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OVERVIEW AND RECOMMENDATION ' 

I. INTRODUCTION 

The A i r  Resources Board ("ARB" o r  "Board") i d e n t i f i e s  t o x i c  a i r  

contaminants and develops regulat ions f o r  the cont ro l  o f  t h e i r  emissions 

according t o  the requirements o f  s ta te  law. A t o x i c  a i r  contaminant (TAC) i s  

an a i r  po l l u tan t  t h a t  the Board o r  the Department o f  Food and Agr icul ture* 

f inds  "may cause o r  cont r ibute to an Increase i n  m o r t a l i t y  o r  an increase i n  

serious i l l ness ,  o r  which may pose a present o r  po ten t ia l  hazard t o  human 

health."** This repor t  recommends t h a t  the Board f i n d  ethylene d ich lor ide 

("EDCSU ClH2C - CH2Cl t o  be a t o x i c  a i r  contaminant. 
\ 

Section I 1  o f  t h i s  Overview t o  the  repo r t  presents the regul a w r y  

background and reviews the procedures by which the Board considers substances 

f o r  the TAC designation. The Overview a lso sumnarizes the technical  and 

tox ico log ica l  informat ion t h a t  supports the s t a f f ' s  recomnendation. 

Section I I I A  i s  a summary o f  Par t  A, which presents data on the uses o f  EDC, 

i t s  emissions, and the pub l i c ' s  exposure t o  EDC v i a  the ambient a i r .  

Section I I I B  sumnarizes the Department o f  Health Services' (DHS) analysis i n  

Par t  B o f  the heal th  e f f e c t s  o f  EDC. Section I V  o f  t h i s  Overview discusses 

po ten t ia l  environmental e f f e c t s  o f  the  recomnended action, and Section V 

contains the s t a f f ' s  recommendation t o  the Board. 

11. REGULATORY BACKGROUND AND PROCEDURES 

D iv i s i on  26, Chapter 3.5 o f  the Health and Safety Code* and Food and 

Agr icu l ture Section 14021 e t  seq. s e t  f o r t h  the procedure f o r  i d e n t i f y i n g  and 
,' 

* See Section 11. ** Health and Safety Code Section 39655. 



control1 i n g  t ox i c  a i r  contaminants i n  Cal i forn ia .  (These provis ions were 

enacted i n  September 1983 as Assembly B i l l  1807, Stats. 1983, ch. 1047; see 

Par t  C t o  t h i s  report. The Department o f  Food and Agr icu l ture i s  responsible 

f o r  i den t i f y i ng  and con t ro l l i ng  TACs i n  t h e i r  pes t i c i a l  uses. The ARB has 

author i ty  over TACs i n  a l l  t h e i r  other uses. 

HSC Section 39650 sets f o r t h  the Legis la ture 's  f ind ings about substances 

which may be TACs. The Legislature has declared: 

"That publ ic  health, safety, and welfare may be endangered 

by the emission i n t o  the ambient a i r  o f  substances which 

are determined t o  be carcinogenic , teratogenic, mutagenic, 

o r  otherwise tox i c  o r  i n j u r i ous  t o  humans. U 

The f ind ings also include d i rec t i ves  on the consideration o f  s c i e n t i f i c  

evidence and the basis f o r  regulatory action. With respect t o  the control  o f  

TACs, the Legis lature has declared: 

"That i t i s  the publ ic po l i cy  o f  t h i s  s ta te  t h a t  emissions 

o f  t ox i c  a i r  contaminants should be con t ro l led  t o  l eve l s  

which prevent. harm t o  the publ i c  health. I' 

The Legis lature has fu r the r  declared that,  "whi 1 e absolute and undisputed 

s c i e n t i f i c  evidence m a y  not be avai lab le  t o  determine the exact nature and 

extent  of r i s k  from tox i c  a i r  contaminants. i t i s  necessary t o  take act ion t o  

p ro tec t  publ i c  health. I' 

*HSC; a l l  s ta tu to ry  references a re . to  the Health and Safety Code, except as 
otherwise stated. 



I n  the evaluat ion o f  substances, the Legis la ture has declared t h a t  the  

best ava i lab le  s c i e n t i f i c  evidence, gathered from both pub1 i c  agencies and 

p r i va te  sources inc lud ing industry, should be used. The Legis lature has also 

determined t h a t  t h i s  informat ion should be reviewed by a s c i e n t i f i c  review 

panel and by the public. 

The Board's determination o f  whether o r  no t  a substance i s  a t o x i c  a i r  

contaminant includes several steps spec i f ied  by HSC. F i r s t ,  we request the 

DHS t o  evaluate the heal th e f f e c t s  o f  a substance (Section 39660). The 

evaluat ion includes a comprehensive review o f  a1 1 avai lab le  s c i e n t i f i c  data. 

Upon rece ip t  o f  a repor t  on heal th  e f f e c t s  from DHS and i n  consideration o f  

t h e i r  recommendations, we prepare and submit a repo r t  t o  the S c i e n t i f i c  Review 

Panel (SRP) f o r  i t s  review (Section 39661 1. The repor t  consists o f  the DHS 

repor t  (Part  B), mater ia l  prepared by the AKB s t a f f  on the use, emissions and 

ambient concentrations o f  the substance (Part  A), and various supporting 

documents i n  Par t  C. It serves as the  basis f o r  fu tu re  regulatory ac t ion  by 

the Board. The repor t  i s  a lso made avai lab le  t o  the public, which may submit 

comnents on the repor t  t o  the SRP. 

A f te r  rece iv ing the SRP's w r i t t e n  f ind ings  on the report, the Board 

issues a pub l i c  hearing not ice and a proposed regulat ion s ta t i ng  whether o r  

no t  the substance i s  a t o x i c  a i r  contaminant. I f ,  a f t e r  a pub l i c  hearing and 

other procedures t o  comply w i t h  Government Code Section 11340 e t  seq., the 

Board determines t h a t  a substance i s  a t o x i c  a i r  contaminant, i t s  f ind ings 

must be se t  f o r t h  i n  a regu la t ion  (Section 39662). The HSC a lso sets f o r t h  

procedures f o r  developing and adopting cont ro l  measures f o r  substances 

i d e n t i f i e d  as TACs (Sections 39665-39667). 



111. EVALUATION OF ETHYLENE DICHLORIDE 

The ARB and the DHS p r i o r i t i z e  candidate substances f o r  evaluation and 

regulat ion as tox ic  a i r  contaminants pursuant t o  HSC Section 39660(f). That 

section states t ha t  the select ion o f  a substance f o r  consideration as a TAC i s  

t o  be based on the r i s k  t o  the publ ic posed by the substance, the amount o r  

potent ia l  amount o f  emissions from use o f  the substance, i t s  manner o f  usage 

i n  Cal i fornia,  i t s  atmospheric persistence, and i t s  concentration i n  the 

ambient a i r .  

Under these guidelines, we selected EDC f o r  the Board's consideration as 

a TAC because i t  i s  a known animal carcinogen, i t  i s  ubiqui tously emitted from 

the evaporation and burning o f  leaded gasoline and other a c t i v i t i e s ,  i t  i s  

pers is tent  i n  the atmosphere, and i t s  presence i n  the atmosphere has been 

documented. 

A. EMISSIONS, PERSISTENCE AND AMBIENT CONCENTRATIONS OF EDC. 

Data i n  Par t  A are suimnarized i n  Table I. 

I n  1983, the use o f  gasoline and pest ic ides accounted f o r  most EDC 

emissions i n  Cal i fornia.  However, act ions taken by the U.S. Environmental 

Protect ion Agency have la rge ly  el iminated EDC's use (and emissions) as a 

pest ic ide and, by 1986, should reduce gas01 ine-related emissions o f  EDC by 

about 88 percent. By then, solvents and minor i ndus t r i a l  uses o f  EDC w i l l  be 

the dominant sources o f  emission. We expect these uses t o  increase. 

EDC i s  a pers is tent  po l l u tan t  t h a t  has been documented i n  the a i r  of the 

South Coast A i r  Basin. No po in t  source i s  known t o  cause loca l  concentrations 

g rea t l y  exceeding the range o f  average ambient concentrations i n  the table. 

The draf t  o f  Par t  A was released f o r  publ ic review and comnent. Comments 

and our responses are presented i n  Par t  C. 



TABLE I 

Sunmary o f  Data i n  Par t  A 

South Coast 
1983 Emissions, tons Statewide A i r  Basin 

Stationary sources 
Solvents and minor 

i n d u s t r i a l  sources 99 
Gas01 i ne evaporation 4.7 
Pesticides 65 
Sol i d  fue l  production 1.1 
Landf i 1 1 s Unknown 

Vehicular (from gas01 i ne) 61 

Atmospheric Hal f -L i fe ,  days 

(OH. attack, po l lu ted  
atmosphere 

Ambient Concentration, pptb 

Average (1 983) 
Highest 24-hourc 

42 

Unknown 
Unknown 

between 19 & 110 
390 

a l ess  r e l i a b l e  than other entr ies;  emissions from t t i i s  source may have 
decreased considerably since 1983 

b par ts  per t r i l l i o n ;  away from the  immediate loca les o f  major sources; 
data from four  s ta t ions  

c January 1983 t o  May 1984. 



B. HEALTH EFFECTS AND RISK 

I n  response t o  the ARB s t a f f ' s  request and according t o  HSC Section 

39660, the Department o f  Health Services (DHS) evaluated the heal th  e f f ec t s  o f  

EDC and the r i s k s  from exposure t o  EDC. To ensure sa t i s fac t i on  o f  the 

requirement i n  HSC f o r  the consideration o f  a l l  per t inent  information, we 

provided DHS w i th  a bibl iography o f  a l l  1 i t e ra tu re  concerning the heal th 

e f f ec t s  o f  EDC. The bibl iography ( included i n  Part  C) was obtained from the 

MEDLARS I 1  and DIALOG data bases. Also, we sent a l e t t e r  ( included i n  Par t  C) 

t o  a l l  known users o f  EDC and other in terested par t ies  t o  request addi t ional  

information. The information so obtained was forwarded t o  DHS. 

The DHS' d r a f t  repor t  (Part  B) was released t o  the publ ic  f o r  comment. 

The comments received are included i n  Par t  C. The revised Par t  B i s  presented 

t o  the S c i e n t i f i c  Review Panel a f t e r  consideration o f  those comments. 

I n  meeting the requirements i n  Section 39660 f o r  DHS' evaluation, the DHS 

addresses these issues i n  Par t  B: 1 )  I s  EDC a carcinogen f o r  animals? 2 )  

Should EDC be considered a carcinogen i n  humans7 3)  May heal th problems other 

than cancer occur from exposure t o  ambient concentrations7 4 )  I s  there a 

"threshold" exposure below which EDC w i l l  not cause cancer7 5 )  What i s  the 

range o f  added r i s k  o f  cancer during a l i f e t i m e  o f  exposure t o  t yp i ca l  ambient 

concentrations o f  EDC? I n  response t o  these issues, the' DHS concludes ( i n  

paraphrase o f  the conclusions i n  Part  8) that :  

A. EDC a t  documented ambient concentrations should not  have heal th 

e f f ec t s  pther than cancer. 

B. EDC i s  a carcinogen i n  animals when ingested and may be carcinogenic 

when inhaled. 



C. EDC should be regarded as a po ten t ia l  carcinogen i n  people. 

D. No threshold o f  carcinogenic response should be assumed f o r  EDC. 

E. The best  estimate of the range o f  added l i f e t i m e  r i s k  o f  cancer due 

t o  exposure t o  EDC i n  the a i r  i s  53 t o  88 cases per m i l l i o n  people 

per p a r t  per b i l l i o n  of l i f e t i m e  average concentration. The actual 

r i s k s  are no t  l i k e l y  t o  be above t h i s  range. 

These conclusions were drawn from the fo l low ing  observations: 

o Many non-carcinogenic t o x i c  e f f e c t s  o f  EDC are documented f o r  animals and 

people bu t  only a t  exposures several orders o f  magnitude greater than 

those corresponding t o  known concentrations i n  the  ambient a i r .  

o EDC i s  absorbed and el iminated rap id l y  by r a t s  a f t e r  o ra l  administrat ion 

o r  inhalat ion.  

o For selected tissues, DNA b ind ing a f t e r  administering 1 4 ~ - ~ ~ ~  i s  

greater f o r  o ra l  exposure than f o r  inhalat ion.  

o Reproductive e f f ec t s  o f  EDC on r a t s  have been reported a t  doses several 

orders o f  magnitude above those corresponding t o  exposure v i a  the ambient 

a i r .  

o Genotoxic a c t i v i t y  by EDC has been reported i n  v ivo  f o r  several organisms -- 
and -- i n  v i t r o  f o r  others, inc lud ing  human lymphocytes. 

o Two major b ioassay~  have been conducted f o r  the carcinogencity o f  EDC. 

The NCI biossay o f  1978 (gavage) showed i n  r a t s  s t a t i s t i c a l l y  s i g n i f i c a n t  

increases i n  carcinomas o f  the  forestomach, hemangiosarcomas o f  the  

c i r cu la to ry  system, fibromas o f  subcutaneous tissue, and adenocarcinomas 

o f  the  mamnary gland. I n  mice, the NCI bioassay showed s t a t i s t i c a l l y  



s ign i f i can t  increases i n  hepatocell u l  a r  carcinomas and pulmonary adenomas 

i n  males and pulmonary adenomas, mammary carcinomas, and endometrial 

tumors i n  females. The Maltoni bioassay o f  1980 ( inhalat ion)  d i d  no t  

show carcinogenic i ty i n  r a t s  o r  mice. 

o The doses i n  the Maltoni study were not large enough t o  induce tumors a t  

a s t a t i s t i c a l l y  s i gn i f i can t  r a t e  i f  the carcinogenic potency o f  EDC i s  

estimated from the N C I  resul ts.  

o No evidence demonstrates a carcinogenic threshold f o r  EDC. 

o DHS applied f i v e  r i s k  models t o  the NCI's resu l ts  f o r  male r a t s  heman- 

giocarci  nomas and ma1 e mouse hepatocell uar carcinomas. The resul t s  f o r  a 

l i f e t i m e  human exposure o f  100 pp t  are, i n  cases per m i l l i o n  people: 

Rats Mice - - 
One-hi t 3.8 6.9' 2.8 38 
Mu1 ti stage 4.3 6.3 1.6 4.6 
Time-corrected mu1 ti stage 5.3 8.8 2.9 7.4 
Probi  t 8.3 330 0.0 ' ,1 .1 
Gana mu1 ti - h i t  18,000 22,000 4.6 94 

* maximum 1 i k e l  ihood estimate 
** 95 percent upper confidence l i m i t  

o DHS believes t h a t  the time-corrected mult istage model has the best  

b io log ica l  basis f o r  extrapolat ing bioassay data to ambient 

. concentrations. 

To estimate the range o f  r i s k s  associated w i th  the measured ambient 

concentrations i n  the South Coast A i r  Basin, we appl ied the 95 percent upper 



confidenoe l i m i t  recomnended by the DHS. 88 cases per i n i l l  i o n  people per ppb, 

t o  the upper bound o f  the mean annual concentration, .I00 ppb; and we appl ied 

DHS' maximum l i k e l i h o o d  r i s k  estimate, 53 cases per m i l l i o n  per ppb, t o  the 

lower bound f o r  the mean, .Dl9 ppb. The resu l t i ng  range o f  r i s k  i s  1 t o  10 

cases o f  cancer per m i l l i o n  people i n  70 years, o r  about 10 t o  100 t o t a l  cases 

i n  70 years. 

I V  ENVIRONMENTAL EFFECTS 

The i d e n t i f i c a t i o n  o f  EDC as a TAC w i l l  no t  i n  i t s e l f  have any 

enviromnental ef fects.  If the Board l i s t s  EDC as a TAC, i t  and the a i r  

p o l l u t i o n  cont ro l  d i s t r i c t s  w i l l  evaluate the need for,  and appropriate degree 

of, con t ro ls  f o r  emission sources. A f te r  t h i s  evaluation, the  Board and the  

d i s t r i c t s  may adopt emission cont ro l  measures. Hence, the i d e n t i f i c a t i o n  of 

EDC as a TAC may u l t imate ly  r e s u l t  i n  the b e n e f i t  o f  reduced concentrations o f  

EDC and i n  other environmental e f f e c t s  t h a t  cannot be predicted now. Any 

environmental e f f ec t s  associated w i t h  cont ro l  measures w i l l  be i d e n t i f i e d  when 

such cont ro l  measures are considered pursuant to HSC Sections 39665 and 39666. 

V. RECOMMENDATION 

Because EDC i s  a known animal carcinogen and po ten t ia l  human carcinogen 

and i t i s  known t o  be emit ted i n  Cal i forn ia ,  the ARB s t a f f  reconmends i t s  

l i s t i n g  as a t o x i c  a i r  contaminant t rea ted  as a substance without a 

carcinogenic threshold. 
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SUMMARY 

Par t  A o f  t h i s  repor t  on EDC includes informat ion on the sources and 

quant i t ies  o f  emissions o f  EDC i n  Cal i forn ia ,  the atmospheric persistence o f  

EDC, i t s  concentrations i n  the ambient a i r ,  and exposure t o  EDC i n  media other 

than the a i r .  

I n  1983, about 231 tons o f  EDC were emitted statewide. About 57 percent 

o f  t h i s  was due t o  the evaporation o f  pest ic ides o r  t o  the evaporation o r  

burning o f  gasoline. Both o f  these sources have since been o r  w i l l  be 

severe1 y reduced by act ions o f  the U. S. Environmental Protect ion Agency. 

EDC's use as a solvent and re la ted  i n d u s t r i a l  uses w i l l  then become the 

dominant sources o f  emissions. 

EDC i s  pers is ten t  i n  the atmosphere, having a h a l f - l i f e  o f  about 42 

days. The annual average concentration i n  the ambient a i r  o f  the South Coast 

A i r  Basin i s  estimated from a i r  monitor ing data t o  be between 19 and 110 par ts  

per tri l l i on  (ppt). A t  the  midpoint  o f  t h a t  range, the ambient a i r  would 

provide a greater pub l i c  exposure t o  EDC than do water o r  food. 

No recent ambient a i r  monitor ing data are avai lab le  f o r  areas other than 

the South Coast Air.Basin. I f  EDC i s  l i s t e d  as a t o x i c  a i r  contaminant, such 

data w i l l  be made avai lab le  a t  the  t ime any emission con t ro ls  are considered. 
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I. USAGE AND EMISSIONS OF EDC 

A. PRODUCTION AND USAGE 

Ethylene d ich lo r ide  (EDC), o r  1,2-dichloroethane, i s  syn the t i ca l l y  

produced by the d i r e c t  ch lo r i na t i on  o r  oxychlor inat ion o f  ethylene. There are 

1 2/ no known natural  sources o f  EDC.--L 

The production o f  EDC i n  the U.S. increased s tead i l y  from approximately 

one m i l l i o n  tons i n  1963 t o  5.9 m i l l  i o n  tons i n  1979 due t o  the increased 

demand for v i ny l  chloride, f o r  which EDC i s  a p r inc ipa l  chemical 

intermediate. However, EDC production decreased t o  3.8 m i l l i o n  tons i n  1982 

( i n  response t o  economic recession) and then increased back t o  5.6 m i l l i o n  

1,3/ tons i n  1983.- 

No EDC has been produced i n  Ca l i f o rn ia  since the closure i n  1982 o f  the 

Stauf fer  Chemical p l an t  i n  Carson. Th is  p lan t  had an annual EDC production 

4/ capacity o f  155,426 tons.- 

I n  Cal i forn ia ,  the dominant use o f  EDC i s  i n  leaded gasoline as a 

scavenger o f  lead  i n  the combustion exhaust. I t s  purpose i s  t o  form chlor ides 

o f  the lead, which otherwise w u l d  deposit i n  the engine cyl inders. The ARB 

s t a f f  estimates t h a t  2,238 tons o f  EDC were consumed i n  leaded gasoline i n  

5 6/ 1983.- The consumption w i l l  decrease as l ess  leaded gasoline i s  burned 

and as the al lowable lead content o f  gasoline i s  lowered t o  0.1 gram per 

ga l lon  by the  U.S. Environmental Protect ion Agency (EPA) i n  1986. (The 

c o n t r o l l i n g  standard f o r  lead i n  gasoline i s  now the s ta te  l i m i t  o f  0.8 gram 

per gal lon. e f f e c t i v e  September 1984. ) 

The o ther  known s i g n i f i c a n t  uses of EDC i n  Ca l i f o rn ia  are as a so lvent  o r  

a const i tuent  o f  chemical products, a reactant c a r r i e r  i n  the production o f  

s o l i d  fuel, and as a pesticide. The f i r s t  use, ca l l ed  "solvent and minor 

i n d u s t r i a l  use," includes appl icat ions i n  the  manufacture o f  paints, coatings, 



and adhesives; solvent bonding of polycarbonate products; solvent ex t rac t ion  

o f  seeds, animal fats,  and pharmaceutical materials; cleaning t e x t i l e s  and 

polyvinyl  chlor ide manufacturing equipment; preparation o f  polysul f i d e  

compounds; leaching copper ore; and the manufacture o f  f i 1 m . u '  Rogozen e t  

al-8' estimated tha t  124 tons o f  EDC were used i n  Ca l i fo rn ia  i n  1980 i n  these 

a c t i v i t i e s ,  mostly a t  f a c i l i t i e s  using l ess  than two tons per year./ The 

only known use o f  EDC as a reactant c a r r i e r  i s  i n  Sacramento. We do not  know 

the amount used. 

As a pesticide, 65 tons o f  EDC were applied i n  1983.91 However, the 

EPA has cancelled o r  suspended the reg is t ra t ions  under the Federal 

Insecticide, Fungicide, and Rodenticide Act o f  a l l  food fumigants t h a t  contain 

16/ Recently, these fumigants have accounted f o r  most o f  the pes t i c ida l  EDC .- 
use o f  EDC. EPA1s act ion resu l ted from the f a i l u r e  o f  reg is t ran ts  t o  respond 

to a "ca l l  f o r  information" on the heal th  e f f ec t s  o f  EDC. Should 

manufacturers respond w i th  informat ion estab l ish ing the safety o f  t h e i r  

fumigants, the reg is t ra t ions  could be re-instated. 

The dominant use o f  EDC nationwide, as a reactant i n  the production o f  

v i ny l  chloride, perchloroethylene, tr ichloroethylene, and v lny l  idene chloride. 

does not occur i n  Cal i fornia.  

B. CURRENT AND PROJECTED EMISSIONS 

The estimated emissions discussed i n  t h i s  sect ion are summarized i n  Table 

1-1 on page 1-8. 

1. Stationary Sources 

EDC1s use i n  minor i ndus t r i a l  processes (used mainly as a solvent)  i s  the 

la rges t  source o f  EDC emissions i n  Cali fornia.* O f  the t o t a l  amount o f  EDC 

* Except, possibly, f o r  emissions from l a n d f i l l s .  As discussed, 1 ater, 
emissions from l a n d f i l l s  are poor ly quant i f ied.  

1-2 



used i n  these processes, it i s  estimated t h a t  20 percent i s  recycled and the 

remaining amount evaporates i n t o  the atmosphere. Statewide EDC emissions i n  

t h i s  category were estimated as 99.2 tons i n  1980.51 o f  which 13.2 tons were 

emitted i n  the South Coast A i r  Basin (SCAB). A t  most, only three users i n  the  

41 SCAB emit ted more than one ton o f  EDC i n  1982.- 

We can f i n d  no pro ject ions o f  the consumption o f  EDC as a solvent. 

However, the ARB s t a f f  has projected consumption of a l l  solvents i n  the 

Chemical and A l l i e d  Product Industry (SIC 28XX) through the year 2000. This 

SIC code accounts f o r  75 percent o f  the  solvent containing EDC i n  Cal i fornia.  

If the emissions o f  EDC from minor i n d u s t r i a l  uses fo l l ow  t h i s  increased t o t a l  

use o f  solvents, the emissions w i l l  be as projected i n  Figure 1-1. We 

contacted the three l a rges t  emi t ters  o f  EDC i n  1982 i n  the SCAB, accounting 

f o r  90 percent o f  the known emissions i n  the minor i ndus t r i a l  use category. 

O f  them, two had reduced t h e i r  use of EDC by h a l f  o r  more i n  1984 and one 

plans to i n s t a l l  a carbon adsorption system t o  recover EDC. 

Statewide EDC emissions from apply ing pest ic ides are estimated a t  65 tons 

i n  1983. o f  which 14 tons were emit ted i n  the SCAB./ These estimates are 

based on the assumption t h a t  a l l  the EDC appl ied as a pest ic ide eventual ly 

evaporates. EPA's cancel la t ion o f  r eg i s t ra t i ons  f o r  EDC-bearing fumigants 

w i l l  end, a t  l e a s t  temporarily, almost a l l  the emission from the recent uses 

o f  EDC as a pest ic ide.  

EDC evaporates during the storage and t rans fe r  o f  leaded gasoline. Based 

on an emission r a t i o  o f  19 x lo'= pounds o f  EDC per pound o f  evaporated 

gasol i ne (supported i n  Appendix C) , 1983 emi ssions from gasol i ne marketing, 

storage and t rans fe r  were 2.9 tons and 1.4 tons i n  the e n t i r e  s ta te  and the 

1 o/ SCAB, respect ive ly  .- 





EDC emissions f r o m  gasoline production are estimated a t  1.8 tons 

statewide and 0.9 t on  i n  the SCAB f o r  1983. This i s  based on 1983 estimates 

11/ o f  EDB emissions from t h i s  source-- corrected f o r  the two-to-one molar 

r a t i o  o f  EDC to EDB i n  gasoline and t h e i r  respective vapor pressures. Future 

EDC emissions from gasoline production, marketing, storage, and t rans fe r  are 

expected t o  decrease as the  market f o r  leaded gasoline i s  reduced. 

Other p o t e n t i a l l y  s i g n i f i c a n t  sources o f  EDC emissions include hazardous 

waste l a n d f i l l s  and p u b l i c l y  owned treatment works (POTWs). Hazardous waste 

l a n d f i l l s  emit  EDC emissions during and a f t e r  the bu r i a l  o f  EDC-contaminated 

waste i n t o  the l a n d f i l l s .  Emissions occur dur ing the  disposal and may 

continue f o r  several years due t o  the evaporation o f  the bur ied v o l a t i l e  

waste. Within Cal i forn ia ,  l a n d f i l l s  are estimated i n  1982 t o  have 

c o l l e c t i v e l y  emitted t o  the  atmosphere from 2800 to 5900 tons o f  non-methane 

v o l a t i l e  organic compounds, o f  which 1000 tons were emit ted from the BKK 

l a n d f i l l  i n  the  SCAB.^ O f  the v o l a t i l e  organic compounds emit ted f r o m  

BKK, we estimate t h a t  9 t o  12 percent. o r  roughly 100 tons, were EDC. (Some 

o f  t h i s  EDC may be already "counted" i n  other categories o f  emissions such as 

pest ic ides and solvents.) The f rac t ion  o f  EDC i n  the t o t a l  emit ted gases was 

assumed to be t h a t  measured i n  the  gas c o l l e c t i o n  wel l  manifolds dur ing the 

"1982 A i r  Sampling Program" a t  BKK. 

EDC emissions from hazardous waste landf  i l l s  should decrease. Current 

and proposed bans f o r  disposing c e r t a i n  wastes i n  l a n d f i l l s ,  closures o f  

l a n d f i l l  s, s i t e  cleanups, and the cessation o f  EDC waste-generation by 

S tau f fe r  Chemical a l l  reduce the amount of EDC placed i n  l a n d f i l l s  and 

therefore lessen emissions. Also, new gas recovery systems reduce the 

emissions o f  already-buried EDC. 



Large sewage treatment p lants  can emi t  s i gn i f i can t  amounts o f  EDC. EDC 

contained i n  the sewage can be released from aerat ion basins o r  other 

13/ treatment operations where evaporation i s  promoted. A national study- 

estimated potent ia l  EDC emissions as h igh  as 861 tons per year from the 

la rges t  p lan t  evaluated. However, t h i s  estimate was qua1 i f i e d  as p re l  i m i  nary 

and probably representative o f  the upper bound o f  actual emissions. The study 

suggested t h a t  emissions from most sewage treatment plants are one t o  two 

orders o f  magnitude lower than the estimate. Because r e l a t i v e l y  l i t t l e  EDC i s  

used i n  Cal i fornia,  i t s  presence i n  sewage i n f l u e n t  may be less  than i s  

t yp ica l  nat ional ly.  Therefore, there are no data t o  al low an estimate o f  such 

emissions i n  Cal i fornia.  

The Sacramento County A i r  Po l l u t i on  Control D i s t r i c t  estimates 1.1 tons 

o f  EDC emitted annually during the manufacture o f  s o l i d  fue l  a t  Aerojet 

General i n  Sacramento County. Aero je t 's  permit allows a maximum emission ra te  

o f  5.5 tons per year. 

2. Mobile Sources 

EDC i s  emitted w i th  motor vehicle exhaust and w i th  gasoline evaporating 

from vehicular fue l  systems. EDC emissions i n  motor vehic le exhaust may vary 

14/ w i th  the s ize o f  the engine. Tsani-Bazaca and co-worker+ determined t h a t  

the average EDC emissions from a 0.85-l i ter engine and a 3 - l i t e r  engine were 

1.67 and 3.56 l b  EDC/lb EDB emitted, respectively. Based on these resul ts.  

estimated EDC emissions i n  exhaust range from 13 t o  28 tons per year 

statewide. This i s  based on 0.37 percent o f  EDB surviv ing i n  motor vehic le 

exhaust.- 15/ However, since the resu l t s  f o r  EDC were obtained from the 

tes t s  o f  only two cars and the cars were operated w i th  gasoline containing a 



higher lead  content than Ca l i f o rn ia ' s  standard o f  0.8 grams per gallon, the  

estimate f o r  emissions o f  EDC from engine exhaust should be considered a 

rough approximation. Addit ional t e s t i n g  i s  needed t o  es tab l i sh  more r e l i a b l e  

estimates. 

ED8 evaporative emissions from mobile sources are estimated a t  41 tons 

per year. This estimate i s  based on an emission fac to r  o f  5.2 x l b  

EDC/lb THC emitted, which was determined by using the vapor pressures o f  EDC 

and EDB, the two-to-one molar r a t i o  o f  EDC t o  EDB i n  leaded gas01 ine, and the 

vehicular evaporative emission fac to r  o f  9.0 x l om5 l b  EDB/lb T H C . ~  

Future EDC emissions from motor vehic les w i l l  decrease as l ess  leaded 

gasoline i s  used. Also, EPA has enacted a sharp l i m i t a t i o n  o f  the l ead  

content o f  gasoline. Projected EDC emissions from motor vehic les are shown i n  

Figure 1-2. It r e f l e c t s  the reduct ion o f  lead  i n  leaded gasoline t o  0.1 gram 

per ga l lon i n  1986. 

The combination o f  Figure 1-1 (pro jected emissions from solvents) and 

Figure 1-2 ind icates a n e t  increase o f  about 50 tons per year  i n  t o t a l  EDC 

emissions i n  the s ta te  through the year  2000. This could be o f f s e t  by a 

decrease i n  the poor ly quant i f ied  emissions o f  EDC from l a n d f i l l s .  Emissions 

o f  EDC from l a n d f i l l s  should decrease because o f  l a n d f i l l  gas recovery and the 

recent r e s t r i c t i o n s  on burying EDC. 



I Table 1-1. Estimated EDC Emissions 

Emissions 
( tonslyear)  Inventory 

Source Category Statewide South Coast Year Reference - 
Pest ic ida l  evaporationf 65 14 1983 9 

Vehicular exhausts 20 1 0a 1983 12, c 

Vehicular fue l  evaporation 41 16.0 1983 8, C 

Gasol i ne marketing 2.9 1.4a 1983 c 

Gasol i ne production 

Landfi 11 s 

So l id  fue l  production 1.1 0 1984 e 

Sol vent evaporation and 
minor i ndus t r i a l  uses 99.2 - - 13.2b 1980 4. 5 

Total (ex. l a n d f i l l s )  231 55 

a The f rac t i on  o f  statewide emissions a t t r i bu ted  t o  the South Coast A i r  
Basin was assumed equal t o  t h a t  area's f r ac t i on  o f  t o t a l  population. 

The inventory year i s  1982. 

estimate by ARB s t a f f  

less  r e l i a b l e  than other entr ies;  emissions from t h i s  category may have 
decreased considerably 

Sacramento County APCD 

The EPA cur ren t l y  disal lows EDC's dominant pest fc ida l  use as a fungicide 
on food. 



FIGURE 1-2. PROJECTED EDC EMISSIONS FROM MOTOR VEHICLES 

YEAR 
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11. PERSISTENCE IN THE ATMOSPHERE 

A. PHYSICAL AND CHEMICAL PROPERTIES 

EDC i s  a stable, non-polar compound w i th  the s t ruc tu re  denoted 

C1H2C-CH2Cl. It i s  soluble i n  ethanol, d ie thy l  ether, and most other 

common laboratory solvents. It i s  moderately soluble i n  water. Various 

proper t ies  o f  EDC are shown i n  Table 11-1. 

Table 11-1 
Propert ies o f  EDC 

Property Value Reference 

Blood: a i r  pa r t i t i on ,  37'C 19.5 3 

Bo i l i ng  point ,  la tm 183'F 1 

C r i t i c a l  temperature 554'F 4 

Density, l i q u i d  1.25 g/cm3 1 

D ie lec t r i c  constant, 1 i q u i d  10.45 4 

Explosive l i m i t s  i n  a i r ,  25% 6.2 % t o  15.6% 4 

Heat capacity, 60'F .297 cal/'C-gm 1 

Heat o f  combustion 3.00 kcal /gm 4 

Heat o f  formation, gas -296 cal/gm 4 

Heat o f  fus ion 21.1 ca l  /gm 4 

Heat o f  vaporization, 20'C 77.3 cal/gm 4 

Index o f  re f ract ion.  20°C, Na 1.45 

Mel t ing po in t  -31.5-F 

Molecular weight 99.0 

Octanol : water p a r t i  ti on 1.48 
( l og lo )  

S o l u b i l i t y  i n  water. 20°C 8.69 mg/cm3 4 

Vapor pressure, -45'C t o  1nP (mHg) 1 
82'C = -4178 x l/T('K) 

+18.39 

Vapor pressure a t  20°C 62 mmHg 



B. FATE I N  THE AlMOSPHERE 

The pr inc ipa l  chemical react ion o f  EDC i n  the atmosphere i s  attack by OH 

rad ica ls  (OH'). An estimate of the f i r s t  order r a t e  constant f o r  t h i s  

5/ react ion a t  23°C was published by Howard and Evensen, who obtained the 

value k = 22 - +5 x cm3/molecule'sec. This value i s  consistent w i th  

analogous constants determined by those authors f o r  other ch lor inated ethanes. 

Because 23'C i s  warmer than typ ica l  tropospheric (lower atmospheric) 

temperatures, the ra te  constant should be estimated a t  a lower temperature. 

An appropriate temperature i s  15'C, the annual mean temperature a t  the 

8/ inversion base i n  the  SCAB.^' For the range -8°C t o  25'C, A l t s h u l l e ~  

recornends a react ion rate-vs-temperature cor re la t ion  equivalent t o  an 

ac t i va t ion  energy o f  2.67 kcal/g-mole. Applied t o  EDC, t h i s  y i e l d s  the r a t e  

constant 19 x cm3/molecule'sec a t  15'C. 

y/  CalverG estimated the concentration o f  OH' i n  the morning i n  Los 

6 3 Angeles a t  2.6 x 10 molecules/cm . This indicates a diurnal  average o f  

3 about 1 x l o6  molecules/cm . This value combined w i th  the above ra te  

constant y i e l d s  a h a l f - l i f e  o f  42 days* f o r  EDC. 

1 o/ 11/ Free ch lor ine atoms can react  w i t h  EDC - ; however, Singh- found 

t h a t  f ree  ch lor ine i s  too rare i n  the troposphere t o  make the react ion 

s ign i f i can t .  

121 Cul p i  t t  invest igated physical processes as removal mechani sms f o r  

EDC i n  the atmosphere. He estimated the ha1 f - l i v e s  o f  EDC i n  r a i n  wash-out, 

adsorption on aerosols, and dry deposit ion as 390 years, 13 years, and 25 

t1/2 = .693/k (OH.) 



years, respect ively.  These removal mechanisms are thus c l e a r l y  unimportant 

compared t o  at tack by OH radicals.  The h a l f - l i f e  o f  EDC i n  the  urban 

atmosphere i s  therefore estimated as 42 days. With such a long residence 

time, EDC i s  a pers is tent  po l l u tan t  t h a t  can be transported throughout an a i r  

basin before it dissipates. 

The sole reported product o f  the OH rad ica l  at tack i s  chloroacetyl 

ch lo r ide  ( C ~ C H ~ C O C ~  ),XI which decomposes i n  water. It i s  an i r r i t a n t  a t  

concentrations above 50 par ts  per b i l l  i on . '  However, i t  i s  rap id l y  removed 

from the atmosphere by r a i n  and fog and thus cannot approach t h a t  

concentration as a product o f  EDC a t  documented ambient concentrations. A 

possible second product o f  EDC i s  chloroacetaldehyde. There are no 

tox ico log ica l  data avai lab le  f o r  t h i s  compound. 
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111. EXPOSURE TO EDC 

A. AMBIENT A I R  DATA 

The ARB'S Haagen-Smit Laboratory (HSL) has monitored ambient EDC a t  four 

s i tes i n  the South Coast A i r  Basin (SCAB) since January 1983. These are i n  

downtown Los Angeles (LA-North Main), Dominguez H i l l s ,  E l  Monte, and 

Riverside. A1 1 samples are c o l l  ected over 24-hour periods, beginning a t  

9 a.m., i n  Tedlar bags a t  constant f low rates. Analysis o f  the samples i s  by 

gas chromatography. Details of the sampling and analyt ical  procedures are i n  

Appendix A. Samples are col lected f i v e  days per week a t  the E l  Monte s i t e  and 

about once every s i x  days i n  Los Angeles, Dominguez H i l l s ,  and Riverside. 

Data are available from 566 samples col lected between January, 1983, and 

August, 1984. Although the highest 24-hour EDC concentrations measured a t  

each s i t e  ranged from 200 t o  390 ppt, only 13 percent o f  a l l  the analyses are 

above HSL's detection 1 i m i t ,  100 ppt(v). (Concentrations i n  the other samples 

were too low t o  measure wi th the techniques employed. 

By assuming that  the unreportable analyses were a l l  zero o r  a l l  100 ppt, 

one calculates an average resu l t  o f  19 t o  110 ppt, respectively, f o r  a l l  

samples i n  1983. This i s  taken as the range wi th in  which the annual average 

concentration f a l l s  i n  the SCAB. The rura l  background concentration 

(concentration not at t r ibutable t o  nearby sources) has been estimated 

independently a t  40 t o  50 p p t . 2 '  Appendix B provides greater detail.  

As shown i n  graphs i n  Appendix B, the concentra?ions, f o r  1983 exceeded 

those f o r  January t o  May. 1984 because o f  strong peaks during the winter o f  

1983 tha t  were not repeated i n  1984. 



HSL's monitoring program provides the  only long-term set o f  data on 

ambient concentrations o f  EDC. A few short-term programs by other people are 

sumnarized i n  Table 111-1. The data taken between 1476 and 1980 are 

substant ia l ly  higher than the data from HSL. However, the decrease by 1983 

appears rea l  because the data taken i n  February 1984 a t  Downey are consistent 

w i t h  HSL's data. 

Table 111-1 

Short-Term Data on Ambient EDC 

S i te  Period Sampling Time No. Samples ppt, mean 

Domi nguez 5/76 54 mins. 1 3660 

Upland 8 t o  9/76 48 hrs. 8 27 

Los Angeles 4/79 24 hrs. 4 650 

Oaklane/ 7/79 24 hrs. 9 84 

Riverside 7/80 24 hrs. 11 350 

Downey 2/84 12 t o  24 hrs. 9 7&/ 

a/ not  i n  the SCAB - 
bl This value i s  from reference 4; a l l  others are from reference 3. 

The higher ambient concentrations measured before 1983 may be explained 

i n  p a r t  by the then greater amount o f  EDC used i n  gasoline and the emissions 

from Stauf fer  Chemical Company's v iny l  ch lor ide p lants  i n  Long Beach and San 



Pedro. These plants, which closed i n  1982, emit ted an estimated 28 tons o f  

EDC per year . '  The decrease i n  ambient concentrations may also r e f l e c t  

unquanti f i a b l e  b u t  decreasing emissions o f  EDC from l a n d f i l l  s.* EDC i s  qu i te  

v o l a t i l e  and has been detected i n  gaseous emissions from a t  l e a s t  three 

l a n d f i l l s  i n  the SCAB. However, the probable major inputs  o f  EDC t o  l a n d f i l l s  

-- tank bottoms from leaded gas01 ine  storage and v iny l  chloride/EDC 

manufacturing wastes -- have decl ined since 1979, and many 1 a n d f i l l  s have 

i n s t a l l e d  gas recovery systems. EDC emissions have therefore probably 

decreased i n  recent years. 

A network o f  15 monitoring s ta t ions  has been se t  up i n  areas outside the 

SCAB. A1 1 w i l l  begin monitoring EDC concentrations i n  ear ly  1985. 

B. EXPOSURE THROUGH AMBIENT A I R  

The measurements o f  ambient EDC a t  HSL's four  monitoring s i t e s  could be 

extrapolated to other loca les i n  the South Coast A i r  Basin i f  they could be 

shown t o  vary together i n  time ( i nd i ca t i ng  un i fo rmi ty  across the region) o r  t o  

f o l l ow  some other var iab le  t h a t  i s  measured widely over the  region. The da i l y  

EDC data were tested f o r  cor re la t ions  between s i tes,  f o r  cor re la t ions  w i th  the 

concentrations o f  other pol lutants,  inc lud ing  carbon monoxide, and f o r  

cor re la t ions  wS t h  aerometric (temperature and wind) data wi thout  success. 

Appendix B presents deta i ls .  

The lack  o f  a cor re la t ing  var iab le  leaves no means o f  ext rapolat ing 

measured EDC concentrations to the r e s t  o f  the  bas in  o r  o f  est imat ing 

*However, no l a n d f i l l  known t o  emi t  EM: i s  located where i t would s t rongly  
a f f e c t  a p a r t i c u l a r  monitor. 



concentrations when the analyses were less  than 100 ppt. Therefore, i t  can be 

stated only t h a t  the mean annual concentration among a l l  four sampling s i t e s  

l a y  i n  1983 between 19 and 110 ppt. 

The general ambient concentration may be augmented near discrete sources 

o f  EDC. The spec i f iab le  sources t o  which many people may be exposed include 

roadways, gasoline service stations, and l a n d f i l l s .  Ambient monitoring data 

taken a t  l a n d f i l l s  i n  the SCAB are sunnnarized i n  Table 111-2. 

Table 111-2 

Ambient EDC Concentrations Near L a n d f i l l s  

L a n d f i l l  Sample Duration No. Data Period Mean EDC, pp t  
- 

BKCI 24 hrs. 34 Ju l  .-Oct. 82 1,200 

Ascon -- 5 Nov. 11, 80 22,000 

s i t e  A; other s i t es  near BKK showed lower concentrations 

There are no monitoring data f o r  EDC near roadways o r  service stations, 

b u t  dispersion modeling supplies rough estimates o f  upper bounds. Table 111-3 

presents modeling results. They ind icate addi t ions t o  the general ambient 

concentration o f  3 pp t  o r  less (annual average), except f o r  addi t ions o f  " less 

than 29 pptU near service s ta t ions t h a t  do not  use vapor recovery on the 

pumps. The tab le  also shows 114 ppt  calculated near a one ton per year po in t  

source o f  EDC a t  Aerojet General i n  Sacramento. 

Thus, roadways and service stat ions apparently do no t  great ly  elevate the 

l oca l  concentrations o f  EDC, bu t  qu i te  h igh  concentrations have been measured 



near l a n d f i l l s .  Also, a f a i r l y  la rge  p o i n t  source ( ~ e r o j e t )  can augment 

nearby concentrations by an amount equivalent t o  the estimated mean i n  the 

SCAB. Since the DHS has r e s t r i c t e d  the disposal o f  v o l a t i l e  halogenated 

solvents i n  l a n d f i l l s ,  and gas recovery systems have been insta l led,  the data 

on concentrations near l a n d f i  11 s may no longer apply .- 
Table 111-3 

Estimated EDC Concentrations 

S i t ua t i on  Model 1 ed Model ~ e s u l  t& 

Busy freeway under CALINE 3 dispersion model; One-hour EDC 
worst-case meteor01 ogy 20,000 vehicles/hr. 11% concentrations.- .b/ 
(ARB Technical burn leaded fue l  ; 1.25 x 
Support D iv is ion)  10-3 grams EDC/mil e per distance 

leaded fue l  vehicle; F 7 
s t a b i l i t y  and 1 m/s wind 50 m 

% 
11 

speed 100 m 7.7 
200 m 2.2 

Busy intersect ion,  ISCST model ; Wilshire Blvd. Annual average 
actual meteorology @ Veterans Avenue, Los concentration a t  
(ARB Technical Angeles; 1.25 x 10-3 25 t o  40 meters 
Support D iv is ion)  grams EDC/mile per leaded from the road: 

fue l  vehic le  .5 t o  1.6 pp t  

Gas01 i ne service 
stat ion,  no vapor 
recovery ( d r a f t  
EPA document) 

(no t  stated) Maximum annual 
average 
concentration " i n  
the v i c i n i t y " :  

29 p p S /  

Aerojet, sacramento!?/ ISCST model ; 48 receptors Annual mean 
zero t o  two mi les from concentrations: 
property 1 i n e  highest -114 ppt; 

2nd highest - 29 p p t  

9 Concentrations are presented as increases t o  the general amblent 
concentration. 

bl Annual average concentrations would be a t  most 10% o f  these worst-hour 
values. 

41 The analogous value f o r  s ta t ions  w i th  vapor recovery would be about 3 ppt. 



C. EXPOSURE THROUGH OTHER MEDIA 

Beside inha l ing  EDC w i th  ambient a i r ,  many people could inhale i t w i th  

po l lu ted indoor a i r  o r  ingest i t  wi th  dr ink ing water o r  fumigated g ra in  

products. 

The EP&/ found tha t  cooked f l o u r  made from fumigated gra in  re ta ins  no 

detectable EDC. 

The ARB s t a f f  knows o f  no data on EDC i n  indoor a i r .  Because EDC has 

only minor i ndus t r i a l  uses i n  Cal i forn ia ,  exposures t o  EDC i n  work places are 

unknown. 

There are f a r  too few data on EDC i n  dr ink ing water i n  Ca l i fo rn ia  to 

characterize i t s  concentration i n  the  s ta te 's  water supplies. However, i n  a 

review o f  data taken from around the United States, the. EP& found t h a t  

less  than f i v e  percent o f  water systems have detectable EDC and t h a t  

detectable EDC concentrations are usual ly  1 ug/l  o r  lower. A person dr ink ing 

d a i l y  two 1 i t e r s  o f  water w i t h  1 ug o f  EDC per l i t e r  would ingest  730 ug o f  

EDC per year. This weight o f  EDC would equal about one-third o f  the weight 

insp i red annually i f  a i r  contaminated w i t h  about 65 p p t  o f  EDC ( the  midpoint 

o f  the range f o r  the average i n  1983 i n  the SCAB) were insp i red constantly a t  

the r a t e  20 cubic meters per day. 

This analysis indicates t h a t  a i r  i s  the major medium f o r  exposure to EDC 

i n  the  SCAB. 
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APPENDIX A 

SAMPLING AND ANALYSIS METHODS FOR ETHYLENE DICHLORXDE (EDC) 

1. Si tes - 
1.1 Ambient t ox i c  sampling f o r  EDC by the ARB s t a f f  comnenced a t  four  

locat ions i n  the South Coast A i r  Basin (SCAB) i n  January 1983. (See 

Figure 1 f o r  locat ions).  

1.2 The Downtown Los Angeles (DOLA) s i t e  i s  a t  the South Coast A i r  

Q u a l i t y  Management D i s t r i c t  (SCAQMD) a i r  monitor ing s ta t i on  located 

i n  metropol i tan Los Angeles. 

1.3 The El Monte s i t e  i s  a t  the Haagen-Snit Laboratory o f  the A i r  

Resources Board and i s  15 ki lometers east o f  DOLA. 

1.4 Another s i t e  i s  located a t  the  Ca l i f o rn ia  State University. Dominguez 

H i  11 s, i n  Carson, approximately 25 ki lometers south o f  DOLA. 

1.5 The four th  sampling s i t e  i s  located a t  the SCAQMD Riverside Stat ion 

i n  Riverside, 125 ki lometers east o f  DOLA. 

2. P r i nc ip le  o f  the Method 

2.1 Ambient a i r  i s  pumped i n t o  a po lyv iny l  f luor ide (Tedlar) sample bag 

a t  a constant r a t e  f o r  a 24-hour i n te rva l  ( 9  a.m. t o  9 a.m.) w i t h  an 

automatic sampler. 

2.2 A f te r  sampling, the ambient a i r  bag sample i s  returned t o  the 

laboratory  and the contents are analyzed by gas chromatography (GC) 

using an e lec t ron  capture detector. 

3. Range and Quant i ta t ion  L i m i t  

3.1 The minimum measurable concentration o f  EDC ("quant i ta t ion 1 imJtU) 

has been determined t o  be 100 par ts  per t r i l l i o n  (ppt )  f o r  100 m l  o f  

sample concentrated w i th  a freeze-out trap. 



3.2 The analysis range o f  EDC i s  100 ppt  t o  100 ppb. The upper 1 i m i t  may 

be expanded by d i l u t i n g  the sample. 

4. Confirmation o f  Chemical I den t i t y  

4.1 Any organic compound present i n  the sample having a re ten t ion  t ime 

s im i la r  t o  t h a t  o f  EDC under the operating condit ions described i n  

t h i s  method may i n te r fe re  w i th  the analysis. The chemical i d e n t i t y  

f o r  EDC i s  confirmed i n  10 percent of a l l  samples using a second 6C 

column (SP 1000 packed) fol lowed by an e lect ron capture detector. 

5. Calibration, Precision and Accuracy 

5.1 The ca l i b ra t i on  procedure employs the p r inc ip les  se t  f o r t h  i n  

Volume I o f  the "Qua l i t y  Assurance Handbook f o r  A i r  Po l lu t ion  

Measurement Systems" (U.S. Environmental Protection Agency, 1976). 

5.2 Standards are used i n  the l i n e a r i t y  check a t  concentrations which 

bracket the ant ic ipated range o f  po l l u tan t  concentrations. The 

ca l i b ra t i on  data are f i t t e d  t o  a s t ra igh t  l i ne ,  y=a + bx, by the 

method o f  l e a s t  squares. The ca l i b ra t i on  i s  acceptable ' i f  the 

f - r a t i o  i s  less  than the 95 percent re jec t i on  l i m i t .  

5.3 The 95 percent confidence i n te rva l s  are obtained by mu l t ip ly ing  the 

square r o o t  o f  variance by the appropriate value o f  It' from a It' 

table. 

5.4 Estimate o f  Errors 

5.4.1 Errors i n  EDC monitoring data occur through sampling e r ro rs  

(er rors  i n  obtaining an un-biased integrated 24-hour sample) 

and e r ro rs  i n  analysis. 



5.4.2 Errors in sampling occur through variations in flow rate and 

sampling time coupled with variations in the EDC concentra- 

tion of the atmosphere. The error due to sampling is 

estimated to be about - +10 percent. 
5.4.3 The sources of errors in analysis are the volumetric 

measurement of the GC sample aliquot, the preparation of the 

calibration standard, and fluctuations in the detector 

response. The analytical error is estimated to be - +10 percent 
when concentrations are above quantitation limit (100 ppt). 

The quantitation limit is defined as ten times the noise in 

the electron capture detectors output. 

5.4.4 The overall estimate of error is 220 percent for values above 

quantitation limits. 

5.5 References: 

Bennett, C. A. and Franklin, N. L., Statistical Analysis in Chemistry 
and Chemical Industry, p. 222-232, John Wiley & Sons, Inc., New York 

954). 

Draper, N. R. and Smith, H., Applied Regression Analysis, p. 30, 
John Wiley & Sons, Inc., New York (1966). 

Prunell, H., Gas Chromatography, p. 301-302, John Wiley & Sons, Inc., 
New York (196'2). 

U. S: Environmental Protection Agency, Quality Assurrance Handbook 
for Air Pollution Measurement Systems, Volume I -- Principles, 
Research Triangle Park, North Garollna 27711 (1976). 

6. Advantages and Disadvantages of the Sampling Method 

6.1 The air sampling equipment is easily set up and involves no liquids. 

6.2 A representative integrated sample is readily obtained because the 

equipment samples at a constant rate over a 24-hour period. 



6.3 The accuracy of the analytical data is not dependent on the air 

volume collected by the sampling apparatus. 

6.4 The minimum detection limit of the analysis may be lowered by 

freezing out a larger volume of the sample. 

6.5 The maximum measurable limit of the analysis may also be increased by 

diluting the sample. 

6.6 The polyvinyl fluoride (Tedlar) film sample bag is susceptible to 

leaks and permeation through the bag. However, the ambient 

concentration of EDC is stable for at least 72 hours in the Tedlar 

sampling bags when kept away from direct sunlight and not exposed to 

temperatures greater than 30 deg. C. 

6.7 The sample is susceptible to contamination from the bag and the 

diaphragm pump. 

7. Apparatus 

7.1 The sampling system consists of a diaphragm pump, seven-day timer, 

flow indicator, pressure regulator, flow controller, flow by-pass 

system, and the sample bag (see Figure 2). The diaphragm pump (made 

of steel and Teflon or Viton) draws ambient air through the sample 

system at approximate 5 liters per minute. Thirty-five milliters per 

minute of this air stream are sampled, the remaining flow is 

by-passed and vented. The sample flows through a diaphragm pump, a 

solenoid valve, a pressure regulator (set for 2-3 psig to prevent any 

accidental bursting .of over-filled sample bags), a flow control 

needle valve, a f lowmeter and into the sample bag. A seven-day timer 

regulates the sampling period. 



7.2 The Tedlar bags are equipped with stainless steel quick disconnect 

fittings. These bags have 2 mil wall thicknesses and 50 liter 

capacities. 

7.3 Rigid opaque bag containers are used to protect the samples from 

sunlight and accidental puncture. 

7.4 A gas chromatograph is used with a freeze-out system and electron 

capture detector. 

7.5 The freeze-out system consists of a stainless steel loop, a liquid 

nitrogen Dewar and a hot water Dewar. 

7.6 A glass column (6 ft x 1/4 inch), packed with 0.2% Carbowax 1500 on 

80/100 mesh Carbopack C, is used in the chromatograph. 

7.7 An analog recorder is used with an integrator to quantitate peak 

areas. 

7.8 A ground glass syringe is used to transfer air samples from the 

Tedlar bag to the GC sample inlet. 

7.9 Assorted gas cylinder regulators, flow meters, thermometers and a 

barometer are used for flow control and measurement. 

7.10 A 145 cubic foot (4160 liter) glass linked tank is used to prepared 

standard calibration mixtures. 

8. Reagents 

8.1 All chemicals used in the calibration are reagent grade: 

1,2-dibromoethane (EDB), methyl chloride, methyl bromide. Freon-11, 

Freon-12, dichloroethane (ethylene dichloride or EDC), 

1,2-dichloropropane, chloroform, 1 ,l ,l ,-trichloroethane (methyl 

chloroform) , carbon tetrachloride, bromodichloromethane, 

trichloroethane (TCE), chlorodibromomethane, bromoform, Freon-113 and 

tetrachloroethane (PERC). 



8.2 Helium, 99.995%. 

8.3 Zero nitrogen, be t te r  than 99.9999% pure. 

9. Procedure 

9.1 Preparation o f  the bags 

9.1.1. Bags are constructed from 2 m i l  Tedlar sheeting t o  form an 

envelope (27 inches x 27 inches). 

9.1.2 The seams are heated sealed t o  form an envelope which contains 

about 50 l i t e r s .  

9.1.3 Swagelock s ta in less s tee l  quick disconnect f i t t i n g s  ( P t .  No. 

SS-QC4-D-400UT) are attached w i th  a stainless s tee l  adapter 

having a Bunao-ring (Cajon Pt. No. SS-4-TA-OR-ST). 



9.1.4 All newly fabricated bags are leak and contamination tested. 

This involves three pressurization and evacuation cycles 

using zero a i r .  After a f ina l  pressurization to a drum- 

head tightness, the bags are  stored f o r  24 hours t o  test 

fo r  leakager If the bags do not remain tau t ,  they are 

repaired o r  discarded. If the bags remain tau t ,  the contents 

of the bags are analyzed f o r  EDC by GC. The contents of 

the bag must not exceed the EDC content of the zero a i r  

by more than 100 ppt. I f  these c r i t e r i a  are  met, the 

bags are  evacuated fo r  f i e l d  use. If the bags exceed the 

EDC level ,  the pressurization/evacuation and analysis 

. cycle is  repeated. 

9.1.5 Due t o  extensive handling, most used bags are not suitable 

fo r  recycling. h g s  sui table  f o r  recycling are analyzed 

w i t h  a flame ionization detector,  evacuated, re f i l l ed  w i t h  

zero a i r  and evacuated f o r  f i e l d  use. The unsuitable bags 

are discarded a f t e r  removing the f i t t i n g s  f o r  reuse. 

9.2 Preparation of sampling device f o r  smbient .sampling. 

9.2.1 The sample bag is attached t o  the sarrlpler via the s ta inless  

steel quick disconnect valve. 

9.2.2 The sample pump is  turned on and the flow adjusted w i t h  a 

metering valve t o  35 ml/min as  determined on the rotameter. 

9.2.3 The timer is  s e t  to  s t a r t  the saripler from 7 to 9 A.M. of the 

scheduled sampling day znd s e t  f o r  a 24 hour period. 

9 . 2 . 2  Check the pressure reguiator se t t ing  - (2  p s i g ) .  



9. (Contad) 

9.2.5 A label  i s  attached t o  the sample bag, no t ing  the  bag number, 

sampling day, sampling time, s ta r t i ng  sample f low and sampling 

location. 

9.2.6 Af ter  sampling i s  completed, the sampler's o p e r a b i l i t y  i s  

checked, and the  f i n a l  sample f low i s  noted on the  bag label. 

The sampler i s  turned o f f  and the sample bag i s  removed v ia  

the s ta in less s tee l  quick disconnect f i t t i n g .  

9.3 The sample bags are always kep t  i n  a r i g i d  opaque container whi le 

being used (I .e. dur ing sampling, transport, analysis and storage). 

9.4 The bag samples received a t  t he  laboratory are logged i n  and 

analyzed w i th in  24 hours. 

9.5 Analysis o f  samples (freeze-out method) 

9.5.1 Immerse the  freeze-out loop i n  l i q u i d  ni t rogen and al low 

the temperature t o  stab1 i 1 ize  (approximately 5 minutes). 

9.5.2 Flush the syr inge w i t h  about 100 m l  o f  sample, discharge 

the sample i n t o  a hood and withdraw exact ly  a 100 m l  

sample. 

9.5.3 Transfer the sample i n t o  the  precooled freeze-out loop 

through a Luerlock stopcock. 

9.5.4 Back- f i l l  the  syr inge w i t h  100 m l  o f  helium and t rans fe r  

i t i n t o  the loop; then fu r the r  f l ush  the  loop w i th  hel ium f o r  

2 minutes. 

9.5.5 Stop the helium f l u s h i n g  and remove the l i q u i d  ni t rogen 

Dewar from the  freeze-out loop. 

9.5.6 Iso la te  the cryogenic loop with " i so la t i on  valve.u 



9.5 (Cont'd) 

9.5.7 Replace the l i q u i d  nitrogen Dewar w i t h  a Dewar containing 

hot water a t  about 80 deg. C. 

9.5.8 Allow the loop to  come t o  equi 1 i bri um w i t h  the hot water. 

9.5.9 Introduce the sample in to  the ca r r i e r  gas stream w i t h  an 

"injection valve." 

9.6 Measure the areas of each of the GC peaks w i t h  an electronic 

integrator .  

9.7 GC conditions: 

9.7.1 Helium gas flow: 25 ml/min 

9 . 7 2  Make up gas: 10% methane i n  argon, 40 ml/rnin 

9.7.3 Heating bath temperature: 80 deg. C 

9.7.4 Column temperature: 6 t o  160 deg. C a t  8 deg. C/min 

9.7.5 Detector temperature: 300 deg. C 

9.7.6 Column backflush: 23 min a f t e r  inject ion 

10. Calibration and Standards 

10.1 Standard Reference Material f o r  ethylene di chloride is not available 

from the National Bureau of Standards. Since the same instrument is  

used t o  analyze various halogenated hydrocarbons, a standard cal ibrat ion 

mixture i s  prepared w i t h i n  the Haagen-Smi t Laboratory. 

10.1.1 The standard calibration mixture i s  prepared for  EDC and other 

compounds by d i l u t i n g  pure gases w i t h  zero a i r  and vaporizing 

pure liquids i n t o  2 large chamber of zero a i r .  



10.1.2 The typical standard calibration mixture thus prepared 

has the following concentrations: 

water 
mthanol 
methyl chloride 
methyl bromide 
dichlororethane 
chloroform 
trans-1,2-dichloroethene 
1.2-dichloroethane (EDC) 
1,1,1-trichloroethane 
carbon tetrachloride 
bromodi chloromthane 
1 ,bdichl  oropropane 
trichloroethene (TCE) 
di bromochl ororethane 
bromoform 
di bromethane (EDB) 
Freon-113 
Freon-11 
Freon-12 
tetrachloroethene (PERC) 

40.2 The typical standard is  prepared according to the following 

procedure : .. 

1 2 . 1  Clean the 145 cubic foot (4160 l i t e r s )  glass-lined steel 

tank by evacuating the tank t o  10-6 t o r r  and then flushing 

i t  w i t h  zero a i r  several times. 

10.2.2 Pressurize the tank t o  5 psia w i t h  zero a i r  a f t e r  the final 

evacuation. 

10.2.3 Using zero a i r  and glass gas bulbs introduce in to  the tank 

100 m l  of methyl chloride a t  18.7 t o r r ,  100 m l  of 

nethyl broniide a t  8.7 torr ,  100 ml of Freon-11 a t  0.4 torr  

and 100 ml of Freon-12 a? 0.4 to r r .  



10. (Cont'd) 

10.2 (Cont'd) 

10.2.4 Inject  100 microli ters  of the mixture of l iquid  standards 

in to  the tank through a heated injector  (150 deg. C) with a 

He carr ier  flow of 100 ml/min. The mixture of l iquid 

standards i s  prepared by mixing 3.0 ml  of methylene chloride, 

500 p1 of trans-di chloroethene, 500 v1 of 12-dichloroethane, 

1 m l  of 1,2-dichloropropane and 100 ~1 of each of the 

following: chloroform, l , l , l-trichloroethane, carbon 

tetrachloride, bromodichloromethane, tri chloroethene , 
chlorodi bromomethane . bromoform. di bromoethane, Freon-113 

and tetrachloroethene i n  44 ml of methanol. 

10.2.5 Humidify the contents of the tank by bubbling the zero a i r  . 
which is  being used t o  f i l l  the tank through 40 m l  of water 

7 

(heated to  boiling) un t i l  a l l  the water is  vaporized. 

10.2.6 Pressurize the tank t o  20 psia w i t h  zero a i r .  

10.2.7 Record the exact temperature and pressure. 

10.2.8 Let the mixture stand fo r  24 hrs. ( to  be sure that  an 

equilibrium between the wall surface and the gas is  

established). 

10.2.9 Check the new standard mixture against the previous 

standard mixture and the EPA quali ty assurance cylinders 

to  validate the concentrations before the new standard 

mixture i s  used f o r  cal ibrat ion.  

10.3 Stanaard: of 1 0 , : ~ ~  concentrations are prepared by di lut ing the 

above mixture V?:L zero nitrogen. 



(Cont'd) 

10.4 Cal ibrat ion 

10.4.1 Transfer various volumes ( the volume used depends on 

the concentration o f  the sample. normally 10. 30. 70. 

o r  100 m1) o f  the standard mixture from the 145 cubic 

f oo t  tank i n t o  the GC and analyze according t o  the 

procedure i n  9.5. 

10.4.2 F i t  the data t o  a s t ra igh t  l i n e  by the method o f  l e a s t  

squares. I f  the c a l i b r a t i o n  i s  less  than the 95% 

re jec t ion  l i m i t ,  i t  i s  acceptable; otherwise, the  

ca l i b ra t i on  should be repeated. 

10.4.3 A s ingle ca l i b ra t i on  check i s  done by t rans fe r r ing  10 

m l  o f  the standard mixture from the tank i n t o  the GC 

and analyzing according t o  the procedure i n  9.5. 

11. Qua1 i t y  Assurance 

11.1 Bag mater ia l  tes ts  are performed t o  determine the s u i t a b i l t y  o f  the 

Tedlar used t o  construct sample bags. 

11.1.1 Bagcontaminat iontest :  A b a g i s f i l l e d w i t h z e r o  

ni t rogen and the  contents are analyzed. The EDC 

concentration should be below the quant i ta t ion l eve l  

o f  100 ppt. 

11.1.2 Bag s t a b i l i t y  t e s t :  Six bags are f i l l e d  w i th  10 ppb o f  

EDC i n  zero n i t rogen and contents are analyzed a t  

various in terva ls .  The EDC concentrations should 

remain stable f o r  72 hours. 



11.1.3 Bag record: A log of each bag is kept t o  ensure tha t  

a t  no time has an ambient bag been used t o  sample high 

concentrations of (>I00 ppb) any compound. The log 

contains dates of fabricat ion,  leak tes t ing ,  sampling, 

the sampling si te lda te  , bag ident i f ica t ion,  and the 

bag destruction date. 

11.2 Each sampler is  tested f o r  contamination before f i e ld  use by 

pumping zero a i r  in to  a sample bag. The contents of the bag are 

analyzed for  EDC contamination. If  the EDC concentration i s  found 

t o  be below the detection limit, the sampler system is then ready 

f o r  f i e ld  use. I f  the system f a i l s  this t e s t ,  i t  is disassembled, 
' 

decontaminated, reassembled and retested. T h i s  check i s  repeated 

every s ix  months fo r  each sampler system o r  more frequently i f  

anomalies occur. 

11.3 Analysis 

11.3.1 Z$ro nitrogen is  run every day t o  be sure the GC shows 

no signal f o r  the blank: The ins t rumnt  is  cleaned out 

and the blank rerun un t i l  the GC passes the blank t e s t .  

11.3.2 A standard cal ibra t ion is r u n  before any samples are 

analyzed. This i s  t o  ensure the cal ibrat ion factor  of 

the instrument has not changed. I f  the calibration fac tor  

'is changed by more than 5 percent, the GC is  checked fo r  

any malfunction. I f  there is  malfunction, i t  is repaired 

and the GC recalibrated.  If there i s  no malfunction, two 

more calibration runs are  performed during t h ?  day. I f  

the calibration runs a r e  within 10 per cent c' ezth other,  



11.3.2 the analyses for  t h a t  day are ca lcu lated based on the average 
(cont '  d) 

of the  new caf i b r a t i o n  factors. I f  the c a l i b r a t i o n  runs are 

n o t  w i t h i n  10 percent, the GC has t o  be examined f o r  any 

malfunctions. When the instrument i s  repaired, the 

c a l i b r a t i o n  i s  rerun. 

11.3.3 Ten percent o r  more of the samples are reanalyzed t o  check 

prec is ion.  

11.4 q u a l i t y  assurance audi t :  The standard mixture prepared i n  the 

Laboratory sha l l  be checked annual ly w i t h  the  EPA q u a l i t y  

Assurance Aud i t  Cylinders. These PA cy l inders are no t  ava i lab le  

f o r  a l l  the compounds, bu t  those t h a t  are ava i lab le  s h a l l  agree 

we1.l (5-10%) w i t h  our standards. 

12. Calculat ions 

12.1 The EDC concentrations, i n  ppt ,  are ca lcu lated by a data system 

us ing the ex te rna l  standard method. 

Concentration = Area x Ca l ib ra t ion  Factor 

Area = In tegra ted  EDC peak area 

12.2 The c a l i b r a t i o n  f a c t o r  (CF) i s  ca lcu lated dur ing c a l i b r a t i o n  by 

the  equation: 

CF = Concentrati  on/Peak Area 

Repl icate ca l f b ra t i ons  are averaged and the a r i t h m t i c  mean i s  

s to red  as the CF t o  be used i n  subsequent analyses. 

12.3 Concentrations may be converted from pp t  t o  ng/m3 by means o f  

the f o l  1 owing formula : 

ng/m3 = (PI (MW) (pot )  ( l o3 )  
(82) (TI 



P s pressure in atmospheres 

I54 = molecular weight of 1,2-dichloroethane (EDC) 

82 = gas constant in (cm3) (atm)/(deg. K) (mole) 

T = absolute temperature (deg. K) 





TIMER 
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APPENDIX B 

AMBIENT A I R  MONITORING DATA AND ANALYSIS 

Ethylene d ich lor ide (EDC) samples were co l lec ted  a t  four  locat ions i n  the 

South Coast A i r  Basin and analyzed by the A i r  Resources Board's Haagen-Smit 

Laboratory Division. EDC sampling began i n  January 1983 a t  the Dominguez 

H i l l s ,  El Monte, and Los Angeles-North Main sites; sampling a t  the 

Riverside-Magnolia s i t e  began i n  February 1983. Although sampling i s  

continuing a t  the four  sites, data are cur ren t ly  avai lable only through 

August 1984. These 566 data are used i n  the fo l lowing analyses. 

Data were reported t o  a minimum value (detect ion l i m i t )  o f  100 par ts  per 

t r i l l i o n  (ppt). The incidence o f  detectable concentrations a t  each sampling 

loca t ion  i s  summarized i n  Table 0-1. Thirteen percent o f  a l l  EDC analyses 

were above the detection l i m i t .  Table 8-2 shows the s t a t i s t i c s  f o r  the 

reported (above detection l i m i t )  data among the stations. 

The monthly trends o f  EDC measurements from 1983 and 1984 are shown i n  

Figures 0-1 through B-4. For these f igures, monthly "average" have been 

computed using the value 50 f o r  each undetectable concentration (i.e.. less  

than 100 ppt). Although t h i s  treatment does no t  compute a t rue  average 

concentration, i t  i s  useful f o r  d isp lay ing trends i n  the data. 

A l l  four  s i t e s  show maximum "average" EDC concentrations during January o r  

February o f  1983; i n  contrast, average concentrations a t  a l l  s i t e s  during 



January and February 1984 are much lower. Three si tes,  E l  Monte, Los 

Angeles-North Main, and R i  vers i  de-Magnol ia ,  show secondary maximums during 

June o f  1983; however, t h i s  secondary maximum i s  above the detection l i m i t  

only a t  Riverside-Magnol ia. Monthly averages during more than h a l f  o f  the 

sampling months are below the detection 1,imit. 

The four locat ions have d i f f e r e n t  sampling schedules. Samples are co l lec ted 

a t  the El Monte s i t e  approximately f i v e  times each week. A t  the other three 

locations, samples are col  1 ected approximately once each week, b u t  on 

d i f f e r e n t  days. Consequently, on a given day, samples may be co l lec ted a t  

two sites. These double sampling days usual ly comprise one sample a t  El 

Monte and a second sample a t  one o f  the other three locations. 

Table 8-3 shows the twenty-f ive highest twenty-four hour EDC concentrations 

measured a t  the four s i tes.  This table also shows the same-day EDC 

concentration a t  any other s i t e  where a sample was collected. The comparison 

data are l i m i t e d  because many o f  the high concentrations occurred during 

January 1983 and no double samples were taken during t h i s  month. O f  the high 

concentrations sumnarized i n  Table 8-3, only ten have corresponding same-day 

comparisons. O f  these ten, s i x  pa i r s  are both high while'  the other four are 

high a t  one s i t e  and low a t  the comparison s i te .  The highest o f  the da i l y  

averages, 390 ppt, was measured on January 5, 1983 a t  El Monte; there i s  no 

corresponding measurement a t  another locat ion.  Because o f  the lack o f  

consistency i n  comparisons and the large number o f  concentrations f o r  which 



no comparison can be made, no conclusions about the re la t ionsh ip  o f  EDC 

concentrations between s i t e s  are j u s t i f i e d  from these data. 

I n  a second comparison, a l l  same-day p a i r s  o f  data between El  Monte and each 

o f  the other sampling s i t e s  were tested f o r  correlat ion. Should the other 

s ta t ions show a high cor re la t ion  t o  El Monte, i t would ind icate t h a t  EDC 

emissions are uniform both s p a t i a l l y  and temporally. Should they show l i t t l e  

o r  no correlat ion, i t  would suggest t h a t  emissions are more loca l i zed  and 

var iable over the basin. The fo l lowing number o f  data pa i rs  were tested: 

El Monte/Dominguez H i l l s  (571, El Monte/Los Angeles-North Main (691, El Monte/ 

Riverside-Magnolia (68). Pearson co r re la t i on  coe f f i c ien ts  between El Monte 

and each other s i t e  range from +0.48 (Riverside-Magnol i a )  t o  +0.58 (Dominguez 

H i l l s ) .  These values seem t o  ind ica te  some degree o f  consistency between 

sites; however, because most measurements a t  each s i t e  were assigned the 

constant value 50 ppt, the co r re la t i on  coe f f i c i en ts  may be in f la ted.  When 

data pal r s  containing measurements below the detection 1 i m i  t are el iminated 

from the analysis, the remaining data sets are too small t o  y i e l d  meaningful 

cor re la t ion  resu l t s  (El Monte/Dominguez H i l l s  - 3 pairs; 

E l  Monte/Los Angeles-North Main - 4 pairs;  E l  Monte/Riverside-hagnolia - 
5 pairs) .  These resu l t s  ind icate t h a t  ethylene d ich lor ide emissions are no t  

uniform throughout the basin. 

I n  add i t ion  t o  same day EDC correlat ions, we evaluated Pearson corre la t ions 

f o r  the twenty-four hour EDC concentrations and simultaneous concentrations 

o f  other halogenated compounds (measured as p a r t  o f  the t o x i c  po l lu tan ts  



sampling program), c r i t e r i a  pol lutants,  and aerometric variables. Table 0-4 

i s  a l i s t  of variables t o  which we attempted t o  corre la te  EDC. Ethylene 

d ich lor ide does not  corre la te  t o  any o f  the variables; a l l  co r re la t ion  

coe f f i c ien ts  are below +0.25. However, the large proport ion o f  measurements 

below the detection l i m i t  may make corre la t ions d i f f i c u l t  t o  spot. The 

apparent lack o f  cor re la t ion  between a l l  EDC and carbon monoxide data 

(cor re la t ion  coe f f i c i en t  o f  +0.21) ind icates t h a t  automobile exhaust i s  not  a 

s i g n i f i c a n t  source of EDC emissions a t  the four s i tes.  Correlat ions between 

EDC and carbon monoxide (CO) f o r  each s i t e  i nd i v i dua l l y  y i e l d  comparable 

resu l t s  (coe f f i c ien ts  range from +0.15 t o  +0.46). 

Ratios o f  peak da i l y  EDC t o  mean annual concentrations (wi th  undetectable 

concentration se t  a t  50 pp t )  during 1983 are sumnarized i n  Table 8-5. Ratios 

range from 3.1 a t  Riverside-Magnolia to 5.7 a t  El Monte. The magnitude o f  

the r a t i o s  and degree o f  s i m i l a r i t y  from s i t e  t o  s i t e  suggest t h a t  the 

samplers are most l i k e l y  being inf luenced by emissions from sources located 

throughout the sampling areas ra ther  than by i so la ted  sources. Carbon 

monoxide peak t o  mean r a t i o s  ( i nd i ca t i ve  o f  s p a t i a l l y  homogeneous emission 

sources) f o r  the same time per iod range from 2.7 a t  Riverside-Magnolia t o  3.6 

a t  Dominguez H i l l s .  It i s  evident from these CO ra t ios ,  i n  comparison t o  the 

EDC rat ios,  t h a t  EDC emission sources are spread throughout the sampling 

areas; however, the overa l l  d i s t r i b u t i o n  o f  sources i s  not  as uniform around 

each sampling loca t ion  as are CO emission sources. 



Our analyses do not  lead t o  any means whereby ethylene d ich lo r ide  

concentrations can be estimated a t  loca t ions  away from the four  t o x i c  

sampling s i t e s  o r  f o r  times when analyses were below the 100 pp t  detect ion 

l i m i t .  Therefore, i t  can be s ta ted only t h a t  the mean annual concentration 

among a l l  four  sampling s i t e s  l a y  between 19 and 110 p p t  i n  1983. These 

values are obtained by using zero o r  100 ppt, respectively, f o r  each 

undetectable concentration i n  1983. 



Table 6-1 

Incidence o f  EDC Concentrations Above the 
Detection L im i t  

Total Number Percent o f  Samples 
Sampling Location o f   ample& Above Detection L i m i t  

Domi nguez H i 1  1 s 78 10.3% 
E l  Monte 327 13.5% 
Los Angeles-North Main 82 12.2% 
Riversi  de-Magno11 a 79 19.0% 

a/ January 1983 t o  August 1984 ( t o  September 1984 a t  El Monte) - 

Table B-2 

Sumnary o f  Detectable Concentrations from EDC Monitoring 
a/ (ppt, mean)- 

Dom. H i l l s  Riverside El Monte La-No. Main 

Jan-Dec, 1983 148 123 137 164 
Jan-Aug, 1984 - 128 103 -b/ 
A l l  samples 148 125 135 164 

II! average o f  data greater than 100 pp t  

bl data through September 1984 



Table B-3 

Twenty-f i v e  Highest 24-Hour EDC 
Concentrations With Same Day Concentrations a t  Other Stat ions 

(1983) 

Highest Concentations Same-Day Concentrations 

Rank Month Day S i t e  Ppt S i t e  (ppt )  

1 1 5 El Monte 390 (None ) 
2 1 6 LA-No. Main 280 (None ) 
3 1 9 Dom. H i l l s  280 (None ) 
4 2 6 El Monte 250 (None ) 
5 1 19 LA-No. Main 240 (None 
6 2 7 El Monte 230 LA-No. Main 50 
7 2 15 Riverside 200 Dom. H i l l s  110 

E l  Monte 160 
8 1 2 El Monte 190 (None ) 
9 1 4 Dom. H i l l s  190 (None ) 

10 1 16 LA-No.Main 180 (None ) 
11 1 11 LA-No. Main 160 (None ) 
12 1 13 El Monte 160 (None ) 
13 2 15 El Monte 160 Dom. H i l l s  110 

Riverside 200 
14 3 1 El Monte 150 LA-No. Main 110 
15 3 30 Riverside 150 El Monte 50 
16 6 13 El Monte 150 Dom. H i l l s  50 
17 6 14 LA-No. Main 150 El Monte 150 
18 6 14 El Monte 150 LA-No. Main 150 
19 1 3 LA-No. Main 140 (None) 
20 1 26 El Monte 140 (None ) 
21 2 13 LA-No.Main 140 (None ) 
22 2 17 El Monte 140 LA-No. Main 120 
23 2 21 El Monte 140 (None ) 
24 5 25 E l  Monte 140 Riverside 50 
25 11 7 E l  Monte 140 (None) 



Ambient Concentrations 

TABLE B-4 

Independent Regression Variables 

Benzene 
Carbon te t rach lor ide 
Chloroform 
Trans-1,2-dichloroethene 
1.2-dichloropropane 
Ethylene dibromide 
Methyl chloroform 
Methylene chlor ide 
Perch1 oroethylene 
Trichloroethylene 

Aerometric Parameters 

Minimum temperature 
Maximum temperature 
Dai ly  temperature range 
Resultant wind d i rec t ion  
Resultant wind speed 
Average wind speed 
850 mb temperature 

Carbon monoxide 
Oxides o f  n i t rogen 

TABLE 8-5 

Ratios o f  Peak Da i l y  and Annual Average* 
EDC Concentrations 

(1983) 

Peak (ppt )  Mean (ppt)  Peak: Mean 

Domi nguez H i  11 s 280 63.5 
El Monte 390 68.8 
Los Angeles-North Main 280 72.4 
R i  versi  de-Magnol i a  200 65.5 

*Computed using 50 ppt  f o r  each value l ess  than 100 ppt; n o t  necessarily the 
t rue  mean ambient concentration. 
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APPENDIX C 

CALCULATION OF EDC EVAPORATIVE EMISSION FACTOR 

According t o  Raoult 's law, the mole f r a c t i o n  o f  species i n  the vapor phase i s  

Y i  = , x i  Pi /Pt  

where xi and Pi are the mole f r a c t i o n  i n  the l i q u i d  phase and vapor 

pressure o f  the i t h  species, respectively, and Pt i s  the t o t a l  pressure. 

Thus, 

- - P /x 
YEDC~~EDB X~~~ EDC EDB P~~~ 

The vapor pressure o f  EDC (61 mn Hg) and EDB (11 mm Hg) a t  2D°C are known and 

the  molar r a t i o  o f  EDC to EDB i n  gasoline i s  estimated as 2:1.1i The molar 

r a t i o  and the mole f r a c t i o n  r a t i o  (xEDC/xEDB) are the same. Therefore, 

the evaporative emission fac to r  o f  EDC can be approximated by the fol lowing: 

= 11 mole EDC/mole EDB 

CALCULATION OF VEHICULAR EVAPORATIVE EMISSIONS (VE Emissions) 

YE Emission 
Factor = (11 mole EDC/mole EDB)(99/188) (9 x 10-5 l b  EDB/lb THC) 

= 5.2 x 10-4 1 b EDC/l b THC 

where the vehicular evaporative emission fac to r  f o r  EDB i.! 9 x lo-' l b  

EDB/lb hydrocarbod/ and 99/188 i s  the r a t i o  o f  molecular weights. 

77,771 tons HC were emitted I n  ,1983.3 Therefore, 

VEEmissions = (77,771 t o n s H C / y r . ) ( 5 . 2 ~ 1 0 ' ~ l b .  EDC/lb. THC 

= 41 tons EDC year  



CALCULATION OF GASOLINE MARKETING EMISSIONS 

The weight r a t i o  o f  te t raethy l  lead t o  ethylene d ich lor ide i s  1.0:0.34 

(Roberts, 1980, pg 3-82). The volume percent o f  EDC i n  leaded gasoline i s  

therefore : 

Vol % EDC = (0.304 g.EDC/1.0 g.TELI(323 g.TEL/mole)(207 g . ~ b h o l e ) - l  

(1.1 g.Pb/gal. gasoline)(1.25 g . ~ ~ ~ / a l ) - l  

' (3785 ml/gal.)-l (100%) 

= 0.011% 

I n  an EPA report, the mass f rac t i on  o f  EDC i n  saturated gasoline vapor f o r  

0.030 Vol % EDC a t  70'F i s  5.2 x (EPA, 1984, pg 2-7). Assuming EDC i n  

saturated gasol i ne  vapor i s  d i r e c t l y  proport ional t o  the volume percent o f  EDC 

i n  gasoline, an EDB emission fac to r  f o r  gasoline marketing based on these data 

i s :  

EDC emfac = (5.2 x lu4 lb/EDC/lb.THC) (0.011%/0.030%) 

= 1.9 I~.EDC/I~.THC 

The TOG emissions from gasoline marketing, inc lud ing emissions from po in t  

sources, are estimated as 36.800 tons i n  1983. Assuming TOG emissions from 

leaded gasoline are proport ional t o  the amount o f  leaded gasoline produced a t  

the re f iner ies,  41.2 percent o f  the estimated TOG emissions are from leaded 

gasoline (calculated by the percentage o f  leaded gasol ine  t o  t o t a l  gasoline 

output from re f i ne r i es  - CEC, 1984, pg. 30,311. 



For gasoline evaporation, a ton of TOG is  equivalent t o  a ton of THC (CARB, 

1983, pg H-17). The EDC emissions from gasoline marketing are t h u s :  

EDC Ems = (36,800 tons TOG/yr) (THC/TOG) (0.412) 

(1.9 I ~ . E D C / I ~ . T H C )  

= 2.9 tons/year. 

CALCULATION OF GASOLINE PRODUCTION AND BLENDING EMISSIONS (PG & B Emissions) 

The estimated THC release from gas01 ine mixing, transfer and storage operation 

a t  Douglas refinery i n  1979 was 38 lb/hr (Roberts, 1980, pg 3-92). 

Gas01 ine production capacity a t  Douglas refinery i n  1979 was 8,500 bbl/day 

(Roberts, 1980, pg 3-84). Assuming production a t  7UZ capacity, 5,950 bbl/day 

of gasoline would have been produced a t  the Douglas refinery. An emission 

factor for  gasoline production calculated from these data is  t h u s :  

EDC emfac = (38 lb.THC/hr) (1.9 x 1 0 ' ~  lb.EDC/lb.THC) (24 hr./d) 

(5950 bbl /day )-' 

= 2.91 x lb.EDC/bbl gasoline 

The total leaded gasoline production i n  1983 was 11 9,472,000 bbls (CEC, 1984, 

pg 31 ). Using these data, EDC emissions for  gasoline production are estimated 

to  be: 



EDC Ems  = (119,472,000 bb l /y r )  (2.91 x l & . ~ ~ ~ / b b l )  

(tQn/2,0001b) 
! 

= 1 .g tons/yr. 

CALCULATION OF VEHICULAR EXHAUST EMISSIONS (V. Exh. Ems ) 

2/ The survival  ra te  o f  EDB (wt. i n  the  exhaust/wt. i n  f u e l )  i s  0.0037.- 

7/ The r e l a t i v e  weight f ract ions o f  EDC t o  EDB i n  the exhaust are:- 

1.67 1 b. EDC/lb. ED0 ( f o r  0.85- l i ter  engine) 

3.56 l b .  ~ ~ d / l b .  EBB ( f o r  3 .0- l i ter  engine) 

(These data were calcqlated f o r  i d l e  and constant speed condit ions). 

2112 tons o f  EDB were used i n  Ca l i fo rn ia  leaded gasoline f o r  motor vehicles i n  
I 

1 983.fii Therefore, 

I 

V. Exh. Ems ( f o r  0 .85 i l i te r  engine) = (2112 tons EDB/yr)(0.0037)(1.67 EDC/EDB) 

= 13 tons/yr., o r  

V. Exh. Ems ( f o r  3.0-11iter engine) = (2107 tons EDB/yr)(0.0037)(3.56 EDC/EDB) 
I 

= 28 tons/yr. 
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