 1.0 ml of carbon d i su l f l de  con- 
t a in lng  a known amount of the  chosen i n t e r n a l  standard. 

8.4.3 GC Conditions. The t yp i c s l  operating condit ions f o r  
t h e  gas chromatograph are:  

1. 30 ml/min (60 psig) Nitrogen carrier gas flow 
2. 35 m l / m i n  - (25 psig) Hydrogen gas flow t o  de tec tor  
3. 400 ml/min (60 .psig) Air  flow t o  de tec tor  
4. 225.C in j ec to r  temperature 
5.. 250°C manif old temperature (detector)  
6. 70°C column temperature 



8.4.4 In jec t ion.  The f i r s t  s t e p  in tlre a n a l y s i s  is t h e  in jec-  
t i o n  of t h e  sample i n t o  t h e  gas chromatograph. To eli- 
minate d i f f i c u l t i e s  arising from b l w  bock o r  d i s t i l l a t i o n  
v k t h l n ' t h e  syr inge  needle, one should employ t h e  so lven t  
f l u s h  i n j e c t i o n  technique. The lo-microliter syr inge  is 
f i r s t  f lushed v i t h  so lven t  s e v e r a l  times t o  w e t  t h e  b a r r e l  
and plunger. Three m i c r o l i t e r s  of so lven t  a r e  drawn i n t o  
t h e  syr inge  t o  inc rease  t h e  accuracy and reproducibility 
of t h e  l u j e c t e d  sample volrrr~c. The needle  is removed 
from t h e  s o l v a r t ,  a d  the  plunger i s ' p u l l e d  back about 
0.2 m i c r o l i t e r  t o  s e p a r a t e  t h e  so lven t  f l u s h  from t h e  
sample v i t h  a pocket of air t o  be used as a marker. The 
needle l s  then Immersed in t h e  sample, and a ~ c r o l i t e r  
a l i q u o t  is withdrawn, taking i n t o  considera t ion t h e  volume 
of the  needle, s i n c e  t h e  sample in t h e  needle  w i l l  be 
completely in jec ted .  Af te r  t h e  needle  i s  removed from 
t h e  sample and p r i o r  t o  i n j e c t i o n ,  t h e  plunger is pulled 
back 1.2 m i c r o l i t e r s  t o  mlnimize evaporat ion of t h e  sample 
from t h e  t i p  of t h e  needle. Observe t h a t  t h e  sample 
occupies 4.9-5.0 n r ic to l i t e r s  in t h e  b a r r e l  of t h e  syringe.  
Duplicate i n j e c t i o n s  of each sample and standard should 
be d e .  No more than a 3% d i f f e r e n c e  in area i s  t o  
be  expected. An u t t m a t i c  sample i n j e c t o r  con be  used 
l f  it i. shown t o  g ive  r e p r o d u c i b i l i t y  a t  lust as good 
.s t h e  ro lvcn t  f l u s h  technique. 

8.4.5 hasurament  of area. The area of t h e  sample peak i s  murs- 
ured by u! electrunic I n t e g r a t o r  o r  some o t h e r  s u i t a b l e  
form of uea  maasuremcnt, and p r e l h d n a r y  results are read 
from a s tandard  curve prepared as discussed below. 

8.5 D e t r r m l a a t i o r r  of Desorptloa Eff ic iency 

8.5.1 Zolportance of determination. The d c s o r p t i w  e f f i c i e n c y  of a 
p a r t i c u l a r  compound can vary from one l abora to ry  t o  another  
a d  oleo from one batch of charcoal  t o  another. Thus, i t  is  
necessary t o  determine a t  least once t h e  percentage of t h e  
r p e c i f i c  compound tha t  is removed i n  t h e  desorpt ion process,  
provided t h e  sane batch of charcoal  is used. 

8.5.2 'Procedure f o r  d e t e m i n i n g  desorption e f f i c iency .  Activ- 
a t e d  charcoal  equivalent  t o  t h e  amount i n  t h e  f i r s t  sec- 
tion of the sampling tube  (100 mg) is measured i n t o  a 
2.5 in, 4-nm! I.D. g l a s s  tube, flame sea led  at  one end. 
This charcoal  must be from t h e  same batch as t h a t  used 
io obta in ing t h e  samples and can b e  obtained from unused 
charcoal  tubes. The open end i s  capped wi th  Paraf ilm. 
A known mount  of t h e  a n a l y t e  is i n j e c t e d  d i r e c t l y  i n t o  
t h e  a c t i v a t e d  charcoal  wl th  a m i c r o l i t e r  syr inge ,  and 
t h e  tube is capped wit11 more Parafilm. When using an 
automatic sample l n j  e c i o r ,  t h e  sample i n j e c t o r  v i a l s ,  
capped with Teflon-faccd sep ta ,  may be  used I n  p lace  of 
t h e  g l a s s  tubes. 



S i x  tubes at each of t h r e e  concentrat ion l e v e l s  (O.SX,IX and 
2X of the standard) a r e  prepared by adding an amount of ana- 
1-8 equivalent  t o  t h a t  present  in a 3 - l i t e r  sample at  t h e  
r d e c t e d  level. The tubes a r e  allowed t o  s tand f o r  a t  least 
overnight  t o  usure complete adsorption of t h e  ana ly te  onto 
t h e  charcoal. These tubes are r e f e r r e d  t o  as t h e  samples. 
A parallel blank tube should be t r e a t e d  in t h e  same manner 
except that no r-lt i s  added t o  it. The sample and blank 
tubes are  desorbed and analyzed in exact ly  t h e  same manner 
u the sampling tube described i n  Section 8.4. 

TVO o r  t h r e e  standards are prepared by i n j e c t i n g  t h e  same 
volume of compound i n t o  1.0 ml of carbon d i s u l f i d e  v i t h  the  
.&me syr inge  w e d  in t h e  prepara t ion of the  samples. These 
are analyzed v i t h  t h e  sauples.  

I f  t h e  internal standard method is used, prepare c a l i b r a t i o n  
standards by using 1.0 m l  of carbon d i s u l f i d e  containing a 
lmoM amount of t h e  ipternal standard. 

The desorption e f f i c iency  (D .E. ) equais t h e  average weight 
in mg recovered from the  tube divided by t h e  weight in mg 
added t o  t h e  tube, o r  

D.E. . Average Weight (mn) recovered 
Weight (mg) added 

The desorption e f f i c iency  i. dependent on t h e  mount  of 
ana ly te  co l l ec ted  on t h e  charcoal.  P l o t  t h e  desorpt ion 
e f f i c i e n c y  versus weight of ana ly te  found. This curve 
is used fn Section 10.4 t o  c o r r e c t  f o r  adsorption losses .  

9. Cal ibra t ion and Standards 

It i s  convenient t o  express conceat ra t ion  of s tandards in terms of 
mg per 1.0 m l  carbon d i s u l f i d e ,  because samples are desorbed i n  t h i s  
unouut of carbon d i su l f ide .  The dens i ty  of t h e  onolyte i s  used t o  
convert mg i n t o  m i c r o l i t e r s  f o r  easy measurement v i t h  a m i c r o l i t e r  
syringe. A series of standards,  varying io concentrat ion over t h e  
range of interest, l s  prepared and analyzed under t h e  same GC condi- 
t i o n s  and during the  same t i m e  period as t h e  unknown sample. Cumes 
are es tab l i shed  by p l o t t i n g  concentrat ion Fn mg per  1.0 ml versus  
peak area. 

For the i n t e r n a l  otandard method, use carbon d i s u l f i d e  conta in ing a 
predetermined mount  of t h e  internal standard. The i n t e r n a l  s tandard 
concentra t ion used w a s  approximately 70% of the  concentra t ion a t  2X 
the  standard. The d y t e  concentrat ion in mg per m l  is p lo t t ed  
v e r s u  t h e  a rea  r a t i o  of t h e  ana ly te  t o  that of t h e  internal standard.  
Note: Whether the  external standard o r  i n t e r n a l  s tandard method i s  
used, s tandard s o l u t i o n s  should be analyzed a t  t h e  same t i m e  t h e  
sample ana lys i s  is done. This w i l l  minimize t h e  e f f e c t  of v a r i a t i o n s  
Fn FXD respouse. 



10. Calculat ions 

10.1 Flead t h e  weight, in mg, corresponding t o  each peak a r e a  from 
t h e  r tandard cume. No volumc cor rec t ions  a r e  needed, because 
the standard curve i s  based on mg per 1.0 ml carbon d i s u l f i d e  
urd t h e  volume of sample i n j e c t e d  is i d e n t i c a l  t o  t h e  volume 
of t h e  s taadards  in jec ted .  

10.2 Corrections f o r  t h e  b l ank  must be made f o r  each rampla. 

mg - mg sample - mg blank 

where : 

mg sample - mg found fr! f r o n t  s e c t i o n  of sample tube 
~ 3 g  b h n k  - mg found in f r o n t  s e c t i o n  of blaak tube 

A s-ar procedure is followed f o r  t h e  backup sec t ions .  

10.3 Add t h e  amounts present  in t h e  f r o n t  and backup sec t ions  of 
t h e  same sazple tube t o  determine t h e  t o t a l  weight in t h e  
saxuple. - 

10.4 Read the desorption e f f i c iency  f r w  the curve ( see  Section 8.5.2) 
f o r  t h e  mount  found in the  f r o n t  sect ion.  Divide t h e  t o t a l  weight 
by this desorption e f f i c iency  t o  ob ta in  t h e  correc ted  mg/sumple. 

Corrected mg/somple - Total 
D.E. 

10.5 The concentrat ion of t h e  ana ly te  i n  t h e  air oampled can be ex- 
pressed in ny per cu m. 

lLlg/cu m = Corrected mn (Section 10.6) x 1000 ( l l t e r s / c u  m) 
Mr Volume Sampled ( l i t e r s )  

10.6 Aaother method of expressing concentrat ion is ppm (corrected  
t o  standard condit ions of 25.C and 760 mm Hg). 

24 45 760 x(T + 273) ppn = mg/cu m x - x - 
MW P 298 

where: 

P - pressure  (nm Hg) of air sampled 
T - temperature ('C) of air sampled 
24.45 - molar volume ( l i t e r /mole )  at 25.C and 760 nm Hg 
MU - molecular weight 
760 - stauulard pressure  (nm! Hg) 
298 - standard temperature ('K) 
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VINYL CHLORIDE 

=TWO: 1007 
ISSLED: 24'1- 

OSCU: 1ppm;CSppn  - -TIES: BP -14 .C; vapor & f t s i t y  2.2 (air  = 1) 
WIOSH: mini- u u r r r b l e  
ACGIH: 5 pp (burn crrciqpn) (11 

(1 pp = 2.56 ag&' @ NTP) 

-- 

SMDLIMG mxlRmm 
I 

W L E R :  SOLID SORBMT NBE !fECMIQUE: W ORLMToGRApm, FID 
( 2 t a n d m t u k t , u c h w i t h 1 5 0 m g  ! 
~ t m e ' o c o r # l t  dwrorul) !AWYX: vinyl chloride 

I 

FLW RATE: 0.05 VlRin !#SORPTIOW: 1 m l  urbm diurlfide; 30 rnin 
I 

VOL-MIN: 0.7 L !INJECTIW ALIQUOT: 5 )IL 
a: 5 L ! 

!CI)LUW: stainless s tael ,  6.1 r, x 3.2 am, 10% 
SHfPENT: separate primary and badrtlp b h s  ! SE-30 on W100 d Chm~~sorb Y 

andupeach ! -1 
I 

W L E  STABILITY: 10 drys @ 2s % !CmIER W: He, 40 U n  
I 

BLANKS: 2 to 10 f ie ld  blanlrs per set !-flRE-INJECtOR: 230 .C 
I -#rrCtOR: 230 T 
! -Q)LLICI(: 60 .C 

ACCUUCY ! 
!CALIBRATIOW: solutions of vinyl chloride in CS2 

RANGE STUDIED: 1 to 64 mgha 121 ! 
!RANG€: 0.002 to 0.2 mg per rrrple 121 

BUS: 4% of calculated concentration 121 I 

!ESTIMTED LOO: 0.00004 mg per rmple [2] 
WERALL PRECISIOW (+I : 0.06 I 2 1  . I . 

!PRECISIW (+I : not bkrai nd 
! 

APPLICABILITY: The wrking range i s  0.4 to 40 mgha (0.16 to 16 ppn) f a  a 5 4  a i r  u l p l e .  
The nthod i s  applicable to l b i n  r n p l c t  a t  a w a n t r a t i w  of 1 p p  a h i m .  

INTERFERENCES: Other than the possibility of loss of rrnple upon s t w a w  of trrb #cks or rorr 
a t  rocm taperaturn,  none have kcn noted. 

O N  RE-: This is a m i s i o n  of FGW 178 131. 



REAGENTS : 
1. Carbon disulfidt,* chrmnatographic 

q n l i t y .  
2. Yinyl chloride,+, 99.S.  i n  

lecture bottle f i t t ed  with valve 
ud Wtrm. 

3. Calibration stode solution, 
0.26 rrghl. 
a. Insert t)lc t i p  of a gas syringe 

cantlining 1 mL vinyl chloridc 
gas under the surface of 5 111 
Q2 i n  a 1- v o l w t r i c  
flask. 

b. Opcn the v r l w  of the syringe 
and w i t h d r a w  the plunger to pul l  
CS2 into the brnrl. (As 
vinyl chloridc dissolves. a 
vacuun w i  11 k created, pull ing 
C52 into the M n g e . 1  

c. Push the solution f ~ c m  the 
syringe into the flask. Rinse 
the syringe tmiu with 1 4  
portions of Q2 and add the 
-things to the flask. 

d. Dilute to the IN* w i t h  Q2. 
4. bkliun, purified. 
5. Hydmgm, purified. 
6. A i r ,  film. 

EQUIPENT: 
1. Sapler: tam tandon g l m  trkr, 7 an long, 

6 01 00, 4 m ID, flmr-sealed m a ,  each 
containing 1 9  rrg of 20/40 a ~ h  activated (600 *C) 
coconut shell du-1 . A s i l  ylatcd glass rrol 
plug precedes the du-1 beds and r 3-m urnthane 
for plug f o l l m  the charcoal beds. Plastic u p s  
am included for sealing after use. Pressure dmp 
rctpzs uch tube at 1 Varin a i r f l a r  mst k less 
t h n  3.4 k h .  
MOTE: A pair of m s e c t i o n  (100 -/SO mg) 

tubes m y  k usad. 
2. Perronrl -ling pmp, 0.05 Llndn, w i t h  f l u i b l e  

connecting Wing.  
3. Gas chrrmratograph, f l a w  ionization detector, 

integrator and colran (page 1007-1). 
4. File. 
5. Bent wire for r r rw ing  plugs fmn -ling tube. 
6. Vials, 2 4 ,  glass w i  th PTFE- l id  septa md 

ctiap-on -1s. 
7. Volumtric flasks, with polyethylene 

stoppers. 
8. Pipettes, &livery, 1 . m .  graduated i n  0 . 1 4  

i-ts, 2- and 5 - d .  w i t h  pipet bulb. 
9. A i r  -ling bags, Tedlar, 104. 

10. U s  syringe, with ~1s-t ight valve, 0.1- md la. 
11. Syringc, l&rL, with 0.1-rL gratbatiom. 

SPECIAL PRECAUTICMS: Carbon disulfide i s  toxic and an acute f i r e  and ecplosion hazard (flash 
point r -30 *C); work with i t  only i n  r hood. 

Vinyl chloride i s  a hunan carcinogen Ill. 

SAIIPLIMG: 
1. Calibrate each personal -ling purp with a representative -1er i n  line. 
2. Break the ends of thc tubes innrdiately k f o m  simpling. Attach tm tukr, with ends 

touching, with a short piece of tubing. Lrkl one kk as the bad! kk md insert the 
back kk into the f lexible tthing to the pcr#nrl -ling purp. 

3. -1, at 0.65 Vnin for I5 to 100 min. Do not r n p l e  aorr than 5 L of a i r .  
4. Separate the primary and baclnp tuks and cap each tube for shiprent. 

W L E  PREPARATICM: 
5. Add 1.0 m l  CS2 to an mpty vial. Loosely cap the vial. 
6. Score each t a p l e r  tube with r f i l e  i n  fmt of the glass wrol plug. Bmak the tube at the 

score line. 



R'TKX): 1007 VINYL OILORIOE 

I .  f r a m f u  the chrnorl  frorr the fmt and back tukr to separate vials. O i rurd  the glass 
raol and foun plugs. Seal the vials w i t h  septun caps intd iate ly .  

8. A l l o w  to stand for 30 lain, with ocusional agitation. Analyze the u m p l t  within the next 
-in period. 

CALIBRATIm AM0 QUALITY COIITROL: 
9. Cllibrate with  at l u s t  f iw working standards ewering the range 0.0002 to 0.2 mg per 

raple. 
a. Add  know^ r a r n t s  of olibratiocr stodr solution to CS2 in  1011 u o l w t r i c  flaslrs urd 

dilute to the wrks, using serial di lution as appmprirte. 
MOTE: L1Drlting st.nbrdr u n  be storrd at -20 .C for at least thm h y s .  

b. Analyze together with sarples and b ludn (tkqr 12 .nd 13). 
c. Prepam calibration graphs of peak area vs. quantity (-1 of vinyl chloride per tube a d  

peak a m  vs. purntity (ng) per injection. 
10. Detennin &sorption efficiency (#I at least once for each l o t  of charcoal used i n  the 

calibration range (st- 9). Rapare three krkr at each of fiue l m l s  plus thm Rltdia 
blanks. 
a. Prepare t h m  atausphcm of vinyl chloride i n  a i r  by injecting 0.01, 0.08, and 0.2 arl 

vinyl chloride gas into 10 L a i r  i n  Tedlar bags. The resulting concentrations are 
approximmtely 2.6, 21 md 52 ugh#. 

b. Following steps 1 through 4, t a p l e  these ramphem according to the following schrrr: 

i n  Bag (ng/aa) 

2.6 

Vol u Qurntity of 
-led (L) Vinyl Chloride (rag) 

0.8 0.002 
2.2 0 . a  
0.8 0.017 
2.2 0.046 
2.5 0.13 

Cbtdin t h m  rraplcs at each level. 
c.  Desoh (steps 6 through 8) and analyze together with uorking standards ( s t e p s  12 and 

13). No vinyl chloride s h l d  be found on the back tuks. 
d. Analyze the a m h e r e s  i n  the bags (steps 12 and 13) using 1 4  gas raples. Read f m n  

the calibration graph the qwnti ty (ng) per injection, which for a 1 4  injection of gas 
i s  n w r i u l l y  equal to the concentration i n  a g / m S .  

e. Calculate # fma the lras (q) of vinyl chloride on the front tuk (b), the average 
blank (B), the amcentration of vinyl chloride i n  the synthetic atmDtphem (G, 
ng/n?), and the volrmo of a i r  -led (v, L): 

f. Prepam a graph of # vs. mass found (Wf - B). 
11. Analyze three qurl ity control blind spikes urd thme w l y s t  spikes to ensum that the 

cal ibrat im graph and # graph arc i n  control. 



IUSUIE*NT : 
12. kt the gas chmtogrph Kcwding  to unufacturcr's imtnxtiw and to conditions given 

on page 1007-1. In ject  m l e  aliquot v n r u l l y  using solvent f lush technique or u i t h  . 
autosavpler. fhc retention tilr of vinyl chloride i s  rbout 1.7 min. 
K)'TE: If peak area i s  above the l inear range of the wrk ing s tmbrds,  d i lu te  u i t h  Q2, 

m ~ l y z e  md apply the appmpriate di lut ion factor i n  u l a r l a t i m s .  
13. Rwum p.rL a m .  

CALQlUTIOlS: 
14. Determine the us, mg (corrected for  #) of vinyl chloride found i n  the t r r p l e  front 

N) and back (b) tdtr . md i n  the average d i r  blank (8). 
MOTE: I f  > %/lo, rrport brwkthrough md possible srrple loss. 

15. Calculate cwmt ra t i on ,  C, of vinyl chlwidc i n  the a i r  v o l w  -led, V (L): 

' I .  EVALL~TION OF IETWX): 
The arthod wrs evaluated using single 150-q sapl ing tubes u i t h  1- front kds and Shng 

I 
back beds [2]. A t  four concentrations kt- 1 and 64 rrg/ml, the pooled m la t i ve  standard 
deviation urs 0.06 md the l l ~ a s u r a m t s  averaged 94% of the amcentrations calculated f m n  the 
vo l r r r r  of vinyl chloride and a i r  u s d  for the a t m s p k m  sapled; rraplas a t  the 3-rg 1-1 

I 
thowd no loss of vinyl chloride uhen stored for 12 days a t  roaa tmperaturc or 19 drys at  
-20 .C. There may be signif icant loss of vinyl chloride fmn -1- storrd for 14 days at  
r a m  tmperatwe 14). The K bmskthrough capacity for a 1- kd of cocwt charcoal 
challenged a t  100 -in u i t h  vinyl chloride i n  a i r  a t  16 As/ma and a rclat iue hmid i t y  of 

I 70% uas 4.6 L 151. 

REFERENCES: 
[I] - Threshold Limit Values for Chanical Substances md Physical Acnnts i n  the Mwk 

Environrrent w i t h  Intended Cbngcs for I-. ACGIH, Cincinnati. M (1963). 
[2] H i l l ,  R. H., Jr., C. 5.  ncCrmPn, A. 1. kr lwwchter,  A. Y. Tcass, a d  W. J. W i n .  

kral. Chcm.. 9, 1395-1398 (1976). . 
(33 NIMH lllnual of k u l y t i u l  Methods, 2nd. ad., V. 1, P- 178, U.S. Departmslt of Hcalth 

and Hman Services, Publ. (NIOSH) 77-1574 (1977). 
[4]Cuddehck, J .  E.,W. R. Burg, M d S .  R. Birch, Env im.  g. Tuhnol.. 9, 1168-1171 (1975). 
151 ktsurura, Y. m. m, l8, 6147 (1QBO). 
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GAS VENT SAMPLING PUMPS 
CALIBRATION LOG 

COMMENTS 

. 
~ATE\OEC \ h  - \5 , me?  CALIBRATED BY bxaB14sd 

PUMP 
NUMBER 

q 3 6 C 1  

9370 

- 

v 

L 

TEMP. 
(OF) 

\? 
\q  
14 
19  

BEFORE SAMPLING 12 \ 35 

TEMP. 
(OF)  

\ f J )  
\ H  
\ e  
\ A  

AVERAGE 

HUMIDITY 

SAMPLING 
BAROM. 

PRESSURE 
(1nch.r Hg) 

30.15 

I 

36.15 

k.15 

AFTER 

HUMIDITY 

3 
33 

3 3  
7 -1 

('/el 

31.5 
3 .5  
3 .  
31.5 

PUMP 
TYPE 

6 ~ , 4 - ,  4 
b) 

C.L~W 
b 

\ z \  
FLOW 

(cc/min.) 

2-50 

2 5 0  
250 

2-50 

30.63 

30.0'3 

30.03 

j30) 

15 \ 83 

24-HR. 
T lME 

1530 
1530 
1530 
\5j0 

24-HR 
TIME 

150-0 
l j o o  

15cw 
5 

BAROM. 
PRESSURE 
(Mn Hp) 

29.96 
29.96 
23.90 

z c  

TEMP. 
(OF) 

2 6  

zo 
ZB 
26 

- - 

2% 
~ 5 0  
LSO 

- 

- 

UMlMT Y 
(Ole) 

30 
30 

38 
3@ 

- 

. 

b\Y-w~%, 

INITIAL 
FLOW 

(cc/min.J 

250 

250 
250 
250 

CAL. 
FLOW 

(cc/min.) 

Z j o  

250 
r50 
250 
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GAS VENT SAMPLING 

COMMENTS 

DATE OF 
COLLECTION \ Z J ) ~  12/15 

zoo TEMPERATURE 

CHARCOAL \ 20 -LOT NO 

SAMPLER- B,dsd . a .  

RELATIVE 30 % . . 
HUMIDITY 
TENAX ~7 \ 
LOT Ne 

BAROMETRIC 29, 30 
PRESSURE 
GAUGE 

READING 

- SAMPLE SHIPMENT I 2 116 13 I- I SHIPMENT T C  >?-.< RYJB 650-&a5 ZZ\ 

,SAMPLING RATE 
(cc /min.) 

Z5a 

7 c -  d 

7\ 0 

7 \- LI 

250 

2 ~ 5 ~  

csa 

2 56 

- > <--1 -2 <- 

25a 

2 50 

GAS VENT 
NUMBER 

I 
2 
3 
4 
5 
6 
7 
8 

9 
10 
I I 

DUPLICATE 

BLANK 
DATE OF 

SAMPLE 
VOLUME (1) 

5 0 

( 5  a 
c 4 o 
gd 
5~ - a.a 

L- 3 t Q  

5 . a 

5, a 
5.0 

5.0 

START 

3.29 
3.46 
4 . o ~  

4 31 
I. 

104 
\AS  

1 37  
2 - 1 5  
2 - 2 2  

3 ..g* 
2 47 
2 - 8 6  

METHOD 

1 

PUMP 
NUMBER 

9 37 d 

9364  
937 o 

$369 
93PO 
9 3  69 
9 369 
3qa 

9 5 LC/ 

Q 370 
V % L 7  

fl a 3  

SAMPLE 
NUMBER 

I 

2 
3 
4- 
5 

8 
1 

/o 

A 19 
1 2  
I 1 

SAMPLING TIME 
FINISH .: 

3 .49  
4 
4 U. 
4 . 5 1  
\ * 2 a  

1 .-/ 
2.05 

\ 57 
2 . 3 5  
2 d L  
3 %  2 0  

';3# 62 

OF 

2 

ELAPSED 

2 0  
2 0  

20 

20 

20 

7a 
c ~ a  

I& 

z 3  
26 

20 

3 4 5 6 7 

Q.@:-Q*#~~>- 

8 9 l o l l  

W 
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1.1 GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol), the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (kDNk), Velsicol is requireu 

to perf ornl specified monitoring activities at quarterly 

intervals tollowing closure of its St. Louis, i~iicnigan plant 

site. The monitoring program as stipulated by the Consent 

Judgement aadressea the tollowing: 

1. Performance of gas vents 

2. Pertoru~ance of the site perimeter containnent wall 

3. Determination of site groundwater elevations 

As of December 1987, Velsicol had completed 

all activities pursuant to tne consent Judgement ~ I I  regard 

to monitoring activities for the gas vents and the perimeter 

containment wall. Final reports for each completed 

monitoring activity have been submitted to both kichigan and 

USEPA hegion IV. 

This report details the site monitoring which 

occurred July 8 ,  1988. 



1 . 2  MONITORING AND S W A P L I N G  PERSONNEL 

The monitoring program was carried out by D. 

kobinson of Conestoga-hovers & Associates (CKA) assisted by 

hr. Gene D e G e e r ,  bite Custodian Under Contract to Velsicol. 



2 .0  GHOUMmAl ER TABLE hOLJITOhIBG 

2 .1  GENERAL 

P l a n t  s i t e  groundwater  e l e v a t i o n s  were 

measured and the  e l e v a t i o n  of  the  S t .  L o u i s  r e s e r v o i r  w a s  

d e t e rmined  on J u l y  8, 1988. 

The e l e v a t i o n  of  t h e  groundwater  was 

de t e rmined  by measur ing t h e  d i s t a n c e  from the t o p  of  e a c h  

s i t e  mon i to r i ng  h e l l  t o  t h e  w a t e r t a b l e .  T h i s  d i s t a n c e  was 

measured by lower ing  a c h a l k e d ,  we igh ted  s u r v e y o r s  t a p e  i n t o  

the moni to r i ng  w e l l .  k e a a i n g s  of  the  t a p e ,  which was 

g r a d u a t e d  i n  i nc r emen t s  of  one  one-hundredth  of a t o o t ,  were 

t a k e n  a t  t h e  wa t e r  l e v e l  ana  a t  the t o p  o f  the  w e l l  c a s i n g .  

The fo rmer  r e a d i n g  was deduc t ed  from the l a t t e r  and the  

r e s u l t a n t  d imens ion  w a s  s u b t r a c t e d  from the  p r e v i o u s l y  

e s t a b l i s h e d  t o p  of  w e l l  c a s i n g  e l e v a t i o n .  W e l l  head ana  

w a t e r t a b l e  e l e v a t i o n s  are w resented on T a b l e  1. 

The e l e v a t i o n  of  t h e  S t .  L o u i s  r e s e r v o i r  was 

determines by l e v e l  and rod  su rvey .  



TABLE 1 

MONITORING 
WELL 

WATER LEVEL MEASUREMENTS 
JULY 8, 1988 

WELL HEAD 
ELEVATION 

736.00 

742.10 

749.91 

736.06 

739.37 

734.52 

734.08 

734.31 

734.60 

733.50 

734.46 

730.79 

734.52 

736.00 

MEASUKEU 
DISTANCE TO 
WATER TABLE 

( feet) 

Water level elevation, St. Louis Reservoir 
I July 8, 1988 

WA'I'ERTABLE 
ELEVATION 

( AMSL ) 



2 . 3  GROUNDWATER CONTOUR MAP 

The groundwater elevation data were used to 

construct a site groundwater elevation contour map which is 

presented in Figure 1. 

2 . 4  SITE MEAN GROUNDWATER ELEVATION 

The mean elevation of site groundwater is 

calculated to be 721.52. The maximum allowable mean site 

groundwater elevation stipulated by the Consent Judgment is 

724.13. 

2.5 WELL HEAD ELEVATION SURVEY 

In accordance with the Post Closure 

Maintenance and Monitoring Plan, the well head elevations 

are re-surveyed on a yearly basis to ensure accuracy of the 

elevations. All well head elevations were surveyed during 

the July, 1988 monitoring event. 



GWM- 14 
I72l.TS) 

GWM - II 
(721.68) 
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MONITORING WELL 
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figure I 
SITE GROUNDWATER CONTOURS 

CRA 
# 

St. Lou& P/unt Site 
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1.0 INTRODUCTION 

1.1 GENERAL 

In accordance with the terms of the technical appendix to 

the Consent Judgement entered into by Velsicol Chemical Corporation 

(Velsicol), the United States Environmental Protection Agency, (USEPA) and 

the Michigan Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly intervals following 

closure of its St. Louis, Michigan plant site. The monitoring program as 

stipulated by the Consent Judgement addressed the following: 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3. Determination of site groundwater elevations 

As of December 1987, Velsicol had completed all activities 

pursuant to the Consent Judgement in regard to monitoring activities for the 

gas vents and the perimeter containment wall. Final reports for each 

completed monitoring activity have been submitted to both Michigan and 

USEPA Region IV. 

This report details the site monitoring which occurred 

September 27,1989. 



1.2 MONITORING AND SAMPLING PERSONNEL 

The monitoring program was carried out by W. Pochron 

of Conestoga-Rovers & Associates (CRA) assisted by Mr. Gene DeGeer, Site 

Custodian under Contract to Velsicol. 



Monitoring 
W e l l  

TABLE 1 

WATER LEVEL MEASUREMENTS 
SEPTEMBER 27,1989 

Measured 
Well Head Distance to  
Elevation Water  Table 
(AMSL) (fee t) 

Water level elevation, St. Louis Reservoir 
September 27,1989 

Water  Table 
Elevation 
(AMSL) 



2.0 0 

2.1 GENERAL 

Plant site groundwater elevations were measured and the 

elevation of the St. Louis reservoir was determined on September 27, 1989. 

2.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was determined by 

measuring the distance from the top of each site monitoring well to the water 

table. This distance was measured by lowering a chalked, weighted surveyors 

tape into the monitoring well. Readings of the tape, which was graduated in 

increments of one one-hundredth of a foot, were taken at the water level and 

at the top of the well casing. The former reading was deducted from the latter 

and the resultant dimension was subtracted from the previously established 

top of well casing elevation. Well head and water table elevations are 

presented on Table 1. 

The elevation of the St. Louis reservoir was determined 

by level and rod survey. 



2.3 GROUNDWATER CONTOUR MAP 

The groundwater elevation data were used to construct a 

site groundwater elevation contour map which is presented in Figure 1. 

2.4 SITE MEAN GROUNDWATER ELEVATION 

The mean elevation of site groundwater is calculated to be 

722.29. The maximum allowable mean site groundwater elevation stipulated 

by the Consent Judgement is 724.13. 

2.5 WELL HEAD ELEVATION SURVEY 

In accordance with the Post Closure Maintenance and 

Monitoring Plan, the well head elevations are re-surveyed on a yearly basis to 

ensure accuracy of the elevations. All well head elevations were surveyed 

during the March, 1989 monitoring event. 
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1: ' 1.0 INTRODUCTION 

1.1 GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol), the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. Louis, Michigan plant 

site. The monitoring program is designed to address the 

following: 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3. Determination of site groundwater elevations 

This report details the site monitoring which 

occured during the period March 11 to March 14, 1986. 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

Mr. Peter Miller of the USEPA was on-site 

March 12 to March 14, 1986 to observe all monitoring 

activities. 



1.3 MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Ms. C. Cull of Conestoga-Rovers C Associates 

(CRA) assisted by Mr. Gene DeGeer, the Velsicol site 

custodian. Don Robinson of CRA supervised the mechanical 

integrity testing of the Disposal Well #2 annulus. 



4 2.0 GAS VENT MONITORING 

2.1 GENERAL 

The gas vent monitoring began on March 12, 

1986 and was completed that same day. 

2.1.1 Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix A. Samples 

from each gas vent were collected in two 6-mm diameter x 

70-mm long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously uslng 

dual parallel/series tube holder sets. 

2.2 SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 





Sampling was conducted at the downstream 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached directly to the gas vent sampling 

port using a copper manifold assembly. Tygon tubing was used 

to connect the tube holder to the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to 

250cc/min/tube set, was operated for a period of 20 minutes 

for each sampling event, resulting in a collected sample 

volume of five liters per tube set. 

Prior to sample collection, the gas vent 

upper chamber was purged by pumping at 500 cc/minute for a 

period of ten minutes. This precluded the possiblity of 

sampling retained atmospheric air from the gas vent upper 

chamber. During the purging and sampling operations, the 

open end of the gas vent was capped using a 4-inch diameter 

plastic cover to prevent atmospheric air being drawn into the 

sample. 

At the conclusion of each gas vent sampling, 

the set of four sample tubes were capped, labelled and stored 

in a cooler maintained at O°C. 
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2.2.1 Sample Storaqe and Shipment 

On the afternoon of March 12, 1986 the 

samples were transferred to a cooler containing frozen cold 

packs and styrofoam packing materials. The cooler was 

shipped under chain of custody protocol, to Velsicol's 

Memphis, Tennessee laboratory by overnight courier for 

analysis. A copy of the chain of custody is provided in 

Appendix B. 

2.2.2 Sample Analysis 

Analysis will be conducted in accordance with 

NIOSH protocols as follows: 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

S-336 

1007 

Results will be reported verbally as they 

become available. 

A hard copy of the laboratory report will be 

forwarded to USEPA and MDNR within seven days after receipt 

of final laboratory data by CRA. 



2.2.3 Samplinq Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix A. 



1: ' 3.0 SITE PERIMETER CO~AIEMENT WAU MONITORING 

I 
3.1 GENERAL 

I 

! 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984, December 

14, 1985, March 16, 1985 and June 19, 1985, September 16, 

1985 and December 14, 1985. The current sampling event 

occured March 13, 1986. All testing completed to date has 

confirmed the permeability of the site perimeter containment 

wall to be less than 1.0 x 10-7 cm/sec. 

3.2 EQUIPMENT 

A Mobil Truck mounted drill rig equipped with 

rotary head and 4-inch O.D. diameter augers was utilized to 

advance the borehole into the containment wall. A 3-inch 

diameter Shelby tube, hydraulically pushed and retrieved, was 

used to collect the samples. 



3.3 SAMPLE COLLECTION 

The containment wall was located by field 

survey on March 13, 1986. The sampling borehole was begun at 

Station DGW 37+00 by augering through the clay cap into the 

underlying material. 

Five attempts were made to locate the slurry 

wall at Station 37+00, beginning at the fence and moving at 

2-foot intervals away from the fence. The presence of the 

soil/bentonite wall could not be confirmed at this location 

and, therefore, the rig was moved to Station 37+60. Two 

attempts were made at this location, beginning at the fence, 

and moving out two feet. The presence of the containment 

wall could not be confirmed. Again, the rig was moved, this 

time to Station 38+10. The first attempt at this location 

was successful. It is believed that the soil/containment 

wall is beneath the fence along the areas in which initial 

drilling took place. 

The presence of soil/bentonite backfill 

material was confirmed by examination of cuttings on the 

auger flights. A borehole was advanced to a depth of nine 

feet below grade. Two Shelby tubes were introduced into the 

borehole and samples were collected at 4'-6' and 6'-8' from 

the top of the containment wall. Examination of material in 

the base of the tube confirmed that the sample was obtained 



from the containment wall. The location of this and prior . 
sampling events are detailed on Figure 3. The boreholes were 

backfilled with bentonite and abandoned. 

3.3.1 Sample Preparation and Shipping 

The Shelby tubes were waxed, capped and taped 

at both ends to prevent sample loss and drying. The samples 

were hand delivered to the Michigan Testing Engineer's 

laboratory in Detroit, Michigan for permeability testing. 

3.3.2 Sample Testinq 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 





1: ' 

4.0 GROUMmATER TABLE UOHITORIHG 

4.1 GENERAL 

The monitoring of plant site groundwater 

elevation was performed and the elevation of the St. Louis 

reservoir was determined on March 13, 1986. 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated in increments of one one-hundredth of a foot, were 

taken at the water level and at the top of the well casing. 

The former reading was deducted from the latter and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



TABLE 1 

WATER LEVEL MEASUREMENTS 

MARCH 13, 1986 

MONITORING 
WELL 

MEASURED 
WELL HEAD DISTANCE TO 
ELEVAT I ON WATER TABLE 
(AMSL) (ft.1 

Water level elevation, St. Louis Reservoir 

March 13, 1986 

WATERTABLE 
ELEVAT I ON 
(AMSL) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater elevation data were used to 

construct a site groundwater elevation contour map which is 

presented in Figure 4. 

4.4 SITE MEAN GROUNDWATER ELEVATION 

The mean elevation of site groundwater is 

calculated to be 721.35. The maximum allowable site 

groundwater elevation stipulated by the Consent Judgment is 

724.13. 

4.5 WELL HEAD ELEVATION SURVEY 

In accordance with the Post Closure 

Maintenance and Monitoring Plan, the well head elevations 

were re-surveyed on March 11, 1986 to ensure'accuracy of the 

elevations. Minor differences from previous surveys were 

recorded and the groundwater elevations were adjusted 

accordingly. This phase of the program will be conducted 

yearly. 
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5.0  DISPOSAL WELL TESTING 

A mechanical integrity test was conducted in 

the Disposal Well 1 2  annulus on March 14, 1986. The 

following were in attendance, Mr. D. Robinson and Ms. C. Cull 

(CRA), Mr. G. DeGeer (Velsicol), and Mr. H. Novakowski and 

Mr. P. Miller (USEPA). The test was performed by Long and 

Wetzel Co. of Mt. Pleasant, Michigan. 

The test consisted of pressurizing the 

annulus to 300 psi and holding it constant for a period of 30 

minutes. The well lost 4 lbs. of pressure during this test, 

and was re-pressurized to approximately 115 psi after the 

completion of the test. Dat'a generated from this test is 

presented in Appendix C. 



1 .  

All monitoring activities stipulated by the 

1 Consent Judgment were carried out between March 11 and March 

Data from the chemical analysis of the gas 

vent samples and the permeability testing of the contaminant 

I - wall sample will be provided to MDNR and USEPA within seven 

days of receipt by CRA of laboratory final data. I. 
The present mean site groundwater table 

elevation is calculated to be 721.35. The elevation in the 

Pine ~iver/St. Louis reservoir was determined to be 720.07. 

I The next sampling and monitoring event will 

occur on or about June 15, 1986. 

1 ' All of Which is Respectfully Submitted, 

I 
CONESTOGA-ROVERS & ASSOCIATES LIMITED 

1 C. A. Cull, B.SC. R.G. Shepherd, P. Eng. 



APPENDIX A 

CALIBRATION DATA AND 

GAS SAMPLING PROTOCOLS 



APPENDM B 

GAS VEm SAMPLING PROTOCOL 

In  accordance with the  Consent Judgment, Velsicol has submitted a 
pout-closure maintenance and mnitoring plan for  i t s  
environmentally secured plant s i t e  i n  S t .  Louis, Michigan. The 
post-cloaure maintenance and monitoring plan requires quarterly 
monitoring of 11 gas vents t ha t  have been ins ta l led  t o  release and 
appropriately t r e a t  internal gases. This program w i l l  be 
conducted over a period of three years. 

The gas vents, a s  detailed i n  Exhibit F of the Consent Judgnmnt, 
a re  designed with two sampling ports: one below the  base of the 
installed activated charcoal f i l t e r ,  and one above the  f i l t e r .  
Samples w i l l  be collected from the  downstream port. Results w i l l  
indicate  whether o r  not containment breakthrough has occured 

f through the carbon f i l t e r .  

Samples w i l l  be analyzed fo r  three separate compounds: carbon 
1 tetrachloride,  trichloroethylene and vinyl chloride. 

Samples w i l l  be collected with a Gilian HFS-113 W DK variable 
flow pump. This part icular  uni t  allows the  operator t o  run a 
se r ies  of tubes concurrently i n  para l le l  arrangement. Four tubes 
w i l l  be col lecteb from each gas vent: two standard N I O S H  100/50 
mg activated charcoal tube, and two 30/15 mg tenax tubes, each 
tube measuring 6 nnn x 70 mm. One blank s e t  and one duplicate 
s e t  of tubes w i l l  be collected during each quarterly sampling 
event. 

A s  vinyl chloride represents the  l e a s t  adsorptive of the ' three 
compounds, the sampling program i s  designed t o  accomodate t h i s  - canpound. Therefore, sample volunm sha l l  not exceed 5 l i t e r s .  

Prior t o  sampling, the vent w i l l  be sealed off w i t h  a p las t i c  cap, 
and purged fo r  10  minutes a t  a r a t e  of 500 cc/min. This i s  t o  
eliminate the possibi l i ty  of sampling atmospheric a i r  contained 
within the upper portion of the  gas vent. 

Two samples from each gas vent sha l l  be collected simultaneously 
a t  a r a t e  of 250 cc/min. for  20 minutes. The pump shal l  be lab 
calibrated with sample tubes in-line t o  determine the exact flow 
rate. Additionally, f l w  w i l l  .be checked a f t e r  f i e l d  sampling to  
verify tha t  a constant flow was maintained throughout the sampling 
period. 

Following sample collection, each tube w i l l  be sealed with a 
p las t i c  cap a t  each end, labelled, placed i n  a cold storage 
environment and shipped under chain-of-custody via  a canmercial 
courier service t o  Velsicol 's  analytical  laboratory i n  Memphis. 

.. . . .  . . .  . ' . .., C . , . . -, . ;.., -... : : .,.!. . " . ' . - .  . . . .  .... . .:.. -' ..a. . I ... , . ' . .-. . . . . . .. 



Analys is  of t h e  charcoal  tube  w i l l  be conducted i n  accordance with 
NSOSH p r o t o c o l  a s  d e t a i l e d  below: 

Compound 

Carbon T e t r a c h l o r i d e  
Tr ich lo roe thy  l ane  
Vinyl Chlor ide  

Revised Method No. 

Analysis  w i l l  proceed by f i r s t  e l u t i n g  t h e  carbon sample tubes  
w i t h  carbon d i s u l f i d e  and t h e n  analyz ing  by GC w i t h  a  flame 
i o n i z a t i o n  d e t e c t o r .  A l l  samples w i l l  be i n i t i a l l y  analyzed i n  
t h i s  fashion. I f  any of t h e  above canpounds a r e  d e t e c t e d  on t h e  
c h a r c o a l  tube ,  t h e  corresponding t enax  tube  w i l l  h e  analyzed by 
thermal d e s o r p t i o n  and GC/MS under €PA Method 624. 

Turnaround t i m e  f o r  t h e  completed a n a l y s i s  a t  t h e  l a b o r a t o r y  i s  
a n t i c i p a t e d  t o  be 30 days f r a n  d a t e  of sample c o l l e c t i o n .  Samples 
w i l l  be desorbed wi th in  t h e  10 day l i m i t  ' s p e c i f i e d  f o r  v i n y l  . 
c h l o r i d e .  Analytic-a1 d a t a  w i l l  be r e p o t t e d  t o  CRA a s  mg/tube. 
F i n a l  r e s u l t s  f o r  t h e  carbon tube  w i l l  be c a l c u l a t e d  by CRA, u s ing  
t h e  fol lowing formula. 

1. Cor rec t ions  f o r  t h e  blank t o  be made f o r  each sample 
mg = mg sample - mg blank 

T h i s  c a l c u l a t i o n  is  performed s e p a r a t e l y  f o r  each tube.  

2. Add t h e  amounts p resen t  i n  t h e  f r o n t  tube  and backup' tube t o  
de tenn ine  t h e  t o t a l  weight  i n  t h e  sample. 

3. C a l c u l a t e  t h e  c o r r e c t e d  mg/sample by d i v i d i n g  t h e  t o t a l  weight  
by t h e  d e s o r p t i o n  e f f i c i e n c y  (D.E. ) which i s  provided by t h e  
lab .  

co r rec ted  mg/sample = t o t a l  weight  . 
'DE 

4. C a l c u l a t e  t h e  concen t ra t ion  of t h e  a n a l y t e  i n  a i r  
mg/m3 = Corrected mg x 1000 l i t e r s / m 3  

A i r  volume Sampled ( L i t e r s )  . . . 

5 .  Concent ra t ion  w i l l  be  repor ted  as ppm, c o r r e c t e d  t o  s t andard  
cond i t ions  of 25'C anQ 760 m Hg 

3 
ppm = mg/m x 24.45 x 760 x (T+273) - 

MW P . . . . -  298 .. ... . . .. . . . 

where P = pressure  (mm Hg) o f  a i r  sampled 
T = temperature ('C) of air sampled 
24.45 - molar volume ( l i t e r / m o l e )  a t  2S'C and 760 mm Hg 
MW = Molecular Weight 
760 = s tandard  p r e s s u r e  ( m m  Hg) 
298 = s tandard  temperature ( O K )  



NOTE: Temperature and pressure'uncorrected to  sea level  w i l l  be 
collected fo r  the duration of the  sampling event and 
averaged for  use i n  the above calculations. Information 
w i l l  be provided fran the  National Weather Service in  
Lansing, Michigan. 

6. I f  the concentration of t h e  back tube exceeds 10% of the 
concentration of the  f ront  tube, the resulks w i l l  be 
reported a s  a sample breakthrough and possible sample 
loss  . 

7. A similar  procedure w i l l  be follaued fo r  the  tenax tube, 
should analysis be required. 

na ta  w i l l  be reported to  USEPA and MDNR o f f i c i a l s  w i t h i n  seven 
days a f t e r  receipt of f ina l  laboratory data for  each quarterly 
sampling. Additionally, a  summary data report w i l l  be provided a t  
the  conclusion of the three year sampling period, o r  sooner, 
should breakthrough of any compound occur pr ior  t o  the three year 
program. 

I n  addition to  the  s e t  of f i e l d  blanks t o  be collected per 
quarterly sampling event, an additional s e t  of 15 charcoal tubes 
and 1 5  tenax tubes w i l l  be forwarded unopened to  the lab during 
the  i n i t i a l  sampling event. 

There "blank" tubes w i l l  be used a s  internal  cal ibrat ion 
standards on which each of the three compounds w i l l  be spiked a t  
f ive d i f ferent  concentrations. The data fran t h i s  analysis w i l l  

I 
be used t o  calculate the desorption efficiency for  a  specif ic  l o t  
of activated charcoal. Therefore, t h e  l o t  number of carbon tubes 
and tenax tubes sha l l  be recorded during each quarterly sampling. 
Should the  l o t  number change, a  n w  s e t  of 15 charcoal tubes, and 
15 tenax tubes sha l l  be forwarded t o  the  laboratory for 
determination of the  new desorption efficiency. 

The allowable l i m i t s  for  these compounds have been established by 
the  MDNR and a r e  s i t e  specific fo r  the St. Louis s i t e .  These 
l imits are documented i n  section 4.3 of the post-closure 
maintenance and monitoring plan. 

Copies of a l l  three  analytical  protocols, the  chain of custody and 
the data collection sheet ,are provided i n  the following sections. 

._ ' - .. . .. .,. -. ..... &..., .. . . '  : .... - .'.. .... . , ,,-.. .. - -i.. - .. ... . ...- . . .. .. . r . . :  ..*. . .  ' . . .  ' . . .  - . .  . 



FOWUU: Table 1 

M.U.: Table 1 

HYDROCARBONS, HALOGENATED 
STHOO: 1003 
ISUIED: 2/14/84 

CO#XHDS: -1 drlorida chlorebmmnethano 1, l-dichlomethmr hexachlomethne 
by win^ btrm~fofil thlorofona 1,2-dichlor#thyl w nrthy1chlomfom 
i n  Table 1) carbon tetrrth'loride pdlchlor&mzene e t h y l m  dichlorida p r u p y l m  di.chloridr 

chlomknzene pd ich lombuene 

I 

SAnPtER: SOLID XlRBOlT TU8E !TEM(ICUE: U5 ~ T O G R V H I ,  FtD 
(coconut she1 1 thr+oll, 100 ngm ag) ! 

! A M l n t :  carpou* ibove 
FLW RAT€: 0.01 to 0.2 Vlain ! 

!DESQIPTIm: 1 m~ CS2, stand 30 min 
VOL4IN: Table 2 I 

-Ma: T d l e  2 !nuECTIO( vOLUnE: 5 lJL 
! 

SHIPnU(1: routine !lmP€RATURES: Table 2 
! 

WU StABlLIfY: at l u s t  1 vrlr 0 25 *C !CARRIER GAS: )(t or Ha, 30 Wmin  
I 

BLM(S: 2 to 10 f ie ld  birnks per sat !COLUW: Table 2; alternates are 9-2100. 
I SP-2100 with 0.7% CItbowu 1500 

-. I or 08-1 fused s i l i ca  capil lary a l u m  
AcamcY ! 

!CALIB2ATtTf: solsttic?: cf E ~ . Z ~ ~ J ~ C  ir! CS- n'tt; 
_ - ..- - .  . - ,  . - 1 .  "I : . . .  .-.. .- L.. -- . - . - . . . . . . .  . . . .  . -  - .  . , . - - - - - . . .  . - .. '' - .  

I 

8 W :  not significant i l l  !T)ANQ: Table 2 
i ;  

! 
OVERALL PRECISION (+I : soe EVALUATION Cf !ESTIMfa) LOO: 0.01 mg per t r rp le  I21 

nnwa, 111 ! 
!PRECISION (+) : see EVALUAT IO( OF METHOD f 1 ] 
! 

APPLICI\BILITY: This athod uses e siaple *sorption and can be used for sim\t .nrws m r l y t i s  
of two or =re substances suspected to be present by chnging the gas chranrtographic 
conditions (i.e., tanperarum programed). High nunlaity wr lng  -ling w i l l  prevent organic 
v -n  fraa being trapped e f f i c i w t l y  an the rorbent m d  greatly decredses breakthrough volun. 

INTERFUIE?GES: None i den t i f i d .  The chranrtographic w\um w separation conditions m y  be 
dunged to cirtrnnrent interference problems. . . . - .  . 

OTHER ErwQOS: This mathod - i n s  and replaces Hethods P U  121 [31; 595, 5101, 5110, 5111, 
S114, S115, S l Z ,  S123 and 5133 141; and S l S ,  5281, 5314, 5328 a d  S3S1 151. 



a. Raove and discard back torknt section of r ardia blank sapla. 
b. Inject a lrnosnr rnarnt of urrlyte or calibration stock solution dimtly onto fmnt 

s m t m t  saction with a microliter syringe. 
c. Cm the tube. A l l -  to stand overnight. 
d. Qnorb (steps S tnmugh 71 md analyze together with working standards (sups 1 1  a d  12). 
8 .  Prepare r graph of # vr. mg mrlyte ntovrrrd. 

lO.kulyzeth~qwlftycontrolblindgiknMdthrn~llytttpik.ttointur,thtth, , 

ulibrrtjon graph and D€ graph rrr i n  emtrol. 

EAsmmtat : 
11. Set gas drromrtoOtiph accpding to lwufactum's mcmmdations and to conditions given 

on page 1003.1. Injut ~ l e  aliquot raunrrlly using solvent flush technique or w i t h  
r u ~ l e ? .  
MOTE: If p.rlc rrsr is tho linwr range of the d i n g  stmdrrds, dilute with eluent, 

tunrlyze and apply the appmprirte dilution factor in ulculrtiom. 
12. mwre pmk r r y .  O i v i d  the p u k  arm of analyte by the p u k  a m  of internal standud 

or, trm s a  chruutogra. 

CALCUUtIawS: 
13. Oltemine th mass, arg (- for El of anal* found in the rrrple fmt (41 and 

back (Yb) wrbmt sections, md in the ruerage nrdia blank fmnt (Bf) and badc (b) 
sarknt sections. 
NOTE: If > Wf/IO, report brulrtnrwgh and possible -la loss. 

14. Calculata tonclmtratiar, C, of mrlyt, in t h e  air vollar trrgied, V (L): 

- -  - 
7 :  . . -. .. 7 r p . !  ,-: . 5 7 ~ 3 :  - .. _C . '  -- -. . . - .  

L-raclory test ing .as perfom& with spiked sacsics and SncrateC amwhen I? j. A:: 

analytat m stable at lust one week. All 'mtnodt urr val iaated using $KC Lot 105 coconut 
shell chrcaal. Results urn: 



rrETKX): I003 -. MALUXNARD 

L ' -  191 ~ritaria  for r W c a m e m ~  Standard.. .Octuprtionrl Expoturn to I, 1,l-frichlomethrne, u.S. 
Oapa-t of With. Education, md Uelfara, Publ. (NIOSH) 76184 (1976). 

f 101 Criteria for r Reemmded Standard.. .Occup.tio~l Expoturn to Clrbocl Tetrrchloride. U.S. 
Olpr-t of Health, Education, and b' l fan ,  -1. (NIOW) 76-133 (1976). 

IETWOO WISED BY: 6. 0. FoIy; Y. T .  Gagnan; 'and K .  J. WlIliaa, NfOSWWSE; mthodt 
otig.inrlly vrlibted under NIOSW Contract QIC-99-7465. 



Propylene dichloride Cll CICIUI CI; 112.99; 
3 2 

CdI6Cl2 4.62 

- 
ruspec t carcinogen. 

OS)U V P O  Density 
NlOsll [a-lo] 20 'C ( g / d  

S n m w  AC(IIIl aP ('C) ' Q 20 *C1 

I I-.dichlorobcnzm; 15 ppa .I14 
4 . a 0106-46-1 .-- 

IS P P D  

SlEl I10 p p  

c ~ l~y l i dene  chldride; 100 ppm 51 24.3 kPa 1.114 
t'::, U 15-34-3 100 Ppr 

a ppaD 
S l E l  250 ppm 

as :-tylene dlchlorlde; 200 ppa 60 (cis) 21-35 kPa 1.28 
I ,;'-dichloraethem; 200 ppn 4 I  (trans) 
(:.. 1 W40-59-0 a PWD 

SlE1 250 pp 

11, I c h l e t b n e ;  Ippn(sk in )  101 (sub l i r s )  30Pa 2.09 
1 I . .  61-12-1 1 QPI, (skin) , 

10 ppr 

I ,  I, I-lrichloroethane ; 356 p I4 13.3 kPa 1.335 

4 i OIldS-  6 350 p(nr/l5 r i n  
CAS 1 1  1-55-6 350 Mr, 

SIEL  450 ppm 





U y t e :  Trichlroosthylaru Method No.: S336 

kt-: Ur U g e :  5-2176 mg/cu m 

Procedure : ddrorptiorr w chrrcoal, -Validat- Date: 6/6/75 
de8orptlarr with -boo 
dbu l f i de ,  CC 

1. Prfnciole of the Xethod 

1.1 A k m a  wlume of .ir i a  drmm through a charcoal tube t o  t rap  
the 0-&C Vapors prR8aUto 

1.2 The charcoal In the  tube i s  transferred t o  r maU, stoppered 
@ample contrinar urd the d p t e  l a  duorbed with carbon M- 
f id..- 

1.3 & aliquot of the d&orbed -1. ir injected krto gas 
c h ~ t 0 g r . p h .  

1.4 The uu of tha r t n t l t i n g  p u k  ir d e t e m e d  and campared 6 t h  
U.U o b t a h d  frum inject ian of stmrllrd.. 

Thir nuthod w m  v8lldat.d wer the rauge of 519-2176 mglcu m at 
rrer aauorpheric temperature md premxre of 24.5.C aad 759.1 um~ Eg, 
using 3 - l i t u  s q l a .  Under tha cOPditiQOI of sauuple size 
(3 l i t e r s )  the probable useful range of this method i. 108-3225 
rag/= m at a detector r c ~ s i t i v l t y  tha t  gives nearly f u l l  d c  
f l ec t iua  on the a t r i p  chart recorder f o r  a 9.7 mg sanple. This  
method i s  capable of meamring much m e r  mouats if the d r  
8OrptiOU a f f i c i ~ ~  is rdewte. Dm0-t- Lffici-cy m t  be 
determined o v a  the range wad. 

2.2 The upper 1-t of the  range of the' nethod i. dependent on the 
adsorptive capacity of the chucoa l  tube, Thir capacity v u i e s  
w i t h  the concentrations of m r l p t e  md other rubst+rrces in the 
air. The f i r s t  section of the charcoal tube tmr found t o  hold 
42 mg of d y t e  vhm a test atmosphere corr tdnhg 2266 m 
of m r t n e  ia air-uas sampled a t  0.187 U t e r s  per minute f o r  99 

. . . -. . -.. mixustar; .breakthrough 'was .obaa.med.:at thfr. ' tdme,.. i.e.. t h e  conem--.. " ' 

t r a t ion  of aaalyce in the eff lueat  was 5% of t h a t  the Influent. 



(The charcoal tube consists of tvo sect ioaa of ac t iva ted  char- 
coal separated by a sec t ion  of urethaae fom.  See Sectiorr 6.2). 
If a p u t i c u h r  a t w s p h r e  is rurpected of contrfning a l a r g e  
amount of coa t adaan t ,  a smaller sampling volume should be 
t a k a l a  

3.1 Uhar th. amuat of water in the air l a  so g r u t  t b ~ t  corrd-a- 
tioo actually occurs in t h e  tuba, org.nic vapors w f U  not be  
trapped e f f i c i ea t ly .  Prdhbary rxper3beats -lag toluene 
indicrrte that Ugh  )nmidity severely decreases t h e  breakthrough 
VO-8. 

3.2 Vhrrr two or more a r e  or wetted t o  be preseat  
in t h e  air, ruch in fomat ion ,  including t h e l r  r tupacted idea- 
titles, should be tr-ttad with the 8-1;. 

3.3 It mast be qh8siz.d tht  any m o u n d  which has t h e  sme 
retmtim t$me u t he  d y t e  at  the  operating conditions d t  
scr ibed in th i s  method I s  m i n t e r f e rmce .  Retmt ion  time da ta  
on a s ing le  col- cannot be considered u proof of c h d c a l  
i d r n t i t y ,  

3.4 If the p o s s i b l l l t y  of in te r fe rence  exists, separat ion conditions 
(~01- prcUxq, temperature, etc.) nnrrt be changed t o  circum- 
v .n t  the problem, 

4.1 The Corfficimt of V u l a t i o n  (q) for t h e  t o t a l  analytical and 
-ling mathod in t h e  range of 519-2176 nig/w m was 0.082. 
Thir value  corresponds t o  cn 88.2 mg/cu m standard d m i r t l o a  at 
th. OSRA ~ u n d . t d  1 - c l o  S u t i ~ t i c r l  Mo-tbn md d e w s  
of t h e  v a l i d a t b n  and rxperimeatal test procedures can be found 
in Bafermce Ue2, 

On t h e  meraga  t h e  cancentrat iuas  obtalned at the OSRA s t m a r d  
level w i n g  t h e  waall san@ing and anal-- method were 6.4 X 
lower thro t h e  "truen concentrations f o r  a w t e d  number of 
laboratory r x p u ~ t s .  A n y ' d l f f u m c e  between t h e  "foundn and 
"true" concen t r a tbns  may not  represent  a b ias  l a  t h e  -ling 
rad aaalytical method, but r a the r  a rsndom variation frum t h e  
rrperimsntally datemined "true" concmtration.  Therefore, no 
recovery cor rec t ion  ahould be  applied t o  t h e  firul result, 

Thue data are based on vs l ida t ion  ~ e r i m e n t s  w i n g  the  in- 
t e r a r l  standard method. 

5. Advantages and Disadvantages of the  Method 
. . ... . . ..: . ..-' .. '. J:-. ': .., r l  , .,. ' . . -. . .. - I '.. 'Lh. 

' d'mice t. '-, portibli, a +oi;ti.-ns.;livids.. .. . ._ _ . .. 
In te r fe reaces  a r e  m h h a l ,  and most of those which do occur 
can be eliminated by a l ter ing  chromatographic condifiono. The 
tubes a r e  analyzed by m e a n s  of a quick, l as tmxma~ta l  method. 
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Th. ~ r t h o d  wa also  be mad fo r  the aimltaaeour rnrlyrir of 
two or oore nrbstaxacu mrpected t o  be p r u c n t  i n  the  same 
8-18 by s iaply  Chlpgiag gas chronutographic conditioru from 
L o t h d  to a t a q e r a m z r e - p r o g r d  d e  of operatime 

3.2 Om diardp.rrtrge. of the mthod ir that the .aourrt of rampla 
which can be mkmn L Umtted by the number of milligrmm that 
the tube hold before werloading. When the r q l e  vrlue 
o b u i n d  f o r  the )uekm rectlm of the charcoal tube e x c e d s  
23% of thrt f d  on the front raction, the  poss ib i l i ty  of 
8-18 lo88 

5.3 Fur&-e, the prrcilba of th. metbod L limited by the  
raproduc%bility of the p r u a m r  drop rcro8r the t u b u .  Thir 
drap t r i l l  affect the flw rate and u\ue t he  voltma t o  be 
%mp~e&., b-• th. pump I s  ruually cal ibrated fo r  on. tube 
= l ~  

6.1 A -rated p u n &  r q U n g  p u q  vhora flow un be deter- 
e e d  withla 3% at the re-nded flow rate. 
(Waram U.3). 

6.2 Q u i d  tubu: gI.888 tube rrith both rndr flame wried, 7 em 
1 0 ~ g  wi.th a h 0.D. md l I e D e ,  m t w  2 88cfi0~. 
of 20/40 n w h  activated charcoal reparatad by a 2- portion 
of urethane fama. The activated charcod, L praparad from 
cacomt mhdb .nd L f i r e d  at 600.C pr io r  t o  pacling. The 
adsorbing r e c t a  contaizm 100 r ~ g  of charcoal, the  backup re- 
tion 50 mg. A 3-mn portion of urethane foaa %a placed b e m e n  
the oo t l e t  end of the  tube and t he  bulatp section. A plug of 
8ilyl. t .d -6 wool i. placed in f ront  of tha adsorbing sac- 
tion. The p r u r u r e  drop acrorr  the tube mt be less tb.n one 
inch of m e r c u i y  at a flow r a t e  of I l i t e r  per minute. 

6.3 Cu chromatogrsph equipped trlth a flam i u n i t r t i o n  detector.' 

6.4 Col- (10-f t x l/&in s-s s t e e l )  packed vith 10% OV-101 
st8tiop.rp p h u e  on 100/120 lnuh Supelwport. 

6.5 electrun%c la tegra tor  or mame other muitable method for  
w u r i n g  p88k Uur. 

6.6 -1t.r s.mpla.cootaiaatr with gbrr stoppars or 
Teflan-Unsd ups. If  an automatic srmpla i o j sc to r  i s  wed, 
the u r o c i a t e d  vlalr msy be wad. 

6.7 LUctolit.t . y r i n g c . :  lO-ndc to l i tu  ,,: .nd other urnocnicnt. .. 
, . . *  . ..- .. .i , .'"....'.. .:. . . . . ... - .  , . . . .  ,;.:. .... ' . . . - . .  

fo r  makiag stmdrrda. . 

6.8 Pipet.: 1.0 ml type graduated in 0 . 1 4  incremeata. 



6.9 V o l m t r i c  fhalrtrr: 1- or coavwdmt r h e a  far n k l a g  
8- =In-• 

Bug.ntr 

8.1 Cl- of eqdpmmt. A l l  gha8w8re used fo r  the laboratory 
analpi8 ohould be deters-t -hod md thoroughly rwad vith 
tap =tar aui d i s t i l l ed  r r r tu .  

8.2 rrlraratbn of P u m n a l  -8. Each puaO1I.l wt be 
uriaratd W i t h  8 t.prmmatim ch.rC08I -8 fn th8 -0 

T h h  rlll mbimdsa mr8 a8.0Ckt.d w i t h  -ti88 in 
th. Bampl8 v o w  Collectd.  

8.3.1 -taly bafore mw, b r u k  the  .rrdr . of the  tube 
to ptovid. an op- u &ast o n r W  tha intaxad 
ar_t.r of th. tube (2 m). 

8.302 UU 8-t* of  c h r d  b U8rd U 8 brCk*p 
.rrd rhould be p 0 8 i t h . d  n-ut the  m l i r r g  - 0  

8.3.3 The -coal tube rhould be p k d  in a vertical .dirac- 
tigLL during - l i n g  t o  miahixe I l ) l l r m u  through the  
chucoj. 

8.3.4 Air baing -lad should pot be p u s d  through may ho.8 
ar tuba brform ant- the charcoal tub*. 

8.3.5 At the e d h g  -lad p d  cOXiemtr8tW. 8 -18 8 h e  of 
3 Utarr i. recl.mmmdad. S-le fo r  U -tea at a f l w  
of 0.2 U te r  per mix~te..  & the T.W.A. concmtratAon, 
8 -18 r ize  of 10 literr i. t e c ~ e d .  Saaple at a 
flow of 0.2 l i terr  p e  *te or ,less. The f lov ra t -  rhould 

. . . .  
be ham with m accuracy of a t  lsut f5Z. 

. .. . .;. _ .  . - . . ..'. . ,. . .. . .. ... , ..,. . . .:' :. -..: ,.. +.: ,. . ..- .*.... .. -. . .; ' ..-. ' ;..'. ..;.:.,.-.-. ..' . .-.,:.i'.. i. . . .. -. 

8.3.6 The t & r a t u r e  md &u-. of the atmoapheri b e i a i  s a q l e d  
should be recorded. If preseure r e d i n g  i. not mallable, 
record the  elevation. 

S336-4 . . 



8.3.7 The charcoal tub- ahodd  be capped with the  supplied 
p k r t i c  caps tmau lb te lp  a f t e r  rrmpliag. Under no 

. circumstmcu rhould rubber u p r  be urad. 

8.3.8 O m  tuba rhould be hndled in the  same manner u t he  
8-1. tube (brulr ,  r u l ,  .Ild t rausport) ,  except that 
ao air i 8  ramplod through t h i s  tube. This tube should 
be labeled 88 8 bl8nk. 

8.3.9 Cappad chuwr;l tubu should be p.ckad t i g h t l y  .ad pad- 
d d  M o r e  they u e  ahippod t o  tube b r u e  
d=* rhiap*. 

8.3.10 A ulnple of th. balk matuhl rhould be rubmittad t o  the  
laboratory in 8 g l u r  coauiaer P f t h  a Teflon-mad u p .  

. Thir m q l e  should not be t rmrpor tod  in the  same container 
u th. ciruc~rl tub-. 

8.4 Arrolyrir of Samples 
? C  

8.4.1 Prepuatiun of S a q l u .  I n  preprra t ioa  f o r  azulysls, 
u c h  chrrrul tube L scored with a f i l e  ia f r o a t  of 
t h e  f i r s t  r.ctiarr of chutorl .nd broken o p e .  The 

-vool L rawvd a d  discarded. The charcoal in 
the f i r s t  (*a) aection L traaafurd t o  8 2 4  
r t o p p u d  ..lapla container. The repuatlng r e c w  of 
foam ir r-d m d  discarded; the  second rec t iun  i s  
trmmferrd t o  u a o t h u  r toppued  cwtaina. T h u e  
two rectloru are d @ o d  r e p u a t r l y .  

8.4.2 Duorptbrr of Samplu. Prior t o  analysis ,  1.0 ml of 
carbon dinrlfi.de i a  pipet ted izreo rrcfi s w l e  carruinet .  
(U work with carbun d i n J f i d e  rhould be p e r f o d  ia 
a hood b-rue of its high to r i c i ty . )  Desorption should 
be dune f o r  30 minrotu. T u t s  indica te  t h a t  thir i s  ad* 
qrrrte if the r q l e  is agi ta ted  occaabuaUy durlag thi. 
p u i o d .  I f  m automatic 8-1. in j ec to r  is used, t h e  
8-1. oklr rhould be upped as soon as t h e  rolvent  is 
added t o  - W e  v ~ l a t f l i z a t i o n .  For t h e  internal scan- 
d u d  matbod, d u o r b  using 1.0 ml of carbon d i su l f ide  con- 
t a i a i a g  8 - -unt of the chouen i n t e r n a l  s tmdr rd .  

8.4.3 GC Coadltioaa. The typical 'operat ing '  conditions f o r  
tha g u  chromatograph ue:. . 

1. 30 mlfmin (60 psig) Nitrogen crrrier gas flow 
2. 35 &/orin (25 psig) Eydrogen g u  flow t o  de tec tor  
3. 400 mllmin (60 .pnig) Illr flov t o  detector  
4..  22S°C in jec to r  t c~ lpe ra tu re  

. ...., "...:- .-. . . . . 5 .,.. .25O0C manifof. temperature:.,(detector). . ..: . . -.. ..:t - . -  - -:.- .. 
6. 70.C col- tunperature . . 



8.4.4 Ia jec t ion .  The f i r s t  s t e p  in tlre analysis is t h e  injec- 
tion of the sample into t h e  g m  chromatograph. To ell- 
a t e  d i f f i c u l t i a s  arising from b l w  bock o r  d i s t i l l a t i o n  
v i t h f n ' t h e  syr inge  needle, one should v l o y  the  so lven t  
f l u s h  t n j e c t i o n  trchnique. The l ~ c r o l f t e r  syringe i s  
f i r s t  f lushed v i t h  solvent  s eve ra l  tbes t o  w e t  t h e  b a r r e l  
arid p l w e r .  .Three mic ro l i t e r s  of solvent  are d r a m  i n t o  
the ryringe t o  l n c r u s u  t h e  accuracy and reproduc lbf l i ty  
of the in j ec t ed  8-1. volume. The needle l a  removed 
from the s o l v m t ,  and the  plunger ir' pulled back about 
0.2 m i c r o l i t e r  t o  reparat. t h e  so lven t  f lush  from t h e  
m l e  v i t h  a pocket of air t o  be used as a marker. The 
n e d l r  ir then a s a d  in t h e  sasp le ,  and a M c r o l i t e r  
a l i quo t  ls vithdrasm, caking i n t o  considerat ion t h e  volume 
of the r u d e ,  r a c e  t h e  sample in t h e  needle v i l l  be  . 

completely infected.  After the n e d l e  i s  rrproved from 
the  sample axad p r i o r  t o  In jec t ion ,  the plunger is p u l l a d  
back 1.2 m i c r o l i t e r s  t o  minisize evaporation of t h e  sample 
from th. tip of the needle. Obseme that t h e  srprple 
occupies 4.9-5.0 mic ro l i t e r s  ln t h e  b u r e l  of t h e  syringe. 
Duplicate i n j ec t i ons  of uch sample a d  stnndntd should 
b;e made. No more ehur a 3% d i f f e r ence  in u e a  is t o  
be a p r c t e d .  & automatic 8-18 i n j e c t o r  cm be w e d  
if it l s  sham t o  @ve r m p r o d u c i b U ~  at  lust u good 
u the m-1v-t f l u s h  techdqua .  

8.4.5 huuranmt of uu. The uu of the 8-18 p u k  I s  urr- 
ured by m rl8ctzml.c i n t e g r a t o r  o r  some o t h u  s u i t a b l e  
f o m  of uu musur-t, and prelffiinnrrr results a r e  r u d  
from a standard curPe prepared u dlscusoed below. 

8.5.1 &por t .ace  of d e t e m b a t i o p .  The d u o r p t i o n  e f f i c i ency  of r 
p a r t i c u l a r  compound can vary from one l abora torp  t o  another  
aud also from one batch of charcoal  t o  mother .  Thus, i t  ir 
necessrrg t o  detexmiae at l u u t  once t h e  p u c e n t a g e  of t h e  
specific coanpoud that i s  removed ln  t h e  desorpt ion procms,  
p t w i d e d  the same batch of charcoal  l s  rued. 

8.5.2 Procedure f o r  datenuinlag desorption afficiemcy. A c t f v -  
a tad  charcoal  equivalent t o  t h e  amount in t h e  f i r s t  sec- 
t loa  of the samplfng tube (100 mg) i s  measured i n t o  a 
2.5 ia, 4-m I.D. glass tube, flame sea led  a t  one end. 
This charcoal  wt be from the s u m  batch u tha t  used 
in obtl+ning t h e  unrples and cur be obtained from unused 
c h u c o a l  tubes. The open end I s  capped wi th  Parafilm. 
A known .mount of t h e  SPOlyte is In jec ted  d i r e c t l y  i n t o  
t ha  ac t i va t ed  charcoal  with a m i c r o l i t e r  syringe, m d  
the tube i s  capped vitlr more Pa ra f i l r a  When u s b g  rrr :. - ..- .-.. . . 
automatic sample i n j e c t o r ,  t he  sample i n j e c t o r  vials; 
capped with  Teflon-faccd sep ta ,  may be used I n  place  of 
t h e  glass tubes. 



S i x  tubes at u c h  of t h ree  concentration levels (O.SX,lX and 
2X of the standard) u e  p r e p u d  by addiag aa aaount of arm- 
l y t e  equivalent t o  that prcseut  in a +liter sample at  the 
se lec ted  level .  The tubes a r e  allowed t o  stand f o r  a t  least 
w e m i g h t  t o  u r u r e  c w l e t e  adsorption of the  r r r ~ l y t e  onto 
the charcoal. Thue tubu u e  rafer red  t o  am t h e  smqler. 
A p u a l l r l  b h k  tube 'should be t r u t e d  in the same manner 
-apt that ao sample ir added t o  it. Th. rampla md blank 
tubu u e  duo tbad  aad analyzed in u u c t l y  t h e  same manner 
u the  -1- tube described In Section 8.4. 

Ztto o r  three s u P d u d s  a r e  prepared by i n j ec t ing  the  same 
volume of cornpound i n t o  1.0 m l  of prborr disulfide vi th the  
8- 8yringe rued b t h e  preparation of t he  umples .  These 
are d y z e d  with the  raqalu. 

If t b  Irk.& rc lndl rd  metbod i s  used, prepare ca l ib ra t ion  
a tmd . r& by w i a g  1.0 m l  of u r b o a  dbuUi .de  cont r i ahg  a 
kaowa m0-t of t he  i n t e r n a l  standard. 

The desorption effici .rrcy (D.E.) equals t he  average weight 
b mg recovered from the tube divided by t h e  weight b mg 
added t o  the tube, o r  

D.E. Average Weight ( m ~ )  recovered 
W 8 I g i l t  (mg) added 

The d u o r p t i o a  e f f ic iency  ir depeadeat on the  amount of 
u u l y t e  co l lec ted  on the  charcoal. P lo t  the  dr rorp t ion  
efficiency versus veight  of u u l y t e  found. Thin curve 
i s  wed in Section 10.1 t o  cor rec t  f o r  adsorption losses .  

C d i b r a t i o n  and Standards 

It ir corrvrnient t o  r x p r u a  coacrotrat ion of standards b te- of 
mg par 1;0 ml carbon dbulfidm, because smles a r e  desorbed i n  this 
amouut of carbon disulfide. The densi ty  of t he  d y t e  id ured t o  
convert mg i n t o  mic ro l i t e r s  f o r  ryg musurement w i t h  a IPIcroUter 
sprtage. A seriu of standards, v i ry ing  l a  concen+ration over t h e  
r aqe  of i r r teres t ,  i s  prepared and aaalyzed d e r  the  urnc CC condf- 
t i o ru  a d  dur* the  m a u  t i m e  period as the  rmbraun saaqle. Cum88 
are rrt8bli .h.d by plottizrg conccnttatiw in mg per 1.0 ml versus 
p u k  UU. 
For the b t b  standard nuthod, use carbon d i au l f idc  c a t l i n i n g  a 
predatermiaed rr~ount of tbe laterrul s t m d u d .  The i n t e a  standard 
corrcaatratiua w e d  vaa approximately 702 of the  concentration at ZX 
the  a t l ad i td .  The d y t e  concar t ra t ion in mg per ml ia plo t ted  
versur the area r a t i o  of the  analyte  t o  that of the  internal standard. 
Notr: Whetbar the external r u n d u d  or Fnternal standard method is 
used, standard sa lu t ions  should be analyzed at  the  u m e  tiam the 
#ample aaalys- i s  done; This' vill -ze t h e  effect 'of var ia f ious '  
in FID respoera. 



-1: 
12. kt the glt ehrol~ltogrph u a r d i n g  to u n u f K t u m ' s  instmetiom and to conditions g i ~  . 

on page 1007-1. X n b t  u r p l e  aliquot wnurlly using solvent flush trchniqw or with . 
rutasup1.t. The rrtentim t i r  of vinyl chlorib i s  &a& 1.7 min. 
NOTE: If peak rma i s  rbovr the l i m r  range of the W i n g  standards, diluta with Q2, 

r r u u l y n  and w l y  th q p e i r t e  dilutiar factor in u lwla t iom.  
13. Musure peak arm. 

UtQRATmn: 
14. DeWrmin the urr, rp (cocrrcted f a  O€) of vinyl d r lo r ib  fnnd in th trrple front 

tYf) md brdr (Yb) tukr. and in the ~wragm mdia blullr ( 8 ) .  
Km: If s YC/lO, rrpact bnrlrthrougn ud partible -1. loss; 

IS. Qlwlr te  cuuentrrtim, C, of vinyl &loci* in the a i r  v o l w  t.rplrd, V (L): 

EvAl~1101  OF RmCo: 
fhr rrthod wrs waluatrd s i n g  single 1- ulpling krkr with 1- f m t  beds nd S 0 - q  
back b& 121. A t  four awrn t r r t iqm k t n e n  1 and a .0/11', the pooled mlative studrrd 
d n i r t i m  urt 0.06 ud the ~ s u m m t s  averam 94% of the a~ncmtrrt iom u lcu lakd  fmn the 
volt& of v i y l  ch lo r ib  and a i r  usd  for thr r- saplad; -1.t a t  the 3-vg 1-1 
s h a d  no lass of vinyl & l o r i b  mhen s t o d  for 12 days a t  roa, q t u m  or 19 days a t  
-20 .C. thrr my be significant loss of vinyl chloridr frrn -18s stocrd far 14 days a t  
mar [I]. Th, 8 brwkthrwgh capacity for r 1- bod of c#~rut chart011 
challenged rt 100 rYMn with vinyl chlo t ib  in a i r  a t  16 m g l d  and r rr lr t ive huidity of 
1QS urt 4.6 L 151. 

-: 
[I] - Thmhold htmit Vrlws for Chrniu1 krbttrncn a d  Phwsiul hmts in th yprlr- 

I Environnmt u&'Intmdrd Qunoes for 1983-84, AQ;W, Cincinnati, OH (1963). 
( \. [2]nil1, R. H., jr., C. 5. PkCmmn, A. T.  Saaluwdrter, A. Y. Twtr, d W .  3. W i n .  - k u l .  --* Qwn 9, 1395-1396 (1916). . 

131 WIOSH lllnurl of Analytical kthods, 2nd. ad., V. 1, P&AH lt8, U.S. bfartamt of W l t h  
md Hunan Services, Pub1 . (NIOSW) 77-1574 (1917). 

[4] Cuddrbrck, 3. E., W. R. Burg, ud 5. R. Bird& Environ. a. T o d ~ l . ,  2, 1166-1111 (197s). 
5 a Y. w. m, x, 6141 (1960). 
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GAS VENT SAMPLING .PUMPS 
CALIBRATION LOG 

COMMENTS 

DATE CALIBRATED BY , 

PUMP 
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I 

AVERAGE 
BAROM. 

HUMIDITY 
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PUMP 
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TIME 
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I I 

24-HR. 
TIME 
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i 

SAMPLING 
BAROM 

PRESSURE 
(Inches Hg) 

- - -  

CAL. 
FLOW 

(cc/mln.) 

Z. ,O 

/ 

( ' 7 0  

,(.) 

SAMPLING 
INITIAL 
FLOW 

(ce/min.) 
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) 

, '  

BEFORE 
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PRESSURE 
(Inches Hg) 

I 

TEMP. 
(OF) 

I 

HUMIDITY 
(%) 

! )  -- ' -- 



VELSICOL CHEMICAL CORPORATION 
j 

ST. LOUIS, MICHIGAN 
PROJECT Ne 1524 

GAS VENT SAMPLING 

COMMENTS 

DATE OF 
COLLECTION 3 - 12 - 86 
TEMPERATURE 33 F 
CHARCOAL. , to 
LOT NO 

SAMPLER CAC /  ED^, 
I 

RELATIVE 
HUMIDITY q l %  
TEN AX 
LOT NO Lq\ 

BAROMETRIC 30, 05 
PRESSURE 
GAUGE 

READING 

,SAMPLING RATE 
(cc /min.) 

zso ~ ~ / n r ~ . u  
I 

/ 

I 

\ 

;) 

SAMPLE 
VOLUME (1) 

-5 t 
5 1 
5- 0 
S 1 
5 J 
5.t' 

s G 

5 D 

-j- 

5.754 
5 I 
5-4' 
54 

SAMPLE 
NUMBER 

5 
2 
7 
3 
1 

12, 

13 
I I 

6 

10 

6 . 

3 

GAS VENT 
NUMBER 

I 
2 
3 
4 
5 
6 
7 
8 

9 
10 
I I 

DUPLICATE 

BLANK 
DATE OF 
SAMPLE SHIPMENT 3 ' 12 -GG 

PUMP 
NUMBER 

I 
2- 

I 
2 

I 
2 

z 
1 
I 
2- 

I 

1 j : i , 
J - 

ELAPSED 

20 M- 

20 ML*L 

20 n~m 

XI M- 

20 ml*.h 

a a h  

ZG f ~ 4  ,A. 

iw (v\* 

- 1 - 1  

ZZ; ~ v t t  

20 m , , ~  

20 m k  

- 

S l 3 m F  

8.33 

8:48 

q . 1 ~  

q:25 
d 

q :43  
IW 

vw I , :  14 

11.47 
w II ; LI 

I /  .* 55 

fl ,zZ8 
fl laQB 
I@ I S  : L I  

It;oo 
METHOD 
SHIPMENT rf b 0 ~ ' l t  r \ ,  I I , , 

1 

0 

SAMPLING T IME 
FINISH 

8. 5 3  

9:OS 

9 3 2  

'i 4 5  

10'03 

M : 3 4  

IL'cJq 

1 1  :q/ 

1 ~ ~ 1 5  

1 2 ~ 4 1  

1 3 ~ '  

1 2 ~ 4 1  
- 

OF 

4 

0 

2 

0 

5 

0 

3 

o 

6 

0 

7 

0 

8 

0 

9 

0 0 

1011 

0 



10.1 R u d  the weight, %a mg, c o r r e s p o a d ~ g  t o  u c h  peak a rea  from 
the s t l n d l r d  curve. l o  volume c o r r e c t i o m  u e  needed, because 
t h e  s u r d  curve i a  b u d  on mg per  1.0 Prl carbon d l s u l f i d e  
and the -1- of -1. frrjected is I d e n t i c a l  t o  t h e  volume 
of t h e  r t rnd r rd r  ia jected.  

10.2 C o r r e c t b a s  f o r  the b t r n t  mst be made f o r  w c h  sample. 

w h u e  : 

8-18 - mg f o u d  in f r o n t  s ec t i on  of srmtplr tube 
mg blank = mg found in f r w t  sec t ion  of bt lnk  tube 

A similar procedure l a  folloued f o r  t he  backup sec t ions .  

0 . 3  Add the amounts present in t h e  f r o n t  and bachap sec t i ons  of 
the same -1. tube t o  determine t he  t o t a l  weight l n  t h e  
sample. - 

10.4 Bud t h e  desorptiosr e f f ic iency  from the curve (see Section 8.5.2) 
f o r  the rprouat found in the f r o n t  section.  Divlde the t o t a l  weight 
by thfr d u o r p t i w  ef f ic iency  t o  obt . in  the corrected mg/rqale. 

Corrected mg/sample - Total 
D.E. 

10.5 The c m c a r r t r a t i o ~  of t h e  d y t e  in t h e  .ir ranpled can be u- 
p r u r r d  in mg per ctt a 

-leu I Coneeted mz (Seetion 10.1) x 1000 ( l l t e r s l e u  11 
ALr Volrnnr Sampled ( l i t e r s )  

10.6 Aaotber method of expreasfrrg concentratfon i s  ppm (corrected 
t o  standard conditions of 25.C and 760 m Hg). 

where: 

P - pressure  ( n ~  Hg) of rir sampled 
T = tcaperature  (OC) of rir s q l e d  
24.45 = molar volume ( l i t e r lmole)  at  25'C and 760 am Hg 
W = ~loleculu weight 
760 - r tandard pressure  (m Hg) 
298 = standard temperature (*I() 



ll.1 Uhita, LmD. et .I, "A wni rn t  Opthized  Hathod for the 
m y r i a  of Selectd Solvent Vapors in  the Indrutrir l  
Aaroaphue," Amer. Iad. Wg. k r o c .  J., 2: 225 (1970). 

ll.2 D o n t ~ t a t f o n  of HIOSE ~8l id8t iou Tests ,  NIOSB Contract 
No. mc-99-7445. 

U . 3  Finrl ZI.port, EIOSB Contract -99-71-31, "Parrod Sampler 
P t q  for Cbucorl Tubes,* S r p t w b u  u, 1972. 



VINYL CHLORIDE 

a m :  1007 
ISUIED: Y l m  

FtCY RATE: 0.Q V l i n  

WMCs: 2 to 10 field blrnlrr pa m 

I 

! t ~ ~ l l ~ q l l ~ :  w ~~, Frn 
! 
!-YE: vinyl chloride 
I 

!=lOl: 1 rl urbm disulfidr; 30 iuin 
I 

!IaamIOl awl: 5 y L  
I 

!-: stainlm -1, 6.1 x 3.2 rr, 1QZ 
I 130onW100'OImPPtorbY 

! 
I 

Owars) 

!Wd?IER W: He, Y) J M n  
I 

!mPRhTUlE-MJECTW: 230 .c 
I 4ETECTm:tr)T 
! -mrrw: a0 % . - -  

U#RACY ! 
!CerlIBRATIOl: r o l u t i w  of vinyl chloride i n  St 

R M z  STlQfED: 1 to64nrg/aa C21 I 

!RAWQ: 0.002 to 0.2 ng per rrrplr 121 
S W :  -6% of ulculrted oncmtration tZ ]  ! 

!ESTrnED LQ): 0.00004 mg p.r *I* I21 
WERaL PFIEC=rssm (+I: 0 . 0  f21 . !  

!PREcrSIrn (+I : not drterrind 
I 

=I~AB~LIR: Th uPrking rango is 0.4 to 40 (0.16 tO 16 pp) for r EL air rraple. 
Tho rthod is qgliuble to 1 W n  -1.r at mnantrrtiarr sf 1 ppn o r . h i g h r .  

OTb€R CETKX#: This i s  r m i s i o n  af MCM 178 131. 



nm M L O R f E  

_RW;EWK: 
1. CIrborr ditvlfidr,* cluawtogrghic 

w l i t y .  
2. Ylnyl chloridm.+. 99.91. i n  

lacturn bottle f i t t ad  with valve 
and mpw. 

3. Calibration stack mlutiar, 
0.26 m g m .  
a. Insort the t i p  of r gas tyringe 

containing 1 rl vinyl ch lo r ib  
g a s u d K U w t u r f r c l 0 f S r l  
Q2 i n  a 1O11 v o l u t d c  
fla*. 

b. the valve of th syringa 
a d  Uithdrm the plungrr to pull  
CS2 into th. brml. (As 
vinyl drloridr ditoolm, r 
v a w  w i l l  be crutod, pulling 
CS2 into th syringl.) 

c. Pusf~ the solution frm tho 
syringe into tho f l a t .  Rinse. 
tho syring, brim ui th  1 4  
portions of Q2 a+ am the 
urshings to th flask. 

d. Dilute to the ru)r dth St. 
4. Helim, purifld. 
s. Wydrogm, putifid. 
6. A i r ,  filtered. 

%ae Special Pmrutiom. 

EQufAmr: 
1. - l a :  ba t.ndrm glass tukr, 7 an long, 

6 r 00, 4 mn 10, flactsrld ends, wcb 
. cmtaining 150 mg of 20/40 rcb, activated (W .f) 

c~conut -11 duttorl.  A s l ly l r ted ~ 1 r s s  wrol 
p l u g p n r a b t t h d u r c o r l b e d s m d r ~ u p ~ t h r n  
for plug fol larr the chroorl kdt. Plastic upr 
are includrd for =ling after use. -sum Qop 
~ l p n  udt tuk at 1 L h i n  rirf lw u t t  be lm 
thrn 3.4 m. 
a: A pair of -sactiion (100 I- ag) 

tlbnuykd. 
2. P.rcorul -ling prmp, 0.S Lhin .  with f l u i b l e  

aomrcting trrbing. 
3. &S am-, n a  i m i u t r ~ n  

int.grrt# and col- @rg, 1007-11. 
4. File. 
5. Bent wire for r r r ~ v i n g  plugs fm sapl ing tuk. 
6. Vials, 2 4 ,  glass w i t h  PTFE-lind saptr md 

cr i rpsn w l s .  
1. V o l w t r i c  f lask ,  1 0 4 ,  w i t h  polyethylone 

8. Pipettes. Cliny, 1 . m .  gr.durted i n  0 . 1 4  
incmmts,  2- md %. uith pipot bulb. 

9.  it -ling bags, Tdlar,  104. 
10. b s  syriw, ui th  **tight valve, 0.1- md 1 4 .  
11. syringe, 10-vL, dth 0.1-vL g rmba t i a~ .  

- 
, F*-' 

SPECUL P R E M f O ( S :  Carbon diculfid, i s  torit md an acute f i re  md uplot ion h a r d  (flash 
point t -30 *C); a r k  w i t h  i t  only i n  r hood. 

Vinyl &lorib is r )nmun urtimgm [I]. 

SMPLING: 
1. CI l ib r r t t  each personal tlllpling pmp with r rtpmsmtative mler i n  line. 
2. B m k  tho ends of th. tuks iamdiately kfm sapling. At- tm tukt, with ends 

taaching, with r short pi- of tubing. frkl an tuk as th b c k  tW a d  insart the 
back kk into t)w f l u i b l e  tubing a t t r d rd  to the -1 sapl ing prap. 

3. 3nple at 0 . S  Umin for 15 t~ 100 rrin. Do not t a p l e  lnrr than S L of air.  
4. -rate thr primay and bath@ kks and ug wch tuba for thipmt. 

sun€ PR€PnRAttO(: 
5. Add 1.0 ral CS2 to m a p t y  vial. Loosely up tnr vial. 
6. Sam ud\ sapla tcrk with r f i l e  in-fmnt of tha glass -1 plvg': 'm' ttk'tuk' at-*  

" . - . ' 

score line. 



- 
. 

IFfWbO: 1007 YIWL QIlORIO€ 

7. 1r.mf.r the eha-1 f m  the front ud back tubes to -rate vials. Disurd Ute glass 
wrol and fwm plugs. Seal the vials with -tun caps imnrdiately. 

8, Allaw to stand for 30 *in, with oturiorul agitation. h l y m  tha cnple  within the next 
-in period. 

CMIERATIOl AnD QWITY aDrmOL: 
9. Calibtrt. with a t  1 w t t  ti- uudring standards covering the range 0.0002 to 0.2 rg per 

-1.. 
a. Add knan rpunts of u l i b n t i m  stock solution to Q2 in 1011 u o l w t r i c  flash and 

dilute to the e, using serial dilution as appmgriata. 
W E :  Uorking standards un k stomd a t  30 .C for a t  l u s t  thm Qys. 

b. k u l y t ,  together w i t h  t.lp1.l and bl& (ttqr 12 md 13). 
c. -re calibration grpht of pmk a- vi. qwntity 6ng) of vinyl chlor ib  p e ~  kk and 

pulr a m  vs. qunti ty (ng) par in-ion. 
10. kt.rain dnocption afficiancy (O€) a t  lust a m  for each lot of charm81 usad in the 

u l i b r a t i m  range (rtg 9). Pmparr thm tuks a t  uch of five lmls plus urn lrdia 
bl*. 
a. -re three atmspbms of vinyl chlor ib  in a i r  by injecting 0.01, 0.08, and 0.2 nC 

vinyl t h l o r i b  g8s into 10 L a i r  in Tedlar bags. The mSulting conun t ra t iw  are 
appmxiutaly 2.6, 21 and 52 ~ Q W .  

b. Follawing staps 1 through 4, rrmple these &taosph+m accwdinq to the following tthar: 

gurnti ty of 
Vinyl Chlorib (.o) 

0.002 
0.006 
0.011 
0.044 
0.13 

Ota in  thm s a p l u  at. each 1-1. 
c. b r b  (steps 6 through 8) and a u l p  together with uorlring sandards (steps 12 and 

13). No vinyl & l o r i a  should k found on the badt ttbes. 
d. kulp the atnotph.m in the bags (steps 12 and 13) using 1 4  gas - 1 s .  Read fraa 

the ulibratiorr graph the q m t i t y  (ng) per injection, which f o r  r 1 4  injection of g8s 
i s  nrmrriully equal to the camntration in rg/ca'. 

a. Calculate DE fmr, the mss (-1 of vinyl chloridr on the front tube (YF), the average 
blank (B) ,  tha anantrat ion of vinyl t h l o r i b  in the synthetic r-m .(%, 
mg/$), and tw v o l w  of a i r  saplad (v, L): 

f .  Prrprrr a graph of O€ vs. uss found - B). 
11. kulyn  thm purlity o n t m l  blind rpiht and t h m  analyst cpikes to @mure that the 

calibration graph and DE graph am in cantrol. 
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1.0 INTRODUCTION 

1.1 GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol), the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. muis, Michigan plant 

site. The monitoring program is designed to address the 

following: 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3 .  Determination of site groundwater elevations 

This report details the site monitoring which 

occured during the period March 13 to March 16, 1985. 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

Mr. R. Teoh (MDNR) was present on-site on 

March 14, 1985 and observed the carbon changeout of gas vents 

7 and 8. 



1.3 MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Mr. D. Robinson and Ms. C-. Cull 

(Conestoga-Rovers and Associates) assisted by Mr. Gene 

DeGeer, the Velsicol site custodian. 



2.0 GAS VENT MONITORING 

2.1 GENERAL 

The gas vent monitoring began on March 15, 

1985 and was completed the same day. 

2.1.1 Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix B. Samples 

from each gas vent were collected in two 6-mrn diameter x 

70-mm long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual parallel/series tube holder sets. 

2 2 SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 





Sampling was conducted at the downstream 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached directly to the gas vent sampling 

port using a copper manifold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to connect the tube holder to the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to 

250cc/min/tube set, was operated for a period of 20 minutes 

for each sampling event, resulting in a collected sample 

volume of five liters per tube set. 

Prior to sample collection, the gas vent 

upper chamber was purged by pumping at 500 cc/minute for a 

period of ten minutes. This precluded the possiblity of 

sampling retained atmospheric air from the gas vent upper 

chamber. During the purging and sampling operations, the 

open end of the gas vent was capped using a 4-inch diameter 

plastic cover to prevent atmospheric air being drawn into the 

sample. 

At the conclusion of each gas vent sampling, 

the set of four sample tubes were capped, labelled and stored 

in a cooler maintained at 0°C. 



1.
SAMPLING PORT USED FOR
MARCH 1965 SAMPLING EVENT

TEMPORARY SAMPLING
COVER

CRA

figure 2
ACTIVATED CHARCOAL GAS VENT DETAIL

St. Louis Plant Site
I324-I»/03/B5



2.2.1 Sample Storaqe and Shipment 

On the afternoon of March 15, 1985, the 

samples were transferred to a cooler containing frozen cold 

packs and styrofoam packing materials. The cooler was 

shipped under chain of custody protocol, to Velsicol's 

Memphis, Tennessee laboratory by overnight courier for 

analysis. A copy of the chain of custody is provided in 

Appendix A. 

2.2.2 Sample Analysis 

All of the samples were desorbed and analyzed 

during the period March 18 to March 21, 1985. Analysis was 

conducted in accordance with NIOSH protocols as follows : 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

Results were reported verbally as non 

detectable for all parameters for all samples. 

A hard copy of the laboratory report will be 

forwarded to USEPA and MDNR as it becomes available. 



2.2.3 Sampling Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. muis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 

CARBON CHANGEOUT 

2.3.1 General 

The terms of the Consent Judgment requires 

that should the presence of carbon tetrachloride, vinyl 

chloride or trichloroethylene be detected in any gas vent 

sampling in exceedence of stipulated concentrations, the 

carbon will be changed and the program be revised. 

In order to comply with the terms of the 

Consent Judgment, the activated carbon filters wers changed 

on March 14, 1985. At the recommendation of the supplier, 

the product was changed to a grade of activated carbon which 

will more readily adsorb the three parameters. The revised 

product is referred to as Calgon PTL 4 x 10 activated 

carbon. 



2.3.2 Method 

Initially, the top section of the gas vent 

was removed and examined for damage or corrosion; none was 

observed. 

The 3-foot long section containing the 

activated carbon was removed and the spent carbon was poured 

directly into a three ply polyethylene bag. The bag was 

closed by tying a knot in the neck of the bag. 

The three foot section was examined for 

damage or corrosion; none was observed. The stainless steel 

screens were examined and replaced. 

The 3-foot section was replaced on the gas 

vent and filled with the revised activated carbon product. 

The top section was replaced. All bolts were given a final 

tightening. The bags containing the spent carbon were 

deposited in a D.O.T. approved 55-gallon drum for subsequent 

disposal. The disposal method has not yet been identified. 

2.3.3 Health and Safety 

During the carbon changeout, personnel were 

required to wear disposable tyvek coveralls and disposable 



vinyl gloves. Those were deposited into an on-site D.O.T. 

- approved 55-gallon drum for subsequent disposal following 

completion of carbon changeout. 



3.0 SITE PERIMETER C O ~ A I ~  WALL MOBTITORING 

3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984 and 

December 14, 1985. The current sampling event occured March 

15 and March 16, 1985. All testing completed to date has 

confirmed the permeability of the site perimeter containment 

wall to be less than 1.0 x 10-7 cm/sec. 

3.2 EQUIPMENT 

A CME 175 trailer mounted drill rig equipped 

with rotary head and 6-inch diameter hollow stem augers was 

utilized to advance the borehole into the containment wall on 

March 15 and a truck-mounted CME 175 drill rig was used on 

March 16, 1985. A 3-inch diameter Shelby tube, hydraulically 

pushed and retrieved, was used to collect the samples. 



3.3 SAMPLE COLLECTION 

The containment wall was located by field 

survey on March 14, 1985. The sampling borehole was 

begun at Station DGW 47+50 by augering through the clay cap 

into the underlying material. 

The presence of soil/bentonite backfill 

material was confirmed by examination of cuttings on the 

auger flights. A Shelby tube was introduced into the 

borehole and a sample was retrieved at a depth of eight feet. 

Examination of the contents as the sample was extruded in the 

laboratory indicated that the sample contained native 

material. The sample was discarded. It was concluded that 

the borehole had been located on the inside edge of the 

containment wall. 

On the morning of March 16, 1985 the sampling 

program was resumed and the drill rig was moved three feet to 

the west. A borehole was advanced to a depth of eight feet. 

A Shelby tube was introduced into the borehole and a sample 

was withdrawn. Examination of material in the base of the 

tube confirmed that the sample was obtained from the 

containment wall. The locations of this and prior sampling 

events are detailed on Figure 3. The boreholes were 

backfilled with bentonite and abandoned. 





3.3.1 Sample Preparation and Shippinq 

The Shelby tube was capped and taped at both 

ends to prevent sample loss and drying. The sample was hand 

delivered to the Michigan Testing Engineer's laboratory in 

Detroit, Michigan for permeability testing. 

3.3.2 Sample Testinq 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 



4.0 GROUNIMATER TABLE MONITORIEVG 

4.1 GENERAL 

The monitoring of plant site groundwater 

elevation was performed on March 13, 1985. The water 

elevation of the St. Louis reservoir was determined on March 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated in increments of one one-hundredth of a foot, were 

taken at the water level and at the top of the well casing. 

The former reading was deducted from the latter and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



TABLE 1 

WATER LEVEL MEASUREMENTS 

MARCH 13. 1985 

MEASURED 
WELL HEAD DISTANCE TO 

MONITORING ELEVATION WATER TABLE 
WELL (AMSL ) (ft-1 

Water level elevation, St. Louis Reservoir 

(March 15, 1985) 

WATERTABLE 
ELEVATION 
(AMSL ) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater  e l e v a t i o n  d a t a  were used t o  

c o n s t r u c t  a s i t e  groundwater  e l e v a t i o n  c o n t o u r  map which is 

p r e s e n t e d  i n  F i g u r e  4. 

4.4 SITE MEAN GROUNDWATER ELEVATION 

The mean e l e v a t i o n  o f  s i t e  groundwater  is 

c a l c u l a t e d  t o  be 721.66. The maximum allowable s i t e  

groundwater  e l e v a t i o n  s t i p u l a t e d  by t h e  Consent  Judgement is 

724.13. 
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5.0 SUMMARY 

All monitoring activities stipulated by the 

Consent Judgment were carried out between March 13, and March 

16, 1985. 

The gas vent activated carbon filters were 

changed on March 148 1986. 

Data from the chemical analysis of the gas 

vent samples and the permeability testing of the contaminant 

wall sample will be provided to MDNR and USEPA within seven 

days of receipt by CRA of laboratory final data. 

The present mean site groundwater table 

elevation is calculated to be 721.66. The elevation in the 

Pine River/~t. Louis reservoir was determined to be 720.41. 

The next sampling and monitoring event will 

occur on or about June 15, 1985. Interim gas vent sampling 

will be performed on or about April 29, 1985. 

All of Which is Respectfully Submitted, 

CONESTOGA-ROVERS & ASSOCIATES LIMITED 

D. Robinson R.G. Shepherd, P. Eng. 
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APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance with the  Consent Judgment, Velsicol has submitted a 
post-closure maintenance and monitoring plan for  i t s  
environmentally secured plant  s i t e  i n  S t .  Louis, Michigan. The 
post-closure maintenance and monitoring plan requires quarterly 
monitoring of 11 gas vents t h a t  have been ins t a l l ed  t o  release and 
appropriately t r e a t  internal  gases. This program w i l l  be 
conducted over a period of three years. 

The gas vents, as  detai led i n  Exhibit F of the  Consent Judgment, 
a re  designed with two sampling ports;  one below the  base of the 
ins ta l led  activated charcoal f i l t e r ,  and one above the  f i l t e r .  
Samples w i l l  be collected from the  downstream port. Results w i l l  
indicate  whether o r  not containment breakthrough has occured 
through the carbon f i l t e r .  

Samples w i l l  be analyzed for  three separate compounds: carbon 
te t rachlor ide,  trichloroethylene and vinyl chloride. 

Samples w i l l  be collected with a Gilian HFS-113 AU DK variable 
flow pump. This par t icu lar  u n i t  allows the operator t o  r u n  a 
s e r i e s  of tubes concurrently i n  para l le l  arrangement. Four tubes 
w i l l  be collected from each gas vent: two standard NIOSH 100/50 
m g  activated charcoal tube, and two 30/15 mg tenax tubes, each 
tube measuring 6 mm x 70 mrn. One blank s e t  and one duplicate 
s e t  of tubes w i l l  be collected during each quarterly sampling 
event. 

As vinyl chloride represents the  l e a s t  adsorptive of the  three 
comgounds, the sampling program i s  designed t o  accomodate t h i s  
compound. Therefore, sample volume s h a l l  not exceed 5 l i t e r s .  

Prior t o  sampling, the  vent w i l l  be sealed off with a p la s t i c  cap, 
and purged for  10 minutes a t  a r a t e  of 500 cc/min. This i s  t o  
eliminate the poss ib i l i ty  of sampling atmospheric a i r  contained 
within the upper portion of the  gas vent. 

Two samples from each gas vent sha l l  be collected simultaneously 
a t  a r a t e  of 250 cc/min. for  20 minutes. The pump sha l l  be lab  
calibrated with sample tubes in-l ine t o  determine the exact flow 
ra te .  Additionally, flow w i l l  be checked a f t e r  f i e l d  sampling t o  
ver i fy  tha t  a constant flow was maintained throughout the sampling 
period. 

Following sample col lect ion,  each tube w i l l  be sealed with a 
p l a s t i c  cap a t  each end, labelled,  placed i n  a cold storage 
environment and shipped under chain-of -custody v ia  a commercial 
courier service t o  Vels icol ' s  analyt ical  laboratory i n  Memphis. 



A n a l y s i s  o f  t h e  c h a r c o a l  t u b e  w i l l  be conduc ted  i n  a c c o r d a n c e  w i t h  
NIOSH p r o t o c o l  a s  d e t a i l e d  below: 

Compound Revised  Method N o .  

Carbon T e t r a c h l o r i d e  
T r i c h l o r o e t h y l e n e  
V i n y l  C h l o r i d e  

A n a l y s i s  w i l l  p r o c e e d  by  f i r s t  e l u t i n g  t h e  c a r b o n  sample t u b e s  
w i t h  ca rbon  d i s u l f i d e  and t h e n  a n a l y z i n g  by GC w i t h  a  f lame 
i o n i z a t i o n  d e t e c t o r .  A l l  samples  w i l l  be i n i t i a l l y  a n a l y z e d  i n  
t h i s  f a s h i o n .  I f  any o f  t h e  above canpounds a r e  d e t e c t e d  on  t h e  
c h a r c o a l  t u b e ,  t h e  c o r r e s p o n d i n g  t e n a x  t u b e  w i l l  h e  a n a l y z e d  by 
t h e r m a l  d e s o r p t i o n  and GC/MS u n d e r  EPA Method 624. 

Turnaround t i m e  f o r  t h e  comple ted  a n a l y s i s  a t  t h e  l a b o r a t o r y  i s  
a n t i c i p a t e d  t o  be 30 days  from d a t e  of sample c o l l e c t i o n .  Samples 
w i l l  be desorbed  w i t h i n  t h e  1 0  day l i m i t  s p e c i f i e d  f o r  v i n y l  
c h l o r i d e .  A n a l y t i c a l  d a t a  w i l l  be r e p o r t e d  t o  CRA a s  mg/tube.  
F i n a l  r e s u l t s  f o r  t h e  ca rbon  t u b e  w i l l  be c a l c u l a t e d  by CRA, u s i n g  
t h e  f o l l o w i n g  fo rmula .  

1. C o r r e c t i o n s  f o r  t h e  b l a n k  t o  be made f o r  each  sample 
mg = mg sample - mg b l a n k  

T h i s  c a l c u l a t i o n  is  performed s e p a r a t e l y  f o r  each  t u b e .  

2 .  Add t h e  amounts p r e s e n t  i n  t h e  f r o n t  t u b e  and backup t u b e  t o  
d e t e r m i n e  the t o t a l  w e i g h t  i n  t h e  sample. 

3 .  C a l c u l a t e  t h e  c o r r e c t e d  mg/sample by d i v i d i n g  t h e  t o t a l  w e i g h t  
by t h e  d e s o r p t i o n  e f f i c i e n c y  (D.E. ) which i s  prov ided  by t h e  
l a b .  

c o r r e c t e d  mg/sample = t o t a l  w e i q h t  
DE 

4. C a l c u l a t e  t h e  c o n c e n t r a t i o n  o f  t h e  a n a l y t e  i n  a i r  
mg/m3 = C o r r e c t e d  mg x 1000 liters/rn3 

A i r  volume Sampled ( l i ters)  

5 .  C o n c e n t r a t i o n  w i l l  be r e p o r t e d  a s  ppm, c o r r e c t e d  t o  s t a n d a r d  
c o n d i t i o n s  of  25°C ang  760 mrn H g  

3 
ppm = mg/m x 24.45 x - 760 x (T+273) 

MW P 298 

where P = p r e s s u r e  (mm Hg) o f  a i r  sampled 
T = t e m p e r a t u r e  ('C) o f  a i r  sampled 
24.45 = molar  volume ( l i ter /mole)  a t  25°C and 760 mrn Hg 
MIq = Molecu la r  Weight 
760 = s t a n d a r d  p r e s s u r e  ( m m  Hg) 
298 = s t a n d a r d  t e m p e r a t u r e  ( O K )  



NOTE: Temperature and pressure uncorrected t o  sea level  w i l l  be 
collected f o r  the duration of t h e  sampling event and 
averaged for  use i n  the  above calculations.  Information 
w i l l  be provided from t h e  National Weather Service i n  
Lansing, Michigan. 

6. I f  the concentration of t h e  back tube exceeds 10% of the 
concentration of the  f ront  tube, the r e su l t s  w i l l  be 
reported a s  a  sample breakthrough and possible sample 
loss.  

7 .  A s imilar  procedure w i l l  be follcwed f o r  the  tenax tube, 
should analysis be required. 

Data will  be reported t o  USEPA and MDNR o f f i c i a l s  w i t h i n  seven 
days a f t e r  receipt  of f i n a l  laboratory data for each quar ter ly  
sampling. Additionally, a  summary data  report w i l l  be provided a t  
the  conclusion of the three year sampling period, o r  sooner, 
should breakthrough of any compound occur p r io r  t o  the  three  year 
program. 

I n  addition t o  the  s e t  of f i e l d  blanks t o  be collected per 
quar ter ly  sampling event, an addit ional  s e t  of 15 charcoal tubes 
and 15 tenax tubes w i l l  be forwarded unopened t o  the  lab during 
the  i n i t i a l  sampling event. 

These "blank" tubes w i l l  be used a s  internal  ca l ibra t ion  

I - standards on which each of the  three compounds w i l l  be spiked a t  
f ive  d i f fe rent  concentrations. The data  from t h i s  analysis w i l l  
be used t o  calculate  the desorption efficiency for  a  spec i f ic  l o t  
of activated charcoal. Therefore, t h e  l o t  number of carbon tubes 
and tenax tubes sha l l  be recorded during each quar ter ly  sampling. 
Should the  l o t  number change, a  new s e t  of 15 charcoal tubes and 
15 tenax tubes s h a l l  be forwarded t o  the laboratory for  
determination of t h e  new desorption efficiency. 

The allowable l i m i t s  for  these compounds have been established by 
t h e  MDNR and a r e  s i t e  specific fo r  the  St .  Louis s i t e .  These 
l imi ts  a re  documented i n  section 4.3 of the post-closure 
maintenance and monitoring plan. 

Copies of a l l  t h ree  analytical  protocols, t h e  chain of custody and 
the data col lect ion sheet .are provided i n  the  following sections.  



FORIQILA: Table 1 HYDROCARBONS, HALOGENATED 
METHOD: 1003 

M.W.: Table 1 ISSUED : 2/ 14/84 

COnPOUNDS: benzyl chloride chlorobrarrmethane 1, l-dichloroethane hexachloroethane 
(synonym b m f  o m  chl orof o m  1,2-dichloroethylene methylchloroform 
in Table 1) carbon tetrachloride pdichlorobenzene ethylene dichloride propylene dichloride 

chlorobenzene pdichlorobenzene 

SAMPLING MEASUREMENT 
! 

SMPLER: SOLID SORBENT TUBE !TECHNIQUE: GAS CHROMATOGRAPHY, FID 
(coconut she1 1 charcoal, 100 mg/SO mg) ! 

!ANALYTL: carpounds above 
F L W  RATE: 0.01 to 0.2 L/min ! 

!DESORPTION: 1 mL CS2, stand 30 min 
VOL-RIN: Table 2 I 

44X: Table 2 !INJECTION VOLLJM: 5 pL 
! 

SHIPRENT : rout i ne !TEtlPERATURES : Table 2 
! 

W P L E  STABILITY: at least 1 week @ 25 OC !CARRIER GAS : N2 or He, 30 mL/mi n 
I 

BLANKS: 2 to 10 field blanks per set !COLW: Table 2; alternates are SP-2100, 
I SP-2100 with 0.1% Carbawc 1500 

-. ! or D8-1 fused silica capillary c o l m  
ACCURACY I 

!CALIBRAT V;!: solv? ipr? cf er.a7.r:? i? CS- 51: t 5  

BIAS: not significant i l j  

OVERALL PRECISION (s,) : see EVALUATION OF !ESTIMfED LOD: 0.01 mg per q l e  121 
HETHO0 111 ! 

!PRECISION (s,) : see EVALUATION OF METHOD [I] 
! 

APPLICABILITY: This method uses a sinple desorption and can be used for simultaneous analysis 
of tuo or more substances suspected to be present by changing the gas chromatographic 
condi Lions (i  .e . ,  terrperature programed) . ~ i g h  nwniai ty during rarrgl ing w i  l i prevent organic 
vapors f ran bei r ~ g  trapped efficiently on the sorbent and greatly decreases breakthrough volune. 

INTERFERENCES: None identif id. The chrunatographic column or separation conditions may be 
changed to ci r c m e n t  interference pmbl ems. 

OTHER METHODS: This method canbines and replaces nethods PLUXY 127 131; 595, 5101, 5110, 5113, 
5114, 5115, 5122, 5123 and 5133 [4]; and 5135, 5281, 5314, 5328 and 5351 IS]. 



a. Rcmove and discard back sorbent section of a media blank sampler. 
b. Inject a knarn mount of analyte or calibration stock solution directly onto front 

sorbent section with a microliter syringe. 
c. Cap the tube. All- to stand wernight. 
d. Desorb (steps 5 through 7) and analyze together with working standards (steps 1 1  and 12). 
e. Prepare a graph of M vs. ag analyte recovered. 

10. Analyze three quality control blind spikes and three analyst spikes to insure that the . 
calibration graph and D€ graph are in control. 

I E A W R E E N T  : 
11. k t  gas chmnatograph according to manufacturer's recamendations and to conditions given 

on page 1003-1. Inject ~ l e  aliquot manually using solvent flush technique or with 
autoranpl er . 
NOTE: If peak area is above the 1 inear range of the working standards, dilute with eluent, 

reanalyze and apply the appropriate dilution factor in calculations. 
12. Measure peak are. Divick the peak area of analyte by the peak area of internal standard 

on the same chmmatogram. 

CALCULATIONS : 
13. Deternine thc mass, mg (corrected for DE) of analyte found in the q l e  front (Wf) and 

back rorbent sections, and in the average media blank front (Sf) and back (Bb) 
sorbent sections. 
NOTE: If % > Wf/lO, report breakthrough and possible simple loss. 

14. Calculate concentration. C. of analyte in the air volune -led, V (1): 

- .  . . .  . T i / . .  ,-z . - - 7 .  - --,. . -- -- r. . -  . - J .  

L a k ~ r ~ t o r y  test: ng was pericm:! with spiked s ~ ~ s 1 e s  and ;=netat& atz-asphere 1 ? 1. A; 

analytes are stable at least one week. All methods were valioated using SKC Lot 105 ccconut 
she1 1 charcoal. Results were: 
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Departmerrt of Health, Education, and Welfare, Publ. (NIOSH) 76-133 (1976). 

KTKX) REVISED BY: G. 0. Foley; Y. 1. Gagnon; and K. J. Williar, WIOSWOPSE; methods 
originally validated under NIOSH Contract COC-39-74-45. 



OSIIA VP@ Density 

Y 
H.U.; mg/m3 NIOSII [6- 101 20 OC ( g / d  

Canpounds - Fornula = 1 pm Synonyms ACGIII ep (OC) s @ 20 OCl 

e-Dichlorobenzene 1.4-C W Cl 
6 4  2 

141.00; I I-dichlorobenzene; 15 ppn 174 50 Pa 1.241 
6.01 f . 1106-46-7 .-- 

15 ppm' 
STEL 110 ppn 

Ethylene dichloride* ClCH Ctl C1; 

1 2 2 

I" C2Il4C 1 
4 

lkxachloroethane* CCl3CCl3; 

C C1 
2 6 

lkthylchlorofonn UI CCl 
3 3' 

Cjl3Cl3 

Propylene dichloride Ui CHClCH C1; 
3 2 

CP6C1 

c 1 llyl idene chloride; 100 ppm 5 1 24.3 kPa 1.114 
(.:,:, 115-34-3 100 P 

200 ppm. 
STEL 250 ppn 

am :.tylene dichloride; 200 ppm 60 (cis) 24-35 kPa 1.28 
1 ,;'-dichloroethene; 200 ppn 41 (trans) 
('. . ,  1540-59-0 200 PPnn 

STEL 250 ppm 

I ,  '-dichloroethane; 50 PPn* 03 0.3kPa 1.255 
Cl ' 3  1101-06-2 C 100 p ~ r n  

5 ppn; 
15 ppn/l5 min 

10 ppm. 
STEL I5 ppn 

1 1 ,  I chloroethane; 1 ppn(skin1 101 (sublisrs) 30Pa 2.09 
I I . .  #61-12-1 1 ppm (skin) 

10 ppm 

1 ,  I ,  I-trichloroethane ; 350 ppn 14 13.3kPa 1.335 

( i #?I-55- 6 350 ppdl5 min 
CAS # 1 1 -55-6 350 FPn* 

STEL 450 ppnr 

ruspec t carcinogen . 



-- Sanplin,~ -. - Measurement 
A i r  Sarple -L!2!2 

t -- Volune (1) Working Calm Range 
d 

VI Rrc.11: I I I ~  cntgh Range Injector Internal 

P (m9 Per 
Carpound - nin !!E- I I .!ir (mg/m3 ) Colum* Detector Standard simple) 

Ethylene dichloride 1 @ 50 ppm 10 29 1 3 : 10 octane 0.1 t o  4 
225 
250 
110 n-tridecane 0.01 to  0.3 
110 
2 10 

10 octane 0.6 to I t  
225 
250 

---- -- . 
*A = J ' m  x 3 .all sl,-iilll.. .. steel, 102 SP-lO'm : . I00 mesh Supelcoport; 
B = 6 m x 3 ,,s, c1t.l t?r.. . i : e sarne as A; 
C - 3 m x 3 1111 s l a i ~ l l . ,  .:. steel, 101 W-101 !):I . !?0 mesh Supe1cqmrt; or 
0 = 3 m :c 6 .,hn gla:.s, .! SP-2250 on W)/10:) n: : .?lcoport. 



1 
4 Trichloroethylene 

Analyte : Trichloroethylene 

Matrir : Air 

Method No. : S336 

Range: 519-2176 mg/cu m 

OSm Standard: 200 ppm (1075 np/cu m)-Celling Precis ion (zT): 0.082 
100 Ppm (535 mg/cu m)-T.W.A. 

Procedure: Adsorption on charcoal, Validation Date: 6/6/75 
desorption with carbon 
d i su l f i de ,  GC 

Pr inc ip le  of t he  Uethod 

1.1 A known volume of air is drawn through a charcoal tube t o  t r a p  
t h e  organic vapors present. 

1.2 The charcoal  in t h e  tube is t rans fe r red  t o  a small,  stoppered 
sample container  and t h e  ana ly te  Is desorbed with carbon disul-  
f ide. 

1.3 An a l iquo t  of t h e  desorbed sample Is in jec ted  i n t o  a gas 
chromatograph. 

1.4 The area of t h e  r e su l t i ng  peak is determined and compared with 
areas obtained from in j ec t i on  of standards. 

Range and Sens i t i v i t y  

2.1 This method was  val idated wer t h e  range of 519-2176 mg/cu m at 
an atmospheric temperature and pressure  of 24.S°C and 759.4 mm Bg, 
using a 3 - l i t e r  sample. Under t h e  condit ions of sample sfie 
(3 l i t e r s )  t h e  probable usefu l  range of t h i s  method is 108-3225 
mg/cu m at  a de tec tor  s e n s i t i o i t y  t h a t  gives near ly  f u l l  d r  
f l e c t i o n  on t h e  s t r i p  char t  recorder f o r  a 9.7 mg sample. This 
method Is capable of measuring much smaller amounts if t h e  de- 
uorption e f f ic iency  is adequate. Desorptiun e f f ic iency  must be 
determined over t h e  range used. 

2.2 The upper limit of t h e  range of t h e  method is dependent on t h e  
adsorpt ive  capaci ty  of t h e  charcoal  tube. This capaci ty  v a r i e s  
with t h e  concentrat ions of analyte and o ther  substances in the  
air. The f i r s t - s e c t i o n  of t h e  charcoal tube was found t o  hold 
42 mg of ana ly te  when a test atmosphere containing 2266 mg/cu m 
of analyte in air was sampled at  0.187 liters per  minute f o r  99 
minutes; breakthrough was  obserrred a t  t h i s  time, 1.e. t h e  concen- 
t r a t i o n  of ana ly te  in t h e  e f f l uen t  was 5% of t h a t  in the  inf luent .  



(The charcoal  tube c o n s i s t s  of two s e c t i o n s  of a c t i v a t e d  char- 
c o a l  separa ted  by a s e c t i o n  of urethane foam. See Section 6.2). 
I f  a p a r t i c u l a r  atmosphere i s  suspected of containing a l a r g e  
amount of contaminant, a smaller sampling volume should be  
taken. 

I n t e r f  e r m c e  

3.1 When t h e  umount of water in t h e  air is s o  g r e a t  t h a t  condmsa- 
t i o n  a c t u a l l y  occurs in t h e  tube, organic  vapors w i l l  no t  b e  
trapped e f f i c i e n t l y ,  P r e l b i n a r y  experinrents us ing to luene 
i n d i c a t e  t h a t  high humidity severe ly  decreases t h e  breakthrough 
volume. 

3.2 When two o r  more compounds are known o r  suspected t o  be p resen t  
in t h e  air, such information, inc luding t h e i r  suspected iden- 
tities, should be t ransmit ted  with t h e  sample. 

3.3  It must be emphasized t h a t  any compound which has t h e  same 
r e t e n t i o n  time as t h e  ana ly te  a t  t h e  opera t ing condi t ions  de- 
sc r ibed  in t h i s  method is rm in te r fe rence .  Retention t h e  d a t a  
on a s i n g l e  column cannot be considered a s  proof of chemical 
i d e n t i t y .  

3.4 I f  t h e  p o s s i b i l i t y  of i n t e r f e r e n c e  e x i s t s ,  separa t ion  condi t ions  
(column packing, temperature, e t c . )  must be changed t o  circum- 
vent t h e  problem. 

4. P rec i s ion  and Accuracy 

4.1 The Coef f i c ien t  of Var ia t ion  (zT) f o r  t h e  t o t a l  analytical and 
sampling method in t h e  range of 519-2176 mg/cu m was 0.082. 
This  value  corresponds t o  an 88.2 mg/cu m standard dev ia t ion  a t  

I t h e  OSHA standard lwel. S t a t i s t i c a l  infozmation and d e t a i l s  
of t h e  v a l i d a t i o n  and experimental test  procedures can be found 
in Reference 11.2. 

On t h e  average t h e  concentra t ions  obtained at  t h e  OSHA standard 
lwel using t h e  werall sampling and analytical method were 6.4 X 
lower than the "true" concentra t ions  f o r  a l imi ted  number of 
l abora to ry  experiments. Any d i f f e r e n c e  between t h e  "found" and 
"true" concentra t ions  may no t  r epresen t  a b i a s  in t h e  sampling 
and analytical method, but  r a t h e r  a random v a r i a t i o n  from t h e  
experimental ly determined "true" concentrat ion.  Therefore, no 
recovery c o r r e c t i o n  should be appl ied  t o  t h e  f i n a l  result. 

These d a t a  are based on v a l i d a t i o n  experiments us ing t h e  in- 
t e r n a l  s tandard method. 

5. Advantages and Disadvantages of t h e  Method 

5.1 The samoling device is small, por tab le ,  and involves no l i q u i d s .  
In te r fe rences  a r e  m i n i m a l ,  and most of those  which do occur 
can be el iminated by a l t e r i n g  chromatographic condit ions.  The 
tubes a r e  analyzed by means of a quick, ins t rumenta l  method. 
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Thc nrcthod can a l so  be w e d  f o r  the  simultaneous analysis  of 
two or  more mtbstances .uclpected t o  be prement in the  same 
sample by elmply changing gas chromatographic conditions from 
luothermal t o  a tcmperaturrprograwned mbde of operation. 

5.2 One df.advantage of the method i s  t h a t  the  .mount of saaple  
which cm be taken i a  l imited by the number of milligrams t h a t  
the tube w i l l  hold before averloading. When the  sample value 
obtained f o r  the  backup sect ion of the  charcoal tube exceeds 
25% of t ha t  found an the f ront  sect ion,  the  poss ib i l i t y  of 
rample lome exists. 

5.3 Furthermore, the  precision of the method ie limited by the 
reproducibi l i ty  of the pressQre drop a c r o s ~  the  tubes. This 
drop w i l l  a f f e c t  the flow r a t e  and cause the volume t o  be 
imprecise, because the prrmp Fe usually ca l ib ra ted  fo r  one tube 
m l y  . 

6. Apparatus 

6.1 A ca l ib ra ted  personal aaaupling pump whose flow can be deter-  
mined within S f  at the recomnended flow ra te .  
(Refermce l l .3).  

6.2 Charcoal tubes: glass tube with both ends flame aealed, 7 em 
long with a k 0,D. and a 4-m I.D., containing 2 sect ions  
of 20/40 meah act ivated charcoal separated by a 2- portion 
of urethane foam. The act ivated charcoal ie prepared from 
coconut rhe l l s  and ie f i r e d  a t  600°C pr ior  t o  packing. The 
adsorbing sect ion contains 100 mg of charcoal, the  backup see- 
t i o n  50 mg, A 3..mm portion of urethane foam is placed between 
the  o u t l e t  end of the  tube and the  backup section. A plug of 
s i l y l a t ed  g lass  wool is placed in f ron t  of the  adsorbing see- 
tion. The pressure drop across  t he  tube must be less than m e  
inch of mercury a t  a flow r a t e  of 1 l i ter  per minute. 

6.3 Gas chromatograph equipped with a flrtrnc ionizat ion detector.  

6.4 Column (10-ft x l / & i n  stainless s t e e l )  packed with 10% OV-101 
s ta t ionary  phase on 100/120 mesh Supelcoport. 

6.5 An e lec t ron ic  in tegra tor  o r  some other su i t ab l e  method f o r  
measuring purk uau. 

6.6 Two-milliliter sample containers with glass  stoppers or  
Teflon-lined caps. I f  an automatic sample in j ec to r  i s  used, 
the  associated vials may be used. 

6.7 Microl i ter  syringes: lO-microliter, and other convenient s i z e s  
f o r  making standards. 

6.8 Pipets:  1.0 m l  type graduated in 0.1-ml facrements. 



6.9 Vol-trlc flub : 10-al o r  convenient aiz- f o r  mmking 
a tandud solutioru.  

7. Reagents 

7.2 Trichloroethylene, reagent grade 

7.3 Octane, o r  other muitable i n t e d  6-d 

7.4 Purif ied nitrogen 

7.5 Repur i f i ed  hydrogen. 

7.6 F i l te red  campreamed .ire 

8. Procedure 

8.1 Cleaning of equipment. A l l  glassware uoed f o r  the  laboratory 
analysis  should be detergent washed and thoroughly rinaed with 
tap water and d i s t i l l e d  water. 

8.2 Callbration of Personal Purmpo. Each perm& pump mut be 
calibrated v i t h  a reprsaemtative c h u d  tube l a  the  line. 
Thi. u l l l  m l a h l z e  e r ro r s  ~ a o c l a t e d  With uncertaint iea In 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 M i a t e l y  before umpling, break t h e  end. of the  tube 
t o  provide .n ope- at l e a a t  o n c h a l f  t he  internal 
W t e r  of the tube (2 mt). 

8.3.2 The e a r  mectiop of charcoal i. wed rs a back-up 
and should be positioned neareet t he  rampling p q .  

8.3.3 The c h u d  tube should be placed In a v e r t i c a l  dire- 
tion during ampl ing  t o  minimize channeling th rwgh the  
Chucoall. 

8.3.4 &r being -led should not be pumed through any home 
o r  tub* before enter ing the  charcoal tube. 

8.3.5 At the  cei l ing.and peak concentrations, a sample s i z e  of 
3 liters is recommended. Sample f o r  U minutea at a flow 
of 0.2 liters per minute. At the  T.W.A. concentration, 
a sample s i z e  of 10 liters I s  recommended. Sample at a 
flow of 0.2 liters per minute or  lese. The flow r a t e s  should 
be known with an accuracy of a t  least 25%. 

8.3.6 The temperature and preeeure of the  atmosphere being sampled 
should be recorded. I f  pressure reading is not avai lable ,  
record the  elevatiun. 

S336-4 



8.3.7 The charcoal tubes should be capped v i t h  t he  supplied 
p l a s t i c  caps l m e d i a t e l y  a f t e r  sampling. Under no 

. circtmrstances should rubber caps be used. 

8.3.8 One tube should be handled i n  the  same manner a s  t he  
sample tube (break, seal, and t ranspor t ) ,  except t h a t  
no a i r  is sampled through t h i s  tube. This tube should 
be labeled as a blank. 

8.3.9 Capped charcoal tubes should be packed t i g h t l y  a d  pad- 
ded before they a r e  shipped t o  minimize tube breakage 
during shipping. 

8.3.10 A sample of t h e  bulk mater ia l  should be submitted t o  t h e  
laboratory in a g lass  container with a Teflon-lined cap. 

. This sample should not be transported in the  same container 
a s  the  charcoal tubes. 

8.4 Analysis of Samples 
- ?  

8.4.1 Preparation of Samples. I n  preparation f o r  ana lys i s ,  
each charcoal tube is scored with a f i l e  in f r o n t  of 
t h e  f i r s t  sec t ion  of charcoal and broken open. The 
g lass  wool is rawved  and discarded. The charcoal in 
t h e  f i r s t  ( l a rger )  sec t ion  is t ransfe r red  t o  a 2 4  
stoppered umnple container. The separat ing s ec t i on  of 
foam is removed and discarded; t h e  second sec t ion  is  
t ransfe r red  t o  another stoppered container.  These 
two sec t ions  are analyzed separate ly .  

8.4.2 Desorption of Samples. P r io r  t o  ana lys i s ,  1.0 m l  of 
carbon d i s u l f i d e  i s  pipet ted i n t o  each sample container.  
(All  work with carbon d i s u l f i d e  should be performed i n  
a hood because of i ts  high tox ic i ty . )  Desorption should 
be done f o r  30 minutes. Teats ind ica te  t h a t  t h i s  i s  ade- 
quate if t he  sample is ag i t a t ed  occas+onaUy during this 
period. I f  an automatic sample i n j e c t o r  is used, t h e  
oample v i a l 8  should be capped as soon as t h e  solvent  i s  
added t o  minimize v o l a t i l i z a t i o n .  For t h e  i n t e r n a l  stan- 
dard method, desorb using 1.0 ml of carbon d i s u l f i d e  con- 
t a in ing  a known amount of t he  chosen i n t e r n a l  standard. 

8.4.3 GC Conditions. The t yp i ca l  operating condit ions f o r  
t h e  gas chromatograph are: 

1. 30 ml/min (60 psig)  Nitrogen c a r r i e r  gas flow 
2. 35 ml/mln (25 psig)  Hydrogen gas flow t o  de t ec to r  
3. 400 ml/min (60 .psig) A h  flow t o  de tec tor  
4. 22S°C inj ec tor  temperature 
5.. 250°C manifold temperature (detector)  
6. 70°C column temperature 



8.4.4 I n j e c t i o n .  The f i r s t  s t e p  i n  t h e  a n a l y s i s  is t h e  in jec-  
t i o n  of t h e  sample i n t o  t h e  gas chromatograph. To eli-  
Ipinate d i f f i c u l t i e s  a r i s i n g  from blow back o r  d i s t i l l a t i o n  
w i t h i a ' t h e  sy r inge  needle,  one should employ t h e  so lven t  
f l u s h  i n j e c t i o n  technique. The lCbmicrol i ter  sy r inge  is 
f i r s t  f lushed wi th  so lven t  s e v e r a l  t imes t o  w e t  t h e  b a r r e l  
and plunger. Three m i c r o l i t e r s  of so lven t  a r e  drawn i n t o  
t h e  sy r inge  t o  increase t h e  accuracy and r e p r o d u c i b i l i t y  
of t h e  i n j e c t e d  sample volume. The needle  is  removed 
from t h e  so lven t ,  and t h e  plunger is' pu l led  back about 
0.2 m i c r o l i t e r  t o  s e p a r a t e  t h e  so lven t  f l u s h  from t h e  
sample wi th  a pocket of air t o  be used as a marker. The 
needle  is then immersed i n  t h e  sample, and a 5-microliter 
a l i q u o t  is withdrawn, taking i n t o  cons ide ra t ion  t h e  volume 
of t h e  needle,  s i n c e  tile sample i n  t h e  needle  w i l l  be  
completely in jec ted .  Af ter  t h e  needle  is removed from 
t h e  sample and p r i o r  t o  i n j e c t i o n ,  t h e  plunger is pul led  
back 1.2 m i c r o l i t e r s  t o  minimize evaporat ion of t h e  sample 
from t h e  t i p  of t h e  needle.  Observe t h a t  t h e  sample 
occupies 4.9-5.0 m i c r o l i t e r s  i n  t h e  b a r r e l  of t h e  syringe.  
Duplicate i n j e c t i o n s  of each sample and s tandard  should 
be made. No more than a 3% d i f f e r e n c e  i n  area i s  t o  
be expected. An automatic sample i n j e c t o r  can be used 
i f  it  is shown t o  g ive  r e p r o d u c i b i l i t y  a t  least as good 
as t h e  so lven t  f l u s h  technique. 

8.4.5 MePsurement of area. The a r e a  of t h e  sample peak is meas- 
ured by an e l e c t r o n i c  i n t e g r a t o r  o r  same o t h e r  s u i t a b l e  
form of area measurement, and prel-nary r e s u l t s  are read 
from a s tandard  curve prepared as discussed below. 

8.5 Determination of Desorption Ef f i c iency  

8.5.1 Importance of determination.  The desorp t ion  e f f i c i e n c y  of a 
p a r t i c u l a r  compound can vary from one l abora to ry  t o  another  
and a l s o  from one batch of charcoa l  t o  another. Thus, i t  is 
necessary t o  determine a t  least once t h e  percentage of t h e  
s p e c i f i c  compound t h a t  is removed i n  t h e  desorp t ion  process ,  
provided t h e  same batch of charcoa l  is used. 

8.5.2 Procedure f o r  determining desorpt ion e f f i c iency .  Activ- 
a t e d  charcoal  equivalent  t o  t h e  amount i n  t h e  f i r s t  sec- 
t i o n  of t h e  sampling tube  (100 mg) i s  measured i n t o  a 
2.5 in, 4-m~ I.D. g l a s s  tube,  flame sea led  a t  one end. 
This charcoal  must be from t h e  same batch  as t h a t  used 
i n  ob ta in ing  t h e  samples and can be  obtained from unused 
charcoal  tubes.  The open end is  capped wi th  Parafi lm. 
A known amount of t h e  a n a l y t e  i s  i n j e c t e d  d i r e c t l y  i n t o  
t h e  a c t i v a t e d  charcoa l  wi th  a m i c r o l i t e r  syringe, and 
t h e  tube is capped wi t11  more Parafi lm. When us ing an 
automatic sample i n j e c t o r ,  t h e  sample i n j e c t o r  v i a l s ,  
capped wi th  Teflon-faccd s e p t a ,  may be used i n  p lace  of 
t h e  g l a s s  tubes. 



Six tubes at each of t h r e e  concentra t ion l e v e l s  (0.5X,lX and 
2X of t h e  standard) are prepared by adding an amount of ana- 
l y t e  equivalent  t o  t h a t  present  i n  a 3 - l i t e r  sample at t h e  
s e l e c t e d  l eve l .  The tubes a r e  allowed t o  s tand f o r  a t  least 
w e r n i g h t  t o  assure  complete adsorpt ion of t h e  a n a l y t e  onto 
t h e  charcoal.  These tubes a r e  r e f e r r e d  t o  as t h e  samples. 
A p a r a l l e l  blank tube should be t r e a t e d  in t h e  same manner 
except t h a t  no sample is added t o  it. The sample and blank 
tubes a r e  desorbed and analyzed ia exac t ly  t h e  same manner 
as t h e  sampling tube described ia Sect ion 8.4. 

Two o r  t h r e e  s tandards  a r e  prepared by i n j e c t i n g  t h e  same 
volume of compound i n t o  1.0 ml of carbon d i s u l f i d e  with t h e  
same syr inge  used in t h e  prepara t ion of t h e  samples. These 
a r e  analyzed with t h e  samples. 

I f  t h e  internal standard method i s  used, prepare  c a l i b r a t i o n  
s tandards  by using 1.0 m l  of carbon d i s u l f i d e  conta in ing a 
known mount  of t h e  i n t e r n a l  s tandard.  

The desorption e f f i c i e n c y  (D.E.) equals  t h e  average weight 
i n  mg recovered from t h e  tube divided by t h e  weight in mg 
added t o  t h e  tube, o r  

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorpt ion e f f i c i e n c y  is dependent on t h e  amount of 
a n a l y t e  co l l ec ted  on t h e  charcoal .  P l o t  t h e  desorpt ion 
e f f i c i e n c y  versus weight of ana ly te  found. This curve 
i s  used i n  Sect ion 10.4 t o  c o r r e c t  f o r  adsorpt ion losses .  

9. Ca l ib ra t ion  and Standards 

It is convenient t o  express concentra t ion of s tandards  i n  terms of 
mg per 1.0 ml carbon d i s u l f i d e ,  because samples are desorbed in t h i s  
amount of carbon d i s u l f i d e .  The dens i ty  of t h e  a n a l y t e  i s  used t o  
convert mg i n t o  m i c r o l i t e r s  f o r  easy measurement wi th  a m i c r o l i t e r  
syringe.  A series of s tandards ,  varying in concentra t ion over t h e  
range of interest, is prepared and analyzed under t h e  same GC condi- 
t i o n s  and during t h e  same time period as t h e  unknown sample. Curves 
a r e  es tab l i shed  by p l o t t i n g  concentra t ion in mg per  1.0 ml versus  
peak area. 

For t h e  internal s tandard  method, use  carbon d i s u l f i d e  conta in ing a 
predetermined .mount of t h e  internal standard.  The i n t e r n a l  s tandard  
concentra t ion used w a s  approximately 70% of t h e  concentra t ion a t  ZX 
t h e  standard.  The ana ly te  concentra t ion in mg per  m l  is  p l o t t e d  
versus t h e  a r e a  r a t i o  of t h e  a a a l y t e  t o  t h a t  of t h e  i n t e r n a l  s tandard .  
Note: Whether t h e  e x t e r n a l - s t a n d a r d  o r  internal s tandard  method is  
used, s tandard  s o l u t i o n s  should be analyzed a t  t h e  same time t h e  
sample a n a l y s i s  is done. This will minimize t h e  e f f e c t  of v a r i a t i o n s  
in FID response. 



10. Calcula t ions  

10.1 Read t h e  weight, in mg, corresponding t o  each peak area from 
t h e  s tandard  curve. No volume cor rec t ione  are needed, because 
t h e  s tandard  curve Fo based on mg per  1.0 ml carbon d i s u l f i d e  
and t h e  voluorc of raxaple i n j e c t e d  is i d e n t i c a l  t o  t h e  volume 
of t h e  s tandards  in jec ted .  

10.2 Correct ions f o r  t h e  blank must be made f o r  each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in f r o n t  s e c t i o n  of sample tube  
mg blank = mg found in f r o n t  s e c t i o n  of blank tube 

A similar procedure i s  followed f o r  t h e  backup sec t ions .  

10.3 Add t h e  amounts present  in  t h e  f r o n t  and backup s e c t i o n s  of 
t h e  same sample tube t o  determine t h e  t o t a l  weight i n  t h e  
sample. . 

10.4 Read t h e  desorpt ion e f f i c iency  from t h e  curve ( see  Sect ion 8.5.2) 
f o r  t h e  amount found in t h e  f r o n t  sec t ion .  Divide t h e  t o t a l  weight 
by t h i s  desorpt ion e f f i c i e n c y  t o  ob ta in  t h e  correc ted  mgl~ample.  

Corrected mg/sample = weight 
D.E. 

10.5 The concentra t ion of t h e  ana ly te  in t h e  air  sampled can be ex- 
pressed in mg per  cu nt. 

-leu Corrected wz (Section 10.4) x 1000 ( l i t e r s l c u  rn) 
Air Volume Sampled ( l i t e r s )  

10.6 Another method of expressing concentra t ion is  ppm (corrected  
t o  s tandard  condi t ions  of 25'C and 760 mm Eig). 

24 45 760 x(T + 273) ppn = mg/cu m x - x - MW P 298 

where : 

P = pressure  (mn Hg) of air sampled 
T = temperature (*C) of air sampled 
24.45 = molar volume ( l i t e r l m o l e )  at  25'C and 760 nnn Hg 
MW = molecular weight 
760 = standard p ressure  (mn Hg) 
298 = s tandard  temperature (*K) 
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VINYL CHLORIDE 

OSM: 1 p 9 m ; C S p p n  - PROPERTIES: BP -14 *C; vapor density 2.2 (air = 1) 
NIOSH: mini- r~asurrble 
A#iIH: 5 ppn (hum carcinogen) [ 11 

(1 ppa = 2.56 rg/m8 @ NTPI 

SAMPLER: SOLID m N T  TUBE 
(2 tan,dm tubes, each with 150 mg 
acti-mut charcoal ) 

FLOW RATE: 0.05 Vmin 

V O L 4 I N :  0.7 L 
a: 5 L 

SHIPENT:  separate primary and backup tubes 
and up each 

SMPLE STABILITY: 10 days 4J 25 .C 

BUNKS: 2 to 10 field blanks per set 

I 

!'TECHIIQUE: WS m T # J U P H Y ,  F I D  
! 
!AIJALYTE: vinyl chloride 
I 

!#SORPTIOW: 1 cd carban disulfide; 30 min 
! 
!INJECTION ALIQUOT: 5 )IL 
I 

!Q)LUIW: stainless steel, 6.1 m x 3.2 nm, 1Q1 
I SE-30 on 80/100 leth chrarotorb w 
! ~Aw-orws) 
I 

!CARRIER GAS: He, 40 cK/min 
I 

!EWERATIRE-INJECtOR: 230 .C 
! 4ETECTOR: 230 .C 
I -Q)LVIW: 60 .C 

ACCURACY ! 
!CALIBRATIOW: solutions of vinyl chloride in CS2 

RANGE STUDIED: 1 to 64 ms/ma [2] ! 
!RANGE: 0.002 to 0.2 ng per trrple [2] 

BIAS: -6% of calculated concentration 121 ! 
!ESTIIIATED L a :  0.00004 mg per smple [2] 

WERALL PRECISION (+I: 0.06 [2] . . I 
!PRECISION (+I : not detemind 
! 

APPLICABILITY: The working range is 0.4 to 40 (0.16 to 16 m) fw r 5-1 air raple. 
The   let hod is applicable to 1-in trrples at concentrations of 1 ppn or higher. 

INTERFERENCES: Other than t h e  possibi 1 i ty of loss of smple upon storage of tw uccks or l ~ l ~  

at rocm tenperaturn, none have been noted. 
- -- 

O M R  METCIDOS: This is a revision of M 118 131. 



VINYL OlLORIDE )IETWD[): 1007 

- RE&ENTS: EQUIPCEWT : 
1. Carban disulfi&,* chmnatographic 1. Smpler: two t a m  glass tuks ,  7 an long, 

qua1 i ty. 6 an 00, 4 nn 10, flar-sealed ends, each 
2. Yinyl chloride,*, 99.9%, i n  m t a i n i n g  150 mg of 20/4 r tsh  activated (600 *C) 

lecture bott le f i t t e d  with valve coconut she1 1 charcoal. A si lylated glass wrol 
and -tun. plug precedes the charcoal beds and a 3-m urethane 

3. Calibration stock solution, fogl plug fol lovf the charcoal kdr. Plastic mps 
0.26 ughL. are included fo r  sealing after use. Pressure drop 
a. Insert the t i p  of a gas syringe across uch tube a t  1 Vlnin a i r f l w  m s t  be less 

containing 1 nl vinyl chloride than 3.4 k h .  
gas undcr the surface of 5 ml NOTE: A pair of t~)-sect ion (100 -/SO q) 
CS2 i n  a lOml v o l m t r i c  tubes may be used. 
flask. 2. Pe-1 capl ing purp, 0.05 L/min, with f lexible 

b. Open the valve of the syringe connecting tubing . 
and withdraw the plunger to pul l  3. Gas chmnratograph, flare ionization detector. 
CS2 into the barrel. (As integrator and colunn (page 1007-1). 
vinyl chloride dissolves, a 4. File. 
vacuun w i l l  be created, pull ing 5. Bent wire for mov ing  plugs fm -ling tube. 
CS2 into the syringe.) 6. Vials, 2 4 ,  glass with PTFE-lined septa m d  

c. Push the solution f m n  the crimpon ~4~31s. 
syringe into the flask. Rinse 7. Volrnetric flasks, lCknl, with polyethylene 
the syringe twice with 1 4  steppers. 
portions of CS2 and add the 8. Pipettes, delivery, I.-, graduated i n  0 . 1 4  
uashings to the flask. incrmnts.  2- and 5 4 ,  with pipet bulb. 

d. Dilute to the mrk with CS2. 9. A i r  -ling bags, Tedlar, 10-L. 
4. Heliun, purified. 10. Gas syringe, with ps- t ight  valve, 0.1- and 1 4 .  
5. Hydrogen, purified. 11. Syringe, 10-yL, with 0.1-yL graduations. 
6. A i r ,  f i l tered. 

*See Spec i a 1 Precautions . 
f 

SPECIAL PRECAUTIONS: Carbon disulfide i s  t ox i c  and m acute f i r e  and explosion hazard (flash 
point = -30 OC); uork with i t  only i n a  hood. 

Vinyl chloride i s  a huaan carcinogen [I]. 

SAMPLING: 
1. Calibrate each personal rap l i ng  purp with a representative snp ler  i n  l ine. 
2. Break the ends of the tuks immdiately before rapl ing.  Attach two tubes, with ends 

touching, with a short piece of th ing .  -1 one tube as the back tube and insert the 
back tube in to the f lexible tubing attached to the p e r r o ~ l  r a p l i n g  purp. 

3. Saple a t  0.05 Vmin for 15 t o  100 nin. Do not sarple more than 5 L of a i r .  
4. Separate the primary and backup tubes and cap mch tube for shiprent. 

SABPLE PREPARATIW: 
5. Add 1.0 mL CSp t o  an arpty vial. Lousely cap the v ia l .  
6. Score each q l e r  tube with r f i l e  i n  front of the glass wool plug. Break the tube at the 

score line. 



. 
ETW00: 1067 VINYL MLORIDE 

- 7.  Transfer the charcoal f m n  the front and back tubes to separate vials. Disurd the glass 
wool and f o m  plugs. Seal the vials with -tun caps iwediately. 

8. Allow to stand for 30 min, with occasional agitation. Analyze the ~ p l e  within the next 
3 0 4 n  period. 

CALIBRATIrn AWD WLI'TV camel: 
9. Cllibrate w i t h  at last five working standards covering tk range 0.0002 to 0.2 10 pcr 

tnple. 
a. Add horn r w n t s  of olibration stack solution to Cf2 in 1 0 4  volmtric flasks and 

dilute to the marks, using serial dilution as appropriate. 
MOTE: Working standards can be stored at -20 .C for at least thrae days. 

b. Analyze together with sa~ples and blanks (steps 12 and 13). 
c. Repare calibration graphs of peak area vs. quantity (mg) of vinyl chloride per tube and 

peak area vs. quantity (ng) per injection. 
10. Determine Qrorption efficiency (DE) at least w e  for each lot of charcoal used in the 

cal ibration rmge (step 9). Pmpare three tubes at each of five levels plus three lnedia 
blanks . 
a. Prepare three atnosphem of vinyl chloride in air by injecting 0.01, 0.08, and 0.2 nL 

vinyl chloride gas into 10 L air in Tedlar bags. The resulting concentrations are 
approximately 2.6, 21 and 52 ng/ms.  

b. Following steps 1 through 4, smple these atmspheres according to the following schane: 

Concentration 
in Bag (ng/ms) 

2.6 

Vol ure 
sawled (L) 

Quantity of 
Vinyl Chloride (ng) 

0.002 
0.006 
0.017 
0.046 
0.13 

Obtain three saplcs at each level. 
c. Desorb (steps 6 thrwgh 8) and analyze together with uorking standards (steps 12 and 

13). No vinyl chloride should be found on the back trrkr. 
d. Analyze the atmspheres in the bags (steps 12 and 13) using 1 4  gas m l e s .  Read fmn 

the calibration graph the pwnti ty (ng) per injection, which for a 1 4  injection of gas 
is nurerically equal to the concentration in IPg/nS. 

e. Calculate DE frrm the mass (mg) of vinyl chloride on the front tube (&I, the m e r a w  
blank (a), the concentration of vinyl chloride in tk synthetic ataorpheres (G, 
Ing/$), and the volune of air rapled (V, L) : 

f. Prepam a graph of DE vs. mass fwnd (Wf - B). 
11. Analyze three qwlity control blind spikes and three analyst spikes to ensure t h t  the 

cal ibration graph and # graph are in control. 
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c -' 

- W E N T :  
12. kt the p s  chmtogrph according to mnufrcturtt's instructions and to cuditions given . 

on page 1007-1. Inject rnple a l i w t  mnwlly using solvent flush technique or with . 
autowpler. The retention tiae of vinyl chloride is rbaut 1.7 ain. 
NOTE: If peak area is above the 1 inear ran* of the working standards, dilute ui th CS2, 

reanalyze urd apply the appmpriate dilution factor in calculations. 
13. hasure peak a m .  

CAL WUT 1 0 6  : 
14. Determine the cuss, mg (corrected for #) of vinyl drloridc found in the rrrple f m t  

(wf) and back tubes, and in the average rdia blank (B). 
NOTE: I f  y * */lo, report brerkth&tgh and possible srrple loss. 

IS. Calculate concentration, C, of vinyl chloride in the air volrne sapled, V (L) : 

EVALUATION OF REIETKIO: 
The method was walwted using single 150- sapling tubes with 100-q front beds and Xhg 
back beds [2]. At four amcentrations bet- 1 and 64 ag/ma , the pooled relative standard 
deviation was 0.06 and the neawranents averaged 94% of the concentrations calculated fm the 
v o l w s  of vinyl chloride and air usd for the atnospheres sapled; -Its at the 3-pg level 
showed no loss of vinyl chloridc when stored for 12 days at rocm tcnperature or 19 days at 
-20 OC. There m y  be significant loss of vinyl chloriQ fran rmples st& for 14 days at 
man tcnperatun [a]. The l% breakthrough capacity for a 1- bed of coconut charcoal 
challenged at 100 U m i n  with vinyl chloride in air at 16 mglma and a relative humidity of 
701 uas 4.6 L 151. 

REFERENCES : 

1 - 
[I] fLVs - Threshold Limit Values for Chemical Substances rnd Physical Agents in the LlDrk 

Envi rorment w i t h  Intended Changes for 1983-84. ACGIH, Cincinnati, OH (1963). 
[2] Hill, R .  H., Jr., C. S. RcCnmwr, A. 1. Sulwsechter. A. Y. Ttass, and Y. 3. Yoodfin. 

kral. - Chem - - *  B, 1395-1398 (1976). . 
(31 NIMH Ranual of Analytical Retho&, 2nd. ed., V. 1, P&CM 178, U.S. Dopartnent of W l t h  

and WuMn Services, Pub1 . (NIOSH) 77-1574 (1977). 
[43 Cuddcbrck, 3.  E., W. R. Burg, and 5.  R. Birch., Envirun. fci. Tuhnol., 2, 1168-1171 (1975) 
151 hatsurura, Y. M. W l t h ,  &, 61-67 (1380). 
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VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT NO 1524 

GAS VENT SAMPLING PUMPS 
CALIBRATION LOG 

COMMENTS 

DATE \4-15 1355 CALIBRATED BY i 

PUMP 
NUMBER 

\ 

/ 

PUMP 
TYPE 

( I ( a) 
! ! ! , I  '0 

. 1 

, I  1 
, 

TEMP. 
(OF 

3 5  
3 3  
33 

33 

I I 

151 69 
I 

24-HR. 
TIME 

rZ:3o 

12:jS 
" 

AFTER 

HUMIDITY 
(%I 

53 
59 
53 

59 

141 ,, 2 , 
1 
24-HR. 
TIME 

1 

I 

TEMP. 
(OF) 

37.5 
37.5 

37.5 

37.6 

BAROM 
PRESSURE 
(Inches Hg) 

5-  >-# 

" 7 ,  

-, -'o. _7,3 
-2 7 7  ,,- 

30.33 

BEFORE SAMPLING 3 

FLOW I 
(cc/min.) 

. 

-2 2 5 
L id 

' , 

SAMPLING 
INITIAL 
FLOW 

(cc/min.) 

2 5 5  

tc;\ 

,i 1 

,' 
, I 

h )  \ s f {  

/ 

TEMP. 
(OF) 

6 L 

1\2 

4 2  

4 2  

HU 

3 1 
CAU ' 

FLOW 
(cdmin.1 

c -. ,( ) 

? ( -  I 

7 5 ~ '  

, f  r -  

5 7  
s~ 
57 
51 

HUMIDITY 
(Ole) 

5 5 

55 
" 3,) 

rF 
2, 

BAROM. 
PRESSURE 
(Imhos Hg) 

23-3C. 

z.:.~(-. 

27 '],G 

29.96 

QO,\LS 

%. 145  

3o.145 

%-\45 

250 

2sr.s 

ZSO 

2.50 



VELSICOL CHEMICAL CORPORATION 
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PROJECT Ng 1524 

GAS VENT SAMPLING 

DATE OF 
COLLECTION 3\\5' ,~; - 
TEMPERATURE 37.5 -- 
CHARCOAL \= ., 
LOT Nn 

rc- 
SAMPLER k ? ~ ~ , ~ ~ ~ ~ a  
RELATIVE 
HUMIDITY 57 70 
TENAX 
LOT NO- 27 '  

BAROMETRIC 5. As 
PRESSURE 

. 
GAS VENT 
NUMBER 

I 
2 
3 

4 
5 
6 
7 
8 

9 
10 
I I 

DUPLICATE 

BLANK 

DATE O f  

GAUGE 

READING 

SAMPLE SHIPMENT '?I \ '~\7?\- I SHIPMENT k \ .;. G L. \ \ Z,C\ \ (--. 2-L . 3 / !  I*/?( - 
\ 

C O M M E N T S ~ ~ , L ~ . U  c t b h i u %  1 tL /  1 ? ,- 

SAMPLING RATE 
1 (cc/min.) 

2 I- 

'2r* 
7 1- 

2-50 

~ 5 6  

2 5 0 ~ ~  

SAMPLE 
VOLUME (1) 

5 es 

5 C )  

51 o 
I' L' 0 

5 o 

5\0 

1 2 3 

& 

PUMP 
NUMBER 

1 

I 
I 
I 

I 

1 

SAMPLE 
NUMBER 

7 
5 
Y 
3 

2 

\ 

6 

4 

A'- 

ELAPSED 

Zo 

20 

20 

10 

*L a 

20 

START 

/ / .49 
I l  0 5  
10.27 
9 5a 

9 I3 

8 36 

( 1  15 
METHOD 

SAMPLING TIME 
FINISH 

12- 0 2( 

11. zs 
ro 4 7  

10 . I D  

61 3 3  

8.5C 

OF-- 

5 6 

.& 

7 8 9 l o l l  
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GAS VENT SA'MPLING 

I DUPLICATE 

I BLANK 

DATE OF 
COLLECTION 4 [ [ >  'j!) 

TEMPERATURE 3 7 . 5  
CHARCOAL , " 7  LOT Nn 

~ T E  OF 
SAMPLE SI 

SAMPLER C ~ L L  
RELATIVE 
HUMIDITY 57 P/O 
TENAX , 1 , 
LOT Ng 

BAROMETRIC 9, ,&5 
PRESSURE 

COMMENTS 

GAUGE 

READING 

PUMP SAMPLE 
NUMBER NUMBER START 

I I 
IPMENT 2, \ \ \ 3r METH4 

SHIPM 

1 

SAMPLING TIME  SAMPLING RATE 
FINISH ELAPSED (CC /mln. 1 

2 4 3 5 

0 

6 7 8 

0 0 , ) o  

9 l o l l  
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In accordance with the terms of the technical 

appendix t o  the Consent Judgment entered into by Velsicol 

Chemical Corporation ( ~ e l s i c o l ) ,  the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

t o  perform specified monitoring ac t iv i t i e s  a t  quarterly 

intervals following closure of i t s  St.  Louis, Michigan plant 

s i t e .  The monitoring program is designed to address the 

following : 

1. Performance of gas vents 

2. Performance of the s i t e  perimeter containment wall 

3 .  Determination of s i t e  groundwater elevations 

This report de t a i l s  the s i t e  monitoring which 

occured during the period June 19 to  June 21, 1985. 

1 .2  PARTICIPATION BY REGULATORY AGENCIES 

The regulatory agencies did not part icipate  

i n  or attend th i s  monitoring event. 



1.3 MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Mr. D. Robinson (Conestoga-Rovers and . 

~ssociates) assisted by Mr. Gene DeGeer, the Velsicol site 

custodian. 



1: 2 .1  GENERAL 

The gas vent monitoring began on June 20, 

1985 and was completed June 21, 1985. 

2 .1 .1  Equipment 

Two Gilian model HE'S 113 h i  flow samplers 

were used t o  col lect  gas vent samples. The samplers were 

f i e ld  calibrated using a rotometer prior to sampling. The 

calibration data i s  presented within Appendix B. Samples 

from each gas vent were collected i n  two 6-mm diameter x 

70-mm long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual para l le l / ser ies  tube holder se t s .  

SAMPLE COLLECT ION 

Samples were obtained a t  each of the 11 gas 

vents. The location of the gas vents within the close3 plant 

s i t e  is detailed on Figure 1. One blank set  and one 

duplicate se t  of samples were also collected. 





Sampl ing was conducted a t  the downstr eam 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached di rec t ly  to the gas vent sampling 

port using a copper manifold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to  connect the tube holder t o  the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to  

250cc/min/tube se t ,  was operated for a period of 20 minutes 

for each sampling event, resulting i n  a collected sample 

volume of five l i t e r s  per tube se t .  

Prior to sample collection, the gas vent 

upper chamber was purged by pumping a t  500 cc/minute for a 

period of ten minutes. This precluded the p s s i b l i t y  of 

sampling retained atmospheric a i r  from the gas vent upper 

chamber. During the purging and sampl ing operations, the 

open end of the gas vent was capped using a 4-inch diameter 

p las t ic  cover to prevent atmospheric a i r  being drawn into the 

sample. 

A t  the conclusion of each gas vent sampling, 

the se t  of four sample tubes were capped, labelled and stored 

i n  a cooler maintained a t  O 0 C .  



SAMPLING PORT USED FOR 
JUNE 1985 SAMPLING EVENT 

TEMPORARY SAMPLING 
COVER 

, 

figure 2 
ACTIVATED CHARCOAL GAS VENT DETAIL 

CR A St. Louis P/ont Site 
1624- 23/06/85 

f 



2.2 .1  Sample Storage and Shipment 

On the afternoon of June 21, 1985 the samples 

were transferred to a cooler containing frozen cold packs and 

styrofoam packing materials. The cooler was shipped under 

chain of custody protocol, t o  Velsicol 's  Memphis, Tennessee 

laboratory by overnight courier for analysis. A copy of the 

chain of custody is provided i n  Appendix A. 

2.2.2  Sample Analysis 

~ n a l y s i s  w i l l  be conducted i n  accordance w i t h  

NIOSH protocols as follows: 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

S-336 

1007 

Results w i l l  be reported verbally as they 

become available. 

A hard copy of the laboratory report w i l l  be 

forwarded to  USEPA and MDNR within seven days a f te r  receipt 

of f ina l  laboratory data by CRA. 



2.2.3 Sampling Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 
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3-0 SITE PERIMETER COLJTAI- WALL MONITORIffi 

3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampl ing events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984, December 

14, 1985 and March 16, 1985. The current sampling event 

occured June 19, 1985. All testing completed to date has 

confirmed the permeabil ity of the site perimeter containment 

wall to be less than 1.0 x 10-7 cm/sec. 

3.2 EQUIPMENT 

A Mobil Truck mounted drill rig equipped with 

rotary head and 6-inch diameter augers was utilized to 

advance the borehole into the containment wall. A 3-inch 

diameter Shelby tube, hydraulically pushed and retrieved, was 

used to collect the samples. 



3.3 SAMPLE COLLECTION 

The containment wall was located by f ie ld  

survey on June 19, 1985. The sampling borehole was begun a t  

Station DGW 31+00 by augering through the clay cap into the 

underlying material . 

The presence of soil/bentonitz backfi l l  

material was confirmed by examination of cuttings on the 

auger f l ights .  A borehole was advanced to  a depth of seven 

feet .  A Shelby tube was introduced into the borehole and a 

sample was withdrawn. Examination of material i n  the base of 

the tube confirmed that  the sample was o5tained from the 

containment wall. The locations of t h i s  and prior sampling 

events are detailed on Figure 3. The boreholes ware 

backfilled with bentonite and abandoned. 

3.3.1 Sample Preparation and Shippinq 

The Shelby tube was capped an9 taped a t  50th 

ends to  prevent sample loss and drying. The sample was hand 

delivered to the Michigan Testing Engineer's laboratory i n  

Detroit, Michigan for permeability test ing.  



=---= UPGRAOIENT 
CONTAINMENT WALL 

WWNCRADIENT 
CONTAINMENT W A U  

X -  PERIMETER FENCELINE 
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3.3.2 Sample Testinq 

The undisturbed sample i s  to be tested for 

permeability using a fa l l ing  head permeameter se t  up i n  

accordance with ASTM D 2434. Results of the testing w i l l  be 

provided i n  written form to  USEPA and MDNR within seven days 

a f t e r  receipt of f inal  laboratory data by CRA. A summary 

data report w i l l  be prepared and presented to  both Agencies 

following completion of the containment wall monitoring 

program i n  the f a l l  of 1986. 



4- 0 GR-TER TABLE MONITORIHG 

4.1 GENERAL 

The monitoring of plant s i t e  groundwater 

elevation was performed and the elevation of the S t .  Louis 

reservoir was determined on June 19, 1985. 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

s i t e  monitoring well to the watertable. T h i s  distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated i n  increments of one one-hundredth of a foot, were 

taken a t  the water level and a t  the top of the well casing. 

The former reading was deducted from the l a t t e r  and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St.  Louis reservoir was 

determined by level and rod survey. 



TABLE 1 

WATER LEVEL MEASUREMENTS 

JUNE 19. 1985 

MEASURED 
WELL HEAD DISTANCE TO 

MONITORING ELEVATION WATER TABLE 
WELL ( AMSL (ft-1 

Water level elevation, St. Louis Reservoir 

(June 19, 1985) 

WATERTABLE 
ELEVATION 
(AMSL ) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater  e l e v a t i o n  d a t a  were used t o  

c o n s t r u c t  a s i t e  groundwater  e l e v a t i o n  c o n t o u r  map which is 

p r e s e n t e d  i n  F i g u r e  4. 

4 . 4  SITE MEAN GROUNDWATER ELEVATION 

The mean e l e v a t i o n  of  s i t e  groundwater  is 

c a l c u l a t e d  t o  be 721.71. The maximum allowable s i t e  

groundwater  e l e v a t i o n  s t i p u l a t e d ' b y  the Consent  Judgment is 

724.13. 

4 .5  WELL HEAD ELEVATION SURVEY 

In acco rdance  w i t h  the P o s t  C l o s u r e  

Maintenance  and Moni to r ing  Plan, the w e l l  head e l e v a t i o n s  

were re-surveyed to e n s u r e  a c c u r a c y  o f  t h e  e l e v a t i o n s .  Minor 

d i f f e r e n c e s  from p r e v i o u s  s u r v e y s  were r eco rded  and the 

groundwater  e l e v a t i o n s  were a d j u s t e d  a c c o r d i n g l y .  





A l l  m o n i t o r i n g  a c t i v i t i e s  s t i p u l a t e d  by t h e  

Consent  Judgment were c a r r i e d  o u t  be tween J u n e  19 and 21, 

1985. 

D a t a  from the chemical a n a l y s i s  o f  t h e  g a s  

v e n t  samples and t h e  p e r m e a b i l i t y  t e s t i n g  o f  t h e  con taminan t  

w a l l  sample w i l l  be p r o v i d e d  to MDNR and USEPA w i t h i n  seven  

d a y s  o f  r e c e i p t  b y  CRA o f  l a b o r a t o r y  f i n a l  d a t a .  

The p r e s e n t  mean s i te  groundwate r  table 

e l e v a t i o n  is c a l c u l a t e d  t o  be  721.71. The e l e v a t i o n  i n  t h e  

P i n e  R i v e r / ~ t .  m u i s  r e s e r v o i r  w a s  d e t e r m i n e d  to  be 720.03. 

The n e x t  sampl ing  and m o n i t o r i n g  e v e n t  w i l l  

o c c u r  on or a b o u t  September 1 5 ,  1985. 

I 
A l l  o f  Which is R e s p e c t f u l l y  Submi t t ed ,  

I CONESTOGA-ROVERS & ASSOCIATES LIMITED 

R.G. Shepherd ,  P. Eng. 
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CHAIN OF CUSTODY 
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CHAIN OF CUSTODY PROJECTNQ. PROJECT! A E I  GAS VENT MONITORING 
I 
- 

'VUSKDL CHtMKAL CORPOUATION 

RECORD 
701 W. WASHINGTON STREET 

1524 PLANT SITE ST. LOUIS, MICHIGAN ST. LOUIS, MICHIGAN 4 8 8 8 0  

r \ 

SAMPLER'S SIGNATURE 
*I O* 

SAMPLE SEQ SAMPLE TYPE C O U T ~ U I ~ ~ S  

N Q N Q 
REMARKS 

\ I L/%~A- 1046 F T P ;  c 6 s  /I-7 Z- bby~.r ' , ,  
\ \ L zo lo4, -Y. T k C  2 e&>w ~ * k  *. c. 

2 2 6 z o  \\.~33 f Y ~ C  $1 b.. 

6 \ \  %?I 5C13 

RECEIVED BY I 

@ 
I SIGN 1 

RECEIVED BY:  

( S I G N )  

RECEIVED BY : 

- G N ~  

SHIPPED BY: 

RELINQUISHED BY1 . 
I SIGN I 

RELINQUISHED BY: 

rn I SIGN I 

RELINQUISHED BY: 

I S I G N  I 

RE LlNQUlSH 

a 
I S I G N )  

RELINQUISHED BY : 

I SIGN 

RELINOUISHED BY! 

I SIGN I 

EYQP.\ 

D T € /T IME 

Gf?, I 14- 

DATE/ TIME 

-@ 
DATE/TIME 

A 

DATE /T IME 

d o  
OAT €/TIME 

-0 
DATE / T lME 

- 0  
METHOD OF SHIPMENT I 

RECEIVED BY# 

I SIGN ) 

RECEIVED BY: 

(SIGN l 

RECEIVED BY I 

' I SIGN ) 

RECEIVED FOR LABORATORY I 

I S IGN I 

DATE /TIME 

I 



SAMPLE SEQ 
NQ N Q DATE 

CHAIN OF CUSTODY PROJECT NO. PROJECT ',. . r E  I GAS VENT MONITORING 

SAMPLE TYPE I c w ~ a ~ t n a l  REMARKS 

RECORD 

.4 C Z, 

TOTAL N 9  OF CONTAINERS 

- -  L;];;:,T;%I 

RECEIvEDBy: RELINQUISHED BY1 OAT€ /T IME RECEIVED BY8 

l S l G N  l 
@ 

( SIGN I 
a 

( S I G N  l - 0  ( S I G N  1 

r .  r 

1524 PLANT SITE ST. LOUIS, MICHIGAN 

RELINQUISHED BY 1 

f3J 1 S IGN I 1- ( S I G N  1 1- ( SIGN l I 

' V W K D L  CHLMlCAL C0UM)IIATlON 
701 W. WASHINGTON STREET 
ST. LOUIS, MICHIGAN 4 8 8 8 0  

@ t SIGN l 

RELINOUISHED BY: 

DATE/ TIME 

A@) 
DATE/TIME 

METHOD OF SHIPMENT I 

RECEIVED BY: 

( S I G N )  

RECEIVED BY:  

SHIPPED BY: 

RELINQUISHED BY: 

pJ- l SIGN l 

RELINQUISHED BY: 

RECEIVED FOR LABORATORY 1 

S lGN 1 

I 

DATE /TIME 

I 

DATE/TIME 

-0 
DATE/TIME 

RECEIVED BY: 

I S l G N  I 

RECElVEDBYt 
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SHEET 2 OF 

CHAIN OF CUSTODY PROJECT NP. PROJECT (. *E GAS VENT MONITORING - VWKOL CHLMKAL CORFOI~ATION 

I I 

I TOTAL NO. OF CONTAINERS 

RECORD 
SAMPLER'S SIGNATURE 

1524 __-. - - 
1 

11 01 

C O N T A ~ ~ ~ ~ S  

I 

2- 

RE LlNOUlSHED BY I 

RELlNQUlSHE 0 BY: 

(g I SIGN 1- t S I G N  ) '1 A ( S I G N  ) I 

I 

REMARKS 

~=~zw>QP*@* 

V\-L L4u - 
\ 4 \ ~ 4 0 & & , ~ . " 6  

\ 

- 

SAMPLE 
N Q 

\3 
1% 

SIGN l 

RELINOUISHED BY: 

MET HOD OF SHIPMENT I 

P\ 

PLANT SITE ST. LOUIS, MICHIGAN 

SEO 
NQ 

\3 
1 3  

SAMPLE TYPE 

6(ZI L F 7 5 . C  

DATE/TlME 

'!>,I /ch 

DATE/ TIME 

( SHIPPED BY1 

701 W. WASHINGTON STREET 
ST. LOUIS, MICHIGAN 4 8 8 8 0  

6121 

A 

DATE/TIME 

~ - 

RECEIVED FOR LABORATORY 1 DATE /TIME 

I I 

RECEIVED BY 1 

@) 
1 S IGN 1 

RECEIVED BY: 

\ d ~  

a- ( S I G N )  

RECEIVED BY 1 

RELINOUISHED BY: 

1 S IGN I 

RELINQUISHED BY: 

dL 

I SIGN)  

RELINOUISHED BY: 

T+, c- 

DATE /T IME 

-0 
DATE/TIME 

RECEIVED BY: 

i SIGN I 

RECEIVED BY: 

-0 
DATE / T IME 

(SIGN 

RECEIVED BY t 



APPENDIX B 

GAS SAMPLING PROTOCOLS 



APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance with t h e  Consent Judgment, Vels icol  has  submitted a 
post-closure maintenance and monitoring plan f o r  i t s  
environmentally secured p lan t  s i t e  i n  S t .  Louis, Michigan. The 
post-closure maintenance and monitoring plan requ i res  q u a r t e r l y  
monitoring of 11 gas vents t h a t  have been i n s t a l l e d  t o  r e l ease  and 
appropr ia te ly  t r e a t  in t e rna l  gases. This  program w i l l  be 
conducted over a period of t h r e e  years.  

The gas vents,  a s  d e t a i l e d  i n  Exhibi t  F of t h e  Consent Judgrcrent, 
a r e  designed with two sampling por ts ;  one below t h e  base of t h e  
i n s t a l l e d  ac t iva ted  charcoal f i l t e r ,  and one above t h e  f i l t e r .  
Samples w i l l  be col lec ted  from t h e  downstream port. Results w i l l  
i n d i c a t e  whether o r  not containment breakthrough h a s  occured 
through t h e  carbon f i l t e r .  

Samples w i l l  be  analyzed f o r  t h r e e  separa te  compounds: carbon 
t e t r a c h l o r i d e ,  t r ich loroe thylene  and vinyl  chlor ide.  

Samples w i l l  be co l lec ted  with a Gi l i an  HFS-113 AU DK var iable  
flow pump. This p a r t i c u l a r  u n i t  al lows t h e  operator  t o  run a 
s e r i e s  of tubes concurrently i n  p a r a l l e l  arrangement. Four tubes  
w i l l  be co l lec ted  from each gas vent: two standard NIOSH 100/50 
mg act ivated charcoal tube,  and two 30/15 mg tenax tubes,  each 
tube measuring 6 mm x 70 mm. One blank s e t  and one dupl ica te  
s e t  of tubes w i l l  be col lec ted  during each q u a t t e r l y  sampling 
event. 

A s  v iny l  chlor ide represents  t h e  l e a s t  adsorptive of t h e ' t h r e e  
compounds, t h e  sampling program i s  designed t o  accomodate t h i s  
compound. Therefore, sample volume s h a l l  not  exceed 5 l i t e r s .  

P r io r  t o  sampling, t h e  vent w i l l  be  sealed off  with a p l a s t i c  cap, 
and purged f o r  10 minutes a t  a r a t e  of 500 cc/min. This i s  t o  
el iminate  the  p o s s i b i l i t y  of sampling atmospheric a i r  contained 
wi th in  t h e  upper por t ion  of t h e  gas vent. 

Two samples from each gas vent s h a l l  ' be col lec ted  simultaneously 
a t  a r a t e  of 250 cc/min. f o r  20 minutes. The pump s h a l l  be l a b  
ca l ib ra ted  with sample tubes in- l ine  t o  determine t h e  exact flow 
r a t e .  Additionally,  .-flow w i l l  .be checked a f t e r  f i e l d  sampling t o  
v e r i f y  t h a t  a cons tant . f low was maintained . . throughout t h e  samp1in.g 
period. 

F o l l w i n g  sample co l l ec t ion ,  each tube w i l l  be sealed -with a 
p l a s t i c  cap a t  each end, l abe l l ed ,  placed i n  a cold s torage 
environment and shipped under chain-of -custody v i a  a canmercial 
cour ier  serv ice  t o  V e l s i c o l ' s  a n a l y t i c a l  laboratory i n  Memphis.. 

. . * .  . . . . .  . : . ?  , _ . ., . ' _ .  . . . .. ;.. , . .., ;.; ,. .* ... - .  . ..' '. .. , . .. 4... ,- .,-.. ...: : .::-. .,:- ..:. : ..,".,. . .:.. < .*<. . . -  '. s .-:.. .. . . '  . . 



Analysis  of t h e  charcoa l  tube  w i l l  be conducted i n  accordance wi th  
N I O S H  p r o t o c o l  a s  d e t a i l e d  belaw: 

Compound 

Carbon Te t r ach lo r ide  
Tr ich loroe thy lene  
Vinyl Chlor ide  

Revised Method N o .  

Analysis  w i l l  proceed by f i r s t  e l u t i n g  the carbon sample tubes  
w i t h  carbon d i s u l f i d e  and t h e n  analyzing by GC w i t h  a flame 
i o n i z a t i o n  d e t e c t o r .  A l l  samples w i l l  be i n i t i a l l y  analyzed i n  
t h i s  fashion.  I f  any of t h e  above canpounds a r e  de t ec t ed  on t h e  
charcoa l  tube,  t h e  corresponding tenax  tube  w i l l  be analyzed by 
thermal deso rp t ion  and GC/W under EPA Method 624. 

Turnaround t i m e  f o r  the completed a n a l y s i s  a t  t h e  l abo ra to ry  i s  
a n t i c i p a t e d  t o  be 30 days f r a n  d a t e  of sample c o l l e c t i o n .  Samples 
w i l l  be  desorbed wi th in  t h e  10 day l i m i t  s p e c i f i e d  f o r  v iny l  
ch lo r ide .  Ana ly t i ca l  d a t a  w i l l  be repor ted  t o  CRA a s  mg/tube. 
F i n a l  r e s u l t s  f o r  t h e  carbon tube  w i l l  be c a l c u l a t e d  by CRA, u s ing  
t h e  fol lawing formula. 

1. Cor rec t ions  f o r  t h e  blank t o  be made f o r  each sample 
mg = mg sample - mg blank 

- 

T h i s  c a l c u l a t i o n  is performed s e p a r a t e l y  f o r  each tube.  
- -. I 

' 2. Add t h e  amounts p re sen t  i n  t h e  f r o n t  tube and backup- tube t o  
determine t h e  t o t a l  weight i n  t h e  sample. 

3 .  C a l c u l a t e  t h e  co r r ec t ed  mg/sample by d iv id ing  the t o t a l  weight 
by t h e  deso rp t ion  e f f i c i e n c y  (D.E. ) which i s  provided by t h e  
lab .  

co r r ec t ed  mg/sample = t o t a l  weight 
DE 

4. Ca lcu la t e  t h e  concent ra t ion  of t h e  a n a l y t e  i n  a i r  
mg/m3 = Corrected m g  x 1000 l i t e r s / d  . 

A i r  volume Sampled ( l i t e r s )  . .. . 

5. Concentra t ion w i l l  be repor ted  as ppm, c o r r e c t e d  t o  s t anda rd  
cond i t i ons  of 2S°C anq 760 m Hg 

3 
ppm = mg/m x 24.45 x 760 x (T+273) - 
. .:. . . - . .. _ .  . ... MW P .  298 

. ..-.- , . - , .,. ,*.: .::;,.- :; ,'.'.' , . _ . .  . . _ .  . :  

where P = pressure  (mm Hg) of  a i r  sampled 
T = temperature  ( * C )  of air  sampled 
24.45 = molar volume ( l i t e r / m o l e )  a t  2SeC and 760 mm H g  
MW = Molecular Weight 
760 = s tandard  p r e s s u r e  ( m m  Hg) 
298 = s tandard  temperature  ( * K )  . 

. . 

--- 



NOTE: Temperature and p r e s s u r e  u n c o r r e c t e d  t o  s e a  l e v e l  w i l l  be 
c o l l e c t e d  f o r  the d u r a t i o n  o f  t h e  sampling e v e n t  and 
averaged f o r  u s e  i n  the above c a l c u l a t i o n s .  I n f o r m a t i o n  
w i l l  be provided frau the  N a t i o n a l  Weather S e r v i c e  i n  
Lansing,  Michigan. 

6. If the c o n c e n t r a t i o n  of  t h e  back t u b e  exceeds  10% of the  
c o n c e n t r a t i o n  of  the f r o n t  t u b e ,  t h e  r e s u l t s  w i l l  be 
r e p o r t e d  a s  a  sample breakthrough and p o s s i b l e  sample 
l o s s .  

7 .  A s i m i l a r  p rocedure  w i l l  be fo l lcwed f o r  the  t e n a x  t u b e ,  
shou ld  a n a l y s i s  be r e q u i r e d .  . 

n a t a  w i l l  be r e p o r t e d  t o  USEPA and MDNR o f f i c i a l s  w i t h i n  seven 
days  a f t e r  r e c e i p t  o f  f i n a l  l a b o r a t o r y  d a t a  f o r  each  q u a r t e r l y  
sampling.  A d d i t i o n a l l y ,  a  summary d a t a  r e p o r t  w i l l  be provided a t  
t h e  c o n c l u s i o n  o f  t h e  t h r e e  y e a r  sampl ing  p e r i o d ,  o r  sooner ,  
shou ld  breakthrough o f  any c a n p u n d  occur  p r i o r  t o  t h e  t h r e e  y e a r  
program. 

I n  a d d i t i o n  t o  the  se t  o f  f i e l d  b l a n k s  t o  be c o l l e c t e d  p e r  
q u a r t e r l y  sampling e v e n t ,  a n  a d d i t i o n a l  se t  of  15  c h a r c o a l  t u b e s  
and 1 5  t enax  t u b e s  w i l l  be forwarded unopened t o  t h e  lab d u r i n g  
t h e  i n i t i a l  sampling event .  

These "blank"  t u b e s  . w i l l  be used as i n t e r n a l  c a l i b r a t i o n  
s t a n d a r d s  on which each of t h e  three compounds w i l l  be s p i k e d  a t  
f i v e  d i f f e r e n t  c o n c e n t r a t i o n s .  The d a t a  f r a n  t h i s  a n a l y s i s  w i l l  
be used t o  c a l c u l a t e  the d e s o r p t i o n  e f f i c i e n c y  f o r  a  s p e c i f i c  l o t  
of a c t i v a t e d  c h a r c o a l .  Therefore, t h e  l o t  number of carbon t u b e s  
and t e n a x  t u b e s  s h a l l  be recorded  d u r i n g  each q u a r t e r l y  sampling.  
Should t h e  l o t  number change, a  new set  o f  15 c h a r c o a l  t u b e s  and 
15 t e n a x  t u b e s  s h a l l  be forwarded t o  t h e  l a b o r a t o r y  f o r  
d e t e r m i n a t i o n  of  t h e  new d e s o r p t i o n  e f f i c i e n c y .  . : . . 

The a l l o w a b l e  l i m i t s  f o r  these compounds have  been e s t a b l i s h e d  by 
t h e  MDNR and a r e  s i t e  s p e c i f i c  f o r  t h e  S t .  L o u i s  s i t e .  These 

. . .  l i m i t s  a r e  documented i n  s e c t i o n  4.3 o f . t h e  p o s t - c l o s u r e .  
maintenance  and moni to r ing  p lan .  . . .  . . .  . . . . . . . .  - . . . . .  

Copies of a l l  t h r e e  a n a l y t i c a l  p r o t o c o l s ,  the c h a i n  of cu.tony and 
the d a t a  c o l l e c t i o n  s h e e t , a r e  provided i n  the  f o l l o w i n g  s e c t i o n s .  



KWWILA: Table 1 

R.U.: Table 1 

HYDROCARBONS, HALOGENATED 
METHOD: 1003 
ISSUED: 2/14/86 

CmPOU(DS: benzyl chloride chlombmmnethne 1, l-di chloroethane hexachloroethane 
(synonym bmmoform chl orofom 1,2-dichloroethylcne methyl chloroform 
in Table 1) carbon tetrach'loride flichlorobanztne ethylene dichloride propylene dirhloride 

chlorobenzene e-di chlorobtnzcne 

-LING MEASURERENT 
I 

SAnPLER: SOLID SORBEN1 TUBE !lEOp(IQUE: C95 QIROrC9TOGRAPHY, FID 
(coconut she1 1 charcoal, 100 mg/SO mg) ! 

!ANALYE: ccnpounds above 
F L W  RATE: 0.01 to 0.2 Vmin ! 

!#SORPTION: 1 ml CS2, stand 30 rnin 
VOL-NIN: Table 2 I 

4W: Table 2 !INJECTION VOLUME: 5 rL 
I 

SHIPMENT: routine !EWERATURES: Table 2 
I 

SAMPLE STABILITY: at least 1 ueek C 2S OC !CARRIER GAS : W;! or He, 30 W m i  n 
I 

BUNKS: 2 to 10 field blanks per set !COLU))(: Table 2; alternates are SP-2100, 
I SP-2100 w i t h  0.1% Ca* IS00 

.L. ! or 08-1 fused silica capillary alum 
ACQRACY ! 

!CALfBRATtCl: rolutic?s cf ar.a7v=e i ?  'JS- tf:t?i - - -  . - -  5 -.- .- .-. -- ..- - -  . . . .  . . - - . . 1' . Z - Z - .  -. 
1 

BIAS: not significant ill  !RANG€: Table 2 
I i ;  

OVERALL PRECISION ( ~ ~ 1 :  see EVALUATION OF !ESTMTED LOO: 0.01 mg per taple [Z ]  
rm#, 111 ! 

!PRECISION (s,) : see EVALUATION OF ETHW [ 1 ] 
! 

APPLICABILITY: This arthod uses a sinple &sorption and can be used for simrltaneous analysis 
of two or more substances suspected to be p m m t  by changing the gas chmnatographic 
conditions (i .e., tenperarum programed). High nuniaity auring s ~ p l  ing wi 1 1  prevent organic 
vapors f m  being trapped efficidntly on the sorbent and greatly decreases breakthrough volune. 

INTERFERENiCES: None identified. The chrunatographic colum or separation m d i  tions m y  be 
- . .  . - . .  changed to circumrent interference pmblans; ' - . 

OTHER METHODS: This uethod d i n e s  and replaces Rethods PiWN 127 [3]; 595, 5101, 5110, 5113, 
S114, 5115, S122, 5123 and 5133 141; and 5135, 5281, 5314, 5328 and 5351 151. 



a. Rcrnwe a d  discard back sorbtnt section of a mdia blank rrrpler. 

L : b. Injut r lrnarn a ~ u n t  of analyte or calibration stock solution directly onto front 
torbent section with a microliter syringe. 

c. Cap the tube. All# to stand overnight. 
d. Otsorb (steps 5 through 7) and analyze together with wrlring stMdirrdr (steps 11 and 12). I. 8 .  Raprn r graph of # vs. mg rmlyte recovered. 

10. Analyze three qurlity control blind spikes a d  t h m  analyst spikes to insure that the , 

I ' 

ulibration grrph and # graph are in control. 

E m m € N T  : 
11. kt gas ehrcmrtograph actording to runufacturrr's m m m m d a t i o n s  and to di tions gi v t n  

on page 1003-1. Inject smple aliquot mrmally using solvent flush technique or with 
autotnpler. 
WE: If peak area i s  above the linear ran* of ttw working stmdrrds, dilute with eluent, 

reanalyze and apply the appropriate dilutiar factor in ulculations. 
12. Heasurn peak ary. Oividc the peak a m  of analyte by the peak area of internal standard 

on the Sam chromatogran. 

CALWUTIOHS: 
13. Detcnnine th mss, mg ( ~ r r e c t e d  for RE) of uralytt found in the tnple front (Wf) and 

back O+,) sorbent sections, and in the average lrdia blank front (Sf) urd back (4) 
sorbent sections. 
MITE: If b+, > +/lo, report breakthrough md possible sarple lots. 

14. Calculate concentration, C, of uulyte in the air volw -led, V (1): 

7 

f! ...... -.. --,I::.! :; :..::+a: 
L&cttatory testing .*as performc! with spi kecl szcles and ssneratcd a ~ h e r e  [ l j .  A;: 

analytes are stable at ledst one neek. All 'mthods w r r  va1,idated using SKC Lot 105 coconut 
-1 1 ebrcoll. ksul t s  wm: 



191 Criteria for r Rcccrancndcd Standard.. .Occupational Exposure to l,l, 1-Trichlometbne, U.S. 
Dcpartmnt of Health, Education, and Welfare, Publ . (NIOSH) 16-184 (1916). 

[lo] Criteria for a Rtcomrrndcd Standard.. .Occupational Exposure to Carbon Tetrachloride, U.S. 
Departmnt of Health, Education, and Uelfare, Publ. (NIOSH) 76-133 0976). 

=THO0 REVISED BY: G. 0. Foley; Y. 1. Cagnon; and K. J. 'will i m ,  NIOSWDQSE; mthodr 
~rig~inally validated under MIOW Contract CDC-99-7645. 



OStU VPe Density 

> M.W.; ng/ma HlO9l [6-lo] 20 *C ( g / d  
Carwunds - Formula 1 1 m  Synonm ACGlH BP (*C) u!!rQ 

p-Dichlorobenzene 1,4-C H C1 141.00; 1 1-dlch1orobenzene; 15 ppn 114 50 Pa 1.241 
6 4  2 

6 .  ( RIM-46-1 .-- 
15 w* 
S1EL 110 ppr 

~ 1 ,  I - D i ~ h l ~ m t h a ~ ~  Ul CHCl 
3 2; 

98.96; c ~l~ylidecnr chloride; 100 ppm 51 24.3 kPa 1.114 
4.M (':,., 115-34-3 

C2HIC'2 
100 ppm 
200 ppn* 

a S l E l  250 ppn 

1,2-Dichloroethylane CIM=CHCI; -: %.9S; as :ltylene dichloride; 200 ppn 60 (cis) 24-35 kPa 1.28 
C II C1 3.96 1,;'-dichlocoethene; 200ppn 
2 4  2 

41 (trans) 
: re. 8 1540-59-0 200 ppl, 

STEL 250 ppm 
; 

.;€thylar dichloride* CICII~M~C~; 98.96; I, '-dichloroethane; 50 me 83 8.3 kPa 1.255 

.t C2tI4Clz 4.05 F .. 1101-06-2 C 100 p p ~ l  

5 m; 
i 15 ppn/l5 r l n  

10 P D  

SILL I 5  ppl 
1 

i 
. . 

I*xachlomthane* CCI3CCI3; 236.14; 11, I chloroethane; 1 ppm (skin) 181 (sublirrs) 30 Pa 2.09 
9.60 1 I , .  #61-12-1 I ppn (skin) 

L 

. . 
C2c16 10 Ppr 

pethy lch lmforn  Ul CCl  133.42; 1, I ,  I-trichlwoethane ; 350 ppn 14 13.3kPa 1.335 
3 3@ 

Cp3C13 5-45 t i #11-S5-6 350 ppml15 nin 
CAS 111-55-6 350 ppl, 

t S l E l  450 ppn 

95 ,kwylene dichlor\& a1 CHC1CH C1; 112.99; 1, -dichloroprapane 
3 2 15 PPRI 5.3 kPa 1.156 -. 4.62 C. . a  118-81-5 

C$I6Cl2 15 w (25 *C) 

15 W D  

STEL 110 ppm 

*Suspect carci nogen . 
1 

$ . . 
iii 
W 

I V) 

5 

f 
Y 
;;t w 



Measurement 
-m 

bhrking Calm Range 
~ 6 n ~ e  Injector Internal (W Per 

(mg/ms) m 1 m *  Detector Standard smple) 

- Saplina -- - 
A i r  Smple 

-- Vollnre (1) 
Bred: t 111 m~gh 

-. nin Hax it!.i~: i!jr 

10 octane 0.6 to I 1  
225 
250 

:j. *A = 3'11 x 3 r h ~  ~ ' t ; l i ~ ~ I t : . . : _  steel, 10% sP-IWK) I . . :  . 100 mesh Supelcoport; 
..; 
i B - 6 ta x 3 i-1, ot.I.er.. i ie sane as A; . . 

C P 3 11 3 &#I ~ l a \ t t l r : : ; i  steel, 10% W-101 c r ~  ;. I?O msh Sq~lcuport; or . , 
.: D=3mx6.cragla:.s, ..f SP-2250onM1/1@9n:.I :.;.lcoport. 
. . . .  
'.. . 
2. 

. .i 

, - 
, . 

'... 



W y t e :  Trichloroethylene Method No. : S336 

Mat*: & Range: 519-2176 mg/cu m 

OSBA Standard: 200 ppm (1075 mglcu m ) - C e i l h g  Precision (ST) : 0.082 
100 ppm (535 mg/cu m)-T.W.A. 

Procedure : Adsorption on charcoal, Validation Date: 6/6/75 
delilorption with carboa 
disu l f ida ,  GC 

Principle of the  Method 

11 A hewn volmnc of air is drawn through a charcoal tubs t o  t r ap  
the  organic vapors prescat. 

1*2 The charcoal in t h e  tube is t ransferred t o  a nnall, stoppered 
sample container and the d y t e  Ls desorbed with carbon diail- 
f id.. 

1.3 h al iquot  of t he  dcsorbed ..mple i s  Injected i n t o  a gas 
chromatograph, 

1.4 The uu of t he  resulthag peak lm d e t e ~ e d  md  compared with 
aream obtained from inject- of standards. 

2. Range m d  Sens i t iv i tp  

This method w88 v ~ d a t e d  wer the  range of 519-2176 mg/cu m a t  
atmospheric temperature m d  p r m m r e  of 24.5.C ard 759.4 nnn Hg, 

using a 3- l i t e r  sample. Under the  conditimm of simple s i z e  
(3 Uters) the  probable weful range of t h i s  method is 108-3225 
-/cu m at 8 detector r e a s i t l v i t y  that gives nearly full de- 
flection on the  s t r i p  chart recorder f o r  a 9.7 mg sample. This 
method i s  c8p8ble of measuring much smaller mounts if the  de- 
sorption efficiency i s  adequate. D e s o r p t h  efficiency must be 
datermlned wer the  range used. . 

2.2 The upper l im i t  of the  range of the  met6od lm dependent on the 
adsorptive capacity of t he  c h c o a l  tube, T h i s  capacity va r i e s  
with the  concentratlow of m a l y t e  m d  other  subr tmcrs  in the  
rir. The f i r s t  sect ion of t he  charcoal tube ver found t o  hold 
62 mg of analyte &en a test atmosphere containing 2266 mg/cu m 
of analyte in air s sampled a t  0.187 liters per d a u t e  f o r  99 

. . . - - .  minutes; brmkthzough was obsemed- at thi. ' t*, %.a. the cane-- ' 
t r a t i o n  of apalyte in the  e f f luen t  was 5% of tha t  in the  influenz. 



(The charcoal tube consis ts  of two sections of act ivated char- 
coal separated by a sect ion of urethane foam. See Saction 6.2). 
I f  a p a r t i w l p r  atmosphere l a  suspacted of cont.iaing a l a rge  
e t  of ant-t, 8 a d k r  8-1- 901-e s h o ~ l d  be 
taken. 

3. Interference 

3.1 When t he  amount of water in the  .if is so great that  condensa- 
tion actually occurs in the  tube, orgonic vapors tPill not be 
trapped e f f ic ien t ly .  Prelhhary a p e r i b e n t s  using toluene 
ind ica te  that high humidity severely decreases t h e  breakthrough 
volume. 

3.2 When two or  more coolpounds are lmown or  maapected t o  be present 
in the  air, such irrformation, including their suspected iden- 
tities, should be t r d t t e d  with the  rsmple. 

3.3 It must be emphasized tha t  m y  compound which bas t he  same 
re tent ion time u t he  rnalyte at the  operating conditions d t  
scribed in th i s  method i s  m interference.  Retention time data 
on a s ing le  column cannot be considered as proof of chemical 
ident i ty .  

3.4 If the  po r s ib i l i t y  of in terference ex i s t s ,  reparation conditions 
(colrrmn packlag, t cmpmture ,  etc.) murt be changed t o  cecum- 
vent the problem. 

4. R e c l s f o n  and I lccurac~  

4.1 The Coefficient of Variation (zT) f o r  t h e  t o t a l  analytical and 
.rmplfPg method in t h e  range of 519-a76 mg/cu m was 0.082. 
Thir value corresponds t o  m 88.2 mg/cu m standard deviation a t  
t h e  OSHA s t andud  level. S t a t i s t i c a l  information and d e t a i l s  
of t h e  validation uui expalmental  t e s t  procedures can be found 
in R d t r - c ~  U.2. 

4.2 On t h e  average t h e  concentrations obtained at t he  OSHA standard 
l e v e l  using t he  wuall sampling md aaalytlcal method were 6.4 X 
lower than t h e  "truen concentrations fo r  a l imited number of 
laboratory arperimenta. Any 'difference between t he  "found" and 
"true" concentrations may not  represent a b ias  in the  mapl ing 
md ana ly t ica l  method, but ra ther  a random var ia t ion  from the  
expuimcntally detumiPed "true" concentration. .Therefore, ILO 
rmcwcry correction should ba applied t o  t he  ffrral resu l t .  

These data u e  based ozl va l ida t ion  e x p e r h a ~ t s  unhg t he  in- 
ternal standard method. 

/ 5. Advantages and Disadvantages of the  Method 
1 ..- .: . . .  . . . . 

5.1 me,..*-~.iL*-;i=.=a:g-h;*/i;*;ii =,;, & y  +.&.%66: .:i..&..d,*,;: .,,,?. **. .=;>.,,,.. : , ,  ,; 

I 
I n te r f  e rmces  a r e  minimal, snd most of those which do occur 
can be eliminated by a l t e r i ng  chromatographic condiglono. 'The 

i tubes a r e  analyzed by m e a n s  of a quick, instrumental method. . 

S336-2 - ' 
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Tha mrthod cm alao be used fo r  the  simultaneous m a l y r i a  of 
two or =re lubstances w p e c t e d  t o  be p r e s ~ ~ l t  in tha  same 
mmle by r iap ly  churging gam chromatographic cond i tb ru  from 
iaotherrPrl t o  8 tauperaturcprogrrmmed m d e  of operation. 

5.2 OM disadvantage of the method ir that the mount of sample 
vhich can be taken L W t e d  by th. number of milligrrmr that 
the  tube w l l l  hold befora werloading. When the  sample d u e  
obtalaed f o r  the backup sect ion of the  charcoal tube exceeds 
25% of that found on the front section, the  poss fb l l i ty  of 
sample loem a i m - .  

5.3 F u r t h e m e ,  the precirion of the method i s  limited by the  
reproducibil i ty of the p r u s w e  drop across the  tubes. Thin 
drop orill affect  the flow r a t e  rod a w e  the  oolume t o  be 
izuprecire, becsuae the pump ir u r U y  cal ibrated fo r  one tube 

6.1 A cal ibrated personal sampling prrmp wbore flow can be deter- 
ndned within 25% at the  rrcommmded flaw rate. 
(bfe r r r rc r  ll.3). 

6.2 Charcoal Mu: tuba with both ends flame maled, 7 cm 
lung w i t h  a 6-um 0.D. and a 4-w~ I.D., coprirning 2 oactioar 
of 20/40 mmah activated charcod  separated by A 2- portion 
of urethme foam. The activated charcoal L prepared from 
coconut she l l .  and l~ f i r ed  at 600.C pr ior  to  packing. The 
adsorbing rectiun contabs 100 mg of charcoal, tha  backup sec- 
tion SO mg. A k portfon of urethane foam l a  placed betwasn 
t h e  o u t l e t  end of the tube md t he  backup section. A plug of 
milplated glass wool is placed in f ron t  of the  adsorbing mec- 
tion. The pressure drop acrors  t h e  tube mast be less than one 
inch of mercury a t  a flw r a t e  of 1 l i t e r  per minute. 

6.3 Gu chromatograph equipped with A flame b a i z a t l o n  detector.  

6.4 C01m.a (10-ft x I / & b  e t a i n l e s s  s t e e l )  packed vith 10% OV-101 
s ta t ionary phase on 100/120 mesh Supelcoport. 

6.5 & electronic  in tegrator  or same other ~ u i t a b l e ~ m e t h o d  f o r  . ' 

~ u r ~ r i n g  p ~ k  uto. . . . . . .  . . . . . .. 

6.6 Tm-mfUFliter rumple .coataherr wlth glass rtoppers or 
Teflon-Lined caps. If aa automatic mccmple in jec tor  ir wed, 
the u r o c l a t e d  v i a l 8  may be wed. 

6.7 Xicro l i t e r  .yrfngem : lO-microliter,. rod other.  convcnieat , .sit- 
. . for .- 

...' . ;. .. . . '.'. ...- . . .-.;, -. .:...,, - >  .,+!.. .<,... . , ,.,. ..,... . .. , ,.; ..--,<.,.:. .? '.',.* : .. :: .- 

6.8 Pipet.: 1.0 Pll type graduated in 0 . 1 4  Increments. 



6.9 Volamtric flub: l0-d or convenient r izea for u k h g  
rtmdltd . ~ l u t i o n s .  

Bargents 

7.1 Qroutographlc quality carbon dbulfids. 

7.2 Trichloroetbylazu, reageat grade 

7.3 Octane, o r  othar sui table  intend 8trirAItd 

7.6 Fi l tered -rear& air. 

Procedure 

8.1 C l u n h g  of equipmeat. A l l  ~ . u u e  used f o r  the laboratory 
a m l y r i s  rhould be & t u g a n t  wuhed d thoroughly rhsd with 
up uater  .nd d i s t i l l e d  vatu. 

8.2 Calibration of PenorrJ m s . .  E.ch p u r d  pump must be 
calibrated vith a r e p r u m u t l v e  charcoal tube in the line. 
Thir rill urors ~ r o C i . t e d  with uacut.iLltim i a  
the Uwple  trolrnw couectrd.  

8.3 Collr~- d ShippfPO of S-lu 

8.3.2 r l lYai l ta ly  bafore aamplbg, b r u k  the  end8 of the tube 
to ptovid. m opening at 1-t optw the i n t d  
arl.Ytrr of the tube (2 m) . 

8.3.2 'l!he rarller smctioa of charcoal i. wed u a back-up 
aud .hould be poritioned n u r u t  the  .-ling p q .  

8.3.3 The -coal tube rhould be placed in a vertical dirac- 
t ian &lug -ling t o  m b h i z e  chamellug through the  
chucorl. . . -- . . . . . . . . I . . .  . . 

8.3.4 U r  baing urnpled rhould not be p u r e d  through any hose 
or tubing before a n t e  the  charcoal tube. . . 

8.3.5 At the cei l ing and peak conca~flat iona,  a -1. rite of 
3 literr I s  recommended. Sample fo r  15 mkrutw at a flow 
of 0.2 literr per mkrute. At the T.W.A. concantration, 
a rrmple r i t e  of 10 literr ir recammmded. S.rPple at a 
flow of 0.2 l i t e r r  per miwte or lmr. The flow rates rhould 
be bown with an accuracy of a t  least +5%. 

. . -. - . .-. . . ,. .- ... * ..+ .-.- - -  .J-' .: - . ,.-.e., - ... . . .- . 2 s\-,,-: -. - .y&. ..-,.. =- - - : . 2  

8.3.6 The temperature and pressure of the atmomphere being rampled 
tahould be recorded. If prceeure reading L not ava lhb le ,  
record the elmat-. 

S336-0 



8.3.7 The charcoal tubes should be capped with the  supplied 
p l a s t i c  caps immediately a f t e r  sampling. Under no 

. circumatancao should rubber caps be used. 

8.3.8 One tube should be handled in the  some manner a s  the  
sample tube (break, seal, and t ransport ) ,  except t h a t  
no air i s  sampled through this tube. This tube should 
be labeled u a blank. 

8.3.9 Cappad charcoal tub- should be p.cked t i g h t l y  md pad- 
d d  before they a r e  shipped t o  minimize tube breakage 
during shlpplng. 

8.3.10 A sample of the  bulk mater ia l  should be submittad t o  the  
laboratory In a gloss container with a Teflon-lined cap. 

. Thir a m p l e  should not be transportad in the  same container 
u the charcoal tubes. 

8.4 Anolysio of Samples 
! C  

8.4.1 Repara t ion  of Smples. I n  preparation f o r  analysis ,  
arch c h r c d  tube is scored v i t h  a f i l e  in f ron t  of 
t he  f i r s t  ractlorr of charcoal and broken open. The 
gkrr wool io r-ad and discarded. The charcoal in 
the  f frst (larger) sect ion ia t ransf errd t o  a 2 4  
rtoppered umple  container. The reparatfng 8 e c W  of 
foam l a  ranovd and discarded; the  second sect ion i s  
t ransferred t o  onother stoppered contain=. These 
two sections are analyzed reparatalp. 

8.4.2 Dwrptlon of Samples. Pr io r  to u r o l y s b ,  1.0 m l  of 
carbon dinrlfide is pipetted -to u c h  sample carruincr.  
( A l l  work wi th  carbon d in r l f i de  should be perfomad l a  
a hood because of its high toxici ty . )  Desorption should 
be done f o r  30 minutee. . T u t s ' i n d i c a t e  t h a t  th i s  is ade- 
quate if the sample is  agi ta ted occasionally during t h i s  
period. I f  m automatic sample i n j ec to r  is used, t h e  
rsmple v h h  uhould be capped a s  soon u t he  solvent is 
added t o  d n i m i z e  vo la t i l i za t ion .  For t he  interaal.r+ur- . . 
d u d  method, deeorb tising 1.0 m l  of carbon d i su l f  i de  con- 
tnlning a b u n  amount of the  chosen In t e rna l  standard. 

8.4.3 GC Conditions. The typ ica l  'operatGg'  conditions f o r  
t he  gas chromatograph are: . 

30 ml/& (60 psig) Nitrogen crvrler gas f l w  
35 ml/& (25 psig) Hydrogen gas flav t o  detector  
400 ml/min (60 psig) Air flaw t o  detector  
225.C iaj ector  temperature 
250.C M o l d .  tc~lpctam~..,(detector); . ...,-- &:.a :;- . ---: i,.. .-.- ..-. . c:, . .. -. 

70°C column temperature 



8.4.4 In jec t ion.  The f i r s t  s t e p  in t l~e  ana lys i s  ie t h e  injec-  
t i o n  of t h e  sample i n t o  t h e  gas chromatograph. To ell- 
a t e  d i f f i c u l t i e s  a r i s i n g  from b l w  back o r  d i s t i l l a t i o n  
w i t h i n ' t h e  syr inge  needle, one should employ t h e  solvent  
f l u s h  i n j e c t i o n  technique. The 10-microli ter  syr inge  is 
first flushed v i t h  solvent  severa l  times t o  w e t  t h e  b a r r e l  
md plunger. Three m i c r o l i t e r s  of so lven t  are drawn i n t o  
t h e  ryringe t o  increase t h e  accuracy and reproduc ib i l i ty  
of t h e  in jec ted  sample volume. The needle is removed 
from the solvent ,  a d  the  plunger is pul led  back about 
0.2 m i c r o l i t e r  t o  separa te  t h e  solvent  f l u s h  from t h e  
.rmple with a pocket of air t o  be used os a marker. The 
needle is then h n e r s e d  in t h e  sample, and a 5-adcroli ter  
a l iquo t  is withdravn, taking i n t o  consideratioxl t h e  volume 
of the  needle, since t h e  sample in t h e  needle v l l l  be  
completely in jec ted .  After  the needle is removed from 
the sample and p r i o r  t o  in jec t ion ,  t h e  plunger is pulled 
back 1.2 n l c r o l i t e r s  t o  minimize evaporat ion of t h e  sample 
from the t i p  of the  needle. Observe t h a t  t h e  sample 
occupies 4.9-5.0 m i c r o l i t e r s  in t h e  b a r r e l  of t h e  syringe. 
DupUcate i n j e c t i o n s  of each sample and standard should 
be made. N o  more than a 3% di f fe rence  in area is t o  
be a p e c t c d .  An automatic ~ ~ l e  i n j e c t o r  can be used 
if it i s  shown t o  give reproduc ib i l i ty  a t  least as good 
u t h e  s o l v m t  f l u s h  technique. 

8.4.5 M1IPurement of area. The area of t h e  sample peak is  meas- 
ured by m electronic i n t e g r a t o r  o r  some o the r  s u i t a b l e  
fozm of u e a  measurement, and pre- results are read 
from a standard curve prepared as discussed below. 

8.5 D e t e m b a r i o n  of Deaorpt im Eff ic iency 

8.5.1 W o t t m c e  of determination. The d-orption cff ici-cy of a 
pa r t i cu laz  compound can vary from one labora tory  t o  another 
and a l s o  from one batch of charcoal  t o  another. Thus, I& is 
necessary t o  determine at least once t h e  perceutage of t h e  
s p e c i f i c  compound that io ranoved I n  t h e  desorption process, 
provided t h e  .PM batch of charcoal  10 used. 

8.5.2 Procedure f o r  determining dcaorptioll e f f ic iency.  Activ- 
a ted  charcoal  equivalent  t o  the amount in t h e  f i r s t  sec- 
t i o n  of the  rampllng tube (100 mg) is maasured i n t o  a 
2.5 in, 4- I.D. g l rss  tube, flame sealed  at one end. 
Thia charcoal  must be from t h e  same batch ro tha t  used 
in obta in ing t h e  samples and can be  obtained from untued 
charcoal  tubes. The open end & capped wi th  Paraf flm. 
A laravil .mount of the a n s l y t e  is in jec ted  d i r e c t l y  i n t o  
the  ac t iva ted  charcoal  with a m i c r o l i t e r  syringe,  and 
,the tube is capped w1tl1 more Parafilm. :Idhen wing ..n :-. :. -..--'- - .. - 
automatic sample i n j e c t o r ,  t h e  sample i n j e c t o r  v i a l s ,  
capped with Teflon-faccd septa ,  may be  used in place  of 
t h e  g lass  tubes. 



Six  tubes at u c h  of t h r e e  concentrat ion l e v e l s  (O.fX,lX and 
2X of t h e  standard) are prepared by adding an mnount of ana- 
l y t e  equivalent  t o  that present  in a 3 - l i t e r  sample at the  
se lec ted  l eve l .  The tubas a r e  a l l w e d  t o  s tand f o r  at  least 
overnight t o  assure camplete adsorption of the  ana ly te  onto 
t h e  charcoal. These tubes are re fe r red  t o  as t h e  srmplas. 
A p a r a l l e l  blank tube should be t r e a t e d  i n  t h e  same waner 
except t h a t  no sample i s  added t o  it. The sample and blank 
tubes u e  denorbed and analyzed in u u c t l y  t h e  same manner 
u the  sampling tube described io Sect ion  8.4. 

Two o r  th ree  standards are prepared by i n j e c t i n g  t h e  same 
volume of ampound i a t o  1.0 ml of carbon d i s u l f i d e  v i t h  the  
same s p i n g e  w e d  in t h e  preparat ion of the  umples .  These 
a r e  UIOlyzed v i t h  t h e  smaples. 

I f  the internal standard method i a  used, prepare c a l i b r a t i o n  
standards by using 1.0 ml of carbon d i s u l f i d e  containing a 
lmoM amount of the i n t e r n a l  standard. 

The desorption e f f i c i ency  (D.E.) equals t h e  average weight 
i n  mg recovered f r m  t h e  tube divided by t h e  weight i n  mg 
added t o  the tube, o r  

D.E. . Average Weight (mn) recovered 
Weight (mg) added 

The daeorption e f f i c i ency  is dependent on t h e  amount of 
ana ly te  co l l ec ted  on t he  charcoal.  P lo t  t h e  desorption 
e f f i c i ency  versus weight of u r e l y t e  found. This curve 
ls used in Section 10.4 t o  co r rec t  f o r  adsorption losses .  

9. Cal ibra t ion  and Standards 

It ir ccmvenimt t o  express concentrat ion of s t a n d u d s  in terns of 
mg per 1;0 d carbon d i s u l f i d e ,  because samples are desorbed in t h i s  
mount  of carbon d l su l f ide .  The dens i ty  of t h e  ana ly te  i s  used t o  
convert mg i n t o  m i c r o l i t e r s  f o r  easy measurement with a m i c r o l i t e r  
syringa. A series of s tandards,  varying in concentrat ion over t h e  
range of interest, prepared and analyzed under t h e  same GC condi- 
t i o a r  and during t h e  same time period ae t h e  unknown sample. Curves 
are es tab l i shed  by p l o t t i n g  concentrat ion in mg per  1.0 m l  versus 
peak araa. 

For t h e  internal a t a n d u d  method, we carbon d i s u l f i d e  cont-g A 

predetermined amount of t h e  internal standard. The internal standard 
c w c e a t r a t i o n  w e d  was approximately 70% of t h e  concentrat ion at  2X 
t he  standard. The a r d y t e  concentrat ion in mg per  m l  ir p l o t t e d  
versus t h e  a r e a  r a t i o  of the  ana ly te  to  that of t h e  i n t e r n a l  s tandard.  
Note: Vhether t h e  uternal  standard o r  internal standard ~ t h o d  is 
used, s tandard so lu t ions  should be analyzed at t h e  m t l m e  the  
sample ana lys i s  Fs done: This- w i l l  minimize. t h e  effect 'of vtridt1;ihs' T " '."-' ' - 
in FID r e a p m e .  



10. Calculat ions 

0 Read t h e  weight, in mg, corresponding t o  each peak area from 
t h e  standard curve. No volume correct ions  a r e  needed, because 
t h e  standard curve l a  based on mg per 1.0 ml carbon d i s u l f i d e  
IPd t h e  wlumc of s.mple in jec ted  is i d e n t i c a l  t o  t h e  volume 
of the standards irrjectcd. 

10.2 Corrections f o r  t h e  b lank  must be made f o r  each srmple. 

mg mg sample - mg blank 

whete: 

mg srmple - mg found in f r o n t  sec t ion  of sample tube 
mg blank - mg found in f r o n t  sec t ion  of blank tube 

I A shilar procedure is followed f o r  t h e  backup sect ions .  

10.3 Add the  amounts present  l n  t h e  f r o n t  and backup sect ions  of 
the  same sample tube t o  determine t h e  t o t a l  weight in t h e  
r~mplr. . 

10.4 Raad t h e  dasorption ef f ic iency from t h e  curve (see  Section 8.5.2) 
f o r  the  amount found la t h e  f r o n t  sect ion.  Divide the  t o t a l  weight 
by t h i s  desorption e f f i c i m c y  t o  obta in  the  corrected mg/ar;mple. 

Corrected mg/sample - weight 
D.E. 

10.5 The concentrat ion of t h e  U y t c  in t h e  rir sampled can be ex- 

I .  pressed In mg per ca m.. 

rp,cu Corrected nuz (Section 10.4) x 1000 ( l i t e r s / c u  m) 
bir Volume Sampled (liters) 

10.6 Another ~ t h o d  of expressing concentrat ion is ppm (corrected 
t o  s t rndard  condit ions of 25.C a d  760 mm Hg). 

- .  
P - pressure (m Hg) of air urnpled 
T = temperature ( O C )  of air sampled 
24.45 = molar volume ( l i t e r / m l e )  a t  25.C and 760 mm Eg 
W - w l e c u l a r  weight 
760 - standard pressure  (m Hg) ' 

298 standard temperature (OK) 
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VINYL CHLORIDE 

ma: 1 p p l ; C 5 p p l  - PROQCRTIES: BP -14 .C; v p o c  density 2.2 (air I 1) 
WIOSn: mininun u s u n b l e  
KXSM: 5 pp OwRur urcinogm) [I] 

(1 pp - 2.56 .9ha C rn) 

SMPLI)IG lEAURmWT 
I 

WLER: SOLID SQZBMT TlBE !-IpUE: W mTOGRWW, FID 
(Ztrndrnkrkr,wchwith150rg ! 
.c tw- t  ~h.rc01l) !AWLYE: vinyl &larid, 

I 

FLW RATE: 0.05 VlRin !O€SOWlm: 1 rl urbn d isu l f ib ;  30 ntin 
! 

VOL-HIN: 0.7 L !INJ€CTIOW ALIQUOT: 5 )IL 
m: 5 L I 

!M: stainless -1, 6.1 I, x 3.2 am, 101 
SHIPMENT: -rate p r i u y  md brckup Utes ! P - 3 0 o n W l W ~ Q I r o l P c o r b Y  

8ndclp#eh ! 
I 

(Wacs) 

W P L E  STABILITY: 10 b y s  Q 25 .C !CU7RIER M: He, 40 rrVllin 
I 

BUNKS: 2 to  10 f i e ld  blanks per sat !TmPEMTLRE-f)s3ECtQt: 230 .C 
I - # f E C f a R : 2 3 0 %  

! . -QKLers: w .c .- a- 
KXUUCY I 

!CALIBffATIOW: solutions of vinyl chloride i n  CS2 
WSE STUDIED: 1 to 64 m g h a  [21 ! 

!RA)SQ: 0.002 to 0.2 mg per vaple [2] 
BUS: -6'2 of ulculated concentration 121 I 

!ESTaWtED LQI: 0.00004 mg per smple [21 
OVERALL PRECISIOW (+I: 0.06 [21 . . I 

!PRECISIOI (+I: not drtcnrinee 
! 

APPLICABILITY: The votlting range i s  0.4 to 40 (Ig/PIa (0.16 to 16 w) for a S-L a i r  smple. 
me lnthod i s  -1 $cable to l a i n  rraples at c m a n t r a t i w  sf 1 ppm or -hi*. 

MTEIIFERD#S: Other than the possibility of I o n  of r a p l e  upar starage of tw wdtr ur m 
at r#m mperaturr, none have krrr noted. 

QTNR m: This i s  r w i s i o n  of MCW 1)8 131. 



REAGENTS : 
1. Carbon diwl f id t , *  chrmatographic 

-1 i ty. 
2. Yinyl chloride,*, 99.9%, i n  

1.cturt bott le f i t h d  u i t h  valve 
md septu. 

3. U l ib ra t ion  stock solution, 
o.a rghl. 
a. Insert Uw t i p  of a glt y r i ~  

wntr in ing 1 rS v i y l  c h l o r i b  
91s undn the sur fao  of 5 .L 
CS2 i n  a 1 0 4  u o l u t r i c  
flask. 

b. @en the value of the syringe 
ud withdray the plunger to pul l  
CS2 into the barrel. (As 
vinyl c h l o t i b  dissolves, a 
vacwn w i l l  be cruted, pull ing 
CS2 into the syringe.) 

c. Push the solution fmn the 
syriw into the flask. Rinse 
the syringe tuio with 1 4  
portions of CS2 md add the 
vrrhings to the flask. 

d. Dilute to the nu* u i t h  CS2. 
4. M l iun*  purified. 
5. Wydmgcn, putified. 
6. A i r ,  f i l temd.  

EwIPrran: 
1. Srapler: tuo tandun glass bhes, 7 an long, 

6 can 0 0 . 4  m ID, f l r r -sealed ends, each 
containing 150 ag of W 4 0  r t r h  activated (600 *C) 
aocorwt shell chrrsorl . A si ly\ated glass -1 
plug prrcedcr the charcoal beds and a h urnthane 
for plug f o l l m  the charcoal kdr. Plastic uqs 
are included for saalfng after use. Pressurn dmp 
mort u c h  tuk a t  1 -in a i r f l a  nust be less 
thn 3.4 km. 
NOTE: A pair  of tubseetiam (100 q 6 0  mg) 

t u k r u y b e u s m d .  
2. Persona1 tripling pnp, 0.05 M n ,  uith f lexible 

on rm t i ng  tubing. 
3. Gas chroautograph, fl- ionization detector, 

i n t ag raw  and a l u m  (page 1007-1). 
4. File. 
5. Bent wire for w i n g  plugs frun -ling tuk. 
6. Vials, 2 4 ,  glass mth PWE-lined septa and 

ctinpsn -1s. 
7. V o l u t r i c  flasks, I-, vi th  polyethylene 

s m r t .  
8. Pipettes, & l i tmy,  I.-, graduated i n  0 . 1 4  

incrumts,  2- md S a L ,  with pipet bulb. 
9. A i r  -ling bags, Todlar, 104. 

10. Gas syringe, u i t h  g a ~ t i * t  valve, 0.1- ubd 1 4 .  
11. syringe, 1O-pL, with 0.1-rL gradations. 

SPECIAL PRECALITIONS: Carbon disul f id,  i s  toxic and an .ate f i r e  and explosion h a r d  (flash 
point = -30 'C); work with i t  only i n  a hood. 

Vinyl chloride i s  a hunan urcinogrn [l]. 

I 
. . 

SMPLING: 
1. Calibrate each pmonrl -ling prnp with a reprctmt.tive -la i n  line. 

I 
2. B W  the ends of the tubes iaardiately before -1 ing. Attach tuo tubes, w i t h  .ndr 

touching, w i t h  a short piece of Wing .  label one tube as the back tuk and insert the 
back tuk into the f lexible tubing attached to the -1 r a p l i n g  pup. 

3. Srrple a t  0.05 V l l i n  for 15 to 100 min. Do not u r p l e  awe than 5 L of ai r .  

1 4. -rate the p r i a v y  and ba- tubes and cup uch tuk for thiplmt. 

W L E  PREPnRATIQ(: 
5. Add 1.0 nl CS2 to an mpty vial. Loosely up the vial .  

:. 6. Score .rdr t n p l e r  trk with r f i l e  Jn - h n t  &the glrti uaoudtg., .Break' &:&'at -thi ':' ' * 
scam l ine. 



[1 CETWbO: 1007 VINYL O(Lrn I#  

- 7. Transfer the chrrc~~l f m  the front &nd back tuks to rrprrate vials. Oiturd the glass 
woo1 and fom plugs. Seal the vials with septrr caps immdiately. 

8. Allow to sand for 30 rain, with occasional agitation. Analyze the ~ n p l e  within the next 
3O-min period. 

f ' 
1.) CALIBRATIW A)(D QWIfV QWTROL: 

9. Calibrate with at lust f i w  uorJIing standards cowring the range 0.0002 to 0.2 q per 

I - -18. 
a. Add knovn m t s  of calibration stock solution to CS2 in 1- volulrtric flasks and 

dilute to the wrlts, using serial dilution as appropriate. 

I 
NOTE: Ywlting ftrndlrdr can be stolrd at -20 % for at lust three Qyr. 

b. Analyze together with m l e s  and blanks (steps 12 and 13). 
c. Rlprm calibration graphs of peak area vs. quantity (a01 of vinyl chloridh prr tuk and 

pmk area vs. w t i t y  (ng) per injection. 

[ 10. btenaine dctorption efficiency (#) at least once for w c h  lot of chrrcoll usad in the 
calibration range (step 9). R.PIm three tukr at each of five lewls plus thm rrdia 
blanks. 

I 
a. Prepare thm atamspheres of vinyl chlwidc in air by injecting 0.01, 0.08, and 0.2 11 

vinyl chloride gas into 10 1 air in tdlar b g s .  The resulting concentrations are 
appmimtely 2.6, 21 aM 52 lag/#. 

b. Following steps 1 through 4, taple these a m -  acewding to the following rchm: 
I' 

Obtrin t h m  smples at each level. 
c. Ocsorb (steps 6 through 8) and analyze together with uorlcing standards (steps 12 and 

13). No vinyl chloride should be found on the back tuks. 
d. Analyze the a-m in the bags (steps 12 and 13) using 1 4  gas -less Read fma 

the calibration graph the qwntity (ngl per injection, which for r 1 4  injection of gas 
is nurrrically equal to the emcentration in w. 

e. Calculate DE frua the wrt (mg) of vinyl chloridt on the front tuk [Yf). the averago 
blank (8). the concentration of vinyl chloride in the synthetic a--(h, 
nrg/d), and thc lrolum of air (v, LI: 

f. Rsprr, a graph of # vs. amss found (Wf - B). 
11. hat- thm qurlity contml blind spikes urd thru analyst spikes to rmum thrt the 

calibration graph &nd # graph are in control. 



. IIEASU(EIM1: 

12. kt the gas chrrwtoOrph according to nmnufrctum's instructions and to condi t i m s  given . I I on prp 1007-1. Inject rrnple aliquot wnur l l y  w ing  solvent flush technique or w i t h  . 
autorrapler. The mtention ti- of vinyl chloride i s  &out 1.7 r in .  
LlOfE: I f  peak arm i s  .born the limr range of the wwlring stmdrrds, d i lu te  with Q2, 

rrmrlyze md apply the appropriate di lut ion factor i n  calculations. 
13. -sure peak arm. 

I ' CALQIU7IW: 
14. R tc r rn in  the uss ,  rg (awmtd for #) of vinyl chloride famd i n  the r r rp le  f m t  

(Yf) and back (b) tubes. and i n  the average m d i r  blank (B) . 
MOTE: I f  Wf/lO, rrpott brwkthmqf~ and possible smple loss. 1. IS. Q l n r l r t e  aorrcrcrtration, C, of vinyl chloride i n  the a i r  v o l u  rrpld, V (L): 

I EVMU~IION OF PETWOO: 
The llcthod was avrlurted using single 1- -ling tukr with 1- fmt beds md 
back beds 121. A t  four concentrations be- 1 and 64 19/ata, the pooled r r la t i ve  tturdird 

I. bvi?t ion urr 0.06 md the k t s  averam 9CL of the emcentrations u lcu la ted fm the 
v o l r a f  of vinyl chloride and a i r  used f a  the L t m s p h e m  -led; taplu at  the 3-119 level 
sfmd no lort of vinyl chloride d m  stomd for 12 Qys a t  rrra taprratur, or 19 Qys a t  

I -20 t. Them m y  be significant loss of vinyl ch lo r i b  fmn rrrplu stomd far 14 Qys a t  
rpola trrpcratum 141. The lS breakthrough capacity f a  a 1- b d  of c#onut chrcor l  
chll.ngrd a t  100 a V l i n  with vinyl chloride i n  a i r  a t  16 llO/(ra and a r r la t i ve  h u i d i t y  of 

I - 701 urs 4.6 L [S]. 

[l] && - Thmhold Limit Values f w i c a l  Substances and Physiul Amtts i n  th ~ a ~ i -  

l i 
i ;  

Envirorment gitJ Intended Chanm for I-, a I H ,  Cincinnati, 01 (I=). 
I - [2 ]H i l l ,  R. H., Jr., C. 5. ncCmrm, A. I. S.rlWter, A. Y. Tears, u d w .  J. W i n .  

-1. - --* 48, 13%-139@ (1976). . 
[3] NIMH knurl of Analytical kthods, 2nd. d., V. 1, P&CW 178, U.S. Dlprrtamt of Health 

and WIwn Services, Pub1 . (NIOSW) 77-IS74 (1977). 
[4]Qlddcbr&, 3. E.,W. R. Burg, u d S .  R. Birch., Environ. z. T.chnol., 2, 1166-1171 (1975). 

. . . . . .  15) hatsunura, Y. u. . (1980). .. . . . .  . . . .  - .  . . . 

I EM00 REVISED BY: A. Y. T s m ,  h . D . ,  NIOSWDPS. 
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VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT Ne 1524 

GAS VENT SAMPLING 

COMMENTS 

DATE OF 
COLLECTION =Q-= 2) \.ar 
TEMPERATURE 70.5 
CHARCOAL \ 2s LOT NP 

S A M P L E ~ L ~  ,& ,A 
RELATIVE ~6 
HUMIDITY 
TENAX 
LOT Ng Z' \ 

BAROMETRIC z3 355 
PRESSURE 
GAUGE 

READING 

, SAMPLE SHIPMENT Bun, 2, \ 4 e 6  SHIPMENT t-gi, LY p u = s  ha(& 6,\1 ?,?t Scq3 L 

-SAMPLING RATE 
(CC /mln. 1 

250 

Z'% 
2 \/a 

2s o 

&a 7.- '. J 

GAS VENT 
NUMBER 

I 
2 
3 

4 
5 
6 
7 

-- 

8 

9 
10 
I I 

DUPLICATE 

BLANK 
DATE OF 

SAMPLE 
NUMBER 

q 
\O 
\ \ 

\z  
13 

SAMPLE 
VOLUME (1) 

5 0  
5 o 
5.0 

5 0 

- A  A 
- 

PUMP 
NUMBER 

7 370 
370 

9 3% 
937b 

73-70 

1 

START 

s 

\ \  \k 
B Z 7  
s 49' 
\ 2 , 0 3  

I 3  Z d  

METHOD 

2 

'SAMPLING TIME 
FINISH 

* 

\ \  34- 
E $9 
10 09 

\ 2 . 2 3  

\ 3  Ld 

OF- 

4 3 

ELAPSED 

20 

20 

Za 

20 

2 6  

5 6 7 I 8 9 1 0 1 1  

i ,  



VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT Ne 1524 

GAS VENT SAMPLING 

DATE OF 
COLLECTION 26\25 
TEMPERATURE G 3 -5 
CHARCOAL (20 
LOT Nn 

COMMENTS 

 SAMPLER^^^^ 
RELATIVE 5s 
HUMlOlT Y 
TENAX =\ 
LOT Ne 

GAS VENT 
NUMBER 

1 
2 
3 

4 .  
' 5  

6 
7 
8 

9 
10 
I I 

DUPLICATE 

BLANK 
DATE OF 
SAMPLE SHIPMENT 's-. 2, tc3q.s I SHIPMENT +a ~ ~ p u ~ ~  hay, CI\ C;%c,\ 5 . i ~  

BAROMETRIC -z3 9.35 
PRESSURE 

PUMP 
NUMBER 

9.3G3 

q ~ ~ q  

4369 

9x7 
9 367 
4s.1 . 

33&,7 
9374 

START 

\ b e  Zo 

i 2  LG, 
\'3. 25 

\ h  03 

&.L2 
\d. ob 

b - 1 5  

-13% 
METHOD 

GAUGE 

READING 

-SAMPLING RATE 
(cc/mln.) 

25 o 

2-30 

250 

2% 

;."30 

zso 

ZE'39 
2 3 ~  

SAMPLE 
NUMBER 

\ 

S 
k 
5 

8 

~ ( 2 ~ 9  
g 6  

7 

SAMPLE 
VOLUME (1) 

5-0 
-5. a 

6 .  

ST, 

5.0 

5.0 

- - 

56 

50 

SAMPLING TIME 
FINISH 

1 0 . 4 0  

\ ~ . o L  

1 3  45 
r b .  2 3  
\5.05 

\(-.LO 

\ \  03 

t356 
OF - 

ELAPSED 

Z o  

-20 

Zo 

2- . 

Zo 

-26 

26 
243 

1 

~j 
2 

4 
5 

+ + 4 4  
8 3 6 91011 4 7 



VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT Ng 1524 

GAS VENT SAMPLING PUMPS 1 
CALIBRATION LOG I 

COMMENTS 

b 

DATE S~sr. 2 \ \qg5 I CALIBRATED BY 37hos,p~2 

PUMP 
NUMBER 

Tx"l6 
? 3C.q 

W M P  
T Y PE 

--- 

T EMP. 
(OF ) 

80 

80 

TEMP. 
(OF) 

70-5 
"I0.S 

AFTER 

HUMIDITY 
(Oh) 

53 

3 

i 

24-HR. 
TIME 

\ 4.m 

\1.\0 

SAMPLING 
BAROM. 

PRESSURE 
(Inches Hg) 

.zc> 93 

29.33 

HUMIDITY 
(O/o) 

Go  

GO 

TEMP. 
(OF) 

C (  
GI 

FLOW 
(cc/min.) 

Z 50 

'L5o 

SAMPLING 
INITIAL 
FLOW 

(cc/min.) 

2% 
Z% 

HUMIDITY 
(Ole) 

6 . 7  
6 7  

AVERAGE BEFORE 
BAROM. 

PRESSURE 
(hdrrs Hg) 

29..98 

29.3% 

-- 

CAL. 
FLOW 

(cc/min.) 

2 5  

2 5 ,  

BAROM. 
PRESSURE 
:Inches HgJ 

24-HR. 
TIME 

06- 

08r4 

---- 

FLOW 
(cc/min.) 

r9 <j+j 

~3.455 

ZSa 

L% 



VELSICOL CHEMICAL CORPORATION 
ST. LOUIS, MICHIGAN 
PROJECT Ne 1524 

GAS VENT SAMPLING PUMPS 
CALIBRATION LOG 

COMMENTS 

k 

DATE s,,ms -26 \q%5 (CALIBRATED BYLXGQ,~~  

PUMP 
NUMBER 

q370 
9 3Lc( 

b 

PUMP 
TYPE TEMP. 

(OF 

1 

7 2  

TEMP. 
(OF) 

c 3 5  

G 3 4  

T EMP. 
(OF) 

55 
5s 

AFTER 

HUMIDITY 
to/!) 

3L 

31c 

AVERAGE 

HU 
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I.' - 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol), the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. Louis, Michigan plant 

site. The monitoring program is designed to address the 

following: 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3. Determination of site groundwater elevations 

This report details the site monitoring which 

occured during the period September 16 to September 17, 

1985. 

PARTICIPATION BY REGULATORY AGENCIES 

The regulatory agencies did not participate 

in or attend this monitoring event. 



MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Ms. C. Cull (Conestoga-  overs and Associates) 

assisted by Mr. Gene D e G e e r ,  the Velsicol site custodian. 



2.0 GAS vmm MONITORIblG 

2.1 GENERAL 

The gas vent monitoring began on September 

16, 1985 and was completed September 17, 1985. 

2.1.1 Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix B. Samples 

from each gas vent were collected in two 6-mm diameter x 

70-mm long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual parallel/series tube holder sets. 

2 2 SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 





Sampling was conducted at the downstream 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached directly to the gas vent sampling 

port using a copper manifold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to connect the tube holder to the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to 

250cc/min/tube set, was operated for a period of 20 minutes 

for each sampling event, resulting in a collected sample 

volume of five liters per tube set. 

Prior to sample collection, the gas vent 

upper chamber was purged by pumping at SO0 cc/minute for a 

period of ten minutes. This precluded the possiblity of 

sampling retained atmospheric air from the gas vent upper 

chamber. During the purging and sampling operations, the 

open end of the gas vent was capped using a 4-inch diameter 

plastic cover to prevent atmospheric air being drawn into the 

sample. 

At the conclusion of each gas vent sampling, 

the set of four sample tubes were capped, labelled and stored 

in a cooler maintained at 0.C. 



TEMPORARY SAMPLING 
COVER 

- 

-- 

figure 2 
ACTIVATED CHARCOAL GAS V E N T  D E T A I L  

CRA St. Louis P/ont Site 



2.2.1 Sample Storaqe and Shipment 

On the afternoon of September 17, 1985 the 

samples were transferred to a cooler containing frozen cold 

packs and Styrofoam packing materials. The cooler was 

shipped under chain of custody protocol, to Velsicol's 

Memphis, Tennessee laboratory by overnight courier for 

analysis. A copy of the chain of custody is provided in 

Appendix A. 

2.2.2 Sample Analysis 

Analysis will be conducted in accordance with 

NIOSH protocols as follows: 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

Results will be reported verbally as they 

become available. 

A hard copy of the laboratory report will be 

forwarded to USEPA and MDNR within seven days after receipt 

of final laboratory data by CRA. 



2.2.3 Sampling Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 



3.0 SITE PERIMETER CONTAI- WALL MONITORING 

3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984, December 

14, 1985, March 16, 1985 and June 19, 1985. The current 

sampling event occured September 16, 1985. All testinq 

completed to date has confirmed the permeability of the site 

perimeter containment wall to be less than 1.0 x 10-7 

cm/sec. 

3.2  EQUIPMENT 

A Mobil Truck mounted drill rig equipped with 

rotary head and 4-inch diameter augers was utilized to 

advance the borehole into the containment wall. A 3-inch 

diameter Shelby tube, hydraulically pushed and retrieved, was 

used to collect the samples. 



SAMPLE COLLECTION 

The containment wall was located by field 

survey on September 16, 1985. The samplinq borehole was 

begun at Station DGW 63+25 by auqering throuqh the clay cap 

into the underlying material. 

The presence of soil/bentonite backfill 

material was confirmed by examination of cuttinqs on the 

auger flights. A borehole was advanced to a depth of seven 

feet below grade. A Shelby tube was introduced into the 

borehole and a sample was withdrawn. Examination of material 

in the base of the tube confirmed that the sampie was 

obtained from the containment wall. The locations of this 

and prior sampling events are detailed on Figure 3 .  The 

boreholes were backfilled with bentonite and abandoned. 

3.3.1 Sample Preparation and Shippinq 

The Shelby tube was capped and taped at Soth 

ends to prevent sample loss and dryinq. The sample was hand 

delivered to the ~ichiqan Testing Engineer's laboratory in 

Detroit, Michigan for permeability testinq. 





3.3.2 Sample Testinq 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 



4.0 GRO-TER TABLE MONITORING 

The monitoring of plant site groundwater 

elevation was performed and the elevation of the St. Louis 

reservoir was determined on September 17, 1985. 

4.2 WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated in increments of one one-hundredth of a foot, were 

taken at the water level and at the top of the well casing. 

The former reading was deducted from the latter and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



MONITORING 
WELL 

TABLE 1 

WATER LEVEL MEASUREMENTS 

SEPTEMBER 17, 1985 

WELL HEAD 
ELEVATION 
(AMSL 

MEASURED 
DISTANCE TO 
WATER TABLE 

(rt. 

Water level elevation, St. Louis Reservoir 

(September 17, 1985) 

WATE RTABLE 
ELEVATION 

( AMSL ) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater elevation data were used to 

construct a site groundwater elevation contour map which is 

presented in Figure 4. 
- - 

SITE MEAN GROUNDWATER ELEVATION 

The mean elevation of site groundwater is 

calculated to be 721.49. The maximum allowable site 

groundwater elevation stipulated by the Consent Judgment is 

724.13. 

WELL HEAD ELEVATION SURVEY 

In accordance with the Post Closure 

Maintenance and Monitoring Plan, the well head elevations 

were re-surveyed in March to ensure accuracy of the 

elevations. Minor differences from previous surveys were 

recorded and the groundwater elevations were adjusted 

accordingly. This phase of the program will be conducted 

yearly. 



GWM- 14 
(721.27) 

G W M -  9 
(721.18) 



All monitoring activities stipulated by the 

Consent Judgment were carried out between September 16 and 

17, 1985. 

Data from the chemical analysis of the gas 

vent samples and the permeability testing of the contaminant 

wall sample will be provided to MDNR and USEPA within seven 

days of receipt by CRA of laboratory final data. 

The present mean site groundwater table 

elevation is calculated to be 721.49. The elevation in the 

Pine ~iver/~t. Louis reservoir was determined to be 719.39. 

The next sampling and monitoring event will 

occur on or about December 15, 1985. 

All of Which is Respectfully Submitted, 

CONESTOGA-ROVERS & ASSOCIATES LIMITED 

C. Cull, B.Sc. R.G. Shepherd, P. Eng. 



APPENDIX A 

CHAIN OF CUSTODY 



b r 

DATE/TIME RECEIVEDBYI RELINQUISHED BYt DATE / T IME RECEIVED BY I 

V- @&@- I S 1  N 0 1 SIGN I - 0  I SIGN I 

RELINQUISHED BY: 

El I SIGN I 

RELINOUISHED BY: 

@ I SIGN I 

DATE/ T IME 

---I---- 

DATE/TlME 

MET HOD OF SHIPMENT I 

F 

RECEIVED BY: 

@-, (SIGN I 

RECEIVED BY 

-GNl 

SHIPPED BY1 

RELINQUISHED BY; 

(g I SIGN I 

RELINQUISHED BY: 

( S I G N  I 

RECEIVED FOR LABORATORYl 

I SIGN I 

DAT E / T  IME 

-0 
DATE / T IME 

- 0  
DATE /TIME 

I 

RECEIVED BY: 

(SIGN I 

RECEIVED BY I 

t SIGN I 



APPENDIX B 

GAS SAMPLING PROTOCOLS 



APPENDIX B 

GAS VENT SAMPLING PROTOCOL 

I n  accordance with t h e  Consent Judgment, Vels icol  has  submitted a 
post-closure maintenance and imnitor ing p lan  f o r  i t s  
environmentally secured p lan t  s i t e  i n  S t .  Louis, Michigan. The 
post-closure maintenance and monitoring plan requ i res  q u a r t e r l y  
monitoring of 11 gas vents t h a t  have been i n s t a l l e d  t o  r e l e a s e  and 
appropr ia te ly  t r e a t  i n t e r n a l  gases. This program w i l l  be 
conducted over a period of t h r e e  years. 

The gas vents ,  a s  d e t a i l e d  i n  ~ x h i b i t ' ~  of t h e  Consent Judgnrant, 
a r e  designed w i t h  two sampling por ts ;  one below t h e  base of t h e  
i n s t a l l e d  ac t iva ted  charcoal f i l t e r ,  and one above t h e  f i l t e r .  
Samples w i l l  be co l l ec ted  from t h e  downstream por t .  Resul ts  w i l l  
i n d i c a t e  whether o r  ' no t  c o n t a i m e n t  breakthrough h a s  occured 
through t h e  carbon f i l t e r .  

Samples w i l l  be  analyzed f o r  t h r e e  separa te  compounds: carbon 
t e t r a c h l o r i d e ,  t r ich loroe thylene  and vinyl  ch lor ide .  

Samples w i l l  be co l lec ted  with a Gi l i an  EFS-113 AU DK var iable  
flow pump. This p a r t i c u l a r  u n i t  al lows t h e  operator  t o  run a 
s e r i e s  of tubes concurrently i n  p a r a l l e l  arrangement. Four tubes  
w i l l  be co l lec ted  from each gas vent: two standard N I O S H  100/50 
mg ac t iva ted  charcoal tube, and two 30/15 mg tenax tubes,  each 
tube  measuring 6 mm x 70 mm. One blank s e t  and one dupl'icate 
s e t  of tubes w i l l  be col lec ted  during each q u a r t e r l y  sampling 
event. 

As v i n y l  chlor ide represents  t h e  l e a s t  adsorptive of t h e ' t h r e e  
compounds, t h e  sampling program i s  designed t o  accomodate t h i s  

- canpound. Therefore, sample volums s h a l l  not  exceed 5 l i t e r s .  

P r i o r  t o  sampling, t h e  vent w i l l  be  sealed of f  with a p l a s t i c  cap, 
and purged f o r  10 minutes a t  a r a t e  of 500 cc/min. h i s  i s  t o  - 
el iminate  the  p o s s i b i l i t y  of sampling atmospheric a i r  contained 
wi th in  t h e  upper por t ion  of t h e  gas vent. 

Two samples from each gas vent s h a l l  be co l l ec ted  simultaneously 
a t  a r a t e  of 250 cc/min. f o r  20 minutes. The pump s h a l l  be l a b  
ca l ib ra ted  with sample tubes in- l ine  t o  determine t h e  exact f l w  
r a t e .  Additionally,  flow w i l l . b e  checked a f t e r  f i e l d  sampling t o  
v e r i f y  t h a t  a constant  flow w a s  maintained throughout t h e  sampling 
period. 

Following sample co l l ec t ion ,  each tube w i l l  be sealed with a 
p l a s t i c  cap a t  each end, l abe l l ed ,  placed i n  a co ld  s torage  
environment and shipped under chain-of-custody v i a  a commercial 
cour ier  serv ice  t o  Ve l s i co l ' s  a n a l y t i c a l  laboratory i n  Memphis. 

- .  . t  . . - , .. . . . . . . '  . . . ..( . - . '  . . . . . . .  . .. . . . ,,.. ....,-,.. :. .: ...-. .-. . . . ,.... . .:.. .-' : * - . .  . , ... . . - ' . --.. .. - . .. . . . 



Analysis of t h e  charcoal tube w i l l  be conducted i n  accordance with 
NIOSH protocol  a s  d e t a i l e d  below: 

Compound - 

Carbon Tet rachlor ide  
Trichloroethylene 
Vinyl Chloride 

Revised Method N o .  

Analysis w i l l  proceed by f i r s t  e l u t i n g  t h e  carbon sample tubes 
with carbon d i s u l f i d e  and then  analyzing by GC with  a  flame 

\ i on iza t ion  de tec tor .  A l l  samples w i l l  ba i n i t i a l l y  analyzed i n  
t h i s  fashion. I f  any of t h e  above caupounds a r e  de tec ted  on t h e  
charcoal  tube, the  corresponding tenax tube w i l l  be analyzed by 
thermal desorpt ion  and GC/MS under EPA Method 624. 

Turnaround time f o r  t h e  completed a n a l y s i s  a t  t h e  laboratory i s  
an t i c ipa ted  t o  be 30 days f r a n  d a t e  of sample co l l ec t ion .  Samples 
w i l l  be desorbed within t h e  10 day l i m i t  s p e c i f i e d  f o r  vinyl  
ch lor ide .  Analyt ical  d a t a  w i l l  be  , reported t o  CRA as mg/tube. 
F ina l  r e s u l t s  f o r  t h e  carbon tube w i l l  be ca lcula ted  by CRA, using 
t h e  following formula. 

1. Correct ions f o r  t h e  blank t o  be made f o r  each sample 
mg = mg sample - mg blank 

Th i s  ca lcu la t ion  is  performed separa te ly  f o r  each tube. 

( 2. Add t h e  amounts present  i n  t h e  f r o n t  tube and backug tube t o  
determine the t o t a l  weight i n  t h e  sample. 

3 .  Calcula te  t h e  correc ted  mg/sample by dividing t h e  t o t a l  weight 
by t h e  desorpt ion e f f i c i ency  (D.E.) which is  provided by t h e  
lab. 

corrected mg/sample = t o t a l  weight . 
'DE 

4. Calcula te  t h e  concentrat ion of t h e  ana ly te  i n  a i r  
mg/m3 = Corrected mg x 1000 l i te rs /m3 . 

A i r  volume Sampled .( l i t e r s )  . .,. . . 
- .  

5 .  Concentration w i l l  be  reported a s  ppm, co r rec ted  t o  s tandard 
condi t ions of 25 *C anQ 760 rma Hg 

3 
ppn = mg/m x 24.45 x - 760 x (T+273) 

MW P 298 
- . .  . .. . . . ,  . . . , .  . . . 1 '.. . -,. . :.. - 8 . -  ;- . a :... . . - - - - . - , _.__ .. . . _  . - 

where P = pressure (mm Hg) of a i r  sampled 
- T = temperature ( ' C )  of a i r  sampled 

2 4 . 4 5  = molar volum ( l i t e r / m o l e )  a t  25'C and 760 mm H g  
MW = Molecular Weight.. . 
760 = standard pressure  (mm Hg) - 
298. - standard temperature ( O K )  , 

. . . .  . . 
. . .  

. .  



NOTE: Temperature and pressure 'uncorrected t o  sea  l e v e l  w i l l  be 
co l l ec ted  f o r  t h e  dura t ion  of t h e  sampling event and 
averaged f o r  use  i n  t h e  above ca lcu la t ions .  Information 
w i l l  be provided from t h e  National Weather Service i n  
Lansing, Michigan. 

6. If t h e  concentrat ion of t h e  back tube exceeds 10% of t h e  
concentrat ion of t h e  f r o n t  tube,  t h e  r e s u l e s  w i l l  be 
reported a s  a sample breakthraugh and p o s s i b l e  sample 
loss .  

t 7 .  A s i m i l a r  procedure w i l l  be follawed f o r  t h e  tenax tube,  
should a n a l y s i s  be required.  . 

nata w i l l  be reported t o  USEPA and MDNR o f f i c i a l s  wi th in  seven 
days a f t e r  r e c e i p t  of f i n a l  labora tory  data  f o r  each q u a r t e r l y  
sampling. Addit ional ly ,  a  summaxy data report  w i l l  be provided a t  
t h e  conclusion of t h e  t h r e e  year sampling period,  o r  sooner, 
should breakthrough of any canpund  occur p r i o r  t o  t h e  t h r e e  year  
program. 

I n  add i t ion  t o  t h e  s e t  of f i e l d  blanks t o  be co l l ec ted  per  
q u a r t e r l y  sampling event,  an add i t iona l  s e t  of 15 charcoal tubes 
and 15 tenax tubes w i l l  be  forwarded unopened t o  t h e  l a b  during 
t h e  i n i t i a l  sampling event. 

These "blank" tubes w i l l  be  used a s  i n t e r n a l  c a l i b r a t i o n  
standards on which each of t h e  t h r e e  compounds w i l l  be spiked a t  

( f i v e  d i f f e r e n t  concentrations.  The d a t a  fran this ana lys i s  v i l l  
be used t o  c a l c u l a t e  t h e  desorpt ion e f f i c i e n c y  f o r  a  specific l o t  
of ac t iva ted  charcoal.  Therefore, t h e  l o t  number of carbon tubes 
and tcnax tubes s h a l l  be recorded during each q u a r t e r l y  sampling. 
Should t h e  l o t  number change, a  nsw s e t  of 15 charcoal tubes and 
15 tenax tubes s h a l l  be forwarded t o  t h e  laboratory f o r  
determination of t h e  new desorpt ion ef f ic iency.  

The allowable l i m i t s  f o r  these  compounds have been es tab l i shed  by 
t h e  MQNR and a r e  s i t e  s p e c i f i c  f o r  t h e  S t .  Louis s i t e .  These 
l i m i t s  a r e  documented i n  sec t ion  4.3 o f - t h e  post-closure.  
maintenance and monitoring plan. . . .  . . . . ., . . 

Copies of a l l  t h r e e  ana ly t i ca l '  protocols ,  t h e  chain  of curtony and 
t h e  da ta  c o l l e c t i o n  shee t , a re  provided i n  t h e  following sec t ions .  



mu:  Table 1 

n.u.: tale 1 

HYDROCARBONS, HALOGENATED 
METWO: 1003 
ISYRD: 2/14/84 

CQPOUNM: benzyl chloride chlwobmmerrrthrm 1, 1-dichlomthme htxachlomthane 
(syfulnm b m n o f w  chloroform 1,t-dichlomethylene laethylchlomform 
in Table 1) orbon tetrachloride Hiehlorobmzme ethylene dichloride p m p y l m  dichloride 

Cnlombentm pdichlomkntene 

I 

SAMPLER: SOLID SORB01 N8E ITEMIIPUE: W ~ T O G W ~ P H Y .  F I D  
~c#r,nUt she1 1 chrcorl , 100 mg/Ul mg) ! 

!Wm: c~parndr rbove 
F L W  R A E :  0.01 to 0.2 Vmin I 

!OESORPTIO(: 1 rd CS2, stand 30 min 
vOL-nM: Table 2 ! .  

44X: Table 2 !INJECTION VOLWE: 5 rL 
I 

SHIPPENT: routine !luERAfU#S: Table 2 
! 

M L E  STABILITY: at lust 1 ueek 8 2S *C !CARRIER WS: W;! or He, 30 W m i n  
I 

BUNKS: 2 to 10 field blanks per set Table 2; r1knut.r are SP-2100, 
! SP-2100 with' 0:K Carbawx 1500 

-.. I or 08-1 fused silica upillry colum 
MXXlRACT ! 

!CnLlBRAt?Cl: solrrtic?: cf t r ~ l v = e  ir! 5- n:% 
_ - ..- . . . - ,  .- .. -- : . - . . . - - - .  ..- .-.. -- . . - . - . - -  . - .  . . . .  . . . . . . . . . .  . z - - - .  - . . . . - - -  *... 

I 

B W :  not significant i l l  !RANG€: 1rbl.e 2 
i ;  

! 
OVERALL PRECISION (+I: see EVALUATION OF !EsTIR~TED LOO: 0.01 mg per taple [ Z I  - I11 I 

!PRECISION (+I : see EVALUATION OF METHO0 [l] 
! 

APPLICABILITY: This arthod uses r sinple ksorptiam and can be used for siraultancous a~lysis 
o f  two or more rubstances suspected to be present by dunging the gas chranatogra~hic 
conditions ( i  .e.. rrrperaturc programed). ~ i g t ,  nrarioi ty aring -1 ing w i  11 prevent organic 
vapors fran being t r w  efficiently on the sorknt and greatly decreases breakthrargh w l m .  

INTEAFERENiES: m e  identified. The chranatographic mlum or separation conditions may be 
changed to ci rnmnrent interference problans. - . .... 

OTHER METHODS: This mthod e i m  and replaces nrthods P&M 127 [3]; 595, 5101, 5110, 5113, 
5114, S115, 5122, Sl23 md 5133 (41; and 5135, $281, 5314, S328 and S M 1  151. 



- a. Raove and discard back tPrknt section of a mdia blank tapla. 
b. Inject a lrrrvn a ~ u n t  of w l y t e  or calibration stock solution directly onto front 

sorbent seetian with a micmliter syringe. 
c. Cap the tuk. Allan to stand overnight. . 
d. Drtorb (steps 5 thmugh 1)  md analyze together with uortcing standam (steps 11 and 121. 
e. Prepare a graph of # vs. mg uulyte recovered. 

10. kulyte three qwlity control blind spikes md thrw uulyst spikes to insure tht t)w , 

calibration graph md # graph are in control. 

KAUREKNT: 
11. Set gas chmn8tograph accprdiq to u n r f ~ ' s  -tius md to conditions given 

on page 1003-1. Inject q l e  rlipwt wnurlly using solvent flush technique or w i t h  
wtorrapla. 

NOTE: If peak area i s  &me th, 1 i w r  range of the vorking rturdrrds, dilute with eluent, 
reanalyze and apply the rp~ropriak dilution factor in olculatiom. 

12. Rearura peak arqr. Divide the peak area of rlulyte by the pwk ama of in-1 standard 
on the rrnr chroautogrg. 

CALQllATIOnS: 
13. Octennine thC mss, mg (awmtcd for DEI of uulyte found in the trple f m t  (&I and 

back (Wb) m t  seetiom, md in the average uudla blmk front (Bf) and back (%I 
torbent sections. 
NOTE: If % > Wf/lO, raport bmdrthfougt~ and possible t ~ p l e  loss. 

14. Calculate wncmtntim, C. of uulyte in the air vo\\m, trag1.d. V (L): 

-' - . . .; 7 rt..! ,-: .. : 7&.-JZ - .. -- -- . ". . . - .  

Lskarstary testins *is performc! w i L \  tpiktd -1,s an6 p e r a t &  a ~ h t r e  I l i .  A;: 
anal ytes are stable a t  lust one week. All 'mthodt .urn val itbted using UCC Lot 105 coconut 

(. - shell cturcorl . Results urn: 



- [9] Cri ter ia for a RKomamdcd Standard ... Occupational Expourre to l,l,l-Trichlometbne~ U.S. 
Dqwrtnacrt of Health, €axation, urd Uelfare, Publ. (WIOSWI 76-184 (1916). 

(101 Cri ter ia for r Rccennrandcd Standard ... Occupational Exposure to Carbon Tetrachloride. U.S. 
Dapartmmt of Health, Education, md Uelfare, Publ. (NIOSH) 16-133 (1916). 

KfHOO WISED BY: G. 0. Foley; Y. 7. (;rgnon;'md K. J. Uilliaas, NIOSWDPSE; lncthodr 
arig)cully validated undrr nXOSH Contract COC-99-1645. 



- 
ruspec t carcinogen. 

SILL 110 ppm 

a* tstylene dlchloride; 206 p ~ n  60 (clr) 24-35 kPa 
I ,;'-dichloroethene; ' 200 p p  41 (trans) 
(I, .-. 1540-59-0 200 P P a  

SIEL 250 ppl 

I ,  '-dichloroctbne; 50 pFn~ 03 0.3 kPa 
CJ ., r 1ot-06-2 c 100 pprr 

5 w; 
15 ppr/lS r l n  

10 PQl. 
SILL I S  9p I 

'. . 
11, I c h l - t h ;  1 ppm (skin) 101 (subllr~~s) M Pa 
4.1:. MI-12-1 1 ppm (skin) 

10 ppm 

1, I, 1-trlchloroethane ; 350 pp 14 13.3 kPa 

4 i 111-53- 6 350 p p / l S  r i n  
CAS 11 1-55-6 350 ma 

SILL 450 PQcr 



-- s#olina -.- - Measurewent 
A i r  Simple _u!!a 

v .', -- V o l w  (1) wing CQlm Range 
Breal: I II~ m ~ g h  ' Range Injector Internal (W Per 

(m/ma Colum* Detector Stmdard sanple) 

. .- 
.:€thylac# dlchloride 1 (J 50 pp 10 29 1 3 I . ! a&ma 40 to  1215 A 10 octane 0.1 to  4 

(3 1) 225 ' 
250 

' : ' tbrachlorartkne II!IQP 10 43 1' i ;. . g/m8 1 to  30 0 110 n-tridecmne 0.01 t o  0.3 
2 
I' . . (10 1) 110 
if  2 10 e ;IClhylchlarofom . O.IbMp 9 . S i 1  ilHWma IIto5100 A 10 octane 0.6 to I 1  . . (3 1) 225 

.? 
I 250 . . 

I' . 

'' Propylene dichlwide 1 @ 15 pp 10 10 1 :: rwma 35 to  IOSO A 80 n.-undecane 0.3 to  10 
1 ... (10 1) I 10 
I '  210 , 

. , 
C 

--- .- . . . . -- .. 
:. *A D 3.1) x 3 inn slai111~r .i. steel, 10% SP-1Wi0 I..: . IOO mesh Slpe1cqmt; 
' 0 P 6 m .X '3 ;,I, r,t.l.l?r.. . i i e S#P IS A; r. 
;' C = 3 I) x 3 lill s l a / ~ ~ l ~ . ; : .  steel, 10% W-101 IN, ;. 1% mesh Sqelcuport; or 
. . 
: 0 = 3 m x 6 . ~ n g 1 d : . s ,  . . I  SP-2250on00/106a~~l ,.~lcoport. 



a y t e  : Trlchloroethylene Method No. : S336 

H.uix: A i r  h g a :  519-2176 q / c u  m 

Procedure: Adsorption oa c h r c o r l ,  -Validation Date: 6/6/75 
&sorption with cubon  
dlsulf ide ,  GC 

1. Principle  of the Method 

1.1 A known volume of rir i s  &ma through 8 charcoal tube t o  t r ap  
t he  o r g a d c  vapors present. 

1.2 The charcoal b t he  tube i s  tmmsfemed t o  8 mall, stoppered 
sample coat.irrer mi t he  aaalyte  f a  d8sotb.d tJfth carbon dlsul- 
tide. 

1.3 Ih a i q u o t  of th. duorbed u m p l e  L injectd i n t o  a gas 
c h ~ t o ~ ~ p h .  

1.4 The au of t he  r d t i n g  p u k  i a  d e t e e e d  arid cumpared 6 t h  
=US obtninra f- h j e c t i o n  of ~tm&&. 

2.1 ThL method au validated w u  t he  range of 519-2176 mg/cu m a t  
.n atmorpherlc temperature md pressure of 24.5.C .pd 759.4 rn Hg, 

' u i a g  8 3 - l i t u  q l a ,  t3ndrr t he  conditioer of .rmple s i z e  
(3 liters) the probable rueful t m g e  of t h i s  mthod is 108-3225 
-/as n at  l detector rens i t iv izy  tbat  gives nearly htll de- 
flection on the  s t r i p  .cb.a recorder f o r  a .9.7 mg sample, This 
mathod is capable of m m m r k g  much d e r  n t s  if the  da- 
sorption aff ic ieacy l a  adequate. Desorption rff i c ia rcy  must be 
detemiaed o v e ~  t he  range tU.d. . . . . . . .  . .  . 

2.2 The upper lfnrit of t he  range of the mthod i. dependeat on the  
rdsorptive capacity of t he  charcoal tube. This capacity varies 
with the  c o n c c n t r a t ~  of rn r ly t e  md o t h u  nrbst.nces in the  
air. The f i r a t  section of the  charcoal tube was found t o  hold 
42 mg of d y t e  when a tut atmosphere cua tda ing  2266 mg/cu m 
of d y t e  fn .ir was sampled at 0.187 Ute- p u  d x m t e  f o r  99 

. . . minutes; breakthrough wu obsenmd-at '  t h i s - t h ,  i.e..the conc-. - 
tration of m a l y t e  in the  effluent was 5% of that in the  influent. 



L. 
(The charcoal tube carrslats of t w o  rect ions  of act ivated char- 
coal separated by a sect ion of urethane foam. See Section 6.2). 
If a p u t i d r  a ~ s p h e r e  i s  suspected of containing a l u g e  
amouut of contaminant, a Pmnller mmpllng volume should be 

Interference 

3.1 When t h e  .mourrt of water in t h e  air ir so teat that conduma- 
t i on  ac tua l ly  occurs in the tube, orgauic vapors will not  be 
trapped efficieatly. Pr- exper%eats using toluene 
f n d i u t e  tht Ugh humidity s e v a e l y  d e c r u s u  t he  breakthrough 
volume. 

3.2 When two or more compounds u e  hma or  suspected t o  be p r e s m t  
in the  air, such infomat ion,  including their suspected id-- 
tftiu, rhould be t r a a d t t e d  with the  sampli. 

3.3 It rmtst be emphasized tht m y  ampound which bu t he  same 
ret-tion time u the  d y t e  at the  operating coaditfonr d b  
rcribed in this method la m interference.  Retention t h e  data 

8 Single COl- -t be ~ 0 ~ 8 f d ~ e d  U proof of C h d C d  
iden t i ty  . 

3.4 If the po r s ib f l l t y  of i n t e r f u a r c a  a ls ts ,  reparation conditions 
(~01- p w ,  temperature, etc.) must be changed t o  circum- 
vent t he  problem. 

4. R e c i s i o n  and Accuracy 

4.1 The C o e f f i d r n t  of V u i a t i u n  (E.1 f o r  the t o t a l  analytical and 
sampling method in t h e  range of 519-U76 mg/cu m u u  0.082. 
Thir value cor tuponds t o  m 88.2 mgfcu m standard d r v k t i o a  at 
t h e  O W  r t a a d ~ r d  level. . S u t L t i c r l  i d o m a t i o n  and d e w s  
of t h e  validation md arparimartal test procedures can be found 
in Reference u.2. 

6.2 On t h e  average t h e  c o n c m t r a t ~  abtaiaed at  the OSHA standard 
l e v d  using t he  werall rrrnplfng and anal- method were 6.4 
lower than the "true" c o n c e a u a t ~  f o r  a wted of 
laborat- a p u i m a r t s .  h y ' d f f f e r m c e  be- t he  "found" md 
"truew concentrations may not  represent a b i a s  in the smqiliag 
md analytical method, but rather a random varktion from the 
r rper iment l l ly  detumined " t r~e"  concenUatfoL1. .Therefore, no 
recwery correct ioa  should be appli+d t o  t h e  f i r u l  result. 

These data are based on va l ida t ion  expe rhen t s  using t h e  in- 
t d  ~ t r r r d m d  mathodm 

5. Mvantanes m d  Disadvantages of the Method 
.... . . ,. -- .; . -:,. .. :.;. .:;- .: - . . - . . , & '  & .  . : l i . : * .  : . .. -.:., . .. . , 

' 

f n t e r f e r e u c u  a r e  m i a h a l ,  m d  most of those which do occur 
UP be el iminltad by dtuing c h r ~ t o g r a p h i c  conditions. The 
tubes . r e  analyzed by means of 8 quick, instrumental method. 
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The nrthod cm a lso  be mad f o r  the  8bultaaeou.s mx4yri.o of 
tuo or =re d 8 t . D ~ ~  8umpect.d t o  be preacnt in the rame 
raqale by r w l y  cb.nging gas ckronrotographic corrditiolu from 
Lothermal to a t ~ e r a t u r t p r o g t d  m d e  of oparatiua. 

5.2 One dimadvuttage of the =thod L that the  m t  of 8-1. 
which b8 taken is limPit8d by tb. d a r  of luugr. l lu a t  
th. tuba wiY,l hold M o r e  w c s l o a d ~ .  When the sample value 
obtained fa+ the backup 8utioa of the ChUW tube exceeds 
25% of that farrod an the froat rectioo, the p o r r i b i l i t y  of 
rraple Lor;. 

5.3 F o r t h m e ,  the precision of the mathod i a  U n i t e d  by the  
reproducibility of the p r u r ~ l r e  drop rc ror r  the  tubes. Thir 
drop vlll affect the flow rate a d  utue the volume t o  be 
i q m e c L a ,  b rcmre  the i. u m d y  caUbr8t.d for one tube 

6,1 A calibrated pusgp.l r.lpplipg pumq whore flow can be deter- 
m h d  w i t h h  SX at th. recomaended fSm rate. 
(B.fmra&ca U.3). 

6.2 Charcoal tubes: tube w i t h  both ard. f lame mulad, 7 cm 
long wifb a h O.D. .nd a 1.0,. coa tahbg  2 rectiorm 
of mI4O w h  ~ t i ~ 8 t . d  ch.rc08l -8rat.d by 8 2- prt- 
of urethmm foma. Zhe activated charcoal L prepared from 
coconut r h U  md L fired at 600.C pr ior  to packing. The 
rdsorbfng rectim contain8 100 mg of charcoal, the backup r e r  
tbn SO mg. A h portion of u r r m e  foam La placed b8twe.n 
the  ou t l e t  end of the  tuba md the backup section. A plug of 
s i l y l a t ed  ghms wool i. placed ia f ron t  of the adsorbiag arc- 
tioa. The pressure drop actoar the tube must be less than m a  
Fnch of mercury a t  a flow r a t e  of 1 Uter per IPiPttte. 

6.3 Gas ekomstograph equipped vith a filmr iOPiZItiOLL detmctor. 

6*4 Column (10-ft x 118-in sta idass  s t e e l )  packed t~ith 10% OV-101 
s t a t i o n a r y  phase on 100/120 mesh Suprlcopart. 

6.5 Aa e l e c t ~ c  integrator  or reme other maitable =thod f o r  
. . . .  -in8 pa& UW. . . . . .  

6.6 -tar -le .containers with a ' r  rtopparr or 
Teflua-lined ups. Lf an automatic rmuple i n j ec to r  ir wad, 
the ~ r o c h t e d  viala may be umed. 

6.7 Microli tar  rprkrgea: lO-dcrolitu,~ . . . . . . .  ..., and o t h u  convenient ..ria- . . ..;........ , -... .. .:*... : . . . . . . . . . . . .  - . . . . .  ,. ':. ..-. 7*.: ': . . . .  .-* : . . . : .  - 
f o r  ddag  ntmdlrd . . .  . . . 

6.8 Pi*: 1.0 arl type gradwtcd la 0.14 incramants. 
. . 
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6.9 V o l m t r i c  flub: U)-rl or convrPirnt r i z u  for 
8- 8oltltiOP.a 

7.4 Pttrifid dm- 

8. Procedure 
i 

: 8.1 C l u a i q  of equipment. A l l  w a u e  umd f o r  tha laboratory 
8mlp.i. .hould be & t u g e a t  washed axad thoroughly rIn8.d w i t h  
up vatu .rrd d i s t i l l e d  uatu. 

8.3.1 r . rrdirraly bafore -ling, b r u k  the  ea& .of tho tube 
to pfOVid. m o p e  at rrrrt o a r b j f  th8 b t b  
AIIIYCII: of t h  tub. (2-• 

803.2 -U 8 ~ -  of  thud b ~ r d  88 8 brck-p 
and should ba po8itiosr.d n u r u t  the  8.mpliag w. 

8.3.3 'hre chucorl tub8 rhould be pl8c.d b 8 v 8 r t i a  dire* 
tion during -ling t o  miah lze  ch8aadhg through the 
chucorl. . . -- . . . . . . .  . . 

8.3.4 Air b.ing -1.d ~horrld not be  PUS^ thrarrgh h088 
ar tubing bdotm th. charcoal tuba. . . 

8.3.5 At the  cei l ing ..Dd p u k  concmtratioeu, a umple r i z e  of 
3 liters ir r e c d d .  m l e  fo r  U -tu at 8 flow 
of 0.2 literr per minute. - '  A t  the T.V.A. ccmc(z~tratiou, 
a umple rize of 10 literr ir recommmded. S.mple at 8 
flow of 0.2 literr per m t e  or Iesr. The flw r a t e s  rhould 

. . 
be hown with m accuracy of a t  lwt 552. 

. . . .  .;. ..... . - .:. .,. ..... >. ...:.... ..., .-• ::-.:..*-.... . . ?.:.- ....-A:;.+......; ;.:..-,..-:,:;..,.-. .%,. .,,. .,:.-: ..-b.<+.....,, .:. . . -. . .. - .  - . ?  

8.3.6 The temperature .nd prm-a of th ranomhere bsing- ranxpled 
should be recorded. If pressure reading L*wt ava i lab le ,  
record the elevatiox~. 
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8.3.7 The charcoal tubes rhould be capped v i t h  the  supplied 
p l a s t i c  caps hned ia t e ly  a f t e r  sampling. Under no 

. cir-tancas should rubber caps be used. 

8.3.8 One tube should be handled in the  same manner u the  
sample tube (break, s d ,  and t ransport ) ,  except that 
no air i a  sampled through t h i s  tube. This tube should 
be labeled 8s a brmt, 

8.3.9 wd tub- sh0d.d b8 p8ckd  t i g h t l y  .Pd p d -  
d d  before they are shipped t o  minimize tube b rukage  
dtxrhg rhipp*. 

8.3.10 A sample of th. bulk mater ia l  should be submitted t o  the 
&boratary fn a glass container with a T e f l o n - l i n u l  cap. 

. Thir saqle  should not be transported in the same cantalau 
u the charcoal tubas. 

8.4 U p l a  of Samplu 
= J 

8.4.1 Preparation of Samples. I n  preparation f o r  d y r l s ,  
each c h a r d  tube i s  scored with a f i l e  in f ron t  of 
the f i r s t  srctioa of c b u c o d  a d  broken open. The 

wool i. r-d a d  discarded. The charcoil in  
the f i r s t  (-a) sect ion i s  u p u f u ~ e d  t o  a 2 4  
stoppered sample coataiaer. The separating secrbrr of 
foam ir removed sad discardad; t he  s m d  sect ion i s  
t ransferred t o  u r o t h a  stoppered contain=. T h u e  
two sactioas are analyzed a e p u s t d y .  

8.4.2 D u o r p t b r r  of Wlu. Prior to rrulysi.,  1.0 al of 
cuborr di.ulfide l a  pipr t tad  i n t o  u c h  ..mple cantdaer. 
(bll work with carbon di .ul f ide  should be performed in 
a hood b u a t u e  of it. high tor icf ty . )  Desorptioa should 
be dune f o r  30 mfnutes. Tuts i r r d i u t e  t h a t  t h i s  ir ad.- 
quate if the .ample i s  a g i t a t d  oalllrionnlly during thi. 
p a i o d .  ff ur automatic srmple in fec tor  i s  used, t h e  
sample vi.l. should be u p p d  u soon u the  solvent 1s 
d d e d  t o  minimize volatUizat ion.  For t he  interaal stur- 
d u d  nutbod, desorb ruing 1.0 ml of carbon d i . u l f l de  con- 
t a i a h g  a lePowa amount of the chosen internal standard, 

8.4.3 ~ r :  conditions. me typ ica l  operating condit ioru f o r  
t h e  g u  chrom8togrtph u.: 

1. 30 d / m i a  (60 pr ig )  Nitrogen urriar: g u  flow 
2. 35 m l / ~  (25 pr ig)  Hydrogen gas f h  t o  detector  
3. 400 dlmln (60 .prig) Alr flow t o  detector  
4. 225.C In jec tor  temperature 

- ..,".\.t ..-.. .:: . .. . r  5.. 2SO.C mraiiold. tcmprr8taare-...(dctector). .: .., -.:-a -.. - - -:. 
6. 70.C coltrmntcmperature 



8 4 4  Injection.  T& f i r s t  s t ep  i n  t he  -1ysl. i s  t h e  injec- 
t i o n  of i h e  sample i n t o  t he  gas chromatograph. To e l l -  
d ~ t e  d i f f i c u l t i e s  arising from blow back o r  d i s t i l l a t i o n  
v i t h f n ' t h e  syringe needle, one should w l o y  t he  solvent 
f lush  i n j ec t i on  technique. The l( tnricroli ter  syringe is 
f i r s t  flushed v i t h  solvent severa l  t i m e s  t o  w e t  t h e  b a r r e l  
.nd plunger. .Three microUters  of solvent a r e  dratwu in to  
t h e  ryrirrge t o  increase  t h e  accuracy .ad reproducibl l l ty  
of the inj acted sample volume. The needle ir removed 
f r om t he  so lvar t ,  and the  plunger ir' pulled brck about 
0.2 micro l i t e r  t o  separate  t he  solvent  f luah from the  
88mplr vith a pocket of air t o  be wed ro a marker. The 
needle b then -sad in t h e  smls, m d  a S m l c r o l i t e r  
8 l l q w t  b v i thd ram,  takiag i n t o  c o o r i d u a t i u n  t h e  v o l m e  
of the  naedlr, s ince  tile sample in t h e  needle vill be  
completely infected. After the needle ir removed from 
the  sample and pr io r  t o  in jec t ioa ,  t h e  plunger i s  p u l l d  
brck 1.2 mk.roUters t o  mlnimize evaporation of t h e  s.mple 
from the  tip of the  needle. O b s e r ~ e  t h a t  t he  sample 
occuplsr 4.9-5.0 micro l i t e r s  in t h e  barrel of t h e  syringe. 
Duplicate in jec t ions  of each sample d standard should 
be made. No more rhon a 3% difference in uea i s  t o  
be apec t ed .  & aaatamntif s w l e  i n j ec to r  can be used 
if it fa  ahowrp t o  give reproducibi l i ty  at lust u good 
u the solvmnt f lush  technique. 

8.4.5 Mmasuramaat of arm. The uu of t h e  sample p u k  ia nurs- 
ured by an e lec t ron ic  in tegra tor  o r  some other  s u i t a b l e  
form of area measurement, and prelrminrrp results a r e  raad 
from a standard curve prepared u discussed below. 

8.5 Det-tion of Dsrorptfoo Efficiency 
I ( -  

8.5.1 Importroce of detemiaatlorr. The d u o r p t l o n  eff ic iency of a 
p u t i c u l a r  cmupound can yary from one laboratory t o  =other 
.nd U o  from one batch of charcoal  t o  another. Thur, i t  is 
necessary t o  detcrmine at least once t h e  p u c m t r g e  of the  
mpecific compouxad that i. rcmovad fa t h e  dsrorpt ion process, 
p rwided  the same batch of charcoal  is used. 

8.5.2 Procedure f o r  determinizag dlsorpt ion efficiency.  Activ- 
ated charcoal equivalent t o  t h e  mormt in t h e  f i r s t  sac- 
t ba  of the mmplirrg tube (100 mg) ia musured i n t o  a 
2.5 in, 4-rmn I .Do glus tube, flame sealad at one end. 
This charcoal must be from the  same batch u that  used 
irr obtPining t he  samples and can be obtained from unused 
charcoal  tuben. The open end ir upped  v i t h  Paraf i lm.  
A known amourrt of t he  d y t e  is in jected d i r e c t l y  i n t o  
the act ivated charcoal v i t h  a mic ro l i t e r  syringa, and 
the tube Ls capped vi t l i  mze P a r a f i l m .  . .When wiag  an .. ..-. . ..- .-..- - 
mtomatic  sample in jec tor ,  t he  sample i n j ec to r  vtals, 
capped wi th  Teflon-faccd septa, may be w e d  in place of 
t h e  g lass  tubes. 



S k  tubu at u c h  of three concentrarion l e v e l s  (O.5X.U md 
21( of t h e  acpnaltd) are prepared by adding m amount of mr- 
lyte equivalant  t o  that present  in a 3 -Ute r  sample at  the 
s e l e c t e d  level. The tubes are allowed t o  s tand f o r  a t  lus t  
overnight t o  u s u r e  -1st. adsorption of t h e  analyte onto 
the charcoal. These tubem are r e fe r red  t o  u t h e  samples. 
A parallel brrak tube should be t r e a t e d  in the same maaner 
except that no s q l e  ir added t o  it. The smuple and blank 
tub- are d e s o r b d  .pd analyzed in exact ly  the same manner 
u the s m p l i a g  tube described in Sect lon  8.4. 

Tvo o r  threa standards are prepared by i n j e c t i n g  t h e  same 
volume of compound -to 1.0 m l  of carboo disulf3.de wl th  t h e  
sama 8yringe wed b the prepara t ion  of t h e  samples. These 
a r e  analyzed v i t h  t h e  sqlco.  

I f  the inte& s t r n d l r d  method is used, prepare c a l i b r a t i o n  
standards by ruing 1.0 ml of carbon d i s u l f i d e  containing a 
known amount of t h e  internal standard. 

The deaorption e f f i c i ency  (D.E.) equals t h e  average weight 
fn mg recovered from the tube divided by t h e  weight i n  mg 
added t o  the tube, o r  

D.E. . Average Weight (mu) recovered . 
Weight (mg) added 

The d u o z p t i o n  e f f i c i ency  i s  d e p d e n t  on t h e  .rpount of 
uulpte  co l l ec ted  an t h e  charcoal. P l o t  the desorption 
ef f ic iency versrrs weight of u ro ly te  found. This cruve 
is w e d  in Section 10.4 t o  c o r r e c t  f o r  adsorption losses. 

9. Ca l ib ra t ion  md Standards 

( .-. 
It l8 conttrpieat t o  a p r u s  concentrat ion of senndud. fa term of 
mg per 1;0 ml c u b o n  d i s u l f i d e ,  because samples u e  desorbed in th is  
.mot~nt of carbon d i su l f ide .  The dens i ty  of t h e  d y t e  i s  used t o  
coaven: mg In to  d c r o l i t e r s  f o r  u a y  measurement wi th  a m i c r o l f t e r  
syringe. A a e r i e s  of standard.,  v u y i a g  in concentrat ion over t h e  
rang8 of interest, l8 p r r p u a d  md 8aalyzed under the umr CC condi- 
ti- md during the  same t ime period, u the unkracm saqle...  Curves  " 
u r  u t r b U s h e d  by p l o t t a g  corrccntration in mg prr 1.0 m l  versus  
p u k  uu. 

f o r  t h e  internal s t a n d u d  method, use carbon d i s u l f i d e  c o a t a h f a g  r 
predetermined mount  of t h e  b t d  standard. The internal standard 
concentrat ion used was a p p r o x b a t e l y  70% of t h e  concent ta t ion  at  2X 
the standard. The d y t e  c o n c a ~ t r a t i o n  l a  mg per  m l  ir p lo t t ed  
versus t h e  area r a t i o  of the d y t e  to tha t  of the internrl standard. 
Note: Whethu the ex te rna l  s tandard o r  intemrl standard method is 
ued, standard solut iorm should be analyzed at t h e  same t i m e  the . , 
s m p l e  ana lys i s  ia done; 'Ilhfr vill m h h i z e  t h e  effect 'of v e t  Xous' - " 
in FSD respoasr.  



10. Calculat ions 

10.1 Bud the weight, in mg, corresponding t o  each peak uu from 
the st-d cum.. NO volume c o r r e c t i m a  a r e  needed, because 
t h e  st.rrd.rd curve i s  b e d  on mg per 1.0 m l  carbon d i s u l f i d e  
.Pd t h e  -1- of uaple i a j e c t a d  i s  ideatical t o  t h e  wlum 
of the rr,ndlt& ia jec ted .  

10.2 Correct- f o r  the  blrnk  must be made f o r  each sample. 

mg unple - mg blank 

vhrrs:  

mg 1-1. - mg found 19 f r o n t  s e c t i o n  of s m p l t  tube 
mg blank  - mg found in f r o n t  s e c t i o n  of blrnk  tube 

A similar procedure is followed f o r  t h e  backup sections. 

10.3 Add the .mounts present  in the f r o n t  .nd backup sec t ions  of 
the same sample tube t o  determine t h e  t o t a l  veight i n  t h e  
sample. . 

10.4 Bud the duorp t fo r i  e f f  iciancy fxom t h e  cumm (see Sect ioa  8.5.2) 
f o r  the  amount found in th. f r o n t  sect ion.  Divide the  t o t a l  weight 
by this d u o r p t i o n  eff iciency t o  o b t r i n  t h e  corrected mg/srmple. 

Correctad m g / s a q l e  - Total  ~ e i a t  
D.E. 

0 . 5  The coocenttat ion of t h e  u u l y t e  ia t h e  air sampled can be  ex- 
p r u r e d  in mg per az m. 

mg/cu m = 0 d C rreste rpn (Section 10.4) x 1000 ( l i t c t s / c u  m) 
Air Volrrmt S q l e d  ( U t e r s )  

10.6 dnother method of expresslag c o a c m t r a t i o n  fr ppm (corracted 
t o  s taadard  condit ioru of 25.C urd 760 rmp Eg). 

vhere : 
. .  

P - pressure  (m lig) of alr 8aql.d 
T = taupera ture  ('C) of air sampled 
24.45 = mlar volrrmc ( l i t e r lmole )  a t  2SaC and 760 nnn Eg 
W - mlecuhr weight 
760 = standard pressure  (m Hg) 
298 = r tandard temperature (*K) 



U.1 White, L.D. et rl ,  "A Convenient OptLnized Method for the 
&alpmi. of  Selacted Solvent Vapors in the Industrial 
msphur," Amu. Iad. Eyg. baoc. J., 2: 225 (1970). 

ll.3 P W  Report, EIOSB Contract HSM-99-71-31, "Peraoaal Sampler 
for C h u d  Tubes," September u. 1972. 



m u :  o+c1; C*1 

H.U.: 62.50 

VINYL CHLORIDE 
1007 

1sSlED: Ylver 

OWA: 1 p p ; C S p p  - PROeERTIES: BP -14 F; vgor dmrity 2.2 (air r 1) 
1(10Y1: minima macurable 
m: 5 pp (huur urrimgm) t l l  

(1 P P  - 2.54 Irgh' @ rn) 

tACPLER: SOLID SORBMf naE 
0 turds tukt, wd, with 150 mg 
xtmmt chrrorll 

FUY RATE: 0.05 b i n  

VOLIWIN: 0.7 L 
a: 5 L 

SWIPIOCT: -rate p r i r r y  md tukr 
&up- 

SMPU STABILITY: 10 drys Q 2!5 F 

BLANKS: 2 to 10 f ield blanks per sot 

I 

!TmauQUE: W ~~, FID 
I 

W Y T E :  vinyl c h l a i b  
! 
!-#IS: 1 al arbon disulf ib; 30 d n  
! 
!=Tm ALrpuoT: 5 )rL 
I 

!eDLUII: s u i n l m  rt..1, 6.1 r x 3.2 am, 1- 
I 1 - 3 0 a r W 1 0 0 l r s h O l m l u S o r b Y  
! (WOrrJ) 
I 

!CARRIER GAS: He. Y) l V n i n  
! 
! ~ ~ ~ A W E - M J E C T O R :  m .c 
! ~ C T O R :  m % 
! -cDUm: 6 0 -  - - 

AcamcY ( - A  

I 

! C U ~ T I O l :  solutions of vinyl chloride in  U2 
RlWQ S'TUDrED: 1 to 64 m#faa [Z] I 

!RAI#: 0.002 to 0.2 mg per saple 121 
BIAS: -6% of  ularlated c w ~ t r a t i a n  [21 I 

!ESTIJWTa) LOO: 0.0000) p.r m l e  [2] 
CWERUL PREcrSION (+I : 0.06 121 . !  

!PRECTSIm (+I: not M n d  
! 

APPLICABILITY: The e i n g  range i s  0.4 to 40 mgha (0.16 to 16 -1 far a 5 4  air -1.. 
Tho mthod i s  rppliuble to 1-n -1- at mnantratiom of 1 p p  or )righa. 

CnrrTmRDICES: 0 t h ~  than the possibility of loss of r a p l e  t@on storage of tm W s  a rrrr 
at tap.trturr, non have been noted. 

O M  m: This i s  r rwisian of MCW 178 131. 



VINYL OnORfIK 
? - 

REkQWIS: 
1. ~lrbar; disul f iL,+ chrawtographic 

qurlity. 
2. Yinyl chlori&,+, 99.9%- in 

lrcturr  bott le f i t t ed  uith ualw 
Md tgtu. 

3. Qlibratiar  rtodt mlut ia r ,  
0.26 m. 
a. 1- thr t i p  of r gas wing, 

containing 1 rL vi y l  chloride 
@as under ttw surface of 5 rL 
CS2 i n  r 104.  v o l u t r i c  
flask. 

b. crpm w v r l w  of the syriw 
md withdrw the plunger to pull 
Q2 into the b a m l .  (As 
vinyl c h l o r i b  d i r t o l m ,  r 
urcwra u i l l  k c r u M ,  pulling 
CS2 into the syringe.) 

c. Push solution f m  the 
syringr into the flask. Rinse. 
the syringa twice with 1 4  
p o r t i c m o f C S 2 m d ~ t h e  
bu*ingr to thr flask. 

d. Dilute to the ovrk with Q2. 
4. h l i r n ,  p u t i f i d .  
5. Hydmgm, purified. 
6. Air, f i l t m d .  

e q u r m :  
1. Srrpln:  bo t m d . a  glass tdm, 7 on long, 

6 111 0 0 , 4  la ID, f l racsealod ends, wch 
- ontaining 150 mg of 20/4 msh activated (600 -1 

coconut shell durcorl. A silylated glass wol 
plug p m  th, chr-1 kdt Md r ZIla urtthuw 
f o r  plug fol lorr  th+ thrcrwl  beds. Plastic caps 
am inclubd for -ling r f w r  use. Pressurn drop 
~ m r r  uch tt&e at  1 V l i n  r i r f l a r  rrrt be Im 
thn 3.4 LR. 
#TE: A pair of -section (100 mg/SO rrg) 

td.tmykurrd. 
2. -1 c l i n g  prmp, 0.05 V.in ,  with f l u i b l e  

cammeting tubing. 
3. Cls chrrmutograph, f l a  ionization detector. 

integrator md colra, (page 1001-1). 
4. Ft1e. 
5. Bent u i r r  for mfming plugs f r m  -ling a. 
6. Vials, 2 4 ,  glass w i t h  PTFE-lined sgta urd 

ctiup-on -1s. 
7. V o l u t r i c  flasks, 1 W .  with polyethylm 
w. 

8. Pipettes, bliuery, I.-, gndurted in 0 . 1 4  
intrrmts, 2- and 5 4 ,  uith pipet bulb. 

9. Air -ling bags, tedl r r ,  104.  
10. 011 syringe, uith @at-tSght valve, 0.1- Md 1 4 .  
11. ~kiw, l&rL, with 0.1-rL g r r b r t i w .  

SPECIAL PRECALCTIWS: arbon d i s u l f l b  i s  toxic and an u u t e  fim and u p l o t i m  hazard (flash 
point t -30 .C); uorlc with i t  m1y i n  r W. 

Vinyl c h l o r i b  is r hum urcinogm 111. 

UIPUNG: 
1. Cll ibrate uch p ~ o n r l  t r rp l  ing pup uith r representative ~ l r p l n  in line. 
2. Break the ends of the tukf imardirtely befm trrpllng. Attach tuo ttbes, with ends 

tarching, uith r thort piwe  of tubing. Label one kk as the back kk md insert thr 
back t* into the  f lu ible  W i n g  at- to th. personal v a ~ l i n g  pup. 

3. Smple a t  0.05 Vrrin for 15 to 100 ~ n .  Do not r a p l e  m than 5 L of air. 
4. +rate the pr inoy  and bck\lp tukr and up .rch tuk for s h i p m t .  



7. Transfer the chreorl fmn the front ud back tukt to separate vials. Oisurd the g l m  
w l  and f m  plugs. Seal the vials with wpm ups  i d i a t e l y .  

8. All# to strnd f a  30 mn, with ocus i av l  agitation. Analyze the rrrple within the next 
# k i n  period. 

ULIBRAT ION A)(D WITY aOmr[K: 
9. Cllibrrt. with a t  l w t t  five rorlring st.nbrdt conring the mga 0.- to 0.2 rg per 

-1.. 
a. Add k m m  rrpunts of ulibrrtion stock solution to Qa in 1- v o l w t r i c  f lash and 

dflute to ttu N&S, using serial dtlution n appwiake .  
NOTE: W i n g  rtmbrdr un be rtard a t  -20 T for a t  l u s t  thm Qys. 

b. kulyzr together with -1.r and blanks (staps 12 ud 13). 
c. Rrprr, calibration grw of pa& arrr vs. quantity (1119) of vinyl chloride per krk ud 

peak area vs. quu\tity (ng) per injectian. 
10. Det.min -tion effici .ny (#) a t  lust once for wd, lot of chraorl used in the 

ulibration range (step 91. Rgrn thm t&es a t  wch of f i m  1 m l s  plus thm &a 
blanks. 
a. Prepare thm ataPrphms of vi y l  chloride in a i r  by injacting 0.01, 0.08, a d  0.2 111 

vinyl chlor ib gas into 10 1 a i r  in Tedlar bags. The resulting concmtrat iw are 
appmxiartely 2.6, 21 and 52 w. 

b. Following strpr 1 through 4, sraple these acceding to the follwing Khm: 

Obtain three rrrples at. uch I m l .  
c. Dtsorb (steps 6 through 0) and analyze together with worlring st.ndrrdr (steps 12 and 

13). W vinyl chlori* should be found an the back Qbes. 
d. kulyt. the a v r w s  in the bags (skpr 12 ud 13) using 1 4  gas s a p l w .  Rud fma 
th calibration grrph the w t f t y  (ng) pmr injection, vhidr far a 1 4  injectiarr of gas 
i s  w i c a l l y  -1 to th concentration i n  .0/a'. 

a. Qlculat. OE: f m  tM us (mg) of vinyl chloride an the fmnt tuk (Yf) , the average 
blank (B), thm cmcentration of vinyl chloride in ttw synthetic r w - ( % ,  
n0/&), ud the v o l w  af a i r  rrmpled (v, L) : 

f .  Pmparr a graph of DE vs. rvss found (Yf - B). .. 

11. Analyze thm qurlity control blind spikes and thm mrlyst spikes to murr that the 
ulibration graph Md # grrph am in cmtrol. 



Eum€mn: 
12. kt the gas chmmtoOrph mwding  to wnuf.ctum's instmetiom ud to conditions given . 

an page 1007-1. In jec t  -1e aliquot vnrul ly  using solvent flush trchrriw or with . 
ru-1u. The retention t i r r  of v i y l  chloride i s  a t  1.7 rin. 
NOTE: If puk arw i s  above the l i n r r  range of the modring s-rdz, dilute with Q2, 

rwnrlyze and apply the rppmria te  dlut ion factor in ulculatiom. 
13. krsm p.rk area. 

ULQlUTfOlS: 
14. k temine  the mtt, mg (omctrd for #) of vinyl chloride found in tho -1e f m t  

CYf) and back O+,) tukr, and in th+ a w e r e  d i a  blvllr (B). 
NOTE: I f  % > u#10, rqott bmkthmqh and possible rrrple loss; 

15. Calculate m t r a t i a n ,  C, of vinyl chloride in the a i r  v o l w  sapled, V (L): 

E V A L ~ ~ I O N  s REm: 
The arthod r s  evaluated using single 1- sapling tubes with 1- front kdr ud K).rg 
back beds [2]. A t  four aprwrntntiom ktmn 1 ud 64 em', the pooled rrlative ttMdrrd 
d.vi+tion urs 0.06 and the -r&ntt awr@ 94% of the ao~ l r r t r r t i om calculated f m r  the 
vo1- of v i y l  chloride and a i r  usad f a  thr a t r o r p h m  sapled; c l l p l u  a t  the 3-rg level 

. r)lorrd no loss of vinyl chloridr vhrn rtorrd for 12 Qys at r ~ a  -aturr or 19 drys a t  
-20 .C. -re m y  be significant loss of vinyl chloride f m  r r r p l u  stomd for 14 Qyr 8t 
ram, m r a t u r e  [dl. T?m lS mthmugh -ity for a 150-q bad of oconut charcoal 
challenged a t  100 caVlin with vinyl & l o r i b  in air a t  16 rgh, md a rrlative huidity of 
70% urs 4.6 L 151. 

-: 
[ I )  nvt - Thmhold b i n i t  values for m i u l  Sbstmces md Phnical m t s  in the ~ o r k -  

gnv i r#mnt  gi& Intended Qunoes for I-. KXiIH, Cincinnrti, OW (I=). 
[Z ln i l l ,  R. H., Jr., C. S. -,A. 1. Saa1umhtn.A. Y. T u n ,  u d Y .  J. W i n .  

k u l  - . Qm --* 3, 1395-1398 (1976). . 
[3] NIOSHknurl of Analytical kthods, 2nd. ad., V. 1, 178, U.S. D q r m t o f  Wlrlth 

and Humn Services, Publ. (WI05Wl 77-1514 (1971). 
14) CudbbKk, 3. E., Y. R. Ewg, md 5. R. Bihh, E m r i m .  =. Techml., 8, 1:68-1171 (1915) 

. . . . . . . .  [S] rutftarra, Y. u. u, &, 61-67 (1980). . .  
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1.1 GENERAL 

In accordance with the terms of the technical 

appendix to the Consent Judgment entered into by Velsicol 

Chemical Corporation (Velsicol), the United States 

Environmental Protection Agency, (USEPA) and the Michigan 

Department of Natural Resources (MDNR), Velsicol is required 

to perform specified monitoring activities at quarterly 

intervals following closure of its St. Louis, Michigan plant 

site. The monitoring program is designed to address the 

following: 

1. Performance of gas vents 

2. Performance of the site perimeter containment wall 

3. Determination of site groundwater elevations 

This report details the site monitoring which 

occured during the period December 14 to December 15, 1985. 

1.2 PARTICIPATION BY REGULATORY AGENCIES 

The regulatory agencies did not participate 

in or attend this monitoring event. 



1.3 MONITORING AND SAMPLING PERSONNEL 

The monitoring and sampling program was 

carried out by Mr D. Robinson (Conestoga-Rovers and 

~ssociates) assisted by Mr. Gene DeGeer, the Velsicol site 

custodian. 



2.0 GAS VEbTT MONITORING 

GENERAL 

The gas vent monitoring began on December 14, 

1985 and was completed December 15, 1985. 

2.1.1 Equipment 

Two Gilian model HFS 113 hi flow samplers 

were used to collect gas vent samples. The samplers were 

field calibrated using a rotometer prior to sampling. The 

calibration data is presented within Appendix B. Samples 

from each gas vent were collected in two 6-mm diameter x 

70-m long Tenax tubes and two charcoal tubes of similar 

dimensions. The samples were collected simultaneously using 

dual parallellseries tube holder sets. 

SAMPLE COLLECTION 

Samples were obtained at each of the 11 gas 

vents. The location of the gas vents within the closed plant 

site is detailed on Figure 1. One blank set and one 

duplicate set of samples were also collected. 





Sampling was conducted at the downstream 

sampling port on each gas vent as detailed on Figure 2. The 

tube holder was attached directly to the gas vent sampling 

port using a copper manifold assembly which was 

environmentally cleaned prior to use. Tygon tubing was used 

to connect the tube holder to the sampler and was connected 

between the base of the tube holder and suction port of the 

sampler. The sampler which was pre-calibrated to 

250cc/min/tube set, was operated for a period of 20 minutes 

for each sampling event, resulting in a collected sample 

volume of five liters per tube set. 

Prior to sample collection, the gas vent 

upper chamber was purged by pumping at 500 cc/minute for a 

period of ten minutes. This precluded the possiblity of 

sampling retained atmospheric air from the gas vent upper 

chamber. During the purging and sampling operations, the 

open end of the gas vent was capped using a 4-inch diameter 

plastic cover to prevent atmospheric air being drawn into the 

sample. 

At the conclusion of each gas vent sampling, 

the set of four sample tubes were capped, labelled and stored 

in a cooler maintained at O'C. 
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2.2.1 Sample Storaqe and Shipment 

On the Morning of December 16, 1985 the 

samples were transferred to a cooler containing frozen cold 

packs and styrofoam packing materials. The cooler was 

shipped under chain of custody protocol, to Velsicol's 

Memphis, Tennessee laboratory by overnight courier for 

analysis. A copy of the chain of custody is provided in 

Appendix A. 

2.2.2 Sample Analysis 

Analyses were conducted in accordance with 

NIOSH protocols as follows: 

Compound 

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

NIOSH Method 

1003 

S-336 

1007 

Results have been reported verbally by the 

laboratory as non-detectable for all parameters at all 

sampling points. A hard copy of the laboratory report will 

be forwarded to USEPA and MDNR within seven days after 

receipt of final laboratory data by CRA. 



2.2.3 Samplinq Protocol 

All sampling was performed in accordance with 

the methodology detailed within the St. Louis plant site 

Post-Closure Maintenance and Monitoring Plan, as approved by 

USEPA and MDNR. A copy of the sampling protocol is contained 

in Appendix B. 



3.1 GENERAL 

The monitoring program consisting of the 

collection of an undisturbed sample of the containment wall 

with subsequent permeability testing was initiated on 

December 15, 1983. Subsequent sampling events occurred on 

March 15, 1984, June 15, 1984, September 14, 1984, December 

14, 1985, March 16, 1985, June 19, 1985 and September 16, 

1985. The current sampling event occured December 14, 1985. 

All testing completed to date has confirmed the permeability 

of the site perimeter containment wall to be less than 1.0 x 

10-7 cm/sec. 

3.2 EQUIPMENT 

A Mobil Truck mounted drill rig equipped with 

rotary head and 4-inch diameter augers was utilized to 

advance the borehole into the containment wall. A 3-inch 

diameter Shelby tube, hydraulically pushed and retrieved, was 

used to collect the samples. 



3 . 3  SAMPLE COLLECTION 

The containment wall was located by field 

survey on December 14, 1985. The sampling borehole was begun 

at Station 0+50, Baseline B by augering through the clay cap 

into the underlying material. 

The presence of soil/bentonite backfill 

material was confirmed by examination of cuttings on the 

auger flights. A borehole was advanced to a depth of seven 

feet below grade. A Shelby tube was introduced into the 

borehole and a sample was withdrawn. Examination of material 

in the base of the tube confirmed that the sample was 

obtained from the containment wall. The locations of this 

and prior sampling events are detailed on Figure 3. The 

boreholes were backfilled with bentonite and abandoned. 

3.3.1 Sample Preparation and Shipping 

The Shelby tube was capped and taped at both 

ends to prevent sample loss and drying. The sample was hand 

delivered to the Michigan Testing Engineer's laboratory in 

Detroit, Michigan for permeability testing. 





3.3.2 Sample Testinq 

The undisturbed sample is to be tested for 

permeability using a falling head permeameter set up in 

accordance with ASTM D 2434. Results of the testing will be 

provided in written form to USEPA and MDNR within seven days 

after receipt of final laboratory data by CRA. A summary 

data report will be prepared and presented to both Agencies 

following completion of the containment wall monitoring 

program in the fall of 1986. 



4.0 GRO-TER TABLE MlNITORING 

GENERAL 

The monitoring of plant site groundwater 

elevation was performed and the elevation of the St. Louis 

reservoir was determined on December 15, 1985. 

WATER LEVEL DETERMINATION 

The elevation of the groundwater was 

determined by measuring the distance from the top of each 

site monitoring well to the watertable. This distance was 

measured by lowering a chalked, weighted surveyors tape into 

the monitoring well. Readings of the tape, which was 

graduated in increments of one one-hundredth of a foot, were 

taken at the water level and at the top of the well casing. 

The former reading was deducted from the latter and the 

resultant dimension was subtracted from the previously 

established top of well casing elevation. Well head and 

watertable elevations are presented on Table 1. 

The elevation of the St. Louis reservoir was 

determined by level and rod survey. 



MONITORING 
WELL 

TABLE 1 

WATER LEVEL MEASUREMENTS 

DECEMBER 15. 1985 

WELL HEAD 
ELEVATION 
(AMSL) 

MEASURED 
DISTANCE TO 
WATER TABLE 

(rt.) 

Water level elevation, St. Louis Reservoir 

(December 15, 1985) 

WATERTABLE 
ELEVATION 
(AMSL) 



4.3 GROUNDWATER CONTOUR MAP 

The groundwater e l e v a t i o n  da ta  were used to 

cons truc t  a  s i te  groundwater e l e v a t i o n  contour map which is 

presented  i n  Figure 4 .  

4 . 4  SITE MEAN GROUNDWATER ELEVATION 

The mean e l e v a t i o n  o f  s i t e  groundwater is 

c a l c u l a t e d  to b e  721.55.  The maximum a l l owab le  s i t e  

groundwater e l e v a t i o n  s t i p u l a t e d  by t h e  Consent Judgment is 

724.13.  




