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REPORT TO THE SCIENTIFIC REVIEW PWlEL 
ON BENZENE 

OVERVIEW 
'y 

I. INTRODUCTION 

Assembly Bill 1807 (StatS. 1983, Ch. 1047; Health and Safety Code Section 

39650 e t  seq., Food and Agriculture Code Section 14021 e t  seq. ), enacted i n  

September 1983, s e t s  forth a procedure for the identification and control of 

toxi c a i r  contami nants (TAC) i.n California. Staff  is proposing, i n  accordance 

w i t h  the provisions of AB 1807, t h a t  benzene be identified as a toxic a i r  

contaminant. T h i s  overview reviews br ie f ly  the ARB'S report on the uses of. 

and the extent of emissions of and pub1 i c  exposure t o  benzene i n  California, . 

(Par t  A of this report) and the DHS' evaluation of the health effects  of 

benzene (Part  B bf this report).  ~ h e ' f i n d i n g s  i n  these  reports compri.se the 

rat ionale fo r  the selection of benzene as a candidate substance fo r  l i s t i n g  a s  

L 
a toxic a i r  contaminant. 

AB 1807 defines a "toxic a i r  contaminant* as  an a i r  pollutant which may 

cause or  contribute t o  an increase i n  mortality or  an f ncrease i n  serious 

i l lness ,  or  which may pose a present o r  potential hazard t o  human health" 

(Section 39655).y Under AB 1807, the  Air Resources Board ( the  Board) is 

responsible for  the  identif icat ion and control of toxic ai r contaminants, 

except i n  t he i r  pesticidal use. The Department of Food and Agriculture is 

responsible for  the  regulation of toxic a i r  contaminants i n  the i r  pesti  ci dal 

use (Sections 39650(g) and 39655; Food and Agriculture Code Section 14021 e t  

seq. ). AB 1807 specif ies expressly t h a t  substances which- have been ident i f ied  

1 1  All s tatutory references a re  t o  the Health and Safety Code unless - 
otherwf se  indicated. 



by the  Environmental Pro tec t ion  Agency as hazardous a i r  po l l u tan ts  (Section 

112 o f  the  Clean A i r  Ac t )  s h a l l  be i d e n t i f i e d  as t o x i c  a i r  contaminants by the  

A i r  Resources Board (Sect ion 39655). Benzene has been i d e n t i f i e d  as a 

hazardous a i r  p o l l u t a n t  by EPA. 

Included i n  AB 1807 are t he  Leg i s l a tu re ' s  f ind ings  w i t h  respect t o  

substances which may be t o x i c  a i r  contaminants (Sect ion 39650). The 

Leg is la tu re  declares: 

"That pub l i c  heal th,  safety, and welfare may be endangered 

by t h e  emission i n t o  t he  ambient a i r  o f  substances which 

are determined t o  be carcinogenic, teratogenic,  mutagenic, 

o r  otherwise t o x i c  o r  i n j u r i o u s  t o  humans. 

The f indings a l so  i nc lude  d i r e c t i v e s  w i t h  respect  t o  the  considerat ion o f  

s c i e n t i f i c  evidence and the  bas i s  f o r  regu la to ry  action. With respect t o  t he  

con t ro l  o f  t o x i c  a i r  contaminants, t he  ~ e ~ i s l a t u r e  declares: 

"That i t  i s  t he  p u b l i c  p o l i c y  o f  t h i s  s t a t e  t h a t  emissions 
- - ,- 

o f  t o x i c  a i r  contaminants should be c o n t r o l l e d  t o  l e v e l s  

which prevent harm t o  t h e  publ i c  health." 

The Leg i s l a tu re  f u r t h e r  declares that ,  'while absolute and und4 sputed 

s c i e n t i f i c  evidence may n o t  be ava i l ab le  t o  determine the  exact  nature and 

ex ten t  o f  r i s k  from t o x i c  a i r  contaminants, i t  i s  necessary t o  take ac t i on  t o  

p r o t e c t  publ i c  health. " 

U i  t h  respect  t o  t he  evaluat ion o f  substances, the  Leg is la tu re  declares 

t h a t  t h e  b e s t  ava i l ab le  s c i e n t i f i c  evidence, gathered from both pub l i c  

agencies and p r i v a t e  sources, i n c l u d i n g  indust ry ,  should be used. The 

Leg i s l a tu re  a l so  f i n d s  t h a t  t h i s  in fo rmat ion  should be reviewed by a 

s c i e n t i f i c  review panel and by members o f  the  publ ic.  



The procedures establ ished i n  AB 1807 imp1 ement t he  Leg is la tu re 's  

, f ind ings.  Spec i f i ca l l y ,  determination by  t he  Board as t o  whether a substance - i s  a t o x i c  a i r  contaminant includes several steps. F i r s t ,  t h e  ARB s t a f f  

requests the  DHS t o  evaluate the hea l th  e f f e c t s  o f  a substance (Sect ion 

39660). The evaluat ion includes a comprehensive review o f  a1 1 ava i l ab le  

s c i e n t i f i c  data. Second, upon r e c e i p t  and i n  cons idera t ion  o f  the  DHS 

evaluat ion and recommendation, the  s t a f f  prepares and submits a hea l th  e f f e c t s  

r e p o r t  t o  the  S c i e n t i f i c  Review Panel (SRP) f o r  i t s  rev iew (Sect ion 39661 ). 

The r e p o r t  i s  prepared i n  a form which may serve as t h e  bas is  f o r  regu la to ry  

a c t i o n  by t he  Board. The r e p o r t  i s  a lso  made a v a i l a b l e  t o  t h e  publ ic ,  which 

may comment d i r e c t l y  t o  the  SRP. A f te r  review by the  SRP, t h e  report ,  w i t h  

t h e  w r i t t e n  f i n d i n g s  o f  the  SRP, i s  considered by  t he  Board i n  determining 

whether t he  substance i s  a t o x i c  a i r  contaminant. The Board's determination 

as t o  whether a substance i s  a t o x i c  a i r  contaminant must be s e t  f o r t h  i n  a 

regu la t i on  and considered a t  a not iced pub1 i c  hear ing (Sect ion 39662). 
L 

AB 1807 a l so  inc ludes procedures f o r  t h e  development and adopt ion o f  con t ro l  

measures f o r  substances i d e n t i f i e d  as t o x i c  a i r  contaminants (Sections 

39665-39667). 

11. EVALUATION OF BENZENE 

I n  accordance w i t h  t he  procedures spec i f ied  i n  AB 1807, t h e  ARB and the  

DHS f i r s t  p r i o r i t i z e d  substances f o r  eva lua t ion  and r e g u l a t i o n  as " t o x i c  a i r  

contaminantsU pursuant t o  Sect ion 39660(f). B r i e f l y ,  se lec t i on  o f  a substance 

f o r  the  Board's.considerat ion i s  t o  be based on t h e  r i s k  t o  t h e  pub l i c  from 

exposure t o  t h e  substance, amount o r  p o t e n t i a l  amount o f  emissions, manner o f  

usage i n  C a l i f o r n i a ,  atmospheric persistence, and ambient concentrations. The 



ARB s t a f f ,  a f t e r  consu l t ing  the  Department o f  Health Services (DHS), selected 

benzene as t h e  f i r s t  substance fo r  t h e  Board's cons iderat ion f o r  l i s t i n g  as a 

TAC. A cen t ra l  f ac to r  i n  i t s  se lec t ion  was that, as a 'nazardous a i r  

pol  l utan t "  designated by the  U.S. Environmental Pro tec t ion  Agency (EPA) 

pursuant t o  Sect ion 112 o f  t he  Clean A i r  Act, benzene must, according t o  AB 

1807, be i d e n t i f i e d  as a TAC by the Board. I n  addi t ion,  t h e  s t a f f  selected 

benzene because i t  i s  a known human carcinogen ( t he  pr imary bas is  f o r  EPA's 

"hazardous a i r  po l l u tan t "  designation), i t  i s  ub iqu i tous ly  emf t t e d  by the 

market ing and burning o f  gasoline, i t  i s  pe rs i s ten t  i n  the atmosphere, and f t s  

presence i n  t he  atmosphere i s  we l l  documented. Per t inen t  data are shown 

be1 ow. 

Emissions ( C a l i f o r n i a )  
,Stat ionary sources 

Gasol ine-re la ted 
Other 

Vehicular 

Atmospheric Hal f - ~ i  f e  
(OH. at tack,  poTluted 
atmosphere 

. - .- 

12 days 

Ambient Concentration 
 asin in 4.6 p a r t s  per b i l l i o n  (ppb) 

popul a t i  on-wei ghted 
year-round average 

South Coast A i r  Basin range 
(24 hr. average) 1.2-1 6 ppb 

Pursuant t o  Heal th and Safety Code Sect ion 39660, the  ARB then requested 

t h a t  t he  Department o f  Heal th  services conduct a h e a l t h  e f f e c t s  eva lua t ion  o f  

benzene. The DHS evaluat ion was conducted . i n  accordance w i t h  the  prov is ions 

o f  t h a t  section, which requ i res  t h a t  t h e  OHS consider a l l  ava i l ab le  s c i e n t i f i c  

data. inc lud ing,  b u t  n o t  l i m i t e d  to, r e l evan t  data provided by the  State 

Board, t h e  Department o f  , I ndus t r i a l  Relations, i n t e r n a t i o n a l '  and federa l  a 



health agencies, pr ivate industry, academic researchers, and publ ic health and 

environmental organizations. To f a c i l i t a t e  the' i d e n t i f i c a t i o n  o f  a l l  

avai lable data, the ARB, p r i o r  t o  formally requesting the DHS evaluation, sent 

a l e t t e r  t o  owners o f  sources o f  benzene emissions i n  Cal i fo rn ia  and other 

interested members o f  the publ ic requesting t h a t  they subnit  any information 

they considered pert inent  t o  the DHS evaluation. The ARB also received a . 
reference search on benzene health e f fec ts  using the MEDLARS I 1  and DIALOG 

Information Services and included a bibliography from t h a t  search i n  i t s  

request f o r  information. The data compiled i n  the search were provided t o  the 

DHS. Also, the DHS report  was released t o  the publ ic  upon i t s  completion on 

Ju ly  27, 1984, providing addit ional time during the ARB'S preparation o f  the 

repor t  t o  the SRP f o r  the pub l ic 's  preparation o f  comments; The DHS report  

was also provided t o  the SRP on t h a t  date. 

Section 39660 specifies t h a t  the evaluation sha l l  assess the ava i lab i l  i ty 

and qua l i ty  o f  data on health effects, inc luding potency, mode o f  action, and 

other relevant b i  01 ogical factors o f  the substance. Section 39660 a1 so 

requires t h a t  the evaluation contain an estimate o f  the l eve l s  o f  exposure 

which may cause or  contr ibute t o  adverse health effects, and, i n  the case 

where there i s  no threshold o f  s i gn i f i can t  adverse health effects, the range 

o f  r i s k  resu l t i ng  from current o r  ant ic ipated exposure. 

I n  accordance w i t h  these requirements, f i v e  major issues discussed i n  the 

DHS health e f fec ts  evaluation o f  benzene are: 1 I s  benzene a human and/or 

animal carcinogen? 2) Does benzene have a threshold below which cancer does 

no t  occur? 3) Are health e f fec ts  other than cancer expected t o  occur a t  usual 

ambient leve ls? . 4) What i s  the range of added l i f e t i m e  cancer r i s k  for 



populations continuous1 y exposed t o  Ca l i fo rn ia  's  urban a i r  benzene 

concentrations? and 5 )  I s  t h i s  r i s k  s u f f i c i e n t  t o  recamend l i s t i n g  benzene 

as a tox ic  a i r  contaminant? Based on i t s  review o f  a l l  avai lable s c i e n t i f i c  

data, the DHS evaluation concludes that :  1 ) benzene i s  a human and animal. 

carcinogen; 2 )  benzene should be t reated as a substance without a carcinogenic 

threshold; 3 )  health e f fec ts  other than cancer are n o t  expected t o  occur a t  

usual ambient levels; 4 )  the added l i f e t i m e  cancer r i s k  from ambient a i r  

benzene exposure ranges from 22 t o  170 cases pei. m i l l i o n  per ppb; and 5 )  

benzene should be l i s t e d  as a tox ic  a i r  contaminant. 

The DHS repor t  f inds '  tha t  epidemiological studies associate exposures t o  

tens t o  hundreds o f  parts per m i l l i o n  benzene w i t h  an increased incidence o f  . 

1 eukemia. A1 so, recent animal cancer b i  oassays show benzene causes 1 eukemia 

and a var ie ty  of other cancers inc lud ing lymphoid cancers, cancers o f  the 

skin, ovary, ora l  cavity, l i p ,  tongue, lung, m a m r y  gland, and two uniquely 

,rodent secretory organs, the zymbal and preput ial  glands. Thus, the DHS 

concludes t ha t  benzene i s  a hurnan and anlmal carcinogen. 

To determine t ha t  a substance has a carcinogenic threshold, the DW 

requires strong pos i t i ve  evidence t h a t  the substance acts only through 

mechanisms which ought t o  have a threshold. No pos i t i ve  evidence ex is ts  f o r  

t h i s  pos i t ion  w i th  respect t o  benzene. Also, benzene causes many kinds o f  

cancer i n  animals o f  which only one - leukemia - i s  postulated by some experts 

t o  a c t  by a mechanism which may have a threshold. Because the s t a t i s t i c a l  and 

mechanistic arguments f o r  a benzene threshold are not  compel l i ng ,  the DHS 

concludes t h a t  benzene should be t reated as a substance without a carcinogenic 

thresh01 d i n  humans. 



The DHS estimated the low-dose carcinogenic potency o f  benzene using 

bo th  animal and epidemiological data. F igure A shows dose-response curves 

der ived from these human and animal studies. L ine 1 (Mantel -Bryan) and 1 i n e  2 

( 9 5  percent UCL Mul t i s tage)  are dose-response curves f o r  t h e  most sens i t i ve  

s i t e  i n  animals, the  p repu t i a l  gland i n  mice. L ine  1 i s  based on the  Mantel- 

Bryan model and l i n e  2 i s  based on the  95 percent upper confidence l i m i t  (UCL) 

' for t h e  mu l t i s tage  model. The DHS s t a f f  recommends l i n e  2 ( 9 5  percent UCL 

Mul t i s tage)  f o r  c a l c u l a t i n g  the  upper bound o f  r i s k .  

L ine  3 (Mouse Mammary and Ovary) i s  t h e  dose-response curve f o r  mammary 

and ovar ian cancers i n  mice based on the  mu l t i s tage  model. L ines 4 

(Leukemia and Lymphoma i n  Mice) and 5  (Rinsky) a r e  overlapping. L ine  4 i s  

t h e  dose-response curve f o r  leukemia and lymphoma i n  mice based on the  

mu1 ti stage model. L ine 5  i s  t he  dose-response curve f o r  the  Rinsky 

re-evaluat ion o f  human data from the  I n f a n t e  epidemiologic study. L ine  6 (CAG 

i s  t h e  dose-response curve f o r  human data from t h e  in fante,  Aksoy and O t t  

epidemiologic.  studies. L ines 5 and 6 are based on t h e  dose-response model 

from EPA's Carcinogen Assessment Group (CAG). The DHS s t a f f  recommends l i n e  6 

f o r  c a l c u l a t i n g  t h e  lower bound o f  r i s k .  L ine  7 ( P r o b i t )  i s  t h e  dose-response 

curve f o r  t h e  p repu t i a l  gland i n  mice based on t h e  P r o b i t  model. Th is  curve 

1 i e s  f a r  be1 ow the  others. 

The DHS s t a f f  suggests t h a t  t he  ARB consider t h a t  t h e  dose-response 

curves t h a t  l i e  between l i n e  6 (CAG f f l  ) and l i n e  2 (95 percent UCL Mu l t i s tage )  

c o n s t i t u t e  t h e  most reasonable estimates o f  r i s k  f rom ambient benzene 

exposure. While l e s s  conservat ive curves can a l s o  be defended as reasonable, 

t he  DHS s t a f f  does n o t  fee l  t h a t  any can be c l e a r l y  prefer red,  and 



the  more conservative of equally reasonable elements should consti tute the 

basis for  regulation. Using these curves (1 ines 2 and 6 )  as  grounds for the 

range of risk, then, the added l i fe t ime cancer risk from exposure t o  benzene 

in urban a i r  ranges from 22 t o  170 cases per mill ion per ppb. 

Using the range of dose-response curves suggested by the  DHS, the  ARB 

s t a f f  estimates t ha t  the added l ifet ime cancer risk t o  a population exposed to  

benzene a t  the population-weighted average concentration of 4.6 ppb estimated 

fo r  the South Coast Air Basin i s  i n  the  range of 101 t o  780 cases per million 

persons exposed. To place this i n  context, the comparable baseline l i fet ime 

risk of a1 1 cancers combined (SEER program, 1981 , Survei 11 ance Epi demi 01 ogy 

and End Results Incidence and Mortality Levels, 1973-77, NCI Monograph #57), 

can be estimated a t  23.7 percent or  237,000 cases per million persons 

exposed. 

I1 I. ENVIRONMENTAL IMPACTS 

The identif icat ion of benzene a s  a toxic a i r  contaminant i s  not  expected - -  - -  
t o  result i n  any adverse environmental impacts. Rather, i n .  1 i g h t  of the 

adverse health effects  associated w i t h  benzene, a s  described i n  this report, 

and, i n  that ,  upon the identif icat ion of benzene as a toxic a i r  contaminant, 

the  Board will be required t o  identify and the Board and a i r  pol 1 ution control 

d i s t r i c t s  will be required t o  adopt airborne toxic control measures i n  

accordance w i t h  the  provisions of AB 1807. Therefore, the identif icat ion of 

benzene a s  a toxic a i r  contaminant i s  expected t o  result i n  environmental 

benefits. Environmental impacts identif ied w i t h  respect t o  speci f i c  control 

measures, will be included i n  the consideration of such control measures 

pursuant t o  Sections 39665 and 39666. 
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I V .  RECOMMENDATIOtl 

Since the  evidence s t rongly  suggests t h a t  benzene i s  a known human 

carcinogen, s ince the  evidence does n o t  warrant the  assumption t h a t  

carc inogen ic i t y  i s  conf ined t o  the dose above any threshold, and since t h e  

range o f  conservat ive reasonable dose-response curves p red i c t s  a range o f  

added l i f e t i m e  cancer r i s k s  which are n o t  neg l ig ib le ,  t he  ARB s t a f f  considers 

ava i lab le  evidence s u f f i c i e n t  t o  recommend 1 i s t i n g  benzene as a t o x i c  a i r  

contaminant. Furthermore, t h e  s t a f f  i s  recommending 1 i s t i n g  benzene as a 

t o x i c  a i r  contaminant because AB 1807 requ i res  t h a t  a l l  po l l u tan ts  i d e n t i f i e d  

by EPA as hazardous a i r  po l l u tan ts  be i d e n t i f f e d  as a t o x i c  a i r  contaminant. 
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SUMMARY 

Par t  A o f  the  benzene repo r t  t o  the  S c i e n t i f i c  Review Panel includes 

information on 1 ) benzene sources and emissions i n  Ca l i fo rn ia ;  2) atmospheric 

persistence o f  benzene; 3 )  benzene concentrations i n  the  community; and 4 )  

population exposures t o  benzene.' About 15,000 tons o f  benzene per year are 

emitted from motor vehic le  exhaust and evaporative emissions, represent ing 93 

percent o f  t o t a l  emissions. Benzene i s  pers is ten t  i n  the atmosphere, having 

an estimated h a l f  l i f e  o f  about 12 days. Recent ambient monitor ing i n  the  

South Coast A i r  Basin i d e n t i f i e d  a d a i l y  range between 1.2 and 16 ppb w i t h  an 

average a f  5.7 ppb. We estimate t he  SCAB populat ion wefghted exposure t o  be 

4.6 ppb. We have no recent anbient data f o r  other areas o f  Ca l i f o rn ia  and 

therefore a re  unable t o  estimate such exposures. Such data w i l l  be obtained 

dur ing the risk,management phase as p a r t  o f  the  development of con'trol 

measures. 



REPORT TO THE SCIENTIFIC REVIEW PANEL ON BENZENE 

P a r t  A - A Rev iew o f  Benzene Uses, 
Ern1 s s i  ons, a n d  Pub1 i c Exposure  

TABLE OF CONTENTS 

L I S T  OF TABLES AIiD FIGURES 

B. CURRENT AND PROJECTED STATIONARY AND MOBILE 
SOURCE EMISSIONS 

11. PERSISTENCE I N  THE ATMOSPHERE 

A. PHYSICAL AND CHEMICAL PROPERTIES 

I I I. BENZENE CONCENTRATIONS I N  THE COMMUNITY 

w A. AMBIENT A IR  DATA 

B. ESTIMATE OF AMBIENT BENZENE EXPOSURE 1119 

C. INDOOR A I R  DATA 111-7 

APPENDIX A - INFORMATION REQUEST LETTER WITH ATTACWENTS AND RESPONSES 

APPENDIX B - PUBLIC INPUT REQUESTS, COMMENTS ON PARTS A a n d  B, 
AND PART A RESPONSES 

APPENDIX C - HEALTH EFFECTS REQUEST TO DHS AND LETTER OF RESPONSE 
i 

APPENDIX D - SAMPLING AND ANALYSIS METHODS FOR BENZENE 

APPENDIX E - AMBIENT MONITORING DATA AND METHODS OF A IR  QUALITY MODELING 



LIST OF TABLES AND FIGURES 

TABLES 

1-1 Estimated Benzene Emissions i n  ~ a l  i fo rn ia  

11-1 Physical Propert ies o f  Benzene 

111-1 Estimates o f  Annual Benzene Concentrations i n  the  South Coast A i r  Basin 

111-2 Benzene Concentrations Near Sources 

FIGURES 

1-1 Projected Benzene Emissions from Motor Vehicles 

11-1 Benzene Adsorption Isotherm on Calgon/BPL Granular Act ivated Carbon 



I. BENZENE USAGE AND EMISSIONS 

A. PRODUCTION AND USAGE 

L Benzene is  a hydrocarbon naturally occurring i n  crude o i l  and present In 

gasoline and diesel fuels. Gasoline contains about one t o  three weight 
1 2/ percent benzene,- most of which resu l t s  from the d i s t i l l a t i on  of the 

crude o r  chemical reactions during the refining of the d i s t i l l a tes .  

Wi th  the recent shutdown of  benzene production a t  Chevron's E l  Segundo 

ref4 nery , benzene is no longer produced i n  California. Chevron produced about 

14,000 tons of benzene i n  1983. Most of the benzene Chevron produced was 

blended in to  gasoline to  increase the octane rating. However, these 14,000 

tons represent a minor fraction of the total  benzene content of gasoline. The 
3/ remainder of benzene produced was used to produce detergent a1kylates.- 

Since 1977, benzene use i n  formulated industrial and consumer products 

such as  adhesives and paint removers has been deg11~ible.Y Also, other 

uses of benzene as  a solvent and chemical intermediate have decreased and a re  
L 

expected t o  continue to  decrease. 

B. CURRENT AND PROJECTED STATIONARY AND MOBILE SOURCE EMISSIONS 

Benzene emissions i n  California were estimated using data from local a i r  

pollution control d i s t r i c t s ,  the Environmental Protect4on Agency (EPA), the 

Society of Automotive Engineers (SAE) studies, the  Air Resources Board (ARB),  

a KVB, Inc. study, and a Statewide Air Pollution Research Center (SAPRC) study. 

Preliminary emission estimates show motor vehicles contribute about 

93 percent of the estimable benzene emissions i n  California. The major 

stat ionary emission sources are  gas01 ine marketing, agricultural burning, 

w i  1 df i r e s ,  petroleum refineries, asphalt plants, and betergent a1 kyl a t e  

production f ac i l i t i e s .  

w 



Stationary fuel combustion sources emit benzene due t o  incomplete 

combustion, but there are i nsu f f i c i en t  data t o  estimate benzene emissions from 

these sources. Thus, no estimate from stationary source fuel  combustion i s  
* 

included. Other sources o f  benzene emissions are geothermal plants and ' 

m i  scel 1 aneous burning. M i  scel l  aneous burning includes res i  denti a1 wood 

combustion and structural  f i res .  Table 1-1 sumnarizes the ARB s t a f f ' s  

estimates o f  benzene emissions i n  California. 

Stationary Emission Sources 

Benzene evaporative emissions from gasoline marketing are considered t o  

be a major stationary source o f  benzene a t  an estimated 300 tons per year. 

(Gasoline marketing includes bulk tenninals, bulk plants, service stat ion . 

tanks, and vehicle refuel ing operations.) This estimate i s  based on an 

estimated factor o f  1.0 weight percent benzene i n  t o ta l  hydrocarbon (THC) 

emissions from gasoline marketing sources. This emission estimate takes in to  

account the reduction i n  evaporative emissions 'due t o  vapor recovery systems. * 
A benzene emission estimate o f  552 tons per year f o r  agr icu l tura l  

burni ng/forest management burning, w i ld f i res  and miscellaneous burning i s  

based on emission factors developed by the SAPRC,I-/ and ARB data on burning 

pract ices i n  California.- 22' The SAPRC emission factors are rough 

approximations because benzene emissions from open burning are d i f f i c u l t  t o  

measure and because the SAPRC tes ts  were conducted under cont ro l led conditions 

t h a t  may not accurately dupl icate f i e l d  conditions. The emissions from forest 

management burning and w i ld f i res  can vary s ign i f icant ly  from year t o  year. 

Benzene emissions from petroleum ref i'neries and asphalt plants were 

estimated t o  be 180 tons per year based on data from' a 1980 consult ing f i rm 

' 5/ study- and a survey o f  petroleum ref iner& Petroleum r e f i n i n g  



Table 1-1 

Estimated Benzene Emissions i n  Cal i forn ia 

Source 
Source Emissions** Inventory 
Type ( tons/yr 1 Year Reference 

Gas01 ine Marketing Area 300 1981 14,15 

Agriculture Burning/ 
Management Burning Area 41 0 1981 7.22 

Wildf i res Area 130 1981 7,14 

M i  scel laneous Burning Area 12 1979 7,14 

Petroleum Refineries & 
Asphalt Plants Point 180 1982 5,12 

Detergent A1 ky l  ate Prod. 
Chevron, Richmond Point 55 1 983 3.11 
Witco Chemical, Carson Point  16 1982 3 

Geothermal Plants Point  2 1982 13 

Benzene Production* 

L 
Chevron, El  Segundo Point 1 1983 3 

STATIONARY SOURCE TOTAL 

Vehicular Exhaust Area 13.400 1983 10.16.17. 

Vehicular Evaporative 
Emissions Area 1,600 1983 10.16 

MOBILE SOURCE TOTAL 15,000 
- 

TOTAL 16,100 

* This benzene production f a c i l i t y  was closed inde f in i te l y  i n  1984. 
* The estimated emission t o t a l s  are rounded. 



processes t h a t  may emit benzene inc lude f l u i d  c a t a l y t i c  cracking, 

hydrocracking , gasol i n e  t reat ing,  and pumps, f langes and other  f u g i t i v e  

emission sources, waste-water treatment, heaters, b o i l e r s  and storage 

f a c i l i t i e s .  The emission fac to r  app l ied  t o  petroleum r e f i n e r i e s  and asphalt 

p l an t s  provides a rough estimate o f  benzene emissions from these sources. 

Add i t iona l  t e s t i n g  o f  benzene emissions from petroleum r e f i n e r i e s  and asdhal t 

p lan ts  should be performed p r i o r  t o  consider ing c o n t r o l  measure development 

f o r  these sources. 

Data from the Bay Area A i r  Q u a l i t y  Management D i s t r i c t  ( B A A Q M D \ ~ ~ /  and 

t h e  S C A Q M ~ ~  were used t o  estimate benzene emissions a t  71 tons per year 

from C a l i f o r n i a ' s  two detergent a1 k y l a t e  product ion f a c i l i t i e s .  

Other s ta t ionary  sources o f  benzene are geothermal p ian ts  and a benzene 

product ion plant,  which are estimated t o  emi t  3 tons  pe r  year. The benzene 

25/ product ion p l a n t  was closed i n d e f i n i t e l y  i n  1984.- 

Recent t rends i n  benzene product ion and uses i n  C a l i f o r n i a  were evaluated 

t o  p r e d i c t  f u t u r e  s ta t ionary source benzene emissions. Such emissions are 

predominantly gasol ine-related and should t r ack  gasol ine consumption. 

Hqwever, t he  f u tu re  t r end  o f  gasoline consumption i s  n o t  c lear .  The 

23/ C a l i f o r n i a  Energy Conmission- p ro jec t s  a 12 percent decrease i n  automotive 

24/ fue l  use from 1980 t o  1997; b u t  recent data- show t h a t  a f t e r  a two-year 

decrease, t h e  gasol ine use r a t e  i n  l a t e  1983 regained i t s  1980 leve l .  Future 

emissions a re  f u r t h e r  clouded by the uncer ta in ty  i n  t h e  benzene content o f  

gasol ines as t he  f r a c t i o n  o f  gasol i ne  t h a t  i s  unleaded increases. 

Mobi le Emission Sources 

Data from the  EPA, 10s17s19' t he  Society o f  Automotive Engineers (SKI 

1 8/ 16/ studie* and the  ARE- were used t o  estimate benzene emissions from 



motor vehicles i n  California. Motor vehicles contr ibute about 93% o f  the 

estimable benzene emissions i n  Cal i fornia, o r  about 15,000 tons per year. 

w EPA and SAE studies measured the f r ac t i on  o f  benzene (weight % I  i n  the 

t o t a l  hydrocarbon (THC) evaporative and exhaust emissions from automobiles. A 

study pub1 i shed i n  1 9 8 s '  found the benzene por t ion o f  evaporative 

emissions t o  average 1.2 percent of the t o t a l  evaporative hydrocarbons. To 

estimate benzene from motor vehicle exhaust, the s t a f f  used the fol lowing 

factors based on these studies: 

Vehicle Type Average Weight Percent 
Benzene o f  THC Exhaust 
Emissions 

Catalyst 4.1 

~o'n-catalyst 4.2 

Diesel 2.3 

The EPA and SAE studies show the weight percent benzene o f  THC exhaust 

emissions increases wi th increasing aromatic content o f  the fuel.  As the lead 

content i n  leaded fuels has decreased, the aromatic content has increased t o  

maintain the octane 1evel.y  heref fore, the 4.2 weight percent benzene may 

underestimate the current benzene emissions from non-catalyst vehicles. 

Addit ional motor vehicle tes t lng using Cal i fo rn ia  fue ls  and motor vehicles 

representing the spectrum of In-use vehicles i s  needed t o  ref ine the benzene 

emissions estimate f o r  motor vehicles. 

Recent trends i n  THC emissions from w t o r  vehicles and vehicle population 

were used t o  predict  benzene emissions from motor vehic es beyond 1983. Motor 

vehicle benzene emissions are expected t o  decrease through 1992 as more 

str ingent  contro ls decrease THC emissions. A f t e r  1992, ,motor vehicle benzene 



emlsslons are expected t o  increase as the number o f  vehicle-miles t r a v e l l e d  

Increases. Figure 11-1 i s  a graph o f  t h e  benzene emission estimates f o r  motor 

vehicles from 1984 t o  2000. These estimates assume the aromatic content o f  
a 

gas01 l ne  remains stable. 

I n  sumnary, benzene i s  known t o  be emit ted i n  subs tan t ia l  amounts, most ly 

d i r e c t l y  re la ted  t o  the  use and, to a minor extent, t he  product ion o f  

gasoline. Because o f  the predominance o f  vehicles i n  urban areas, benzene i s  

expected t o  be found i n  urban atmospheres. 

0 
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11. PERSISTENCE IN THE ATMOSPHERE 

a A. PHYSICAL AND CHEMICAL PROPERTIES 

The benzene molecule, C6H6, has a planar hexagonal carbon ring. The 

electronic structure of tha t  geometry makes benzene unusually stable. 

Although the molecule is  non-polar, i t s  physical and e lect ronic  structures 

make benzene polarizable. As a r e su l t ,  benzene is  unusually soluble i n  water 

compared t o  other non-pol a r  hydrocarbons. Sol vents f o r  benzene include 

acetone, alcohols, chloroform, e thers ,  carbon disulf ides carbon tetrachloride, 

acetic acid, a1.d oi ls .  

The carbon adsorption capacity of benzene from a i r  i s  shown i n  

Figure 11-1. 

Z 

m 
- 

BENZENE EQUILIBRIUM PARTIAL PRESSURE (mm Hg) 

Figure 31-1 Benzene Adsorption Isotherm on Calgon/BPL 
Granular Acti vated Carbon (from Ref. 7)  - 



Table 11-1 shows physical and chemical properties re ldted t o  the 

emission, transport, and control o f  benzene. 

Table 11-1 

Physical Properties of Benzene 

Property Value - Reference , 

Ac t i v i t y  coef f ic ient  i n  water, 25.C 2,400 5 

. Bo i l ing  point. 1 atm 176'F 3 

Carbon adsorption capacity 

from water, 1 mg/l, 60'F 
f rom a i r ,  1 mHg, 25'C 

Density , 1 i qui d 

D i f f u s i v i t y  i n  61r, 25'c .088 cme/sec 5 

Flame temperature, max. adiabatic 41 50 *,F 8 

Flanmabi l i ty l i m i t s  i n  a i r  1.2 t o  9.1 vol. % 3 .  

Heat capacity, 60°F, 1 atm .42 cal /*C/gm 8 

Heat of formation, l iqu id ,  25'C 150 cal /gram 3 

Heat of fusion 30.1 cal/gram 3 

Heat of vaporization, 25'C 104 ca l  /gram 3 

Heat o f  combustion, 25.C (HHV) 10 kcal /gm 3 

Henry's law constant, water, 25% .OD55 atm-m3/mol e 5 

I g n i t i o n  temperature, at r 1097'F 3 

Index o f  re f rac t ion  1.5 6 

Molecular weight 78.11 

Octanol : water part ' t i on  ( loglo)  2.14 8 

So lub i l i t y  i n  water, 20.C -82 mg/g 8 

Vapor pressure, 40 t o  176'F InP (mmHg) 3 
= -4033 x 1 /T( 'K) 
+ 18.0 

U l t r a v i o l e t  absorption band 275 nm 6 



B. FORMATION AND FATE I N  THE ATMOSPHERE 

The only s i g n i f i c a n t  chemical l o s s  o f  benzene i n  po l l u ted  atmospheres 

containing oxides o f  n i t rogen (NOx) i s  through the gas phase reac t ion  w i t h  

the hydroxyl rad ica l  (OH') dur ing day1 i g h t  hours.1' Other react ions are 

neg l i g i b l e  under atmospheric condit ions. This reac t ion  w i t h  OH rad i ca l s  

proceeds slowly. It produces, among other products, phenol (C6H50H), 

though the y i e l d  i s  n o t  known. Other reac t ion  pathways are n o t  f u l l y  

characterized b u t  inc lude r i n g  opening t o  form dicarbonyl compounds such as 

g l  yoxal . 
The h a l f - l i f e  f o r  benzene i n  the  atmosphere from the  reac t ion  w i t h  OH' 

depends on the  concentrat ion o f  hydroxyl r ad i ca l s  i n  ambient a i r ;  i t  i s  around 

12 days a t  an OH' concentrat ion o f  1 x l o 6  CIX'~, a 24-hour average 

t yp i ca l  o f  t he  northern hemisphere c i t i e s .  Over t h i s  time, benzene w i l l  

become widely dispersed from i t s  emission source. It i s  thus a pe rs i s ten t  

p o l l u t a n t  a p t  t o  be present throughout an urban a i r  shed. 

Gaseous phenol a l so  reacts  w i t h  t he  OH' dur ing day l i gh t  hours w i t h  a 

h a l f - l i f e  i n  t he  range o f  two hours t o  about 10 hours, again depending on the  

ambient OH' concentration. However, a much fas te r  s ink f o r  phenol i s  

reac t ion  a t  n i g h t  w i t h  t he  gaseous n i t r a t e  rad ica l   NO^.^ A t  t y p i c a l  

NO3 concentrations i n  Southern C a l i f o r n i a  airsheds (e.9.. 50-1 00 pp t )  , 

the  atmospheric l i f e t i m e  o f  phenol w i t h  respect t o  t h i s  n ight t ime process i s  

1 ess than seven minutes. Therefore, even i n  re1 a t i v e l y  unpol l  u ted atmospheres 

( low concentrations o f  OH' ), phenol i s  quan t i t a t i ve l y  removed w i t h i n  24 

hours. 



The u l t imate products o f  the atmospheric react ions o f  phenol w i t h  OH and 

NO3 rad i ca l s  are n o t  f u l l y  characterized, b u t  probably inc lude  quinones and 

gaseous and p a r t i c u l a t e  nitrophenols. Both phenol and quinones are considered 
0 

hazardous by EPA, b u t  each i s  o f  much l e s s  concern than benzene as an a i r  

contaminant. The possible hazards o f  atmospheric n i t rophenols  are n o t  as y e t  

establ ished. 

@ 
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111. BENZENE COIJCENTRATIONS I N  THE COMMUNITY 

A. AMBIENT A I R  DATA 

w The Ca l i f o rn ia  A i r  Resources Board Haagen-Smit Laboratory has been 

monitor ing ambient benzene a t  four  l oca t i ons  i n  t he  South Coast A i r  Basin 

(SCAB) s ince September 12, 1983. A l l  analyses are o f  samples co l l ec ted  over a 

24-hour period, from 9 a.m. t o  9 a.m. t he  f o l l ow ing  day. The samples are 

co l l ec ted  i n  Tedlar bags a t  a constant f low r a t e  y i e l d i n g  in tegra ted  bag 

samples conta in ing benzene and other organic const i tuents.  

Samples are co l lec ted  f i v e  days per week a t  t he  E l  Monte s i t e  and about 

once every s i x  days a t  the Downtown Los Angeles (DOLA), Dominguez, and 

Riverside s i tes.  The data reported f o r  each s i t e  a re  shown i n  Appendix E. 

The estimated accuracy o f  the  reported values i s  w i t h i n  10 percent o f  t he  

actua l  values. 

From mid Jeptember 1983 t o  March 1984, 209 samples were co l l ec ted  and 

L analyzed. The benzene values range from 1.2 ppb a t  th ree  s i t e s  on three 

d i f f e r e n t  occasions t o  16.0 ppb a t  the  E l  Monte sampling s i t e  on December 8, 

1983. The average f o r  a l l  i nd i v i dua l  samples was 5.7 ppb. The average value 

f o r  E l  Monte (123 samples) was 6.1 ppb, f o r  DOLA (30 samples) the  value was 

6.4 ppb, f o r  Dominguez (23 samples) t h e  value was 5.5 ppb. and f o r  Rivers ide 

(33 samples) t he  value was 4.9 ppb. 

To check the  accuracy o f  using Tedlar bags f o r  moni tor ing ambient benzene 

concentrations, Haagen-Smi t Laboratory performed a bag mater ia l  s t a b i l i t y  t e s t  

and v a l i d a t i o n  t e s t s  on Tedlar bags. The. r e s u l t s  o f  these t e s t s  a re  inc luded 

i n  Appendix D. The bag mater ia l  s t a b i l i t y  t e s t  shows benzene i s  n o t  generated 



o r  l o s t  w i t h i n  the bag mater ia l .  The va l i da t i on  tes ts  show there are no 

appreciable changes i n  benzene concentrat ions i n  the  bag from the  time t h a t  

sampling s t a r t s  u n t i l  the  sample i s  placed i n  t he  gas chromatograph. 

The Haagen-Smit monitor ing program provides the  only long-term, 

mu l t i - s i  t e  ambient benzene data f o r  any place i n  Ca l i fo rn ia .  Data from , 

several l i m i t e d  studies a t  var ious l oca t i ons  are ava i lab le  from an EPA data 

base.41 These data, synopsized i n  Appendix E, are too feu and variegated i n  

age and experimental design t o  character ize current  ambient concentrations f o r  

other loca t ions  as i s  done i n  the  nex t  sect ion f o r  the  South Coast A i r  Basin' 

(SCAB). However, they do conf i rm concentrations i n  the urban a i r  outs ide the  

four-stat ion monitor ing area s i m i l a r  t o  those reported by Haagen-Smit 

Laboratory. 

B. ESTIMATE OF AMBIENT BENZENE EXPOSURE 

Long-Term General Exposure 

The annual average* benzene concentrat ion i n  the  SCAB was estimated based 0 
on data taken by Haagen-Smit Laboratory a t  t he  four  monitor ing s i t e s  from 

September 12 t o  December 29. 1983. L inear  regression o f  those data against  

lneasurements o f  ambient CO y i e l d s  r s i g n i f i c a n t  co r re la t i on  (r' = .82 a t  t he  

.O1 percent s ign i f i cance  levelc*). This 1 inear  re la t i onsh ip  was used t o  

ca l cu la te  annual average benzene concentrat ions f o r  two' years a t  a1 1 CO 

monitor ing s ta t i ons  i n  the  basin (31 s ta t ions) .  These ca lcu la ted  values were 

then i n te rpo la ted  t o  g r i d  c e l l  centers. (See Figures 2 and 3 i n  Appendix E 

* "Annual average" denotes the  mean o f  a l l  24-hour data ava i lab le  from one 
year. * There i s  one chance i n  10,000 t h a t  t he  populations do n o t  co r re la te  b u t  
s t i l l  y i e l d  a ca lcu la ted  c o r r e l a t i o n  c o e f f i c i e n t  o f  ..82. 



the 1983 benzene measurements ( f o u r t h  quarter, four  s ta t ions,  5.7 ppb) was 

mu1 t i p l i e d  by the  r a t i o  o f  basinwide annual average CO t o  basinwide f o u r t h  

quarter average CO. This was done us ing CO data from both 1981 and 1982. The 

r e s u l t i n g  estimates o f  the  1983 annual average benzene concentrat ion among the  

four  monitors are 4.0 and 3.9 ppb, respect ive ly ,  using the  1981 and 1982 CO 

data. 

The conclusions from these estimates are t h a t  the  population-weighted 

benzene concentrat ion i s  about 20 percent higher than the  geographic average 

and t h a t  t he  four  s ta t ions  taken together represent wel l  the  geographic 

average f o r  t he  e n t i r e  basin. 

The d e t a i l s  o f  the modeling performed and the  moni tor ing data are 

presented i n  Appendix E. 

Short-Term o r  Local Exposures 

I n  a d d i t i o n  t o  the  widespread, long-term average concentrations estimated 

i n  t he  previous section, some people a r e  l o c a l l y  exposed t o  a i rborne benzene 

from s p e c i f i c  sources. Such exposure may be more or l e s s  continuolis and 

long-term -- f o r  example, through residence near and p r e v a i l i n g l y  downwind o f  

a freeway. The exposure may be shor t  b u t  r e p e t i t i v e  ;-- f o r  example, wh i l e  

d r i v i n g  on a busy road o r  f i l l i n g  one's automobile gas tank. 

There a re  very few data regarding near-source exposure t o  benzene. A 

sumnary o f  ex tan t  data on concentrations fo l lows  i n  Table 111-2. (See 

Appendix E f o r  deta i ls .  ) This data should be augmented by f i e l d  work when 

con t ro l  s t ra teg ies  f o r  benzene emissions a re  considered. However, t he  ARB 

s t a f f  be1 ieves t h a t  t he  general anbi e n t  concentrat i  ons discussed prev ious ly  

and t h e i r  a t tendant  hea l th  r i s k s  provide s u f f i c i e n t '  in format ion f o r  

consider ing benzene as a TAC. 

L 



fo r .  graphical presentations o f  the resu l t s .  ) The annual benzene 

concentrations a t  g r i d  centers were then used t o  ca lcu la te  the  geographic 

average and the population-weighted average f o r  the SCAB. (The l a t t e r  

s t a t i s t i c  i s  more useful f o r  r i s k  assessment.) Table 111-1 shows the 

resu l ts .  The 1982 population-weighted average o f  4.6 ppb was used by DHS t o  

estimate the range o f  r i s k  from ambient benzene exposure. 

Table 111-1 

Estimates o f  Annual Benzene Concentrations 
i n  the  South Coast A i r  Basin 

( P P ~  

Geographic average 4.0 3.7 
(standard devi a t i  o n ) g  (1.6) (1.6) 

Population-wei ghted 
average 

.! "Geographic averageU i s  the average o f  a l l  i n t e r p o l a t i o n  g r i d  ce l l s .  
"Standard deviat ion" appl ies to t he  ca lcu la ted  annual averages a t  t he  31 
CO monitors. 

By over laying the populatlon and benzene data by g r i d  c e l l ,  the 

d i s t r i b u t i o n  o f  exposure (annual average concentrat ion) versus number o f  

people exposed was estimated. According t o  t he  r e s u l t a n t  p lo ts ,  shown i n  

Appendix E, 80-90 percent of the  populat ion o f  the  SCAB i s  exposed t o  4 ppb o r  

more o f  benzene as a year-round average. 

The f o r e k i n g  method could n o t  be used f o r  1983 because 1983 data f o r  CO 

were n o t  y e t  complete. To use the  benzene moni tor ing data d i r e c t l y  i n  an 

estimate f o r  1983, a second est imat ion method was used. The average o f  a l l  



Table 1 1 1 - i  
Benzene Concentrations 'Near Sources a 

Distance from Sampling Benzene 
Sources Type o f  Data Source (feet) Time (hours) ( P P ~ )  Comen t s  

f i l l i n g  ambient 100 t o  1300 8 t o  19 .: 0.3 t o  1.9 s ix  o r  seven s i tes a t  four 
stafions m n i  tor ing (range locations; no vapor recovery; 

ref. 5 

f i l l i n g  , personal a i r  (employee 0.5 4 t o  65' B r i t i sh  study; results were 
stat ion m n l  tor ing workplaces) (range adjusted t o  r e f l e c t  the benzene 

content o f  gasoline and t h ~  use 
o f  vapor recovery i n  Ca l i f .  ; re f  .6 

f i l l i n g  personal a i r  ( a i r s p a c e o f  ( d u r t n g f t l l )  60d US study; results were adjusted 
stat ion . monitoring person t o  re f l ec t  the used o f  vapor 

f i l l  ing tank) recovery i n  Calif. ; re f  .ll 

5ob - freeway nadel ing 0 ' 1 resul ts  apply t o  rush hour on a - results 160 1 19 large freewax under worst-case 
C( 

I 490 1 7'  ~neteorology; above background 
vl concentrations; ref.7 

busy -nodel ing 80 1 9.7 t o  lle results apply t o  typical weekday 
intersectton '-results .(4 sites) (worst hour) '. (range) t r a f f i c  a t  the intersection o f  

. . Hi1 shire Blvd. and Veterans:Avenue 
( i n  South Coast A i r  Basin); 
above background concentrations; 
based on r e f  .7 

llusy ambient 6 to, 10 25 - 3.0 t o  7.1 the higher numbers were measured 
st reet  mnt lo r ing  upwind; poor correlation with 

I t r a f f i c  density; r e f  .5 

a Except as noted. the data are absolute ( to ta l  ambient) concentrations. 

Annual average concentrations would.probably be less than 10% o f  these values. 
Tor stations without vapor recovery (dispensing 12% o f  the gasoline), analogous estimates are 80 t o  1350 ppb. * Actual average results from stations without vapor recovery was 1,210 ppb (average). 

e 
The mximum annual average benzene concentratlobs varied from 0.5 t o  1.4 ppb above backqround concentrations. 



It i s  d i f f i c u l t  t o  t rans la te  data l i k e  those i n  Table 111-2 i n t o  

populat ion exposure informat ion except i n  q u a l i t a t i v e  terms. Although people 

v i s i t i n g  f i l l i n g  s ta t ions can experience cdncentrations we1 1 above the general 

ambient concentrations i e .  4.6 ppb), such exposure i s  short.* For example, 

a person d r i v i n g  15,000 mi les per year i n  a veh ic le  achieving 20 mi les per , 

ga l lon  o f  gas01 i n e  would augment h i s  annual average benzene exposure by 0.2 

ppb i f  he always f i l l s  h i s  own tank a t  s ta t i ons  wi thout  vapor recovery and 

experiences 1,210** ppb o f  benzene wh i l e  pumping. The data suggest t h a t  

people spending considerable t ime i n  t h e  neighborhood o f  ( n o t  i n )  a f i l l i n g  

s t a t i o n  may n o t  experience concentrations not iceably  above the  general ambient 

a i r  concentrations. The same may be t r u e  o f  people l i v i n g  o r  working near 

busy roadways except dur ing worst-case condi t ions o f  t r a f f i c  and meteorology. 

U s ~ a l l y ,  long-term average concentrations are pred ic ted t o  be much smailer 

than worst-case short-term concentrations l i k e  those presented f o r  a freeway 

i n  t he  table. 

We emphasize t h a t  the  database por t rayed i n  Table 111-2 i s  extremely 

small; i t  i s  i n s u f f i c i e n t  t o  character ize short-term o r  near-source exposures. 

Semi -quanti tat1 ve in format ion on benzene concentrat ions experienced by 

people i n  vehic les can be deduced from measurements o f  carbon monoxide (CO) i n  

vehicles. During "rush hourU on t yp i ca l  commuter routes i n  Los Angeles 

researchers found values two t o  three t imes the  annual average CO measurements 

a t  monitors i n  LA county.8'9' Hence, we conclude t h a t  dri .vers l i k e l y  

experience benzene concentrations two t o  three times higher than the  

* This  i s  n o t  t r u e  f o r  s t a t i o n  employees. 
* Previously erroneously c i t e d  i n  d r a f t  r e p o r t  as 60 ppb which appl ies t o  

s ta t i ons  w i t h  vapor recovery. 



4.6 ppb (annual basin average) corresponding t o  general ambient CO 

concentrations. Because many SCAB res iden ts  spend considerable t ime d r i v i n g  

on busy roads, such exposure may be a s i g n i f i c a n t  p a r t  o f  t o t a l  

population-wide exposure t o  benzene. However, ne i t he r  t he  in -veh ic le  benzene 

concentrations nor the  person-hours o f  exposure are known. 

C. INDOOR AIR DATA 

An estimate o f  the  t o t a l  populat ion exposure t o  benzene through 

' inha la t i on  would requi re  in format ion on indoor benzene concentrations. Indoor 

concentrations may o r  may n o t  equal ambient concentrations, depending on 

fac to rs  such as number and type o f  indoor  benzene sources and a i r  exchange 

rates.  Indoor benzene sources inc lude tobacco smokers, heat ing and cooking 

systems, d r i f t  from automobiles parked i n  a garage o r  nearby, c leaning 

solvents, and evaporation from var ious products used i n  a home o r  work area. 

Unfortunately, very few data on indoor benzene concentrat ions a re  ava i l ab le  

L 
and no data are ava i lab le  f o r  Ca l i fo rn ia .  

I n  an attempt t o  evaluate benzene exposure from indoor  a i r ,  s tud ies by 

t he  Environmental Protect ion Agency ( E P A ) ~ /  and the  Oak Ridge National 

Laboratory ( ORNL)' were reviewed. I n  t he  1981 Tota l  Exposure Assessment 

Methodology (TEAM) study sponsored by t h e  EPA, overn ight  ( 6  p.m. t o  6 a.m. ) 

a i r  samples were co l l ec ted  on personal Tenax monitors by 97 res idents  o f  

E l izabeth and Bayonne, New Jersey. Since most o f  these res iden ts  d i d  n o t  

leave t h e i r  homes dur ing sampling, t he  measurements a r e  assumed t o  be 

representat ive o f  the  overn ight  indoor environment o f  t h e i r  homes. The 

personal a i r  benzene concentrati'ons ranged from .O1 ppb t o  37.7 ppb w i t h  an 

average concentrat ion o f  6.3 ppb. Simultaneous outdoor a i r  samples were 



col lected i n  the  backyards o f  the 97 residents, The outdoor a i r  benzene 

concentrations ranged from .02 t o  28.6 ppb w i t h  an average concentration o f  

3.1 ppb. Thus, the average indoor a i r  benzene concentrat ion was about two 

times the average outdoor benzene concentration. The EPA study ind ica tes  t h a t  

benzene i s  more prevalent i n  smokers' homes than i n  nonsmokers' homes. 

However, the  study does n o t  spec i fy  the  benzene concentrations found i n  

smokers' vs. nonsmokers' homes. The percentage o f  smokers i n  the  sample 

populat ion was 12 percent greater than the  nat ional  average o f  33 percent. 

Thus, personal a i r  measurements i n  smokers' homes may exp la in  the h igh  benzene 

l e v e l s  found i n  the  EPA study. 

A s ta tus  r e p o r t  on indoor a i r  q u a l i t y  monitor ing conducted by t he  ORNL 

for  the U.S. Consumer Product Safety Comnission ind ica tes  ORNL monitored f o r  

v o l a t i l e  organic compounds i n  f o r t y  homes i n  the  Oak Ridge, Tennessee area. 

However, t he  s ta tus  r e p o r t  discusses on ly  l i m i t e d  data from one home. This 

s ta tus r e p o r t  ind ica tes  t h a t  indoor p o l l u t a n t  concentrat ions ,decrease when the  

a i r  exchange r a t e  increases. 

These data on indoor concentration a re  very l im i ted .  The sources o f  

indoor benzene concentrat ions were n o t  i d e n t i f i e d  i n  e l  t h e r  report .  Thus, 

there i s  no r e c o n c i l i a t i o n  between indoor data ava i l ab le  and benzene 

concentrat ions expected i n  Ca l i f o rn ia  homes o r  o f f i ces .  The EPA i s  completing 

an indoor a i r  study f o r  C a l i f o r n i a  homes. The r e s u l t s  o f  t h i s  study are 

expected t o  be ava i l ab le  by December 1984. These indoor 'exposure data w i  11 be 

included f o r  t he  Board's considerat ion dur ing the  r i s k  management phase. 



Dai ly  benzene exposure from food and water in take  was compared t o  d a i l y  

benzene exposure from ambient a i r  i n  t he  South Coast A i r  Basin (SCAB). A 1980 

study by the National Research ~ o u n c i l E '  estimates the average U.S. urban 

dwel ler  i s  exposed t o  as much as 250 ug. benzene d a i l y  from food i n take  and 

about 2 ug. benzene d a i l y  from water in take.  Assuming an ambient benzene 

concentration o f  4.6 ppb (SCAB average), an urban dwel ler  i s  exposed t o  near ly  

300 ug. benzene d a i l y  from ambient a i r  (assuming d a i l y  a i r  in take  i s  

20 m3). These l i m i t e d  data show ambient and indoor benzene exposures are 

greater than exposure from food and water. 

Summary . 

I n  the  South Coast A i r  Basin, where roughly h a l f  the  s ta te ' s  populat ion 

l i ves ,  most people are exposed t o  a t  l e a s t  4 ppb ambient benzene on the  

year-round average. A i r  sampling data conf i rm t h a t  benzene i s  widespread i n  

L 
t he  urban atmosphere. Exposure t o  benzene i n  vehic les may be.s ign i f i can t .  

Data are too few t o  character ize near-source alnbient exposures o r  indoor 

exposures. Such in format ion w i l l  be neccessary 'during r i s k  management t o  

determine and rank t o t a l  and r e l a t i v e  exposures. 
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A P P E N ~ ~ X  A 

INFORMATION REQUEST LETTER AND RESPONSES 



s l ~ l t  0 1  CALIFORNIA GEORGE DEUKMUIAN. b - r  

--- - 
A I R  RESOURCES BOARD 

0 SlREEl 
, JOX 2015 
~ A M E N ~ ~  c A  95812 

February 10, 1984 

Dear S i r  o r  Madam: 

Subject: Request f o r  In format ion Regarding Benzene 

I am w r i t i n g  t o  request in format ion on t h e  h e a l t h  e f f e c t s  o f  benzene as p a r t  
o f  our t o x i c  a i r  contaminant program. This  program i s  based on l e g i s l a t i o n  
enacted i n  September 1983, Assembly B i l l  1807 (Tanner). AB 1807 (Health and 
Safety Code Sections 39650, e t  seq.) r equ i res  t h e  ARB t o  i d e n t i f y  compounds as 
t o x i c  a i r  contaminants and once i d e n t i f i e d  t o  develop and adopt con t ro l  
measures f o r  such compounds. A f t e r  consu l t a t i on  w i t h  t h e  s t a f f  o f  t he  
Department o f  Health Services (DOHS), we have se lected benzene as a candidate 
t o x i c  a i r  contaminant t o  be evaluated i n  accordance w i t h  t he  prov is ions of 
AB 1807. 

Before the  ARB can fo rma l l y  i d e n t i f y  a compound as a t o x i c  a i r  contaminant, 
Cr several steps must be taken. F i r s t ,  t h e  ARB must request t he  Department of 

Health Services t Q  evaluate the  h e a l t h  e f f e c t s  o f  candidate compounds. 
Second, t he  ARB s t a f f  must prepare a r e p o r t  which inc ludes t h e  hea l th  e f f e c t s  
eva luat ion and then submit t he  repo r t  t o  a S c i e n t i f i c  Review Panel f o r  i t s  
review. The repo r t  submitted t o  t h e  Panel w i l l  be made ava i l ab le  t o  t he  
publ ic .  Any person may a lso submit i n f o m a t i o n  t o  t h e  Panel f o r  i t s  
consideration. The Panel reviews t h e  su f f i c i ency  o f  t he  informat ion,  methods, 
and data used by the  DOHS i n  i t s  evaluation. Last ly ,  a f t e r  review by the  
S c i e n t i f i c  Review Panel, t he  repo r t  w i t h  t h e  w r i t t e n  f i n d i n g s  nf the  Panel 
w i l l  be considered by t he  A i r  Resources Board and w i l l  be t h e  bas is  f o r  any 
regu la to ry  ac t ion  by the  Board t o  o f f i c i a l l y  i d e n t i f y  a compound as a t o x i c  
a i r  contaminant. 

P r i o r  t o  f o rma l l y  requesting t he  DOHS t o  prepare a hea l t h  e f f e c t s  eva luat ion 
o f  benzene, we are providing, pursuant t o  t h e  p rov is ions  o f  Section 39660(e) 
o f  t he  Health and Safety Code, an oppor tun i ty  t o  i n te res ted  p a r t i e s  t o  submit 
in format ion on the  hea l th  ef fects of benzene which he o r  she be l ieves would be 
important i n  DOHS's evaluat ion of benzene as a candidate t o x i c  a i r  
contaminant. 

I n  December 1983, ARB staf f  received a reference search on benzene hea l th  
ef fects using the  MEOLARs I1  and DIALOG Informat ion Services. These 



in format ion services inc lude ma te r i a l  ava i l ab le  t o  the  pub l i c  on o r  before 
Ju ly  1983. The attached b ib l iography  l i s t s  the  references from t h i s  
in format ion search. We are request ing p e r t i n e n t  in format ion on benzene hea l th  
e f f ec t s ,  inc lud ing  any mater ia l  t h a t  may no t  be ava i l ab le  t o  the pub l i c ,  t h a t  
i s  not  included i n  the  attached b ib l iography.  

I would appreciate rece iv ing  any r e l e v a n t  in fo rmat ion  you wish t o  submit by 
March 12, 1984. To expedite the  review process, we ask t ha t  any in format ion 
which you be l ieve should be regarded as " t rade secret4 '  be c l e a r l y  marked and 
separated from other informat ion.  Your he lp  i n  expedi t ing our review w i l l  be 
g r e a t l y  appreciated. 

Heal th and Safety Code Section 39660(e) provides t h a t  you may i d e n t i f y  
po r t i ons  o f  the  in format ion you submit as " t rade secret." The ARB may l a t e r  
request t h a t  you provide documentation t o  support any c la im  o f  t rade secret. 
I n  addi t ion,  in format ion o the r  than t rade  secrets may be i d e n t i f i e d  as 
c o n f i d e n t i a l  i n  accordance w i t h  t he  p rov is ions  o f  Sect ion 9101 1, T i t l e  17, 
C a l i f o r n i a  Administrat ive Code. The in fo rmat ion  which you provide pursuant t o  
t h i s  request may be released "(1) t o  t he  p u b l i c  upon request, except t rade 
secrets, which i s  exempt from d isc losure  o r  t h e  d isc losure  o f  which i s  
p r o h i b i t e d  by law, and (2) t o  the  f ede ra l  Environmental Protect ion Agency, 
which p ro tec ts  t rade secrets as provided i n  Sect ion 114(c) of t h e  Clean A i r  
Act and,amendments there to  (42 USC 7401 e t  seq.) and i n  federa l  regulat ions."  
(Sect ion 91010, T i t l e  17, C a l i f o r n i a  Admin is t ra t ive Code.) The informat ion,  , 

i nc lud ing  t rade secret  and other c o n f i d e n t i a l  informat ion,  may a lso  be 
released t o  o ther  pub l i c  agencies, which are a lso  requi red t o  preserve the 
p ro tec t ions  accorded t o  t rade secret  and conf i d e n t i a l  informat ion.  

Please send t h e  in format ion t o .  the  a t t e n t i o n  o f :  

W i l l i a m  V. Loscutof f ,  Chief  
Toxic P o l l u t a n t s  Branch 
Re: Benzene 
C a l i f o r n i a  A i r  Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

If you have any f u r t h e r  questions regard ing h e a l t h  e f f e c t s  information, please 
contact  Mr .  John Batchelder a t  (916) 323-1505. For any o ther  questions, 
p lease contact  Mr.  Robert Barham a t  (916) 322-4586. 

If you are n o t  the  person t o  whom t h i s  request should be addressed, please 
forward i t  t o  the  approprtate person i n  your orgentzat ion.  Also please l e t  us 
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- - know whether you would l i k e  t o  continue t o  receive in format ion i n q u i r i e s  f o r  
other candidate compounds, and i f  not, i f  there i s  anyone i n  your organizat ion 
t o  whom such requests should be sent. 

Sincerely, I ,  

Peter D. ventur in i ,  Chief 
Stat ionary Source D iv is ion  

cc: Alex Kel ter ,  DHS 
L o r i  Johnston, DFA 
Wayne Morgan, President CAPCOA 
Jan, Bush, Executive Secretary CAPCOA 
David Howekamp, EPA .Region I X  
Sal Barajas, Assemblywoman Tanner I s  O f f  i c e  
APCO's 

Attachment 



- 
I72 EES: La ~ o i l a  Rood Placenlia, Calilom'a 92670 - 014) 630-7311 

February 14, 1984 ,, 

Mr .  Peter D. Ventur in i ,  Chief 
Stat ionary Snurce D iv is ion  
A i r  Resources 3oard 
1102 4 S t ree t  
P.O. 60x 2815 
Sacramento 
CA 95812 

Dear M r .  Ventur in i :  

We do no t  use benzene i n  any o f  our products, so we can 
n o t  provide you w i t h  t o x i c i t y  in fo rmat ion  no t  ava i l ab le  
t o  t he  pub l i c .  

We a re  very. i n t e k s t e d  i n  remaining on your  ma i l i ng  
l i s t ,  however, s ince we may be ab le  t o  con t r ibu te  needed 
in format ion regarding the  use o f  o ther  solvents,  such as 
perchloroethylene, a t  a l a t e r  date. 

Very t r u l y  yours, 
ADCOAT, I N C .  

HUGH H. MULLER 
PRESIDENT 

"servicc is part o: our formulo." 



LEp- 
The dhesive f.& 

dealant council 
Suite 910 - 1600 North Wilson Boulevard -Arlington, Virginia 22209 

Phone: (703) 841.1 112 

Apri l  2 ,  1984 

Mr. Fe t e r  D.  Venturini  
Chief 
S ta t ionary  Source Division 
A i r  Resources Board 
l l O Z  Q S t r e e t  
P.O. Eox 2815 
Sacramento, CA 95812 

Dea: -3r. Yen t u r i n i :  

I received a be la ted  copy of your request  ' f o r  F P f o a a t i o n  regarding benzene. 
I would appreciate  being placed on your msi l ing  l i s t  t c  receive i n f o ~ d t i o n  
i n q u i r i e s  f o r  o ther  candidate compounds, s o  t h a t  I may inform t h e  membership 
of the  Adhesive and Sealant Council of such inqu i r i e s .  

w 
Thank you f o r  your ass is tance.  

Sincerely ,  

=is Anne Nontei th  
Coordinator 
Government Rela t ions  



AMERICAN Z I Z  LUNG ASSOClATlON 
I 
I;! 

2 .  V ? i l l i a m  V. Loscd;ro~?f, Wef 
Toxic Pollutants Branch 
Re: Benzene 
Czliforniz .sir Resources Board 
EQX 2E15 
Sacraiwto, California 95812 

We are pleased to respmd to yau February 10, 1984 nmu requesting 
.informtion regarding benzene. 

me literature review attached to your u m ~  is w i v e  and we have only - .  

one a3d.itiona.l reference to  suggest. It is a subsequent article to 
re'erence 897 in the bibliography., 

Vbite, M.C., Infante, P.F. and mu, K.C.; A Quantitative Estimte of 
uuked.8 f iaa l i ty  Associated with C b c q x % W  Expsure to Benzene. 
Risk Analvsis, 1982, Vol. 11, pages 195-200. - 
Please continue to send infomation or requests for respcPlse on the 
toxic atr contaminant -am to cnzt staff person in the Southern 
W o x n i a  office, Gladys bkade. She is -tihg the joint r e m e  
of the American Lung Association of California and the Qlifornia 
Thoracic Society. 

CC: Dean Sheppard, M.D. 
California %oracic Society 

A-6 

U'e care about evew breath vou takr' 



, , .S:""j r r i . i  .*;. ""A i r , a  - .. .r. 
Los trngolks, C;:lifo:nia 9'23.5: 
Te!c.pholte 212 436 8724 

Fau: hi. Kzplcvr 
hl?nace: 
En:.iionr;ier;:iA ~ : . d  3 6 ~ u l ~ l o r y  A!fairs 
Hablth. S?lsfy ~n.! E~lvi~.o~men;zl Prcitecficn 

Mr. V!illiam 1'. Loscgtofl 
Chief Toxic Pollutants Branch 
California.Air Resources Board 
P.O. Bph"2615 
Sacnlmento, California 95612 

Bz: Request for Informhtior. R e p d i n g  Eienzene 

Dear id;. Loscutoff: 

This letter is in response to Mr. Pete- Jrenturir.i's February 10, 1964 request 
for inf~rmation regarding the health effects of benzene. The Atlantic 
Richfield Company appreciates the advance notice provided by ARB staff 
to members of the public advising us or ycur intention to shortly submit a 
request to the Department of Hezlth Sen*ices (DHS) fo: a hedth hezard 
and risk essessment for benzene. Taking edvantsge of opportunities such 
as this for cooperation between AR3 s&ff and the public can pes t l g  
enhance the regulatory implementetion of AB 1807. 

During the pest few years A.R.Co. en9 its operating companies have been 
actively participhting in severa! stare and federal regulatcrg p r o c e ~ d i r ~ s  
involving benzene. We also participate in research efforts of various trade 
organizations who have addressed the health effects of benzene. 
Bcpresentatives of our Corporate Toxicology grou? have rariewel the 
bibliography of studies attached tc the February 10 letter and have 
compared i: to recent studies and reviews in our files. 

Appendix A to thii letter lists selected studies and articles not 2iteC in tire 
ARB Bibliography which we reccnniend fz: inclcsion iq the package of 
materials to be slromitted to  DHS fc: their evaiuation. Copics of certain 
of the studies (i.e. thosa marked witn an "*1) have been provided for your 
convenience. If you do not nlreaty have, or hrve difficulty obtnining 
copies of eny of the other citei.meteriols, pleess contact 3r.  Charles 
Lapin of our Corpornte T o s i c o ! ~ ~  Group at (213)436-3825. The 
transmittal of these r~iaterials and :he ldentificati~n of health effects 
studies in Appendix A should tiot be cocstrued as reflecting any statement 
reg~rding the technic~il accurncy or the contens or conclusions of the 
studies. It also docs not nccessorily indica?e JLP..CO. support or 
apeenlent with :Ire vuri~u? nut*:w's - ~ e x s  on the hzelth effects or risk of 
benzene exposlee. 



Mr. \~'illiarn 1'. ~oscuto f f  
Califorrlia Air Resources Bonrd 
Page 2 
March 9, 1954 

Please feel  free to call us if we  can provide additiona! asistance in the 
ARB'S ongoing regulatory activities to  implement AB 1607. 

PME/ML:jap 

Attachments 

pc: Mr. Jolin Batchelder 



February 29,  1984 

W i l l i a m  V. ~ o s c u t o f f ,  Chief 
Toxic Pol lutants  Branch 
California Air Resources Board 
P.O. Box 1815 
Sacramento, CA 95812 

Dear M r .  Loscutoff: 

Reference: Benzene 

Regarding February 1 0 ,  1984 ARB request f o r  information on the  
hea l th  e f f ec t s  of benzene. We have no da ta  t o  submit a t  t h i s  
t i m e .  Presently,  w e  only purchase and use 10 t o  15 gallons of 
benzene per year f o r  QC and R 6r D,lab t e s t i n g  purposes. 

We would l i k e  t o  continue t o  receive information inqu i r i e s ,  e t c .  
f o r  o ther  po ten t i a l  toxic air contaminants. 

Sincerely,  
t 

fl. /L?%4" 
Dale B. Ilansop 
Director ,  Engineering 

DBH/dpc 

cc: P. Charley 
G. Sweeney 



California State '~n lvers i t~ ,  Fullerton 
Fullenon. California 92534 - 

Dean's Off~ce 
School oi Mathematics. Sc~ence and EnQlncerlnp 0-  

Peter  D. Venturini ,  C?~ief  ' 
Stat ionary Source Division 
A i r  Resources Board 
P.O. Box 2Ri5 
Sacramento, Cal i fornia  95E12 

Pear Venturini: 

Concerning your February 10 l e t t e r  regarding benzene, there  i s  no 
one a t  our i n s t i t u t i o n  wishing to  submit information. I do n o t  des i r e  
t o  continue receiving inf oma tion inqu i r i e s  f o r  o ther  candida t e  components. 
bu t  I recommend tha t - reques t s  be . s en t  to  the Chairman, Chemistry ~ e p a r u n e n t ;  
CSUF, Ful ler ton,  CA 92634. 

Sincerely yours, 

Dean, School if 'Mathematics, 
Science and Engineering 

The C a l i t q i a  Slate University 

\ 



ice of Associate 'dice President for 
Academic Affairs--Academic Personnel 
(2131 498.5157 

March 8, 1984 

PIC. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
RE: Eenzene 
California Air Resources 3oard 
P.O. Box 2815 
Sacremento, CA 

Dear M r .  Loscutoff: 

California State U~iversity, Long Beach is not conducting any 
scientific evaluations involving the health effects of benzene and 
its impact on the environment. Therefore, I am unable to provide 
you with any information that could be submitted to the Scientific 
Review Panel for its consideration. 

I have reviewed your bibliography on benzene and cannot add 
b t o  it. I appreciate you providing the opportunity to review and 

comment on the study being conducted on benzene. 

Sincerely, - -\ 
/ /r /LC*,,. ,' .7c-L 

i June M. Cooper 
: Associate Vice President 

for Employee Relations 

JMC:pj 
cc: President Horn 

Dick Hunt 

LONG 3EACH CALIFORNIA 541840 - -- - - L,.:'.z,sI <-'-' .;N."---:-.. " - 1 .z-.=c _ . - .  - , ,.=->. .. .-  tCJc --..-- 



DEPARTMENT QF THE ARMY 
U. S. ARMY ENVIRONMENTAL HYGIENE AGENCY 

ABERDEEN PROVING GROUND.  MARYLAND 21010 

"CPLV 10 
a l r c * ~ I o Y  OF I 5 1984 

Occupational and Environmental 
Medicine Division 

Mr. William I,'. Loscutoff 
Chief, TO::$ ; Pol 1 utants Srancii 
Cali forili a Air Resources Board 
P. 3. Box 2815 
Sbcramento, California 95812 

Dear Mr. Lofcutoff: 

Although this Agency has an i n t e r e s t  i n  benzene health effects ,  
a review of our f i l e s  h a s  not revealed any information tha t  we feel 
would be of use in your evaluation, o r  whish would not already be 
available t o  you i n  the general s c i e n t i f i c  l i t e ra tu re .  

Reconend tha t  future requests of  this nature be addressed to: 

Preventive Medicine Consultants Division 
Professional Services Directorate 
Office of The Surgeon General 
:Jashington, D. C. 20310 

Further questions or  comnents concerning t h i s  response should be 
directed t o  Major R. Petzold, this Agency, a t  (301) 671-3534. 

Sincerely, 

&1 C. 6aydosL M.D. 
Colonel, Medical Corps 
Director, Occupational and 

Environmental Health 



M e m o r a n d u m  

Tr : Peter D. Venturini, Chief 
Stationary Source Division 

L Air RPeources Board 
1102 Q s t r e e t  . 
Sacramento, CA 95814 

Dote : March 7 ,  1984 

Place : Sacramento 

From : Deportment of Food ond Agriculture 

Subject: Request for information Regarding Benzene 

Thank you for  your l e t t e r  regarding your information search fo r  Benzene. I 
think it expressed the  new mandate of Assembly B i l l  1807 succ inc t ly  and 
c l e a r l y  indicated why the  requested information is needed i n  order t o  evaluate  
mater ia l s  a s  tox ic  a i r  contaminants. 

Benzene is not reg is te red  a s  a p e s t i c i d e  a n d , . t o  my knowledge, is no longer 
used in  cur ren t  a g r i c u l t u r a l  pract ices .  It is not  an i n e r t  ingredient i n  cur ren t  
pes t i c ide  formulations and has not  been iden t i f i ed  a s  a breakdown product from 
other  pest ic ides .  The CDFA r e g i s t r a t i o n  l i b r a r y  no longer keeps heal th  e f f e c t s  
de ta  on Benzene s ince  its r e g i s t r a t i o n  was dropped over th ree  years ago. 

In summary, Benzene is no longer used i n  current  ag r i cu l tu ra l  p rac t i ces  and is 
not  reg is te red  as a p e s t i c i d e  by t h e  Department of Food and Agriculture. 

Lori Johnston, Ass is tan t  Director 
Pest  Management, Environmental 

Protect ion & Worker Safety 
(916) 322-6315 

R E C E I V E D  

MAR 1 2 1984 
Stotionoy Source 

Division 
'Air Resources Board 



c-, 3yi-- > G- Dew CHEMICAL U.S:A. 

February 15, 1984 
WILLARD H. DOW CENTER 

MIDUND.  MICHIGAN 48640 

M r .  Pe t e r  D. Venturini, Chief 
S ta t ionary  Source Division 
Air Resources Board 
1102 Q S t r e e t  
Sacramento, CA 95812 

Dear M r .  Venturini:  

Thankyou f o r  your l e t t e r  of February 10, 1984, i n  which you reviewed 
AB1807 and t h e  process under which t o x i c  air  contaminant "candidates" 
w i l l  be  handled. I have foiwarded a copy t o  o ther  p a r t s  of our company 
t h a t  b y  have some information on benzene t o  submit. 

P lease  continue t o  keep me informed of t he se  proceedings, and copy me on 
a l l  f u t u r e  reques t s  f o r  such information. 

Sincerely ,  

Hugh A. Farber,  Ph.D. 
Manager, Environmental Affa i r s  
Inorganic  Chemicals Department 
Phone: (517) 636-5658 

A-1 4 
A N  OPER&TINO UNIT OF THE DOW CHEMICAL COMPANY 



Ge:;y synthetic Fuels. Inc. 2750 Si~na i  Parkway. Siga:  bill. ~aiifornia 90306 S~elephone (2:3) 505-4964 

'k ::.,i..z-fi 78:.;5:. Manager. Pubbc C:ia:'s 

February 29, 1984 

Peter D. Venpurini 
Cal i forn ia  Air Resources Board 
1. 0. Box 2815 
Sazramento, CA 95812 

Dear Mr. ~ e n p u r i n i :  

I a?l writing to.respond t o  your l e t t e r  of February 10, subject :  Request fo r  
Information Regarding Benzene. 

We do not  have any per t inent  information on benzene hea l th  e f f e c t s  not 
included i n  your attached.bibliography. 

We would l i k e  t o  continue t o  receive information inqu i r i e s  f o r  o ther  candidate 
compounds. 

S inceres t  regards, 

b ' ! !  le +. 
William R. Taylor 

R E C E I V E D  

Stotionoy 
Division 

Air Resources Board 



HALOGENATED SOLVENT ItiDUSTRY ALLiACCE (202) 659-0060 
1612 K St reet ,  N.W., Washington, D.C. 20006 e 

February 22, 1984 

M r .  Peter D. Ventur in i  
Chief 
S ta t ionary  Source D i v i s i o n  ' 

C a l i f o r n i a  A i r  Resources Board 
1102 Q S t ree t  
P.O. Box2815 
Sacramento, CA '95812 

Dear Mr. Ventur in i :  

My o f f i c e  r e c e n t l y  received your open request f o r  in format ion 
on the  hea l th  e f f e c t s  of betizene. Thank you f o r  keeping us informed. 
Unfor.tunately, we do not  have any in fo rmat ion  a t  . t h i s  t ime t h a t  would 
be o f  b e n e f i t  t o  you. 

We are very much in te res ted  i n  remaining on your request l i s t  
f o r  a1 1 candidate compounds. Please change t h e  appropr iate addressee 
i n  your f i l e s  from Mike I t a l i a n o  (who i s  no longer w i t h  us) t o  my name. 

I w i l l  forward your l e t t e r  t o  o the r  p a r t i e s  who may have in fo rmat ion  
on benzene. 

Y Paul A. Canmer 
Execut ive D i rec to r  

Affiliated with Synthetic Organic Chemical Manufacturers Association. Inc 
- - .. - 



IT CORPORATION February 21, 1984 

M r .  Wi l l i am V. Loscutof f ,  Chief 
Toxic Po l lu tan ts  Branch 
Ca l i  i o r n i  a A i r  Resources Board 
P. 0. Box 2815 
Sacremento, CA 95812 

Dear B i l l :  

Re: Benzene 

A. F i r s t ,  on your bibl iography: 

.I. References number 76 and 77 seem t o  be a dupl icate.  

2.  ~e fe rences  93 and 94 appear t o  deal w i t h  a substance o ther  than 
L benzene (styrene, o r  " v i n y l  benzene"). 

3. Add i t iona l  Reference, publ ished since J u l y  1983, include: 

a. M. A. Mehlman, J. A i r  Po l l u t .  Control  Assoc. 33:834-6 (1983) 
b. R. E. Alber t ,  J. A i r  Po l l u t .  Control  Assoc. 33:836-7 (1983) 

6. I don ' t  have any add i t i ona l  data t o  submit. 

C. Please cont inue t o  send in fo rmat ion  quer ies t o  me. 

Note t h a t  my ma i l i ng  address, e f f e c t i v e  February 27, 1983, w i l l  
be : 

I T  Corporatioh 
P. 0. Box 2995 
Torrance, CA 90509 

With bes t  regards, - 

R. N ichols  ~azelwood 
P r o j e c t  Manager 
Envi ronmental A f f a i r s  

t 
RNH:\lh A-17 

Corporate C::lo 
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MOTOR VEHICLE MANUFACTURERS .4SSOCI.%TION 
of the United Srares, Inc. 

300 XEIY CESTER BLILDIYG DETROIT. .\!ICHICAS 46202 ARE4 3:3.672-4311 

PHILIP CALDWELL. Chairman 
V. J. ADDUCI. P r e i h t  .ndCh,efExecutive Oliiccr 
TH0W.S ii. HAXXA. Senior Ifice FTeridmr 

March. 3 0 ,  1984 

M r .  l f i l l i a a  F. Loscu to f f ,  Chief 
Toxic P o l l u t a n t s  Branch 
C a l i f o r n i a  A i r  Resources Board 
F. O. E O X  2e15 
S ~ c r a m e n t o ,  C a l i f o r n i a  95812 

Dear Mr. Loscutoff :  

Re: Benzene 

The Motor Vehicle  Manufacturers  Assoc i a t i on  of t h e  United 
S t a t e s r  Inc.  (MVMA)* is a  t r a d e  a s s o c i a t i o n  whose members r e p r e -  
s e n t  t h e  major domest ic  motor v e h i c l e  manufacturers .  We a r e  
responding t o  your  r e q u e s t  f o r  , in fa rmat ion  r ega rd ing  benzene. 

The b i b l i o g r a p h y  genera ted  by CkRB appea r s  ve ry  thorough. 
However, we s u g g e s t  t h a t  you a c c e s s  t h e  docket  f i l e  on benzene a t  
t h e  U.S. C c c u p a t i o n a l S a f e t y  and Hea l th  Adminis t ra t ion  and f u l l y  
u t i l i z e  t h i s  impor t an t  in format ion  sou rce  f o r  a d d i t i o n a l  t e c h n i c a l  
in format ion .  

Also ,  t h e  U.S. Supreme Court  d e c i s i o n  ( I n d u s t r i a l  Union. 
Department APL-CIO v. American Petroleum I n s t i t u t e ,  No. 78-911, 
U.S. Supreme Cour t r  J u l y  2 1  l 9 8 0 ) o n  the  U.S. OSHA benzene 
proposed s t a n d a r d  may provide  i n s i g h t  on a  l e g a l  p recedent  f o r  t h e  
h e a l t h  r i s k s  a s s o c i a t e d  wi th  benzene. 

FIe t r u s t  t h i s  in format ion  is u s e f u l  t o  you. 

Fred W. Bowditch V 
Vice P r e s i d e n t  
Technica l  A f f a i r s  

*I.iVKA members a r e  American ~ o t o r a  Corpora t ion ,  Ford Motor Company, 
C h r y s l e r  Corpora t ion ,  General  Motors Corpora t ion ,  I n t e r n a t i o n a l  
H a r v e s t e r  Company, M.A.N. Truck & Bus Corpora t ion ,  PACChR I n c ,  
Volkswagen of America, I ce . ,  and Volvo North America Corpora t ion .  

A-18 
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2 j K E A R S  Y S T R E E T  

S A S  F R A S C I S C O .  C ; \ L I F O R S I . 4  1 0 s  

41 j421 -GjG1  

March 1 6 ,  1984 

X c x  Fork Ofire 
1 1 2  E*ST j ? S U  STREET 

N E t V  YOU);. S . Y .  1 0 1 6 3  

2 1 2  9 . 1 9 - 0 0 4 9  

William V. Loscutoff, Chief 
Toxic Pol lu tants  Branch 
Cel i forn ia  A i r  Resources Board 
P.O. Box 2815 
Sacramento CA 95812 

RE: Benzene 

Dear Mr. Loscutof f : 

I am writ ing i n  response t o  your February 1 0 ,  1984 l e t t e r  
requesting information on benzene. I have no addi t ional  suggestions 
f o r  your extensive list. I would appreciate  it very much i f  
f u tu r e  information i nqu i r i e s  f o r  o ther  candieate compounds, along 
with a l l  o ther  mailings per taining t o  t ox i c  air contaminants, be 
s e n t  here t o  my a t tent ion .  

Thank you. 

Sincerely,  

Laura B. King I 

A-19 .. 
L 
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March 13, 1984 

To h 3 m  It May Concern: 

I am writing to you on behalf of the Oil, Chemical and Atmic Workers International Union 
and, in particular, our m d r s  in the State of California. As you know, we represent 
thousands of petrochemical workers in California. Many of these people are exposed, on a 
daily basis, to benzene in production, transfer and chemical intermediate operations. For 
this reason, we have been extensively involved in regulatory activities with regard to 
benzene for many years. 

Recently, one of our representatives in California forwarded your request for information 
regarding benzene to me. I applaud the Air Resources Board's decision to consider 
regulating ambient exposures to benzene and I would like to cell to your attention two 
significant pieces of information on the health effects of benzene. 

Spscifically, after reviewing the attached bibliography, I noticed that the followinn 
documents were not mentioned: 

1) Environmental Protection Agency Carcinogen Assessment ~roup - 
Quantitative Risk Assessnent of Benzene, March 10, 1983. 

a 
In my view, this report dmonstrates that there is a significant 
risk for leukemia at an exposure level of 1 part per million (ppn) 
for a working lifetime exposure. 

This teport follows the 1979 Carcinogen Assessment Group's Report 
on Population Risk to Iunlaient Benzene Exposure which estimated 
the cancer risk of lifetime exposure at 1 ppn to be 2 per 100 
persons exposed. 

2) National Toxicology Program Technical Report [Draft 10/19/831 : 
The Toxicology and Carcinogenesis Studies of Benzene in F344N rats 
and B6C3F mice (Gr~age Stydies). James Huff, PhD. NIH Publication 
884-2545. 

This study demonstrates malignant response at levels lower than 
previously demonstrated. I have enclosed the abstract for your 
information. 



'- hopeful that this information will be of use to the California Air Resources Board in 
your teterminetion of a policy with respsct to ambient exposures to benzene. 

please feel free to contact me at your convenience if you have any further questisns. 

Sincerely, 

Kenneth B. Miller, M.D. 
Occupational Health Physician 

m c  . 
cc: Robert Boudreau, International ~epresentative 

C%%W District #1 
Dan Edwards, Director. 

OCAW Health & Safety Deparmnt 



Apr i l  6, 1984 

Mr. William V. oscutoff,  Chief 
Toxic Pol lu t  J" rs Branch 
Cal i fornia  A'ir Resources Board 
P. 0. ~ o x f i 8 1 5  
~ a c r a m d o ,  CA 95812 

Dea /' Mr. Loscutoff: 

Information Inqu i r i e s  Mailing L i s t  
Requests f o r  Publ ic  Health Infomat ion  - 

P a c i f i c  Gas and ~ i e c t r i c  Company received your February 10, 1984 request f o r  
addi t iona l  public health information regarding benzene. We reviewed your 
bibliography and concluded t h a t  we were not aware of any addi t iona l  information 
which should be submitted t o  you. 

Please send dl fu r tu re  information inquiries t o  me at the above address. I 
Thank you. 

Sincerely , .  



TIEXAS AUK L W l A  ll KUL i t b W ~ ~ l W  
6330 HWY. 290 EAST 

AUSTIN. TEXAS 78723 
5121451.5711 

JOHN L. BLAIR VI~TORIO K. ARGENTO, P. E. 
Chairma0 BOB G. BAILEY 
CHARLES R. JAYNES FRED HARTMAN 

'W Vice Chairman 0. JACK KILIAN, M. 0. 
OlTO R. KUNZE, Ph. 0.. P. E. 

BILL STEWART. P. E. 
FRANK H. LEWIS ' 

Secutirc Director R. HAL MOORMAN 

Mr. W i l l i a m  V .  L o s c u t o P f ,  C h i e f  
Re: I n f o r m a t i o n  R e g a r d i n g  Benzene  
T o x i c  P o l l u t a n t s  Branch  
C e l i f o r n i a  Air R e s o u r c e s  B o a r d  
P .  0. Box 2815  
Sac ra inen to ,  C A  9581% 

I r e c e n t l y  r e c e i v e d  a  l e t t e r  f rom Mr. P e t e r  D. V e n t u r i n i  o f  
y o u r  o f f i c e  r e q u e s t i n g  i n f o r m a t i o n  a b o u t  b e n z e n e .  He a s k e d  
t h a t  I d i r e c t  my r e s p o n s e  t o  you. 

We d o  n o t  h a v e  a n y  i n f o r m a t i o n  r e g a r d i n g  b e n z e n e  t h a t  i s  
n o t  a l r e a d y  l i s t e d  i n  t h e  b i b l i o g r a p h y  a t t a c h e d  t o  
Mr. V e n t u r i n i ' s . l e t t e r ,  b u t  I would a p p r e c i a t e  r e m a i n i n g  o n  
y o u r  m a i l i n g  l i s t  and  r e c e i v i n g  f u r t h e r  r e p o r t s  of your  
work. 

E n c l o s e d  i s  a  copy  of  t h e  m a i l i n g  l a b e l  u s e d  t o  s e n d  t h e  
" R e q u e s t  f o r  I n f o r m a t i o n  R e g e r d i n g  Benzene"  t o  me. 

k i t i n g  ~ i r e c t o r  
R e s e a r c h  D i v i s i o n  

E n c l o s u r e s  

Celebrating 150 ye& of T e w  Independena 1836 - 1986 



UNIVERSITY OF CALIFORXI.~, D.AI~IS 

BLXL~ES . D.W\.U . ~ V I S L  . ~ b s  ASCELIS HI~MIDL . SAS D ~ O  . SAX FRCYCISCO s.\s-r,. BAIUIAIU . S A ~ ~ A  ~ L T  

OFFICE OF THE Dm DAI7.5, CALIF0R.U 95616 
COLLEGE OF L E r n R . 5  A\D SClESCE 

Wil l iam V. Loscutoff, Qlair 
Todc Pollutants Brand1 
: Benzene 
&lifo& jk ~ Z ~ J T C ~ E  &;;-l 
P.O. Box 2815 
Sacranento, Ca. 95812 

Dear &. Loscutoff: 

I have f-ded ymr request for idomst ion on benzene t o  Mr. 
Richard Holdstock, Envirorxnental Health and Safety, on the Davis ~;rmpus. 
A11 requests of this nature are addressed by his office. 

Yorrrs sincerely, 



UA71\'ERSITY OF CALIFORSL4, DAVIS -- 

~~:=is . DAVIS . IRVISE LOS ASCELES . IV\.ER(mE . S A S  DIECO SAX TPdSCIsCO . SASKA BARBAM . S A S h  CRUZ 

DAVID PIERPOXT GARDSER 
fie.vrdm, ./rhr On#srrul? 

E\IIL %I. MRAK 
Chonctllor Enwr8lw 

USIVERSITY HOUSE 
DAVIS. CALlFORSlA 95616 

February 16, 1984 

Peter D. Venturini, Chief 
Stationary Source Division 
Air Resources Board 
1102 Q Street 
I?. 0. Box 2315 
Sacramento, CA 95812 

Dear Mr. Venturini: 

I have just read your request for information regarding benzene. 
I find this most interesting, and I Would certainly like to remain on 
the list to receive inquiries M o t h e r  canai-batecor~pounds. 

I would also suggest t Dr. Dale Lindsay receive these inquiries. 
His address is: 562 Reed Davis, CA 95616. 

---. -. ._ 
f presume that you the THIRD ANNUAL REPORT OK CARCINO- 

G2NS--SU-N!9-RY 1983 of of Public Health Services. 
-There m a  little 28 on benzene. 

Xindest personal regards, 
e 

R E C E I V E D  

Statiozay Sou:= 
Division 

Air Rerourcer Board 



University of California. San Francisco A Health 

February 21, 1984 

Peter D. Ventur ln i ,  Chief  
Stat ionary Source D iv i s i on  
A l r  Resource Board 
11 02 "QI1 St ree t  
P.O. Box 2815 
Sccramento, CA 95812 

RE: REQUEST FOR INFORMATION REGARDING BENZENE 

Dear Mr. Ventur ln l :  

I have forwarded your l e t t e r  t o  Prof. Neal Castagnoli o f  our School 
o f  Pharmacy. Professor Castagnoll  1s p u l t e  knowledgeable about t h l s  e area. 

I woul'd be w l l l l n g  t o  consfder from time-to-time i n q u l r l e s  about 
various compounds. 

Sincerely yours, 

LLOYD M. KOZLOFF 
Dean, Graduate D i v l s l o n  

S>af;oc=ry S O ~ J : : ~  
Divirisn 

Air kesour:ts herd 



b ES\'IROS>IESTAL HEALTH 6 SAFETY SANTA CRCZ. CALIFORS1.A 95064 

March 6 ,  1984 

Wtll iam V.  Loscutoff, Chief 
Toxic, Pol 1 utanfs Branch 
Re: Benzene' 
Cal iforgia Air Resources Bd 
PO Box'2815 
Sacrimento, CA 9581 2 

Dear S i r :  

Your l e t t e r  of February 10, 1984, requesting information regarding Benzene has been 
reviewed. Benzene sees very limited use on this  Campus since i t  was identified 
as a suspect human carcinogen some years ago. Primary Benzene use has been i n  mass 
spectrometry fo r  dissolving samples a t  about one m i l  1 i l  i t e r  per sample delivered 
by pipette.  .We have not acquired regular grade Benzene fo r  some time though we 
have a small quantity on hand. Acetone has been substi tuted as a solvent for  some 
cleaning purposes and chloroform has been substituted i n  many other analytical 
protocols. 

L 
As information is  developed on Benzene toxicology and related safety, we would be 
pleased t o  be informed. We d i d  not receive the  bibliography referred t o  i n  your 
l e t t e r .  T h i s  would be useful information. For this campus, you may maintain l iaison 
w i t h  the  undersigned. 

Cordially, 

~ a m e a y i ' a  
Envi ronmekai Health '?it - 

I 

- 
lng ." \ 

d Safety Officer 



Wedern Oil and Gas Association 
727 \'Jest Seventh Streel. Los Anpales. California 90017 
(213) 627-4866 

March 13, 1984 

Federal Express 

William V. Loscutoff 
Chief 
Toxic Pollutants Branch 
California Air Resources Board 
1102 "Q" Street 
Sacramento, California 95814 

Re: Req-dest for Information Concernina Benzene 

Dear Bill: 

By this letter, the Western Oil and Gas Association 
("WOGA") responds to your request for information concerning 
the health effects of benzene to be used in the consideration 
of whether benzene should be listed as a toxic air contaminant 
pursuant to California Health and Safety Code SS 39650 et seq. 
WOGA is pleased to submit the attached bibliography which we 
believe contains the most important research done to date 
concerning the health effects of benzene. Since benzene has 
been and continues to be the topic of a significant amount of 
research, we will continue to search for other studies which 
we will send to you as we become aware of them. We thank you 
for the opportunity to submit this information and stana ready 
to answer any questions you may have. 

We understand that benzene is the first substance 
to undergo review as a poten.tia1 toxic air contaminant. 
California Health and Safety Code S 39660(f) states that: 

"The state board shall give priority to 
the evaluation and regulation of substances 
based on factors related to the risk of 
harm to public health, amount or potential 
amount of emissions, manner of usage of 
the substance in California, persistence 
in the atmosphere, and ambient concentra- 
tions in the community." 

We would like an explanation as to why ,benzene was 
chosen as the first substance for evaluation based on thsse 
criteria. We are also interested in learning the other sub- 
stances you intend to evaluate in the next ye.ar.. 



William V. Loscutoff 
March 13, 1984 
Page Two 

Thank you for the opportunity to submit this health 
data. If you have any questions, please contact Dr. Michael 
Cardin at (213) 977-6734. 

Very ,ply yours t 

Robert N. Harrison 
Assistant General Manager 

RiJH : vb 

Enclosure 



WASTE SYSTEMS, INC. 
2928 POPLAR STREET . OAKLAND, CA D46OB . 415/8934ZgI 

February 15, 1984 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
California Air Resources Board 
P.O. Box 2815 
Sacramento, California 95812 

Dear Sir: 

We have no special information on benzene to submit for your 
evaluation. 

ZERO WASTE SYSTEMS 

P.S. W= do not vish to receive further requests for information. 
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STATE OF CALIFORNIA GEOIGE D E U W I A N  6m-r 

AIR RESOURCES BOARD 
1101 0 STREFI 
p.0 &OX 2815 

CRAMENTO. U 95812 

L 

June 20, 1984 

Dear S i r  o r  Madam: 

Subject: ARB D ra f t  Report on Benzene 

I n  my February 10, 1984, l e t t e r  request ing hea l th  e f f e c t s  in format ion on 
benzene, I indicated tha t  we would prepare a r e p o r t  on benzene f o r  review 
by the S c i e n t i f i c  Review Panel (SRP). Also i n  t h a t  l e t t e r ,  I stated t h a t  
the  repo r t  submitted t o  the Panel w i 7 1  be made ava i l ab le  t o  the  pub l i c  upon 
i t s  submit ta l  t o  the  Panel. 

This l e t t e r  i s  t o  inform you o f  an oppor tun i ty  we are prov id ing t o  review 
and comment on a p a r t  o f  the d r a f t  benzene r e p o r t  p r i o r  t o  i t s  submi t ta l  
t o  the  SRP. The repor t  w i l l  cons is t  o f  two par ts ;  Par t  A - "A Review o f  
Benzene Uses, Emissions, and Publ ic  Exposure" and Par t  B - °A Review of 
Benzene Health Hazards." Par t  B, which ' is  being prepared by the  Department 
of Heal th Services, wiT1 be ava i lab le  f o r  review when the  repo r t  i s  submitted 
t o  the SRP. However, a pre l iminary  d r a f t  o f  Pa r t  A i s  expected t o  be ava i l ab le  
by June 29, 1984. 

w I n  order t o  ob ta in  a copy o f  the p re l im inary  d r a f t  t o  Par t  A o f  the  repor t ,  
please send your  request t o  the a t t e n t i o n  o f :  

Publ ic In format ion O f f I ce  
Re: Draf t  Benzene Report - Par t  A 
Cal i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 . 

o r  c a l l  t he  o f f i c e  a t  (916) 322-2990. A copy o f  the  p re l im inary  d r a f t  w i l l  
be sent t o  you as soon as i t i s  ava i lab le .  Since we p lan  t o  submit the  
f i n a l  benzene repo r t  t o  the  SRP i n  e a r l y  August 1984, we need your comments 
on the  Pa r t  A d r a f t  by Ju ly  20. 1984. 

S ta t ionary  Source D iv is ion  

cc: Alex Kel te r ,  DHS 
L o r i  Johnston, DFA 
Wayne Morgan, President CAPCOA 
David Howekamp, EPA Region I X  

L Assemblywoman Tanner . 
APCOs 



AIR RESOURCES BOARD 
I 1 0 7  0 s1ncn 
P.0. B O X  Y S I l  , 

SACRAMEMO. CA 958 12 

Ju ly  1 9 ,  1984 

Dear S i r  or  Madam: 

Subject:  Draft Report on Benzene t o  t he  S c i e n t i f i c  Review 
Panel 

Enclosed i s  t h e  d r a f t  of Ps r t  A of t h e  subjec t  repor t :  "A Review of Benzene 
Uses, Emissions, and Public Exposure" per your reques t .  

We i n v i t e  your comments on Par t  A by August 15. I f  your wr i t t en  comments 
w i l l  not reach us by t h a t  da t e ,  p lease precede them w i t h  a telephone c a l l  t o  
Barbara Fry a t  (916) 322-8276. Written comments should be addressed t o :  

William V .  Loscutoff. Chief 
Toxic Pol lu tan ts  Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento. CA 9581 2 

I r e g r e t  t he  delay i n  producing t h e  d r a f t  report .  

Sincere1 y ,  

Peter D. Venturini ,  Chief 
S t a t i o n a r y  Source Division 

Enclosure . . 
cc  : Assemblywoman Tanner 



-. - - - - - . . 
515 South Flower Street 
LOS Angeles. California 90071 
Telephone 213 486 8750 

David A.  Smith 
Consullant 
Environmental Regulatory Compliance 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Rasoui-ces Board 
Post Office Box 2815 
Sacrainento, California 

Dear :dr. Loscutoff: 

Attached are brief ARC0 Petroleum Products Company (APPCo) comments on the 
California Air Resources Board preliminary draft repart entitled, "Part A - A Review of 
Benzene Uses, Emissions and Public Exposure." APPCo personnel also contributed to and 
fully support the comments submitted to you by the Western Oil and Gas Association 
(WOGA) on Part A and the associated Department of Health Services Part B report 
entitled, ttHealth Effects of Benzene." 

In particular, we wish to  emphasize WOGA1s point that the DOHS did not present the 
"range of risks to humans resulting from current or anticipated exposure" of benzene 
required by the Health and Safety Code Section 39660(c). A range of risk determination 
requires the use of various assumptions and methods to  evaluate risks at  certain dose 
levels. DOHS failed to  do this. This omission is exemplified in the.Departmentls dismissal 
of data from human studies which have been used by all other governmental agencies in 
assessing human benzene exposure risks. It is these types of problems that make us 
believe the Part B report is seriously deficient. 

If you wish to discuss any of the attached comments on Part A, please call me at the 
above phone number. Please call Dr. Charles Lapin at 213/486-3825 if you have questions 
with regard to Part B which you wish to discuss with us. 

- 

A. Smith 
nsultant, Environmental/Health Planning 

DAS/bf 
Attachment 

cc: Dr. C. A. Lapin 



ARC0 Petroleum Producrs Co. 
Comments on 

P k t  A. A Review of Benzene 
Uses, Emissions and Public Expnsure 

Stationary Source Emissions 

The report identifies the largest stationary benzene source as gasoline marketing. 
Gasoline marketing should be further defined in the report to more clearly identify the 
particular source for which the emission estimate is made. EPA within an August 8, 1984 
Federal Register notice that discusses regulatory strategies for the gasoline marketing 
industry identifies bulk terminals. bulk plants, service station tanks and vehicle refueling 
operations as potential gasoline marketing emission sources. The staff report should 
identify which of these sources are included in this source category. 

Additionally, the CARB assumption of 2.4 wt% benzene in the total hydrocarbon emissions 
from gasoline marketing sources over simplifies the real situation. The attached 
European CONCAWE Report discusses benzene evaporative emission concentrations and 
their dependence on fuel temperature, Reid Vapor Pressure and benzene content of the 
intank and dispensed fuel. The benzene concentrations in the attached CONCAWE Report 
averages approximately 1.5 -wt% rather then the 2.4 wt% in the CARB repori. This 
combined with our earlier comment casts serious doubt ont he usefulness of the published 
emission rate. 

Vehicular Exhaust Emissions 

The draft report does not present an adequate discussion on the relationship between 
vehicular exhaust benzene emissions to benzene and aromatic fuel content. The attached 
CONCAWE Report concludes that a significant portion of the fuel benzene passes out 
through the exhaust system. The remainder of the exhaust benzene is formed somewhere 
within the combustion/exhaust system. This type of information which has significant 
importance in selecting control options has led the Coordinating Research Council to  
proceed with a recently approved testing program of several cars and fuels to investigate 
these and other issues. The test results are to be available early next year. This 
uncertainty on how benzene exhaust emission are actually formed and thereby controlled 
should be reflected in the report. 

Appendix E: Ambient Monitoring Data ' 
Limitations to  Analysis 

Limiration number four states that, "this study does not include benzene exposures in the 
w~rkplace.~~ This is certainly not for a lack of available data. Federal OSHA and 
impacted industries have been working together to review the current federal permissable 
exposure limit of lOppm for some time. Considerable exposure limit of information is 
currently available on employee benzene exposures. A report presented at  the Collegium 
Ramazzini on Nov. 4, 1983 entitled, "Benzene Exposure in the United States 1978-1983- 
An Overviewf1 by H.E. Kunion and L.M. Scott presents benzene exposures for a number of 
industries. Such exposure levels can be useful in comparing calculated workplace risk 
estimates with real life experience. 
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. . 
synopsis 

. : - -  - --- - . - . 

BENZENE EMISSIONS FROM b o n g  t h e  rources  of benzene i n  a i r ,  gasoline-powered 
PASSENGER CARS motor v e h i c l e s  a r e  known t o  cont r ihute  about 80-85% of 

the  t o t a l  man-made benzene emissions i n  indus t r i a l i s ed  
CONCAVE Report No. 12/83 countr ies .  

Bydrocarbons, including benzene, a r e  emit ted i n t o  the 
a i r  from motor veh ic l e s  i n  th ree  main ways: 

8/21/84 F Y I  - - by displacement from veh ic l e  f u e l  tanks during 
TO: BENZENE COORDINATING re fue l l inn :  - - 

TASK FORCE - by evadoration from f u e l  &nk, ca rbure t to r  and 

FROM: T O M  CORNIELL . assoc ia ted  f u e l  system by temperature e f f ec t s ;  - as unburnt hydrocarbons i n  exhaust gases. 

m e  f i r s t  s e c t i o n  of t h i s  report  descr ibes  t h e  s tud jes  
ca r r i ed  ou t  t o  determine the  magnitude of  benzene 
emissiws from these  aources and t o  ident5fy  the  
r e l a t i o n s h i p  wi th  f u e l  composition. 

I n  t h e  second sec t ion ,  t he  r e l a t i v e  cont r ibut ions  of 
re-fuel l ing,  e v a p o r a t i w  and exhaust t o  t h e  t o t a l  
emissions are quant if ied.  Benzene l o s s e s  during 
re- fue l l ing  are re l a t ed  mot only t o  t h e  volume and 
benzene content  of  .the gasoline being dispensed but 
a l s o  t o  t h e  benzene content of the  gasol ine  already i n  
the  f u e l  tank. During typica l  use,  re - fue l l ing  losses  
amount t o  1-4 milligrams per kilometre. Benzene 
evaporation from the  vehicle  c a r b u r e t t a r  and f u e l  tank. 
due r e spec t ive ly  t o  engine hea t  soak-back and da i ly  
temperature v a r i a t i o n ,  is d i r e c t l y  r e l a t e d  t o  t h e  
benzene content  of the  gasolioe being used. For typical  
d a i l y  s e r v i c e  f n  the  average European summer dlrrmal 
temperature v a r i a t j o n  of 7.C. lo s ses  amount t o  -0-50 
milligrams per  kilometre. Of the benzene emitted In  
exhaust pras, only 3 5 4 5 %  i s  benzene o r i g i n a l l y  present 
i n  the  gasol ine  and surviving combustion. The remainder 
is formed during-combustion. Exhaust benzene farms the 
l a r g e s t  Source of vehicular  benzene l o s s ,  some 81-892 
COmpaTCQ v l t h  l o  - 18% e v a ~ o r a t i v e  l o  sse- and 1-22 
re- fue l l ing  losses .  



ABSTRACT 

¶his report rhsracteriaes the losses of benzsn* into the atmosrhsre fro. three typical 
European passenter cars during svera;e daily use. Thrae sources of loss ere identified: 
losses during refuellint. evaporstion from fuel systew and -issioN in exhaust (eses. 
The relative conrributions of these aourcas are discussed and the report evelurtea th. 
eff.ctivenesr of various alrerrutive mans of control, includin; re;ulating the composition 
of motor ;.soline by controllin; the bename content, and fitting control devices ro passen'er 
cars. 

Dit rapport bsschrijft de banimenverlieren in ds dmpkrin; van dris rspresentatieve Luropese 
personenauto's bij ;niddeld daaelijks ;ebruik. Lr wordt onderscheid seuakt tuaaen drie 
oorxakeo van verlies: verlias tijdenr het tanken. het verdulpen van benreen uit da brandstof- 
aystern en emissia in uit1aat;assmn. De ralatieva bijdra;~ van elk van dexe wrzakac words 
beeproksn. en hat rapport baoordeelt de doelcraffendheid vao aeo aantal varsehillade 
bestrijdin(smidde1en. Wierros behormn her reaularen van de emnrtallin; vw autobenxins door 
tmzichc op her bsnxaans&alte an hat unbreoaan van contr8lcimstrunten in personemauto's. 

In dies- Baricht vird die Banxolmiseion in Lie Atmospirs bei drei europiischen Pku im 
n o m l e n  Berriab dar;estellt. C8 wrden dreietlri C o m n  dar Benrolmiseion ~tsrechieden: 
Varluste baim Tanken. Vardulutuo: aus Xraltstotfleitun#en und Liseiwen in Auspuff;ssen. 
Nach der relariven Gewichtunn dieeer drei Uraachan wird die Yirksnkait varachi-dmner 
kchoden zur Ba;rmnrun; der ~ a ~ l o l a i s ~ i o n  durch Beeinflusaun# da. ~raft8toffxus.wnsetrun~ 
durch Kootrolle des Banxo1;ehaltm und dar Aua6etuu& von Ph, sic lontrol1;erZtan orZrtert. 

h prisent rapport difinit lea hanations de banxine danr l'atmosphare 1 partir de rroie 
voituros de tourism europiennas typiques pendant laur utilisatiw quotidieme. Trois aourcas 
d'lunatims son; idencifiias: &lutiow pendant 1e rsplissage du r6sarvoir. ivaporatims 
provenant das systimee de carburation et biaslone danr lee &ax d'kcbappeuot. L.a contributions 
?e#p*Ctive~ da C.8 aourCa8 enDt * . ~ i ~ h  *I I* IaPpOIt lvalue l'*ffiC~Citl d-8 diverses 
pnaeibiliris de contr8le. y compris la ri;lemmtation ds la cqnsition de l'essence pour lea 
autmobilae par 1e contrala da la tanaur en bmnrine et la lonta;~ de dispositits anti-pollution 
sur las vihiculss de tourism. 

Lste inform caracrarixa 1.1 pirdidas de bmcano a la at~3sfera an tres autnCiles europeos 
tfpicos con un uso diario prordio. Se Uentifican tres fuentes de p6rdidas: las que se 
producen a1 reposcar. la evaporaci6n an lor aista6as de coobustible y 1.1 emirionas en 101 
nasas h escape. El inform* trata de las contribuciones nlativas de .eras fuentes y evrlOa 
la eficacia ds lor diversos wdios ds control. qur incluyen 14 ragulaci6n de la composici6n 
de la ;asolina, conrrolando el conrenido de bencano. y la insralacibn de dispositivoa de 
control en lo8 autdvilas. 

In questo rapport0 si identificano 11 perdire di benzene nell'atsosfera da part* di tre 
ripiche autovetture auropee in us0 ;iornali-ro ndio. in base a ;re fonti di perdite: 
durance le operazioni di riempirnco. evaporaxione d.1 sisteu di alimentazione ad emissioni 
dallo scarico. t relativi apporti di querrd fonti sono o;;scro di trettarione ed i! ISppOrtO 
.valuta anche l'efficacid di diversi merzi di COntrOllO.,f~s cui la regol.nentrzione dell. 
cmposirione dell. bmzina controllandone i l  tenore in benzene l'adozione di dispositivi 
di controllo sulle autowerture. 
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1.. INTRODUCTION 

There is substantial evidence that higb concentrationr of benzene 
encountered in the workplace can cause diseases of the blood and 
bone-marrov, and many countries have legislation to control 
occupational exposures. Data regarding chronic effect# of low-level 
exposures or short-term peak exposures of the type experienced by 
the general public are incooclurive and need furtber elucidation. 

A number of studies have been published on the rources of benzene 
in air. These make it clear that benzene is ubiquitous in its 
distribution, being formed during processes of incomplete 
comburtion including natural evmtr ruch as forest firer. 
Ueasurements of ambient benzene in rural area8 re- 

owevcr, in urban areas concentrationr fall typically 
e !  35-100 vg/mS (1). depend in^ on site-specific factors 
such as traffic density and local~indurtries. 

Data on mon-made rourcer of benzene emirsions into the atmosphere 
are currently available in open liferature. Making assumptions 
about emission factors from rystems.handling products containing 
benzene, and from comburtion sources producing benzene, the 
relative contributionr to the atmospheric benzeae burden have b k n  0 
derivedfor Canada, Genoany and.the USA and are given in Table 1. 

Table 1 Relative contributionr to the atmospheric benzene burden 

Source, f 

Gasoline-powered vehicles 

Chemical industry 

Gasoline distribution 

Solvent operationr 

Coke ovens 

Petroleum refineries 

Domestic heating 

Canada 

85 

7 

3 

4 

0.5 

0.5 

? 

Genuany 

8 1 

4 

4 

2 

3 

0.5 

5 

USA 

80 

11 

6 

1 

1 

1 

? 
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2 .  . AUTOMOTIVE SOURCES OF BENZENE 

Rydrocarbons, including benzene, are emitted into the air from 
motor vehicles in three main ways: 

a) During vehicle re-fuelling liquid gasoline being loaded into 
a part-empty tank displace6 gasoline vapour, vhich escapes 
to atmosphere. The composition of the escaping vapour is 
related to the composition of the fucl already in the tank 
as vell as to tbat being added. 

b) Evaporation of hydrocarbons, including benzene, takes place 
from the vehicle's fuel tank as a result of expansion and 
contraction of the tank and its contents caused by - . ~ ~ ~  -~ 

temperature changes throughout the 24 hour daily cycle. 
Evaporation from the carburettor and issociated fucl system 
a1.0 occurs as a result of heat soak-back when the engine is 
witched off. 

C) Benzene is present amongst <he unburnt hydrocarbons in 
exhaust gas. 

This section describes studies carried out to determine the 
magnitude of benzene emissions from these sources and to identify 
the relationship vith fuel composition. Typical European cars mere 
used for the test work, Their relevant characteristics are given 
in Table 4 (Avpendix). Similarly. the test gasolines spanned the 
normal commercial range in terms of benzene content and other 
characteristics. 

The relative contributions of these sources of benzene to the 
overall benzene emission of the vehicle pe:kilomette travelled are 
estimated in Section 3. 

REFUELLING LOSSES 

Studies were carried out to determine hov much total hydrocarbon 
and hov much benzene was lost to atmosphere during re-fuelling of 
two typical European vehicles. Testing was carried out in a Sealed 
Housing for Evaporative Determinations' (SHED). modified so that 
gssoline could be dispensed into a vehicle located inside the 
closed SHED by an operator standing outside it. The vehicle tank 
mas emptied of all gasoline vapour from previous tests by leaving 
off the cap and openfig all vents for at least 24 hours. The 
initial charge of gasoline, at a temperature of 20.C. was dispensed 
into the, tank at least 30 minutes before the beginning of the test. 
this being the time necessary to saturate the vapour space. The 
vehicle vas then pushed into the SHEDS Which Was then sealed, and 
the initial temperature, barometric pressure and the hydrocarbon 
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Re-fuelling hydrocarbon lo s ses  from both t e s t  v e h i c l e s  v e r e  
dependent not only on the  Reid Vapour Pressure  (RVP) of t he  
gasol ines  but  a l s o  on the temperature d i f f e r ence  between the 
dispensed and in-tank gasolines.  This is because t h e  volume of 
vapour displaced from a f u e l  tank m y  not  be equal  t o  t h e  volume of 
f u e l  dispensed. 

I f  t he  temperature of t h e  dispensed f u e l  is higher  than t h a t  of t he  
f u e l  i n  t he  tank,  then t h e  volume nf vapour generated is  g r e a t e r  
than the  volume of f u e l  dispensed, and v i ce  versa .  Fig. 2 (below) 
and Table 5 (Appendix) show the  e f f e c t s  of Reid Vapour Pressure and 
temperature of dispensed f u e l  on re-fuel l ing hydrocarbon losses .  
Per l i t r e  of gasol ine dispensed these l o s s e s  may vary  betveen 0.5 
and 2.5 grams. 

Fi 2 t k r  eff.n of variations in the d l ~ p r n d  w d i ~  RVP on the mrpnitude of th 
losus at different di-med full  tornpmrrmm 

Hydrocarbon lomar p r  litn of   so line dirpmed (g) 

3 3  - 
Diwnrrd furl 

2.8 - 
2.4 - 

2.0 - 

r ChrA 
Car B 

RPV of the dispensed gasoline (kPal , 
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US Federal Certifi~ation test. The main difference3 vere that eight 
consecutive ECE 15 cycles vere used to conditioe the vehicle 
prior to the hot soak phase of 2 hours (cf. one hour in the US 
Federal Test Procedure). SEED atmospheres vere analysed for 
individual hydrocarbons by gas chromatography. 

Fi& 3 Clrbunttor bowl ampemvrr b r i g  a r  hot soak priod 

Cbrburertor bowl tcmparanrre lac) 
70 

65 - 

55 

45 \. v .A 
\,-A w 

v CarA 

35 CarB 
A CarC 

30 I I I I 1 
0 2 0 .  40 60 80 100 120 

Duration of wak period lminutcsl 

Fuel tank losses occur because of increases in temperature during 
the day, which cause increases in fuel vapour pressure and thermal 
expansion of vapour in the tank ( 5 ) ( 6 ) .  These losses occur whether 
or not the vehicle is used; and since they occur on a daily cycle 
they are k n m  ps diurnal losses. In the test procedure carried 
out i n  the SHED they are simulated by heating the tank through a 
specified temperature cycle. 
Z 
'ECE 15 is the abbieviation commonly used to designate the 
United Nations Economic Commi~Sion fog-Tyrope Regulation 15 

3 ,  t .. . .. .. ...,.,-.- - - , - - I - - :  



Equations have been developed by regression to relate the benzene 
emitted to the benzene concentraticn in the fuel. They are: . 

Diurnal Loss: 

vtX Bz in SHED hydrocarbons = 0.45 x vtX Bz in fuel 

(Correlation: R' - 0.73)  

Mot Soak Loss: 

vtX Bz in SEED hydrocarbons = 0.89 x vtZ Bz in fuel 

(Correlation: R' - 0 .79 )  

It should be emphasised that these relationships are valid only 'for 
the temperature regime used in the tests and adjustments could need 
to be made for other temperature conditions. 

BENZENE IN EXHAUST 

Exhaust eminsions testa on a range of European cars vere carried 
out, using fuels containing a range of benzene concentrations. 
according to the ECE 15 cycle using Constant Volume Sampling. 
Analysis for total and individual hydrocarbons van carried out by 
conventional gas chromatography. Inrtead of the cold starts 
required by Regulation 1 5 ,  tests were performed starting vith a 
fully warmed engine in order to remove the influence of the choke 
and give repeatable rsaulta. 

The concentrations of benzene in both the exhaust emissions and 
test fuels are given in Table 6. A regression equation linking 
benzene concentrations in exhaust gas vith liquid fuel composition 
was derived as follovr: 

# vtl benzene in exhaust emissions 0.50 + 0.44 Bz + 0.04 Ar 

vhere: 

Bz - vtX of bkniene in liquid fuel 
(Correlation: R' - 0 .84 )  

Ar - vtX of other aromatics in liquid fuel 
The intercept of the equation is significantly different from qero, 
indicating the formation of .benzene from other fuel components. 



L 
3.  REIATIVE CONTBIBUTIONS OF BENZENE LOSSES 

It i s  of in te res t  t o  quantify the re la t ive  contributions of 
re-fuelling, evaporation and exhaust t o  the to ta l .  To achieve t h i s .  
t e s t  resu l t s  have been converted t o  a gram per kilometre basin a s  
f o l l w s .  

3.1 REFUELLING LOSSES 

It has been shown (Section 2.1) that  t o t a l  benzene loss  during a 
single re-fuelling is  proportional t o  the t o t a l  volume of gasoline 
dispensed. A value fo r  benzene lo s t  per l i t r e  dispensed can 
therefore be derived. Off ic ia l  figures f o r  fue l  consumption 
covering the ECE cycle (7) can then be used t o  correct t h i s  t o  a 
benzene loss  per kilometre. For the two European cars tested i n  the 
programme, benzene losses during re-fuelling with a typical  
European gasoline (2.6 volf - 3.1 v t f  benzene) were 3-4 milligrams 
per kilometre (mg/km). These f igures are  comparable v i th  the 
average value of 6 mglkm fo r  US cara reported in  a separate study 
( 8 ) .  - 
EVAPORATIVE LOSSES 

Data obtained from the UK National Travel Sumey shws  that  the 
average private car  completes 3.4 t r i p s  per day with an average 
daily mileage of 39 kilometres. Benzene loss  per kilometre can 
therefore be calculated from SRED hot soak losses by multiplying by 
the factor 3.4139. To t h i s  must be added the evaporative loss  due 
t o  diurnal temperature variation. The average summer diurnal  
variat ion f o r  Europe is 6.9%. vhich i n  considerably lover than the 
range of 13.3-C used i n  the Federal Test procedure. A factor  of 
0.52 has therefore been applied t o  SRED t e s t  resu l t s  t o  convert t o  
benzene loss  over the average day. This value has i n  turn been 
divided by the average daily mileage t o  produce a benzene loss  per 
kilometre. ' 

For the two cars  tested the sum of diurnal and heat soak losses on 
a typical European gasoline containing 3.1 vtX benzene vas 43-51 
mgr'km. 

EXHAUST EHISST0)OS 

A single LCE IS Type I test corresponds t 0 . a  distance travelled of 
4.052 kilometres. Benzene loss  per kilometre can therefore be 
simply derived from benzene emissions in an ECE t es t .  Resultk f o r  
the two cars used i n  a11 t e s t s  on typical European gasoline 
containing 2.6 vol% (- 3.1 vt%) benzene were 225-373 mglkm. These 
values are consistent with those published by Hasanen, Karlson 
e t  el (9).  
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CONTROL OF BENZENEMISSIONS 

4.1 RECITUTION OF GASOLINE COUPOSITION 

A few countries already limit the maximum concentration of benzene 
in motor gasolines to 5 ~01%. A survey of European motor gasolines 
carried out in 1976-8 (1) shoved a weighted average benzene content 
of 2.6 vol% (3.1 vt%), vith 90% of the 250 samples taken having 
benzene contents below 3.9 vol% (4.6 vt%)(12). Controlling the 
benzene content of motor gasoline is, however, a costly and not 
very effective way of limiting benzene emissions from vehicles. 

As little as 15% of the benzene reaching the atmosphere from 
vehicular emissions is accouoted for by losses from re-fuelling and 
evaporation. A further 37% originates from benzene surviving 
combustion. This benzene is emitted via the exhaust gases, vhich 
are the dominant mource of benzene emissions. Reduction of benzene 
in motor ganoline can therefore reduce benzene emissions from 
vehicles by about 52% at most (Table 3). 

4.2 ON-BOARD VEHICLE CONTROLS 

Technology for controlling hydrocarbon emissions from a11 vehicular 
sources through on-board hardvare is vell established. In the USA, 
where strict hydrocarbon control is necessary to deal vith special 
local problems, devices are in use which can reduce evaporative 
lossea by 70-90% and re-fuelling losses by more than 95%. The 
absolute amount of emitted hydrocarbons vhich can be retained by 
these devices is, hovever, amall (see Table 3). 

In the USA, catalytic exhaust converters are fitted to most 
passenger ears in order to meet the stringent CO, hydrocarbon and 
NO exhaust emission regulations. These devices are up to 90% 
efficient in removing hydrocarbons, including benzene, from exhaust 
gas (10. 11). 

In Europe. discussions are taking place at Government level which 
could lead to the introduction of more severe exhaust emissions 
legislation such that catalytic converters have to be used. If it 
were to become necessary tor motor manufacturers to fit catalytic 
reactors to vehicles to comply vith gaseous exhaust emission 
regulatinnc, then control of benzene in exhaust gas (its most 
important vehicular source) vould.be achieved at no additional 
cost. A reductinn of the total benzene emission of 77% can be 
achieved (see Table 3 ) .  It should. of course, be remembered that. 
at the present state of the aft, fitting of catalytic exhaust 
converters vould require unleaded gasoline, with all its associated 
CORtR. 



Benzene emissions from three typical European cars have been 
studied using gasolines spanning the normel commercial range in 
terms of benzene content and other characteristics. From these 
studies the following conclusions can be drawn: 

1 )  Benzene losses during re-fuelling are related to the benzene 
content and temperature of the gasoline already in the tank. 
and to the benzene content. volume and temperature of the 
gasoline dispensed. During average usage these losses 
amount to only 3-4 milligrams per kilometre. 

2) Benzene evaporation from the vehicle fuel system due to 
engine heat and daily temperature variations is directly 
related to the benzene content of the gasoline. In average 
European summer condition8 losres from this source amount to 
some 60-50 milligrams per kilometre. 

3) Of the benzene emitted in exhaust gas. about 442 is benzene 
surviving combustion. and the remainder is formed during . 
combustion. 

4) The relative contributions of the different vehicular 
sources of benzene to the total loss are: re-fuelling 12. 
evaporation 10-182. exhaust 81-892. 

5 Even total debenzenisation of gasoline would only reduce 
benzene emission by about 502. Hovever. if on-board vehicle 
control dwices such as catalytic converters and evaporative 
controls are adopted in Europe. total benzene losses from 
vehicles could be reduced by nearly 902. 
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Table b Characteristics of vehicles used 

Fuel tank ventins 
1.4. tube vanta 1.4. tube vent 
on top of tank on top of tank 



Table 6 Fuel inspection data 

Fuel Yo. 1 2 3 4 5 6 7 . 8  9 

8eld Vepwr (1)(2) 
?reeeure, lk?e) 40.0 50.3 40.7 62.1 62.1 67.6 18.9 93.8 83.4 

Olr t i l le t lon  e m .  (3) 
for t evaporated ('C) 

I.C.?. 36 38 28 34 31 15 35 34 
'O SS 10 53 5 2  &I¶ 46 

. - - - - - -  
~rout l ;e . [5)  40.7 9.3 45.3 10.1 . I  20.4 13.5 24.7 15.0 
O l d  ilu 12.5 10.4 1.1 11.7 4 .  4 .  23.6 17.3 18.5 
Seturetms 46.8 10.3 3 77.1 5 . 4  55.5 2 9  58.0 66.5 

(1) A r m D 3 2 3  3 Urn 0 16 
(2) TY~ica l  c o m r c l e l  s e r o l l u  h e  8VI 4 C a w  chrouro:rephy onelyei8 

In the r o n p  50 t o  10 kh. (5) 8eueae contmte i n  
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Table 8 Concentration of benzene in test fuel and exhaust 
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September 12, 1984 

Mr. D. A. Smith, Consultant 
Environmental /Health Planning 
ARC0 Petroleum Products Company 
51 5 South Flower Street 
Los Angeles, CA 90071 

Dear Mr. Smith: 

Subject: Comments on Pa r t  A o f  the D r a f t  
Benzene Report 

Thank you fo r . you r  coments on the d r a f t  P a r t  A o f  the  benzene report .  Your 
l e t t e r  and t h i s  response w i l l  become p a r t  o f  Appendix B o f  the f i n a l  report .  
We w i l l  send you a copy o f  the f i n a l  repor t .  I am responding t o  your  comments 
under the t i t l e s  you have i n  your l e t t e r .  

Stat ionary Source   missions 
Bulk terminals, bu lk  plants, service s t a t i o n  tanks and vehic le  re fue l i ng  
operations are included i n  our est imate of benzene emissions from gas01 i n e  

t marketing. Ue are rev is ing  the r e p o r t  t o  c l a r i f y  t h i s  po int .  Also, we have 
reevaluated the  2.4 wt .  percent benzene f a c t o r  based on an average 1.5 w t .  
percent benzene i n  fue l  and the r e l a t i v e  vapor pressures o f  benzene and 
gasol ine a t  77'F. The gasoline marketing emission estimate i s  being rev ised  
downward w i t h  a f ac to r  o f  1 wt. percent benzene i n  the  t o t a l  hydrocarbon 
emissions. The revised emission est imate fo r  gasol ine marketing i s  300 tons 
per  year. 

Vehicular Exhaust Emissions 

We d i d  no t  inc lude a deta i led discussion on the re la t i onsh ip  between vehicu lar  
exhaust benzene emissions and benzene and aromatic f u e l  content because 
de ta i l ed  data f o r  Ca l i fo rn ia  vehic les burning representat ive fue l s  are no t  y e t  
avai lab le.  When tes t i ng  .programs such as t h e  Coordinating Research Council 
study are completed, the in format ion w i l l  be use fu l  i n  evaluating con t ro l  
options. . . 



Appendix E: Ambient Monitoring Data 

We believe that  indoor a i r  exposures t o  toxic a i r  contaminants may be an 
important factor to  consider i n  the risk management phase during which our 
Board will consider adoption of toxic control measures. However, during the 
risk assessment (substance identif icat ion) phase, AB 1807 requires the 
Department of Health Services t o  consider ambient concentrations and risk of 
harm to  public health from exposure t o  these ambient concentrations. 

Thank you again for  your comnents. I f  you wish t o  discuss these comments more 
or i f  you have further questions on the report, please contact Barbara Fry a t  
(91 6 )  322-8276. 

Sincerely, 

WJ'~~ 
William V. ~ o k d t o f f ,  Chief 
Toxic Pollutants Branch 
Stationary Source Division 



Chevron 
Chevron U.S.A Inc. 
571 Marie, Street, San Francsco, Wtlorn~ Phone id151 1104.2242 If Ma Aaoreu P 0 B?IZ 76:. Sr. ;ran:s: i: 98;'20 764: 

W T. Danker 
Manaasr. frmronmm:ai Plopfans 
l . d : : i h e n : ,  Saw,, Fore an$ urasr 

August 22, 1984 

California Air Resources 
Board Report - Part A 
A Review of Benzene Uses, 
Emissions and Public Exposure 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
P. 0. Box 2815 
Sacramento, California 

Dear Sir: 

W e  hale  reviewed the subject report, and appreciate the opportunity t o  comment during the 
early stages of the review process. Our comments, fisted below, represent the combined 
thoughts of our Manufacturing, Fuels Research, and Environmental Health organizations. 

Page 11-1, Paragraph 1 - The first sentence describes benzene as a hydrocarbon naturally 
occurring in crude oil and present in gasoline and diesel oil. Because of the high boiling 
range of diesel oils (90% greater than 3500 F) there is no significant amount of benzene 
(1760 F boiling point) present in these products. 

Page 11-1, Paragraph 2 - This paragraph .describes Chevron's El Segundo Refinery as the only 
benzene producer in California. Recently, Chevron shut down its benzene production 
facility in El Segundo. The plant has been s'rnothballed" and will remain shut down 
indefinitely. 

Page 11-2 - The second paragraph s ta tes  that  the evaporative benzene emissions from 
gasoline marketing are  estimated based on an EPA factor of 2.4 wt% benzene 
in the total hydrocarbon emissions from marketing sources. The 2.4 wt% factor appears to  
be high by approximately a factor of two, which will result in over estimating these 
emissions. In fact, the 2.4 wt% factor appears to  be in conflict with the EPA and SAE 
factor of 1.2 wt% benzene in evaporative emissions from automobiles quoted on page 11-4 of 
this report. Numbers in the 1 wt% range have also been reported by Mueller in a March 
1984 API report entitled "The Analysis of Benzene Emissions from Vehicles and Vehicle 
Refueling". 

Pa e I1 3 - The concluding sentence in the paragraph at the top of the page states that, 
*a1 testing of benzene emissions from refineries and asphalt plants should be 
performed prior t o  considering control measure, development for these sources". We 
certainly agree with this statement, particularly as  it would apply to  emissions from 
combustion sources. We do wonder, however, whether the relative volume of emissions from 

'W refinery and asphalt plants (less than 1% of the  total  inventory) would justify this effort. 



Page 11-4 - In the first paragraph, the staff uses factors of t2.5 and 4.2 uPt% benzene in the 
total hydrocarbon exhaust from catalyst and non-catalyst vehicles respectively. ~ueller's@ 
API report indicates no significant difference in benzene emissions between catalyst and 
non-catalyst cars, with the average concentration of benzene in the total hydrocarbon 
exaust close td 3.5 wt%. The use of these higher benzene emission factors will lead to 
errors in estimating both current and future emission inventories. More specifically, Figure 
11-1, Projected Benzene Emissions from Motor Vehicles, would have a noticeably different 
shape. We estimate the minimum shouen will occur at  a lower overall emission level and at a 
date later than 1990. In addition, the resulting up turn or increase in emissions will o, -cur at  
a much slower rate. 

Page 11-4 - The second paragraph concludes by stating that additional motor vehicle testing 
1s needed to refine the benzene emission estimates for motor vehicles. We agree and 
strongly support the need for additional vehicle emission testing. In fact, members of our 
Fuels Research group are actively involved in a major testing effort currently, being 
initiated by the Coordinating Research Council. This study is aimed specifically at  resolving 
many of the remaining unanswered questions about how benzene and aromatic 
concentrations in gasoline affect benzene concentrations in tailpipe exhaust. 

Page E-13, Section IV. - "Limitations to Analysis" - Item N0.2 states that "Indoor benzene 
concentrations may not be directly related to ambient concentrations. This study makes no I 
attempt to exam& indoor exposure". We feel this is a serious limitation to the overall 
objective of the Air Resources BoardIDepartment of Health Services effort to evaluate 
benzene as a potential toxic air contaminant, particularly as i t  may relate to potential 
future control strategies. Since individuals spend approximately 70% of their time indoors, 
it follows that i t  should be important to know both the level and source of this exposure 
before drawing any final ccnclusions on t h e  need to control benzene as a toxic air 0 
contaminant. 

If you have any questions or comments, please contact Mark W. Nordheim of our 
Environment, Safety, Fire and Health Staff at  (415) 894-6107. 

Sincerely, 

W. T. Danker 



L September 12, 1984 

Mr.  W. T. Danker, Manager 
Environmental Programs 
Chevron U.S.A., Inc. 
P. 0. Box 7643 
San Francisco, CA 94120-7643 

Dear Mr. Danker: 

Subject: Comments on P a r t  A o f  the  D r a f t  Benzene Report 

Thank you f o r  your comments and suggestions on the  d r a f t  Pa r t  A of the benzene 
repor t .  Your l e t t e r  and t h i s  response w i l l  become p a r t  o f  Appendix B o f  the  
f i n a l  report .  We w i l l  send you a copy o f  the  f i n a l  repor t .  B r i e f l y ,  our 
response t o  your comments are as fo l lows:  

1. Page 11-1, Paragraph 1 - We recognize t h a t  there  i s  very l i t t l e  benzene. 
7 n  diesel  f ue l s  and t h i s  f a c t  i s  r e f l e c t e d  i n  t h e  emission inventory. We 
assume there are no evaporative benzene emissions from the  use o f  d iese l  
f u e l s  and est imate t h a t  benzene from d iese l  exhaust con t r ibu tes  on ly  

. 

th ree  percent o f  the  t o t a l  veh icu la r  benzene emissions. 

L 2. Page 11-1, Paragraph 2 - Thank you f o r  in forming us t h a t  Chevron's 
El Segundo r e f i n e r y  has shutdown benzene production. The ,report w i l l  be 
corrected t o  r e f l e c t  the  closure. 

3. Pa e 11-2 - We agree the 2.4 wt. percent f a c t o r  f o r  benzene evaporative b from gaso l ine  marketing i s  too high. Ye are rev i s i ng  t h i s  
emission est imate t o  300 tons per  year  using a 1 wt. percent factor .  

4. Pa e 11-3 - A dec is ion whether o r  n o t  t o  t e s t  f o r  benzene emissions from 
h s  and asphal t  p lan ts  w i l l  be made dur ing the  con t ro l  measure 
development phase. 

5. Pa e 11-4 - We be l ieve  t h a t  t he  API est imtes f o r  the  benzene content i n  
7 Z h j G T v e h i c l e s  exhaust are too low f o r  C a l i f o r n i a  because o f  
d i f fe rences  i n  t h e  aromatic contents o f  f u e l s  t es ted  versus those 
t y p i c a l l y  used i n  Cal i fornia.  The API r e p o r t  has a f a c t o r  o f  about 
3.5 wt. percent benzene i n  the exhaust from c a t a l y s t  vehicles. 
Approximately 25 percent of t he  t e s t  data a re  f o r  vehic les burning f u e l s  
w i t h  low aromatic contents (13.7-17.9 wt. percent) .  Most o f  the 
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remaining data i n  the A P I  r e p o r t  are from vehicles burning gasol ine w i t h  
aromatic contents from 26 t o  36 wt. percent. ARB studies i n  198011 and 
19812/ and a recent study>/ i n  progress show the average aromatic 
content i n  Ca l i f o rn ia ' s  unleaded fue l s  i s  about 43 wt.  percent. 

A f t e r  reca lcu la t ing  the average w t .  percent benzene i n  t o t a l  hydrocarbon 
exhaust from ca ta l ys t  vehic les burning fue l s  w i t h  38-54 w t .  percent 
aromatics, we are rev i s i ng  the  6.5 w t .  percent f ac to r  t o  4.1 w t .  percent 
benzene. This makes the average w t .  percent benzene from c a t a l y s t  
vehic les s i m i l a r  t o  t h a t  f o r  non-catalyst  vehicles. Decreasing the 
average wt .  percent benzene for c a t a l y s t  vehic les changes the projected 
benzene emissions i n  Figure 11-1. The minimum emissions are pro jected t o  
occur i n  1992 rather  than 1990 and the  increase i n  emissions occurs a t  a 
slower rate. 

6. Pa e 11-4 - We are pleased t o  l e a r n  t h a t  a motor vehic le  t e s t i n g  program 
k l n i  t i a ted .  We would appreciate rece iv ing a descr ip t ion  o f  the 
t e s t s  i n  progress -and the t e s t  r e s u l t s  when the study i s  complete. 

7. Page E-13, Section I V  - "L im i ta t ions  t o  Analysis" - We be l ieve  t h a t  
indoor a i r  exposures t o  t o x i c  a i r  contaminants may be an important f a c t o r  
t o  consider i n  the r i s k  management phase dur ing which our Board w i l l  
consider adoption o f  t o x i c  c o n t r o l  measures. However, dur ing the  r i s k  
assessment (substance i d e n t i f i c a t i o n )  phase, AB 1807 requi res the  
Department of Health Services t o  consider ambient concentrations and r i s k  
o f '  h a m  t o  pub1 i c  heal th  from exposure t o  these ambient concentrations. 

Again, thank you  fo r  your comnents. I f  you have any questions, please contact  
Barbary F r y  a t  (916) 322-8276. 

Toxic Pol 1 u tan ts  Branch 
S ta t ionary  Source D iv i s i on  
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M e m o r a n d u m  

- : William V. Loscritoff, Chief 
l b x i c  Pol lutants  Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Date : August 15, 1984 

Ploce : Sacramento 

From : Deportment of Food and Agriculture 

Subject: Draft Report on Benzene t o  the s c i e n t i f i c  Review Panel 

Thank you fo r  sending t h e  Department a copy of the  "Draft Report on 
Benzene t o  t h e  S c i e n t i f i c  Review Panel: Par t  A - a Review of Benzene 
Uses, h i s s i o n s  and Public Exposure" f o r  our comments. 

We have reviewed t h e  d r a f t  and have no addi t ions o r  changes. 

" 
Lori Johnston, Assis tant  Director 
Pes t  Management, Environmental 

L Protect ion 6 Worker Safety 
(916) 322-6315 



TO : L o r i  Johnston. Assistant Di rector  
Pest Management, Envi ronmetltal 

Pro tec t ion  & Worker Safety 
Department o f  Food a ~ i d  Agr icu l ture 
1220 N S t ree t  
Sacramento, CA 9581 4 

From : Air Rerovrces Board 

W i  11 iam V. ~ o s c u t o f f f / C h ~ e f  
Toxic Pol 1 u tants  Branch 
Stat ionary Source D i v i s i o n  

Thank you f o r  reviewing the d r a f t  Par t  A o f  the  benzene repo r t  t o  the  
S c i e n t i f i c  Review Panel (SRP). We are pleased t h a t  you have no addi t ions o r  
changes t o  t h e  report .  

Your response and t h i s  l e t t e r  w i l l  be inc luded i n  Appendix B o f  the  f i n a l  
r e p o r t  which we p lan  t o  submit t o  the  SRP on September 14. We w i l l  send you a 
copy o f  the  f i n a l  repor t .  Please contact  me a t  322-6023 i f  you have any 
comnents o r  questions. 

, September 12, 1984 

~,,b,.d: Your Comments on 
Par t  A o f  t he  D r a f t  
Benzene Report 

- 



' Donald R. Built 
Director 
Automotive Emiasiona and 
Fuel Economy Oflice 
Envjronmcntal and Safety 
Enoinaaring 

Ford Motor Company 
The Amencan Road 
Dearborn. Mlch~pan 48121 

August 27, 1984 

M r .  William V. Loscutoff, Chief 
Toxic Pol lutants  Branch 
A i r  Resources Board 
P.O. Box 2815 
Sacramento, California 95812 

Dear M r .  Lorcutoff: 

Thir l e t t e r  is i n  responre t o  your Ju ly  19, 1984 
request fo r  wr i t ten  c o w n t , s  on a California A i r  Resources Board 
d r a f t  s t a f f  paper t i t l e d  "Benzene Report t o  the S c i e n t i f i c  
Review Panel: Part  A - A  Review of Benzene uses,  Emissions and 
Publie Exposure" dated July,  1984. Much of the  information i n  
the d r a f t  Staff  paper appears correct .  Bowever, there  a r e  a few 
areas  where we wish t o  coment  on and provide addi t iona l  
information, a s  de ta i led  below. 

In Section 1I.B.. (Current and Projected Stat ionary 
and Mobile Source Emissions), t he  average weight percent benzene 
of t o t a l  hydrocarbon exhaust emissions i r  l i s t ed  as: 

Catalyst  6.5% 
Non-Catalyrt 4.2% 

The ca ta lys t  percentage, 6.5% i n  p a r t i c u l a r ,  looks too 
high based on the  EPA da ta  on 46 vehicle* in your reference 17,  
page 11-9. Figure 1 is a p l o t  of t h a t  data and suggests t h a t  
the average percentage of  benzene emissions is r a t h e r  constant 
over model years 1975 t o  1982 between about 2.6 and 3.9 percent. 
Similar r e s u l t s  were reported in  a March, 1984 study by Mueller 
Associates,  Incorporated fo r  the  American Petroleum I n s t i t u t e  
ur ing a d i f f e ren t  data  s e t .  The 6.5% f igure  is too high unless  
the non-leaded fue l s  i n  Cal i fornia  a r e  unusually r i c h  i n  
aromatics compared t o  those avai lable  elsewhere t o  cause a 
higher r a t e  of benzene emissions. 



As indicated i n  Figure 1, the benzene emissions from 
ca t a lys t  vehicles  a r e  of the order of 3.2% of t o t a l  
hydrocarbons. Bovever, the e f fec t  of t h i r  lover emission level  
from ca t a lys t  cars  on the estimated vehicular percentage 
contribution t o  t o t a l  benzene tonnage emissions i s  small due t o  
the r e l a t i v e l y  large vehicle population i n  Los Angeles and the 
r e l a t i v e l y  low estimated s ta t ionary  source contribution.  On the 
otber  hand, CARB's project ion of a s ign i f ican t  r i s e  i n  benzene 
emissions a f t e r  1990 " h e n  tbe number of cars  using non-leaded 
f u e l  increases" vould require  s d o ~ v a r d  revieion because it was 
based on a l eve l  of benzene emissions from ca t a lys t  vehicles  
s ign i f i can t ly  higher than tha t  from non-catalyst cars.  

Another concern re la ted t o  the issue of the  percent 
benzene emissions involver the  information ,in Appendix E of t h e  
d r a f t  s t a f f  paper. "Ambient Monitoring Data and Methods of A i r  
Quali ty Modeling." The equation on page E-8 of Appendix E vould 
ind ica te  a COlbenzene m l a r  r a t i o  of about 533, assuming the  
constant term is s ign i f i can t ly  d i f f e r en t  from zero, i ts  value 
(0.51 ppb) represento the background benzene emissions and t h e  
value of the  s lope (1.875 ppblppn) may be compared v i t h  t h e  
COlbenzene molar r a t i o  of vehicle emissions. The EPA da ta  
mentioned e a r l i e r  and l i s t e d  i n  Table 1, indicates  an average 
COlbenzene molar r a t i o  of 875. If evaporative and r e fue l ing  
benzene emirrions a r e  taken a n  113 of exhaust benzene m i s s i o n s ,  
tbe  measured COIbenzene mlrr r a t i o  would drop t o  656 as t h e  
expected COIbensene r a t i o .  Because t h i s  f i gu re  i n  23% above t h e  
533 l eve l  ruggerted by the ragrers ion equation i n  Appendix E ,  
the  benzene contr ibut ion from vehicle sources i n  La8 Angeles may 
not be a s  high a r  the 93% f igu re  l i r t e d  on page 11-3 of t h e  
d r a f t  s t a f f  report .  Rather, an 81% contr ibut ion i r  suggested 
(100 5331656). By cont ras t ,  l 44 t o  59% contr ibut ion in 1978 
is indicated by EPA data  f o r  the  United S ta tes  as reported by R. 
W. Dovd, e t  al., (UCA paper 84-102.5, June, 1984). 

Other estimates a r e  a l s o  porrible.  For example, in  
Table 3 of Appendix E, t he  CARB report  ahovs the  predicted 
(based on the benzene40 cor re la t ion  equation) m n u a l  benzene 
l eve l r  a t  various a i r  qua l i t y  m d t o r  s ta t ions .  For 1982 t h e  
geographical average annual benzene leve l  in California  would be 
about 3.7 ppb.. Because the benzene leve l  due t o  non-vehicular 
sources might be 0.5 ppb, t he  predicted vehicular cont r ibu t ion  
would be (3.7-0.5)*10013.7-862. This percentage value vould be 
romewhat lower i f  the t rue  COIbenzene r a t i o  due t o  vehicular  and 
r e l a t e d  rourcer &re 656 instead of 533 a s  discussed above. 



Thus, the Appendix E regression equation would predict 
a lover contribution from vehicular sources than the estimated 
value based on inventory. A knovledge of the  e r rors  for  the 
estimate of the slope and the adjustment f ac to r  w o l d  be 
necessary to ascer ta in  the s ignif icance between the predicted 
and estimated values. For example, the adjustment fac tor  wu ld  
have to  be as high as 1.53 to  match the  93% contribution value 
estimated in  the d ra f t  report .  Although such an adjustment , 

factor  i s  higher than expected, fu r the r  study vould be required 
to improve the accuracy of these estimates.  

Also i n  Appendix E (p. E-2), i t  is s ta ted  tha t  "fourth 
quarter data a re  generally not representat ive of annual averages 
for  any pol lutants  and would probably over-estimate annual 
averages of benzene" (data fo r  September-December, 1983 were 
used i n  CARB's cor re la t ion) .  Thie implies a p r io r  knowledge of 
the seasonal change of the  pol lu tan ts  of in t e re s t .  Since no 
reference i s  given. CARB's data  on benzene levels  ( C U B  
repor t l lab le  E-1) have been summarized by the  month of the  year 
as sham i n  Table 2. There seems t o  be indeed a s ign i f i can t  
increase i n  the  benzene leve l  during the  f a l l -win te r  season. I f  
up-to-date data  f o r  1984 confirm t h i s  observation, fu r the r  study 
of the  underlying f ac to r s  may reveal  some in t e res t ing  aspects 
regarding benzene emissions i n  the  South Coast A i r  Basin (SCAB) 
area. Because the  climate i n  t h i s  a rea  is mild a11 yeat around, 
the fue l  composition i s  not expected t o  change very lmrch during 
the year. I n  addition, it is unl ike ly  t h a t  the  o n l o a d  vehicle 
population vould rhov a dramatic searonal change. 

It i s  of i n t e r e s t  t o  note  a l s o  t h a t  t he  da ta  a t  E l  
Monte (15 Km eas t  from D o ~ t o v n  LA.) show several  instances of 
sustained high benzene l eve l  f o r  a period of two o r  three  days 
during December, 1983. Because only a t  El Honte were da ta  
mni tored  f ive  days a veek, the high benzene instances found a t  
Downtovn Lor Augeles and Dominquez r t a t i o n s  may a l r o  represent 
benzene levelr  above 10  ppb f o r  longer than 24 hourn. These 
instances of high benzene levels  may indica te  episodes of 
recurrent loss  of  cont ro l  of benzene emissions a t  aome point  
rources . 

We hope that these coments  w i l l  be useful  t o  you and 
your s t a f f  a s  they. evaluate  benzene uses ,  emissions, and public 
exposure. 

Sincerely,  

D.-R.  Buist 





Table 2 - Seasoa.nl Varia t ion of Benzene Level 

All Pour Sta:ions DOIA and Riverside (1) 
Period S. D. Ro. Obs. - -  Mean S.D. l o .  Obs. 

Septl83 2.9 1.3 24 (0) 3.6 1.9 8 (0) 

Oct I83 6.1 2.2 34 (3)  6.1 2.9 8 (1) 

Rov183 6.1 2.3 35 (2) 5.9 2.3 10 (0) 

Dec 183 7.3 4.2 23 (5) 5.9 3.4 7 (0) 

Jan184 7.9 2.8 30 (6)  7.3 2.9 10 (2) 

L (1)  Botb CO and benzene ve re  m n i t o r e d  at these tw Stations.  

(2)  Bumber of parenthesis  denotes observat ions  of benzene 
l eve l s  equal t o  or s r e a t e r  than 1 0  ppb. The breakdovn of 
such observationr by s t a t i o n  is 8s fo l lovs :  131E1 ilonte. 
4 / D O U ,  3IDoainquez and O/Riverside. 
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AIR RESOURCES B O A R D  
1101 0 SREEl 
C.O. BOX 2815 
SACRAMENTO. C* 95812 

L September 12, 1984 

Mr. D. R. Buist, D i rec to r  
Automotive Emissions and Fuel 

Economy Of f i ce  
Environmental and Safety Engineering 
Ford Motor Company 
The American Road 
Dearborn. M I  48121 

Dear Mr. Buist: 

Subject: Comnents on P a r t  A o f  t h e  D r a f t  Benzene Report 

Thank you f o r  your  l e t t e r  o f  August 27, 1984, regarding our d r a f t  Benzene 
Report t o  the S c i e n t i f i c  Review Panel. P a r t  A. It and t h i s  l e t t e r m p p e a r  
i n  Appendix B o f  the f i n a l  version. We w i l l  send you a copy o f  the f i n a l  
report .  Our responses are presented under th ree  headings corresponding t o  
your  major points.  

Benzene i n  Vehicle Exhaust 

Several people comnented as you d i d  t h a t  a l l  the  ava i lab le  data taken together 
do no t  show a s i g n i f i c a n t  d i f fe rence between c a t a l y s t  and non-catalyst 
equipped cars I n  the  f r a c t i o n  o f  exhaust hydrocarbon t h a t  i s  benzene. We have 
re-examined the data and have changed the  benzene f r a c t i o n  f o r  c a t a l y s t  
vehicles. The values f o r  benzene f r a c t i  ons are as fol lows: ca ta lys ts  - 4.1 
percent, non-catalyst - 4.2 percent. These numbers are based on data from the  
o r i g i n a l  references and exclude some data taken f o r  unleaded f u e l s  w i th  
aromatic contents too  low t o  represent gasol ine i n  Cal i forn ia .  Our emission 
pro jec t ions  w i l l  be rev ised according t o  t h e  new values. 

Contr ibut ion o f  Vehicles t o  Tota l  Benzene Inventory 

The changes described above p lus  a change i n  ca l cu la t i on  o f  evaporative 
emissions y i e l d  a benzene inventory t h a t  i s  83 percent from on-road veh ic le  
exhaust and 93 percent from exhausts p l u s  f u e l  evaporation. As you p o i n t  out, 
an independent est imate o f  vehic les '  c o n t r i b u t i o n  t o  the  inventory  can be made 
by considering the r a t i o  o f  CO t o  benzene i n  both the ambient a i r  and i n  
veh icu la r  exhausts (p lus knowing t h e  benzene fuel evaporation and the CO from 
non-vehicular sources). However, the  r a t i o  of CO t o  benzene i n  exhausts i s  
c r i t i c a l .  It should be estimated on ly  f rom data from vehicles representing 



Mr. D. R. B u i s t  - .2- September 12, 1984 

the  emission cha rac te r i s t i cs  o f  cars on the  road i n  C a l i f o r n i a  and burning 
fue l s  s i m i l a r  t o  gasoline i n  Ca l i fo rn ia .  Because some o f  the vehic les i n  
reference 17 d id  not  meet those qua l i f i ca t i ons ,  the  molar r a t i o  o f  875 t h a t  
you c i t e  may no t  be appl icable f o r  Ca l i fo rn ia .  0 
For the purpose o f  the hea l th  e f f e c t s  evaluat ion by t he  Department o f  Health 
Services and review o f  the Department's evaluat ion by the  S c i e n t i f i c  Review 
Panel, a  more r e f i n e d  emission inventory i s  not  necessary. However, we w i l l  
r e f i ne  the  inventory i n  our work t o  develop con t ro l  s t ra teg ies.  A t  t h a t  time, 
we w i l l  take care t o  reconc i le  the inventory  w i t h  an approach l i k e  the  one o f  
your  suggestion. 

Seasonal i ty o f  Ambient Benzene 

We are aware o f  the t rend t o  higher ambient benzene concentrat ions dur ing t h e  
winter .  I t  i s  expected because the a i r  i s  s tab le r  then, and dispersion i s  
l e s s  e f f ec t i ve .  This i s  witnessed by elevated concentrat ions o f  CO and l ead  
i n  t he  winter.  Also, because be'nzene i s  photochemically reac t i ve  i t  should 
have a  s l i g h t l y  l.onger chemical l i f e t i m e  dur ing the winter. 

Again, thank you f o r  your comments. I f  you have any questions please con tac t  
Barbara F ry  a t  (91 6 1 322-8276. 

Wi l l i am V. ~ b s C u t o f f ,  Chief 
Toxic Po l l u tan ts  Branch 
S ta t ionary  Source D i v i s i o n  



I? CORPORATION August 10, 1984 

Mr. Wllllam B. Loscutoff, Chlef 
Toxlc Pollutants Branch 
Callfornla Air  Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

Dear @ 1 l 1: 

CARB STAFF DRAFT "BENZENE REPORT TO 
THE SCIENTIFIC REVIEW PANELn 

I have been out of the office for four weeks, so m y  
comments on the draft Benzene Report are later than I would 
have llked. I hope they reach you in tlme to be considered 
In your revisions. 

1. Addltlonal References - The March, 1984 lssue of 
"Risk Analyslsn, whlch was Just sent out at the end of July, 

L ,1984, contalns several letters to the edltor about benzene. 
These are b y  van Raalte, st pl (p. 1 1 ,  lrvlne (p. 3 1 ,  Gaffey 
(p. 51, Chandler ( p .  7 )  and Infante, gf (p. 9). The 
March, 1984 lssue is Volume 4 of the journal. 

Obviously, your report could not have included these 
letters. I'm not sure they are even relevant, although they 
should be of Interest to the DOHS health effects report 
wr I ters. 

2. Statlstlcal Treatment of Correlation CoeffIcIent - I 
belleve there is a mlsunderstandlng about statlstlcel 
slgnlficance of the correlatlon coefficient clted on 
page IV-2. The footnote Interprets a 0.01 slgnlflcance level 
as indlcatlng therd is one chance in 10,000 that the 
correiatlon coefflcient calculated (0.82 In the example) 
would happen by  chance. 

I think the correct meanlng Is that a 0.01 level 
lndlcates one chance in 100. The error comes about because 
many people equate nprobablll~yn with somethlng erroneously 
called "percent probabllltyn. Probablllty has dlmensloniess 
unlts bounded by zero and one. The Incorrect term of 
"percent probabllltyn usually means percentage, bounded b y  
zero and one hundred, with unlts of "percentn. 

h 
4 



Mr., W l l l l a m  0.  L o s c u t o f f  
~ u a u s f  10. 1984 

I s e r l o u s l y  doubt  t h a t  you r  d a t a  gave a c o r r e l a l o n  
c o e f f l c l e n t  o f  0.82 w l t h  0.0001 p r o b a b l l l t y  o f  a  f a l s e  
p o s l t f v e .  I t h l n k  t h e  s l g n l f l c a n c c  l e v e l  was 0.01 
p r o b a b l l l t y ,  o r  one p e r c e n t .  

F u r t h e r ,  you shou ld  bear  i n  mlnd t h a t  a  c o r r e l a t l o n  
c o e f f l c l e n t  o f  0.82 i s  n o t  as l m p r e s s l v e  as It appears. The 
m o u r *  o f  v a r l a t l o n  e x p l a l n e d  by t h e  c o r r e l a t l o n  e f f e c t  I s  
n o t  r - t h e  c o r r e l a t l o n  c o e f f  l c l e n t ,  b u t  r2 - t h e  c o e f f  l c l e n t  
squared. Tak l  ng r r 0 . 8 2 ,  t h e n  r 2 ~ 0 . 6 7 .  Thus, about  
t w o - t h l r d s  o f  t h e  r e l a t l o n s h l p  1s e x p l a l n e d  by c o r r e l a t l o n ,  
b u t  o n e - t h i r d  1s a T h l s  becomes more s t a r t l l n g  I f  one 
compares t h e  r and r ?  va lues  f o r  downtown Los Angeles, where 
r r0 .59  ( o r  0.67 i f  tempera tu re  I s  a l s o  c o n s l d e r e d ) .  Then 
r 2  r0.35 ( o r  0.45 I f  t e m p e r a t u r e  I s  a l s o  c o n s l d e r e d ) .  I w l  1 l 
pursue  t h l s  below. 

3. Cholce o f  CO as a  Benzene Su r roga te  - I b e l l e v e  t h e  
model you chose f o r  t h e  CO-benzene c o r r e l a t l o n  may n o t  be t h e  
mos t  suitable. I f  t h e  model 1s t o  be used t o  p r e d l c t  benzene 
c o n c e n t r a t l o n s ,  It needs t o  do so  o v e r  t h e  range  o f  plausible 
CO c o n c e n t r a t l o n s  t h a t  can be measured. Your model p r e d i c t s  
benzene l e v e l s  o f  0.5 ppb a t  z e r o  CO l e v e l s .  Most  o f  t h e  
p r e d l c t e d  va lues  f o r  benzene l i e  I n  t h e  3  t o  6 ppb l eve l s ,  so  
t h e  b a s e l i n e  z e r o  CO l e v e l  o f  0.5 ppb I s  somewhere between 
one s l x t h  and one t w e l f t h  o f  t h e  p r e d l c t e d  va lues.  However, 
I f  CO I s  supposed t o  be a  s u r r o g a t e  f o r  benzene f rom mob l l e  
sources,  t h l s  I s  f a r  t o o  l a r g e  a b u l l t - I n  n a s s u m p t l o n ~ .  

The model needs t h e  t empera tu re  r e l a t l o n s h l p ,  as 
shown by  your  own d a t a  f o r  downtown Los Angeles - one o f  oely. 

s t a t i o n s  where you had a c t u a l  measurements o f  CO and 
benzene. Another obv lous  c o r r e l a t e  would be a l t l t u d e ,  s l n c e  
t h e  r e l a t l o n  between v e h l c i e  CO an.d a l t l t u d e  ( D e n v e r . 1 ~  a  
good example) I s  s t r o n g .  T h t s  1s s l g n l f l c a n t  I n  some p a r t s  
of t h e  s t a t e .  

F l n a l l y ,  I t h l n k  you need t o  deve lop  more 
c o r r e l a t l o n  d a t a  a t  locations o t h e r  t h a n  t h e  South Coast  A l r  
B a s l n  - particularly, you need d a t a  f o r  t h e  San Francisco 
area,  t h e  S l e r r a  Nevada, and t h e  San Joaqu ln  and Sacramento 
v a l l e y s ,  and f o r  some range  o f  seasons - w l n t e r  and summer. 
O n l y  t h e n ' c a n  you hope t o  use CO measurements as a  su r roga te .  

I sugges t  t h a t  what you have now 1s p r e t t y  good data  
t o  sugges t  t h a t  amblent  benzene l e v e l s  I n  t h e  SCAB range from 

. I  t o  10 ppb w l t h  5 ppb as good a  measure o f  c e n t r a l  tendancy 
as any. T h l s  I s  c e r t a i n l y  g o l n g  t o  be as a c c u r a t e  as any 
dose-response da ta  t h a t  DOHS w l l l  be a b l e  t o  p r o v l d e ,  f rom 
what  I have seen ( see  t h e  I n f a n t e  l e t t e r  r e f e r r e d  t o  above). 



K r .  W t l l l a m  B. L o s c u t o f f  IT CO~VOU~OI 
August  10, 1984 
page 3 

4. ~ x b o s u r e  P o p u l a t i o n  E s t l m a t e  - I t h i n k  t h e  approach 
o u t l i n e d  i n  t h e  r e p o r t  f o r  e s t i m a t i n g  p o p u l a t l o n  exposure  I s  
gooa. I f  t h e  CO c o n t o u r s  can  be I n t e r p o l a t e d  between 
s t s t l o n s ,  i f  t h e  CO-benzene c o r r e l a t i o n s  a r e  c l o s e  enough, 
and i f  t h e  p o p u l a t i o n  e s t i m a t e s  a r e  good, t h e n  CO d a t a  can  
p r e d i c t  exposure. I b e l i e v e  one needs t o  do a  c a r e f u l  
e s t i m a t e  n o t  o n l y  o f  t h e  mean benzene c o n c e n t r s t l o n  i n  a  
p o p u l a t l o n  n c e i l n  b u t  o f  t h e  v a r l s n c e  over  t h l s  r e g l o n .  
Agaln,  a  b e t t e r  m o d r i . r e i a t i n g  CO t o  benzene seems needed. 

F i n a l l y ,  I wonder why t h e  1979 SCAG p o p u l a t i o n  d a t a  
were used when 1980 census e s t i m a t e s  a r e  a v a i l a b l e .  The 1979 
SCAG e s t i m a t e s  have t o  be l e s s  accura te ,  s i n c e  t h e y  a r e  
based, fundamenta l ly ,  on 1970 census d a t a  and'SCAG's a t t e m p t s  
a t  u p d a t i n g .  

P l e a s e  f e e l  f r e e  t o  c o n t a c t  me i f  you have q u e s t l o n s  o r  
comments,on t h l s  l e t t e r .  For  your  l n f o r m a t l o n ,  I e x p e c t  t o  b e  
o u t  o f  t h e  o f f l c e  aga in  September 7 t o  Qc tobe r  1 t h f s  year .  

W l t h  b e s t  regards,  

R. N i c h o l s  Hazelrood,  Ph.D. 
P r o j e c t  Manager 
Environmental A f f a i r s  
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August 17, 1984 

Dr. R. Nichols '~azelwood 
Project Manager, Environmental Affairs 
IT Corooration 
23456 ~awthorne Blvd.,  Suite 220 
Torrance, CA 90505 

Subject: Your Coments on the  Draft Benzene Report 

Thank you fo r  your comments on Part A of t he  d ra f t  report on benzene. 
We appreciate the  thoroughness w i t h  which you reviewed the draf t .  We 
have a lso  prepared some responses t o  your comments tha t  I ' d  l i ke  t o  share 
w i t h  you. I am responding t o  them under the  t i t l e s  you have i n  your 
l e t t e r .  

ii 
1. Additional References - We will quote the  c i ta t ions  t o  the.l)epartment 

of Health Services. 

2. S t a t i s t i c a l  Treatment of Correlation Coefficient - the correlation 
of ambient benzene against ambient CO (117 data pairs)  was calculated 
w i t h  standard s t a t i s t i c a l  software. Our modeling s ta f f  ver i f ies  
the r e su l t  t ha t  i f  the two variables a re  completely independent (p=O), 
the probability that  a sample s i ze  of 117 would yield a sample correlat ion 
coefficient  equal to  or greater  than .82 is .0001 or .O1 percent 
probability. 

Regarding the  coefficient .82, we understand the concept tha t  30% 
of the  variation i n  the benzene measurements were n o t  a t t r ibutable  
t o  variat ions in the CO measurements. However, our modeling s t a f f  
t e l l s  us t ha t  the resul t  i s  quite good f o r  t h i s  type of analysis. 
The poor r e s u l t  (.59) obtained i f  only data from downtown L.A. (DOLA) 
are  included is n o t  of consequence because the  coefficient .82 i s  
obta'ined from a l l  CO-benzene pairs  anzlyzed ,together without regard 
t o  t he i r  origins.  Since only about 13: of the  data pzirs are  from 
DOLA, the  smaller correlation coeff ic ient  derived from DOLA data 
alone i s  not surprising. 

3 .  Choice of CO as a Benzene Surroqate - Regarding your concern t h r t  
L the model predicts kenzene levels  of .5 ppb  a t  zero CO levels,  the 

data entered i n t o  the correlat ion do not extend down t o  zero CO. 



Extrapolation t o  CO values below the range of C O  values in the correlation 
. would be improper and was not done i n  our analysis .  

We d i d  not inc1ude.a temperature variable as a surrogete for  benzene 
"breathing" emission dat t  because, as  Table 2 i n  Appendix E shows, 
i t s  e f fec t  on the correlat ion would have been margins1 . The DOLA 

' s i t e  provided only 15% of the CO-benzene data pa i r s ,  whereas the , 

other s i t e  providing actual CO data ( E l  Monte) provided over .half. 
Temperature had l i t t l e  a f fec t  on the corre la t ion of  fl Monte data 
alone (or on the  Dominguez o r  Riverside s t a t i o n s '  data alone). 

We did not include an a l t i tude variable i n  the  model because the 
SCAB i s  essen t ia l ly  f l e t  over the  areas where the  vast mejority of 
people 1 ive. Our purpose was sole ly  t o  extend the  information from 
the four monitors t o  the en t i re  basin, not beyond. We do n o t  intend 
tha t  the correlat ion be applied outside the  SCAB. However, we recognize 
the value of generating a model using more than one quar ter ' s  data . . 
and including data, from locations other than t he  South Coast Air 
Basin. Before control meaaures a r e  considered f o r  benzene emissions, 
a great  deal more data representing seasonal variat ions and other 
locations should be available. We a re  i n  the  f i na l  stages of developing 
a statewide toxic  a i r  contaminant monitoring network. This network 
will include monitoring s ta t ions  i n  the San Francisco Areaand Central 
California i n  addition to  expanding the number of s ta t ions  i n ' t he  Los 
Angel es area.  

4.  Exposure Population Estimate - We believe t h a t  the level of modeling 
of benzene concentrations versus CO concentrations provided in the 
report  is appropriate t o  estimate spa t ia l  var ia t ions .  More resolution . . . 
would require a greater  density of co monitoring s i t e s ,  which out 
of p r a c t i c a l i t i e s  will not be. 

In addition, the  1979 SCAG data on population density has been routinely 
used f o r  a i r  qual i ty  mdeling i n  t he  SCAB. The 1980 census data 
a r e  not yet available t o  us i n  machine-usable form. Our nudeling 
s t a f f  indicate  t h a t  i n  the  meantime the 7979 data are  adequate fo r  
calculat ing an estimate. 

Thank you again f o r  your comnents. If  you wish t o  discuss these comnents 
more or  i f  you have fu r ther  questions on the  report  please contact me 

I a t  (916) 322-6023. 

Sincerely, 

.William V. Loscutoff. Chief 
' Toxic Pollutants  Branch 

Stat ionary Source Division 



Mobil Oil Corporation 
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Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
P'. 0. Box 2815 
Sacramento, California 95812 

CALIFORNIA AIR RESOURCES BOARD 
DRAFT REPGRT ON BENZENE TO THE 
SCIEKTIFIC REVIEW PANEL 

Gentlemen: 

We have reviewed the California Air Resources Board (CARB) report I' A Review 
of Benzene Uses, Emissions and Public Exposure" and offer the following 
comments for the Board's cmsideration. 

a The value of 2.4 weight percent benzene in total hydrocarbon emissions from 
gasoline marketing sources stated on page 11-2 appears to be high. In 
EPA's August 8, 1984 Federal Register notice on "Regulatory Strategies for 
the Gasoline Marketing Industry," the average amount of benzene in liquid 
gasoline is given as 1.3% on page 31708. We would expect the benzene on 
the total hydrocarbon emissions to be slightly less than this percentage. 

t In addition, the 2.4% number is inconsistent with the evaporative emissions 
from automobiles on page I 1 4  of the CARB document, which is stated as 1.2% 
total evaporative hydrocarbons. These evaporative emissions consist of two 
components: (1) diurnal emissions which consist of only the lighter 
components that would evaporate from a vehicle tank at ambient temperature 
and (2) hot soak emissions which are essentially a boiling-off of the full 
range gasoline in a vehicle carburetor, after the engine is turned off. Of 
these two components, the hot soak emissicns would have the higher benzene 
content which would be equal to the benzene content in the liquid 
gasoline. The diurnal emissions would be lower, and more analogous to 
typical gasoline marketing emissions. Therefore, we would expect benzene 
emissions from gasoline marketing emissions to be about 1% the total 
hydrocarbon emissions. The benzene evaporative emissions from these 
sources should be listed as 105 tons per year instead of 730 tons per year. 

* Another siynificant flaw that we find in it is an overestimation of the 
benzene cantent of vehicle exhaust. CARB estimates that benzene is 6.5% of 
the hydrocarbons in exhaust for catalyst-equipped cars. In a recent API 
survey of published information on 78 cars, the average was found tc be 
3.LX for oxidation catalysts and 4.0% for three-way catalysts. For 
non-catalyst cars, CARB estimates 4.2%; API found 3.5%. Enclosed for the ' Board's review is a copy of the API report "Analysis of Benzene Emissions 
From Vehicles and Vehicle Refueling", March 1984 detailing the data on the 
78 vehicle survey. 



approach that is used. However, we would need to review the detailed 
analytical methods before making a definite judgement on the accuracy or 
precision of the reported data. 

* We are concerned over the fact that all of the benzene detected in CARB's 
limited monitoring program were assumed to result from anthropogenic 
sources. CARB did not compare their data with the benzene levels found in 
background areas upwind of the sampling area. Neither did CARB include 
data on the ambient benzene concentrations over pristine areas such as 
oceans and forests. In addition, we question whether four sampling points 
were sufficient to adequately quantify ambient exposure levels over such a 
large region. These deficiencies should be corrected before any regulatory 
strategies can be considered. 

We appreciate the opportunity to submit our comments for the Board"s 
consideration. Should you have any questions concerning these comments I can 
be contacted by telephoning 7031849-4191. 

Sincerely, . 

~anagery Environmental Affairs 

' A major concern is the analytical approach taken by Haagen-Smit 
Laboratory. The data they report is as low as 0.01 ppb with 90 percent 
accuracy. We are not aware of any analytical technique that is accurately 
capable of measuring such a low level, especially considering the sampling 

- 
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L 
September 12, 1984 

Mr.  T. C. Lyons 
Manager, Environmental A f fa i r s  
Mobi 1 011 Corporation 
3225 Gallows Road 
Fairfax, VA 22037 

Dear Mr. Lyons: 

Subject: Comments on Part A o f  the Dra f t  Benzene Report 

Thank you f o r  your comments on the d r a f t  Part A o f  the benzene report. Your 
l e t t e r  and t h i s  response w i l l  become p a r t  o f  Appendix 0 o f  the f i n a l  report. 
We w i l l  send you a copy of the f i n a l  report. I am respohding t o  your comments 
i n  the same sequence i n  your le t te r .  

1. We agree the 2.4 w t ,  percent fac to r  f o r  benzene evaporative emissions 
from gasollne marketing i s  too high. We are revis ing t h i s  emfssion 
estimate t o  300 tons per year using a 1 wt. percent factor. - 2. We agree t h a t  the d ra f t  report  overestimated the benzene content o f  
ca ta lys t  vehicle exhaust. However, we bel ieve t ha t  the A P I  report  
estimates f o r  benzene content i n  the exhaust o f  ca ta lys t  vehicles are too 
low f o r  Cal i fornia, because o f  di f ferences i n  the aromatic contents 
between the gasoline API  used versus t h a t  t yp ica l  o f  Ca l i fo rn ia  
gas01 ine. 

The API report  has a factor  o f  about 3.5 wt. percent benzene f o r  ca ta lys t  
vehicles exhaust. Approximately 25 percent of the A P I  t e s t  data are f o r  
vehicles burning fuels w i th  low aromatic contents (13.7-17.9 wt.  
percent). Most o f  the data i n  the API repor t  are from vehicles burning 
aromatic fuels ranging from 26-36 wt. percent. ARB studies i n  198a /  
and 1981 /  and a recent study?/ i n  progress show the average aromatic 
content i n  Cal i fo rn ia 's  unleaded fue ls  i s  about 43 wt. percent. A f te r  
recalculat ing the average wt. percent benzene i n  t o t a l  hydrocarbon 
exhaust from ca ta lys t  vehicles burning fue ls  w i t h  38-54 w t .  percent 
aromatics, we are revis ing the 6.5 wt. percent fac tor  downward t o  4.1 wt .  
percent benzene. This makes the average wt. percent benzene from 
ca ta lys t  vehicles s imi lar  t o  t h a t  f o r  non-catalyst vehicles. 
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ARB and A P I  used the same data t o  estimate non-catalyst  fac to rs  o f  4.2 
wt. percent and 3.5 w t .  percent respect ive ly .  API's reca lcu la t ion  o f  the 
o r i g i n a l  data resu l ted  i n  a lower w t .  percent fac to r .  We are re ta in ing  
the 4.2 w t .  percent f ac to r  f o r  non-catalyst vehic les.  

3, We v e r i f i e d  w i t h  your  s t a f f  by telephone t h a t  your  concern w i t h  the 
ana l y t i ca l  approach was f o r  Oak Ridge National Laboratory (ORNL) ra ther  
than Haagen-Smit as s ta ted  i n  your l e t t e r .  The s ta tus  repo r t  we reviewed 
f o r  the ORNL indoor a i r  study does n o t  inc lude  d e t a i l s  o f  the ana l y t i ca l  
methods. You may wish t o  contact. them f o r  f u r t h e r  informat ion.  

4. The benzene emission inventory i n  Pa r t  A contains benzene emission 
estimates from a l l  sources t h a t  s t a f f  cou ld quant i fy .  .We would 
appreciate rece iv ing any addi t ional  benzene emission estimates you may 
have. 

The i n t e n t  o f  inc lud ing  the ambient benzene moni tor ing data i n  Par t  A i s  
t o  g ive  the Department o f  Health Services (DHS) an approximation o f  the  
ambient l e v e l s  t o  which Cal i forn ians are exposed. A0 1807 requi res t he  
DHS t o  consider r i s k  of harm t o  p u b l i c  hea l t h  i n  t h e i r  hea l th  eva luat ion 
report .  We agree a more comprehensive emission inventory  and ambient 
exposure assessment i s  needed p r i o r  t o  the  Board's cons iderat ion o f  t o x i c  
con t ro l  measures. 

Thank you again f o r  your  comments. I f  you wish t o  discuss these comments more 
o r  i f  you have f u r t h e r  questions on the repor t ,  please contact  Barbara Fry  a t  
(91 6) 322-8276. a 
Wil l iam V. I( oscutof f ,  Chief  
Toxic Pol 1 utants  Branch 
Stat ionary Source D i v i s i o n  
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Oil, ehernical & Atorniq Workers 
International Union, AFL-C10 

Inlernrlonal Ontcer: 
255 Unton Blvd.. Lakawwd. CO 80228 
303'987-2229 
Mail: P.O. Box 2812. Denver. CO 80201 

EXPRESS MAIL - 
August 2 8 ,  1984 

M r .  William V. Loscutoff. Chief 
Toxic Pol lu tan ts  Branch 
Air Resources Board 
P.0. BOX 2815 
Sacramento, CA 95812 

Dear M r .  Loscutoff: 

Thank you f o r  t h e  oppor tun i ty  t o  coment  on the Department of Health 
Services' report  on Benzene (Par t  B). This  r e p o r t  has  been reviewed 
by t h e  h e a l t h  and sa fe ty  s t a f f  of the O i l ,  Chemical and Atomic Workers 
I n t e r n a t i o n a l  Union. We f i n d  t h a t  t h i s  i s  a good  s t u d y  t h a t  
a p p r o p r i a t e l y  c o n s i d e r s  t h e  h e a l t h  r i s k s  t o  pe r sons  exposed t o  
benzene, whether from the workplace o r  the  environment. 

L 
We a g r e e  completely with t h e  pos i t ion  of the Department of Health t h a t  
t h e r e  i s  no known s a f e  t h r e s h o l d  f o r  benzene exposure  s o  t h a t  i t  
should be t r ea t ed  a s  i f  i t  had no threshold. 

We were a l s o  glad t o  s e e  t h e  Department t a k e  a prudent  p o s i t i o n  on  
b e n z e n e  r i s k s  f rom a tmospher ic  emiss ions .  The Union would o n l y  
recommend t h a t  t h e  Department rev iew t h e  two most r e c e n t  b e n z e n e  
s t u d i e s  which s e r v e  t o  fur ther  underscore i t s  carcinogenicity.  These 
a r e :  

1 )  " S t a t i s t i c a l  Analysis of Hematology Data From the 
Chronic Test of Benzene." By Program Resources, Inc., 
P.O. Box 12794, Research Triangle Park, NC 27709,  5 / 3 1 / 8 4  

2 )  NTP Technical Report on the Toxicology and Carcinogenesis 
S t u d i e s  of Benzene, NIH. P u b l i c a t i o n  184-2545,  Draf t  7 / 8 4  
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We a l s o  t o o k  t h e  l i b e r t y  .t:l review P a r t  A, "A Review of Benzene Uses, 
Emiss ion  and  P u b l i c  Exposure" ,  p r e p a r e d  by t h e  s t a f f  o f  t h e  Air 
Resources Board. 

We would a g r e e  w i t h  t h e  A i r  Resources Board t h a t  "add i t iona l  t e s t i n g  
of benzene e m i s s i o n s  from p e t r o l e u m  r e f i n e r i e s  and a s p h a l t  p l a n t s  
s h o u l d  be  per formed p r i o r  t o  cons ide r ing  c o n t r o l  measure development 
f o r  t h e s e  s o u r c e s t ' . l  We would urge t h a t  t h i s  t e s t i n g  be done without 
d e l a y  s o  t h a t  any n e c e s s a r y  c o n t r o l  m e a s u r e s  c a n  be r e q u i r e d  a n d  
i n s t i t u t e d  i n  a t imely  manner. 

Thank you f o r  submit t ing t h e s e  two documents f o r  review. 

SK/DCE/mb 
cc: Robert Wages, V-P, OCAW 

Jack  Foley, D i r e c t o r ,  D i s t r i c t  $1 
Thomas Lind, I n t ' l  Repreeen ta t ive  
Robert Boudreau, I n t ' l  Represen ta t ive  

S i n c e  t h e  two s t u d i e s  c i t e d  i n  t h e  r e p o r t  o f f e r  o n l y  rough  
a p p r o x i m a t i o n s  o f  benzene  e m i s s i o n s  from r e f i n e r i e s  a n d  a s p h a l t  
p l a n t s ,  i t  is reasonable  t o  want more p r @ c i s e  measurements. 
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1102 0 STRE€I 
C.O. W X  2815 
SACRAMENTO. CA 95812 

September 12, 1904 

Mr. Dan C. Edwards, D i rec to r  
Health and Safety Department 
O i l  . Chemical and Atomic Workers 
P. 0. Box 2812 
Denver, Colorado 80201 

Dear Mr. Edwards: 

Subject: Comments on P a r t  A o f  the  D r a f t  Benzene Report 

Thank you f o r  your  comnents on t h e  d r a f t  Pa r t  A o f  the  benzene report .  We 
w i l l  t ransmi t  your  comnents on P a r t  B t o  the  Department o f  Health Services. 
Your l e t t e r  and t h i s  response w i l l  become p a r t  o f  Appendix B o f  the f i n a l  
report .  We w i l l  send you a copy of t he  f i n a l  report .  

We appreciate your  des i re  f o r  immediate t e s t i n g  o f  benzene emissions from 
petroleum r e f i n e r i e s  and asphal t  p lants .  A t  t h i s  t ime we do no t  have a 
s p e c i f i c  schedule f o r  benzene source test ing.  We expect t o  conduct some 

L t e s t i n g  o f  benzene sources dur ing the  c o n t r o l  measure development phase once 
benzene i s  i d e n t i f i e d  as a t o x i c  a i r  contaminant. 

Thank you again f o r  your  comnents. I f  you wish t o  discuss these comments 
more, please con tac t  Barbara Fry a t  ( 91 6) 322-8276. 

Wi l l i am V. U c u t o f f ,  Chief 
Toxic Po l l u tan ts  Branch 

i Stat ionary Source D i v i s i o n  



UNIVERSITY OF CALIFORNIA, DAVIS - 

DlVlSlOS OF MEDICAL SCIENCES 
DEPARTMEST OF INTERNAL MEDlCIhZ 
SECTIOS OF PULMONARY MEDICINE 

SCHOOL OF MEDICINE 
DAVIS. CALIFORSIA 'OS610 

Ju ly  27; 1984 

D r .  William V. Loscutoff, Chief 
Toxic Pol lu tan ts  Branch 
A i r  Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

Dear Dr.  Loscutoff: 

RE: Draft Report on Benzene, Par t  A 

Thank you f o r  the  opportunity t o  comment on t h i s  document. My o n l y  
q u e s t i o n  concerns the implied compaxison with indoor levels  of benzene from 
the  EPA TEAM study i n  Elizabeth and Bayonne, New J e r s e y  (IV-4). I do n o t  
unde r s t and  the meaning of t he  l a s t  sentence of t he  t h i rd  paragraph: "Thus, 
personal a i r  measuranents.. . .may u p l a i n  t h e  h igh  benzene l e v e l s .  . ." Was 
something omi t t ed  i n  t h i s  d r a f t ?  Also, Elizabeth and Bayonne a r e  proximal 0 t o  (and g e n e r a l l y  dovnwind from) a major  o i l  r e f i n e r y  complex (Exxon's  
Bapway r e f ine ry ,  P h i l l i p s  Petroleum, and others) .  Might t ha t  proximity have 
influenced indoor benzene levels? It is unfortunate t ha t  the  only ava i l ab l e  
s t u d y  v a s  n o t  performed i n  a more typ ica l  area ,  though perhsps t h e  chosen 
s i t e s  might accurately  model t he  Cal i forn ia  s i t u a t i o n  i n  t he  Pinole/Bercules 
area.  

Sincerely,  A 

- 
Jerold A. Last 
Northern Cal i fornia  
Occupational Health Center,  
University of Cal i forn ia ,  
Davis, CA 

JAL: s j m  
cc: Marc Schenker, M.D., NCOHC 

Noreen Dowling, PSRDP 



L September 12, 1984 

Mr. Jerold A. Last 
Northern Cal i f  orni a Occupational 

Health Center 
University o f  California, Davis 
Davis, CA 95616 

Dear Mr. Last: 

Subject: Comnents on Part A o f  the Draf t  Benzene Report 

Thank you f o r  your comments on our discussion o f  the EPA indoor a i r  study i n  
Part  A o f  the d ra f t  benzene report. Your l e t t e r  and t h i s  response w i l l  become 
pa r t  o f  Appendix B o f  the f i na l  report. We w i l l  send you a copy o f  the f i n a l  
report. 

You expressed some confusion wi th  the sentence, "Thus, personal a i r  
measurements i n  smokers' homes may explain the high benzene leve ls  found i n  
the EPA study." The EPA TEAM study indicates: 1) benzene i s  more prevalent 
i n  smokers' homes than i n  non-smokers' homes; and 2) 45 percent o f  the sample ' 

population were smokers. However, the repor t  does not i d e n t i f y  the speci f ic  
sources of indoor benzene concentrations. Thus, we hypothesized t ha t  personal 

L a i r  measurements i n  the 30 ppb range may be from smokers' homes. 

Also, you asked i f  nearby o i l  ref ineries influenced indoor benzene leve ls  i n  
the EPA study. This study includes a s t a t i s t i c a l  analysis corre lat ing 
simultaneous indoor and outdoor (backyard) benzene samples. The corre lat ion 
coef f ic ient  f o r  indoor,and outdoor benzene samples was 0.35. This means 88 
percent o f  the variat ions i n  the indoor benzene concentrations were no t  
a t t r ibu tab le  t o  variat ions i n  the outdoor benzene concentrations. Thus, i t  
appears the benzene emissions from nearby o i l  re f ine r ies  d i d  not great ly  
i n f  1 uence the indoor benzene concentrations. 

Thank you again f o r  your comnents. I f  you wish t o  discuss these comnents more 
o r  i f  you have fur ther  questions on the report, please contact Barbara Fry a t  
(91 6 1 322-8276. 

Wil l iam v.Wscutof f ,  Chief 
Toxic Pollutants Branch 
Stationary Source Div is ion 



UNI \ERSITY OF CALIFORNIA. SASTA CRUZ - 

E~VIHOS~IENT.AL HE.XLTH b SITTI. S.4ST.4 CRCZ. ( .4LIFORNIA 95,164 

August 7, 1984 

Wi l l i am V. Loscutof f ,  Chief 
Toxic Po l lu tan ts  Branch 
A i r  Resources Board 
PO Box 2815 
Sacramento, CA 9581 2 

Re: D r a f t  Report On Benzene To The Sc ien t i f i c  Review Panel - P a r t  A 

Dear Mr Loscutof f :  

P a r t  A o f  t h e  subject  r epo r t  has been reviewed. Comnents are made on the  p re l im inary  
t e x t  along w i t h  some suggestions. 

1. Page 11-1, paragraph 2: I f  the  14,000 tons o f  benzene independently produced 
annual ly  i s  a "minor f ract ion"  of t he  t o t a l  benzene content i n  gasoline, what i s  
t he  t o t a l  tonnage o f  benzene ava i l ab le  i n  d i s t r i bu ted  gasol ine annually? Also, 
how many gal lons o f  gasoline a re  used per month o r  annually by o u t l e t s  i n  the. area 
of concern? 

2. Page 11-3, "Mobile Emission Sources" : Since motor vehic les con t r ibu te  about 
93% of t he  estimated benzene emissions i n  Cal i forn ia ,  f i gu res  on. gas01 i n e  consump- 
t i o n  vs benzene output  could y i e l d  an overa l l  ef fect iveness f igure  f o r  veh ic le  
systems r e l a t i v e  t o  benzene used i n  t h e  combustion process. 

3. Sampling i s  obviously needed w i t h  more locat ions near heav i l y  used roadways. 
Sampling a t  such h igh  p o i n t  areas w i t h  a height d i f f e r e n t i a l  cou ld y i e l d  valuable 
in format ion on benzene concentrattons vs height. I f  t h e  concentrat ions are higher 
w i t h  decreasing height, ch i l d ren  would be the rec ip ien ts  o f  h igher  doses when i n  
s f  dewal k t r a f f i c .  

4. Meteorological  considerations i s  important t o  benzene concentrat ions p a r t i c u l a r l y  
i n  an area such as the  San Fernando Valley. Perhaps some data from "Pro ject  
Basin" may be usefu l  i n  f u t u r e  determinations. 

5. Since the  EPA has recent ly  i nd i ca ted  t h a t  lead w i l l  be l a r g e l y  omi t ted from gaso- 
l i n e ,  can we expect t h a t  even more benzene w i l l  be used t o  mainta in  o r  increase 
octane ra t ings?  

Overal l ,  Pa r t  A of t he  repo r t  i s  we l l  done an? includes much in format ion o f  value t o  
those w i t h  concern f o r  human safety.  Pa r t  B on benzene hea l th  hazards should be even 
more i n fo rma t i ve  on human safety.  I t  i s  hoped tha t  the connnents on Par t  A o f f e r  some 
cons t ruc t i ve  suggestions. I hope t o  review Par t  B o f  t he  repo r t  when i t  i s  issued. 



STATE OF CALIFOINIA GEORGE D E V W I A N .  -r 

AIR RESOURCES BOARD 
I102 O STREEl 
-"t. SOX 2815 

RAMENTO. CA 95812 

September 12. 1984 

Mr. James C. Lang 
Environmental Health and 

Safety Of f icer  
Universi ty o f  Cal i fornia, Santa Cruz 
Santa Cruz, CA 95064 

Dear Mr. Lang: 

Subject: Comnents on Par t  A o f  the Oraf t  Benzene Report 

Thank you f o r  your comments and suggestions on the d r a f t  o f  Par t  A o f  the 
benzene report. Your l e t t e r  and t h i s  response w i l l  become p a r t  o f  Appendix B 
o f  the f i n a l  report. We w i l l  send you a copy o f  the f i n a l  report. Br ie f ly ,  
our response t o  your numbered comments are as fol lows: 

1. We estimate the t o ta l  benzene content o f  gasoline sold i n  Ca l i fo rc ia  i n  
1983 t o  be 511,000 tons. Thus, the  14,000 tons o f  benzene independently 
produced i n  1983 was about 3 percent o f  the t o t a l  benzene content i n  
gasoline. Benzene i s  no longer produced i n  Ca l i fo rn ia  w i t h  the 1984 
closure o f  Chevron's El  Segundo benzene plant. 

We estimate tha t  about 5.3 b i l l i o n  gal lons o f  gasoline are consumed 
annually i n  the South Coast A i r  Basin. 

2. The r a t i o  o f  benzene emissions t o  gasoline consumed i s  approximately 
0.003 lbs. benzene emitted per ga l lon  gasoline consumed using a 1983 
consumption o f  11.2 b i l l i o n  gal lons and estimated vehicle benzene 
emissions o f  15,000 tons. 

3. We agree sampling wi th a height d i f f e r e n t i a l  near heavi ly used roadways 
could provide useful exposure information. However, our i n t en t  f o r  t h i s  
report  was t o  give the Department o f  Health Services an approximation o f  
the annual average ambient benzene concentration experienced by persons 
i n  the SCAB. We expect t o  gather more deta i led  exposure information 
during the consideration of  t ox i c  a i r  contaminant control  measures 
fo l lowing the iden t i f i ca t ion  o f  benzene as a tox ic  a i r  contaminant. 
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4. ARB staf f  are d i r e c t l y  involved i n  the  "Project  Basin" study and p lan t o  
use these data when the  study i s  completed. We expect the study t o  be 
completed i n  the  spr ing o f  1985. 

5. The overa l l  aromatic content o f  leaded fue l  has increased w i t h  decreasing 
l ead  i n  the  fue l .  Analysis o f  low lead fue l s  i s  needed t o  determine 
whether o r  no t  the  benzene content has increased w i th  increasing arbmatic 
content. However, even i f  the  benzene content has no t  increased, benzene 
exhaust emissions are expected t o  increase w i t h  increas ing aromatics 
(toluene, xylene) i n  t he  fuel .  We p lan  t o  inves t iga te  benzene emission 
trends i n  much greater  d e t a i l  dur ing the  development o f  con t ro l  measures. 

Thank you again f o r  your  comments. I f  you wish t o  discuss these comnents more 
o r  i f  you have f u r t h e r  questions on the  report ,  please contact  Barbara Fry a t  
(9161 322-8276. 

Wi l l i am V. ~Wtbff, Chief 
Toxic Po l l u tan ts  Branch 
Stat ionary Source D i v i s i o n  



W&EM Oil and Gas Assodation 
727 West Seventh Slreet. Lor Angeler. Calilornia BOO17 
(213) 6274866 

August 31, 1984 

BY MESSENGER 

William V. Loscutoff, Chief 
~ o x i c  Pollutants Branch 
Air Resources Board 
Post Office Box 2815 
Sacramento, California 95812 

Re: Benzene Report to the Scientific Review 
Panel, Part A -- A Review of Benzene 
Uses, Emissions and Public Exposure 

Dear Mr. Loscutoff: 

The Western Oil and Gas Association ("WOGAa) 
appreciates the opportunity to review your draft report on 
benzene and to offer comments prior to its submission to the 
Scientific Review Panel ("SRP"). Our primary concern is that 
the best data available be used ta assess the relationship 
between sources of benzene and public exposure so that a 
realistic appraisal of the potential to reduce exposure levels 
can be made. 

We are currently in the process of gathering 
information on ambient benzene concentrations in the South 
Coast Air Basin and will make this information available to you 
when our study is completed. However, we do not expect this 
information to be available for several months. In the interim, 
re have a few general comments on the Part A report. Some of 
our comments are based on studies that are currently in process 
and have not been finalized. More detailed comments will follow 
at a later date. 

We will address three issues in these comments. Those 
issues are: (1) the estimates of benzene emissions from motor 
vehicles; (2) the adequacy of the database used to calculate 
ambient concentrations, and (3) the failure to address indoor 
air pollution. We will begin with emissions from motor vehicles. 

Estimates of Benzene Emissions from Motor 
Vehicles are Overstated. 

To estimate benzene from motor vehicle exhaust, 
emission factors were used based on studies by the Environmental 
Protection Agency ("EPAa) and the Society of Automotive Engineers 
("SAE"). Pactors of 6.5 and 4.2 weight % benzene in the total 
hydrocarbon exhaust from catalyst and noncatalyst vehicles, 
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respectively, were used. A recent American Petroleum Institute 
(*APIN) report entitled *The Analysis of Benzene Emissions from 
Vehicles and Vehicle Refueling" found no significant difference 
in benzene emissions between catalyst and noncatalyst-equipped 
cars. Furthermore, the API report calculates the average 
concentration of benzene in the total hydrocarbon exhaust at 
close to 3.5 weight %. 

In Figure 11-1 (Projected Benzene Emissions from 
Motor Vehicles), a sharp upturn in benzene emissions in tons per 
year is predicted to begin around the year 1990 and continue 
through the year 2000. This estimated increase is affected by 
the emission factors used. If the emission factors in the API 
study are substituted, the overall emissions will be lower and, 
the rate of increase after 1990 will be much slower. 

Inadequacy of the Data Base 

We are concerned with the representativeness of the 
ambient benzene measurements made in the South Coast Air Basin 
and the conclusions drawn from these data. To begin, as we 
understand your monitoring program, benzene levels were actually 
obtained from only four monitoring sites. It appears that all 
of these sites were located very close to major freeways and/or 
heavily traveled streets. Appendix E to the staff report 
explains that: 

"The estimates apply to areas not immediately 
around large point sources of benzene. 
Estimating the locally high concentrations 
near sources requires different data and 
modeling techniques than those described 
here. The sources are mostly not in residential 
areas. Because residential population data 
were used to estimate the populace's exposure 
to beneene,'neglecting such locally high 
concentrations does not introduce serious 
error. . . 

(Appendix E, p. E-1.) 

Appendix E recognizes the fact that ambient 
concentrations in the areas surrounding stationary sources may 
be unrepresentative. We think that the same point can be made 
with regard to the air around freeways because the majority of 
the population lives a greater distance from freeways than the 
location of the measurement sites. For this reason, we question 
drawing broad conclusions from these ambient measurements. 
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The estimates and monitor readings should reflect, as 
close as possible, the actual benzene level of the air that most 
people breathe. Thus, while the measurements used by your staff 
may be accurate, the number of measurements appears to be 
insufficient and should have included measurements inside homes, 
office buildings, department stores and other areas where the 
public has frequent access. Such an approach would more properly 
determine the true population exposure to benzene. This brings 
us to our major concern which is the failure to address indoor 
air quality. 

Indoor Benzene Levels Cannot be Ignored. 

Appendix E to the report presents the details of the 
methodology used to develop estimates of annual average concen- 
trations of benzene in the South Coast Air Basin. The Appendix 
states that: 'indoor benzene concentrations may not be directly 
related to ambient concentrations. This study makes no attempt 
to examine indoor exposure.' (Appendix E, p. E-13.) This is a 
serious deficiency in the Part A repoft because current research 
is showing that indoor benzene levels are significant and must 
be evaluated in determining what, if any, controls on benzene 

%V emission sources should be required. 

,The report states that "very few data On benzene 
concentrations are available and no data are available for 
California.' (p. IV-4.) This is only partially true. Research 
Triangle Institute ("RTIn), under contract to EPA, has completed 
an extensive data collection effort involving over 600 indivi- 
duals in Los Angeles and Contra Costa Counties. As was done by 
RTI in its earlier studies for EPA in Elizabeth and Bayonne, 
New Jersey (the "EPA studya), indoor overnight air samples and 
comparative outdoor overnight ambient air benzene concentrations 
were studied. We are informed that all data collection in 
California has been completed and that RTI is currently conduct- 
ing an analysis of the data. According to EPA, the findings 
should be available by December of this year. If the findings 
from the California studies are in any way similar to those for 
the New Jersey studies, this information must be addressed. 

With regard to the EPA study, your analysis appeared 
to ignore a number of significant findings. Specificall g, the 
study found that ( 1 )  there is no relationship between am ient 
indoor benzene concentrations and nearby outdoor air; (2) the 
indoor ambient benzene concentrations are significantly greater 
than outdoor concentrations; and (3) there does not appear to 
be any direct relationship between exposure and dosage. 

L 
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'with regard to the first point, relationship between 
indoor and outdoor benzene levels, you correctly note.that there 
are various indoor sources of ambient benzene,. most importantly, 
tobacco use. Other indoor sources of benzene include appliances, 
heating, air conditioning and unvented heaters. 

With regard to indoor benzene levels we know that 
indoor concentrations are significantly greater than outdoor 
levels. The EPA study, based on a probability sample of 97 
homes, found that indoor ambient benzene concentrations were 
between 2.3 or 3.5 times greater than outdoor concentrations, 
depending upon whether the comparison was based on the arith- 
metic mean or median value. It should be noted that even 
greater differences were found in a study conducted for the 
Consumer Product Safety Commission (the "CPSC study") by the 
Oak Ridge National Laboratory ("ORNL") which was also reviewed 
by your staff. 

With regard to the relationship between exposure and 
dosage, data developed by RTI for the EPA study also shows that 
the relationship is, at best, extremely complicated. Figure 
VII-22 of the RTI report shows a natural logarithemic plot of 
breath versus daytime personal air measurements. While the 
Spearman correlation of .17 for all measureable values is 
statistically significant, it demonstrates that there is no 
direct relationship between the daytime exposure (as measured 
by daytime personal air) and dosage (as measured by breath 
concentrations). It may well be that ambient benzene dosage 
received by individuals is far more a function of individual 
behavior, particularly smoking, than to exposure to ambient 
benzene in the air. 

Turning now to your evaluation of the CPSC study's 
interim report on concentrations of volatile organic compounds 
in indoor and outdoor air, we have the following comments. 
The statement that this "report discusses only a limited data 
from one housen is incorrect. Forty houses were studied. 
Furthermore, the major conclusions of the study should have 
been discussed. Those conclusions were: 

1. A greater number of the volatile 
organic chemicals were present indoors 
than outdoors (ten or less were observed 
outdoors and over 150 indoors). 

2.  . The indoor level's of avolatile organic 
chemicals are generally ten-fold 
greater than outdoor levels. 
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L 3. The r e p o r t e d  p o t e n t i a l  h e a l t h  e f f e c t s  
of t h e  i d e n t i f i e d  v o l a t i l e  o r g a n i c  
chemica ls  i n c l u d e  c a r c i n o g e n i c ,  
mutagenic ,  embryotoxic  and a l l e r g e n i c  
e f f e c t s ,  a s  well as i r r i t a t i o n  o f  
mucous membranes and damage to  t h e  
c e n t r a l  nervous system. An open 
q u e s t i o n  remains  as to  which o f  t h e s e  
effects may be man i f e s t ed  a t  t h e  
l e v e l s  found.  While t h e r e  may be 
problems i n  t h e  way i n  which t h e  CPSC 
s t u d y  was conducted,  t h i s  i n fo rma t ion  
cannot  be d i s c o u n t e d  a l t o g e t h e r .  

The importance o f  indoor  a i r  q u a l i t y  f i n d i n g s  i n v o l v e s  
more t h a n  t h e  f a c t  t h a t  indoor  benzene l e v e l s  are h i g h e r  t h a n  
o u t d o o r  benzene l e v e l s .  The c u r r e n t  l i t e r a t u r e  on  "time 
budge t sm i n d i c a t e s  t h a t  t h e  m a j o r i t y  o f  pe r sons - spend  o v e r  70 
p e r c e n t  o f  t h e i r  t i m e  i ndoor s .  I n  fact,  r e s e a r c h  on time 
budge t s  h a s  r e v e a l e d  t h a t  urban r e s i d e n t s  g e n e r a l l y  spend abou t  
90 p e r c e n t  of t h e i r  time i n d o o r s ,  w i t h  o n e  s t u d y  f i n d i n g  t h a t  
even  young middle-a ed  men spend no  more t h a n  a n  hour a day on 
average ,  o u t d o o r s .  9 AS a r e s u l t ,  most p e o p l e ' s  exposure  
l e v e l  is dominated by indoor  a i r ,  n o t  o u t d o o r  a i r .  

L While it is t r u e  t h a t  d a t a  on indoor  a i r  q u a l i t y  are 
l imi ted ,  t h e  d a t a  t h a t  are a v a i l a b l e  have  s t a g g e r i n g  i m p l i c a t i o n s .  
Soon d a t a  w i l l  be a v a i l a b l e  on  i n d o o r  v e r s u s  ou tdoor  a i r  q u a l i t y  
i n  C a l i f o r n i a .  For t h i s  r ea son ,  t h e  i n d o o r  a i r  q u a l i t y  s t u d i e s  
canno t  be i g n o r e d  because  t h e y  have  a d i r e c t  b e a r i n g  on  t h e  
t y p e s  o f  c o n t r o l s  t h a t  should  be adopted  and how e f f e c t i v e  any  
c o n t r o l  can  be. 

I n  c o n c l u s i o n ,  we a s k  t h a t  o u r  conce rns  be i n c o r p o r a t e d  
i n t o  t h e  r e p o r t  or, a l t e r n a t i v e l y ,  t h a t  t h i s  letter be s e n t  t o  
t h e  SRP w i t h  t h e  r e p o r t .  With r e g a r d  t o  t h e  issue o f  i ndoor  a i r  
q u a l i t y ,  we  s t r o n g l y  recommend t h a t  a  g r e a t  deal more a t t e n t i o n  
be g i v e n  to t h e  role o f  exposure  to indoor  benzene l e v e l s .  

S i n c e r e l y ,  

P g - ~ ~ ~ d l ,  
Ro r t  H. H a r r i s o n  
A s s i s t a n t  Gene ra l  Manager 

Hinckle ,  L. E. , and S. H. ~ u r r a y .  "The Importance of t h e  
Q u a l i t y  o f  Indoor  A i r . "  I n  "Symposium on  H e a l t h , A s p e c t s  of 
Indoor  A i r  P o l l u t i o n , '  57 B u l l e t i n  of  t h e  N e w  York Academy of 

b Medicine 10,  828 (December 1981).  
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September 12, 1984 

Mr. Robert H. Harrison 
Assistant General Manager 
Western O i l  and Gas Associat ion 
727 W. Seventh St reet  
Los Angeles, CA 9001 7 

Dear Mr .  Harrison: 

Subject: Comments o f  August 31, 1984, on Pa r t  A o f  t he  
D r a f t  Benzene Report 

Thank you f o r  your comments on P a r t  A o f  the  benzene r e p o r t  t o  t he  S c i e n t i f i c  
Review Panel. Your l e t t e r  and t h i s  response w i l l  become p a r t  o f  Appendix B o f  
the  f i n a l  report .  We w i l l  send you a copy of the f i n a l  repor t .  Our responses 
f o l l o w  under the headings you have i n  you r  l e t t e r .  

L Estimates o f  Benzene Emissions from Motor Vehicles Overstated 

We have reviewed our ca lcu la t ions  based on the  API study t h a t  you c i t e d  and 
w i l l  rev ise the  f igures  f o r  benzene i n  t o t a l  exhaust hydrocarbons as fo l lows: 
non-catalyst - 4.2 percent, c a t a l y s t  - 4.1 percent. The emission p ro jec t i ons  
w i l l  be revised accordingly. 

These values d i f f e r  from those obtained through a simple averaging o f  a l l  API 
data. The API data taken on catalyst-equipped cars  inc lude  many from runs 
using unleaded fue l s  w i t h  aromatic contents  f a r  below those t y p i c a l  o f  
gasol ine consumed i n  Ca l i f o rn ia  (43 percent by weight, according t o  our  
data). To estimate emissions from ca ta lys ts ,  we used only  API data taken on 
f u e l s  w i t h  aromatic contents between 38 w t .  percent and 54 wt. percent. 

ARB and API used the same data t o  est imate non-catalyst f a c t o r s  o f  4.2 wt. 
percent and 3.5 wt. percent, respect ive ly .  API ' s  r eca l cu la t i on  o f  t he  
o r i g i n a l  data resu l ted i n  a lower w t .  percent factor.  We are r e t a i n i n g  the  
4.2 w t .  percent f a c t o r  f o r  non-catalyst  vehicles. 

Inadequacy o f  the Data Base 

We r e a l i z e  t h a t  the four  monitor ing s t a t i o n s  as a group may be too  near major 
roadways t o  t y p i f y  most r e s i d e n t i a l  receptors. (However, two o f  them a re  a1 so 
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c r i t e r i a  po l l u tan t  s ta t ions  and thus are loca ted  according t o  guidel ines f o r  
obtaining representative data.) Nevertheless, any near-road bias i n  the 

e 
benzene concentrations a t  the s ta t i ons  should be removed by using CO 
measurements a t  31 other monitor ing s ta t ions  as surrogate benzene 
measurements. The average value across the  bas in  derived by t h a t  technique 
i s ,  appropriately, 20 percent lower than the average measurement among the 
fou r  benzene monitors. 

Indoor Benzene Levels Cannot be Ignored 

You s ta te t h a t  indoor benzene l eve l s  are s i g n i f i c a n t  and cannot be ignored i n  
determining benzene exposure and i n  developing con t ro l  measures. We agree 
t h a t  indoor a i r  exposures t o  t o x i c  a i r  contaminants may be an important f a c t o r  
t o  consider i n  the  r i s k  management phase dur ing which the Board w i l l  consider 
adoption o f  t o x i c  con t ro l  measures. However, dur ing the r i s k  assessment 
(substance i d e n t i f i c a t i o n )  phase, AB 1807 requ i res  the  Department o f  Health 
Services t o  consider ambient concentrations and r i s k  o f  harm t o  pub l i c  hea l th  
from exposure t o  these ambient concentrations. 

I n  regard t o  the CPSC study, the i n t e r i m  repo r t  provided benzene data only f o r  
one house a1 though the. study included f o r t y  houses. We are hopeful t h a t  the  
f i n a l  repor t  w i l l  inc lude benzene data f o r  a l l  f o r t y  houses. 

We are pleased t o  l e a r n  t h a t  you are gather ing in format ion on ambient benzene 
concentrations i n  the  South Coast A i r  Basin. We would appreciate rece iv ing a 
descr ip t ion o f  the  study i n  progress and the  r e s u l t s  when the study i s  
completed. 

Thank you again f o r  your  comments. I f  you wish t o  discuss these comnents more 
o r  i f  you have f u r t h e r  questions on the  repor t ,  please contact Barbara Fry  a t  
(91 6 ) 322-8276. 

Wi l l i am V. Losc k' o f f ,  Chief 
Toxic Po l lu tan ts  Branch 
Stat ionary Source D iv i s i on  



STATE OF CALIFORNIA GEM= WUKMEJIAN. b - r  

AIR RESOURCES BOARD 
1102 Q STREET 
P.O. M ) X  2815 
ACRAMEHIO,  CA 95812 

-'w 

J u l y  27, 1984 

Dear S i r  o r  Madam: 

Subject: Department o f  Health Services' 
Report on Benzene (Par t  B) 

I n  my June 20, 1984, l e t t e r  informing you t h a t  Pa r t  A - "A Review o f  Benzene 
Uses, Emissions, and Publ ic  Exposure o f  the benzene repo r t  f o r  the S c i e n t i f i c  
Review Panel (SRP) was ava i lab le  f o r  review, I ind ica ted  t h a t  the Department 
o f  Health Services (DHS) po r t i on  o f  t he  report ,  Pa r t  B - "A Review o f  Benzene 
Health Hazards," would no t  be ava i lab le  f o r  review u n t i l  the  f i n a l  repor t  i s  
submitted t o  the SRP. However, on J u l y  25, 1984, we received the  f i n a l  
vers ion o f  Pa r t  B from DHS. We now expect. t o  submit the  f u l l  r epo r t  t o  the  
SRP i n  about 30 days and are making P a r t  B ava i l ab le  p r i o r  t o  i t s  formal 
submit ta l  t o  the  SRP. I am also making i t  ava i lab le  now so t h a t  when we 

L formal ly  submit the  repo r t  t o  the Panel we can a lso  provide them w i t h  any 
w r i t t e n  comments you may have on Pa r t  B. 

I f  you would l i k e  t o  obta in  a copy o f  t he  P a r t  B report ,  please c a l l  our 
Pub l i c  Informat ion Of f i ce  a t  (916) 322-2990 o r  send your  request t o  the  
a t t e n t i o n  of :  

Publ ic In format ion Of f i ce  
Re : Benzene Report - P a r t  B 
C a l i f o r n i a  A i r  Resources. Board 
P. 0. Box 2815 
Sacramento, CA 9581 2 

I n  order f o r  your comments t o  be included i n  our submit ta l  t o  the SRP, we are 
request ing t h a t  comments on the Pa r t  B r e p o r t  be submitted t o  us by August 30, 
1984. Wr i t ten comments should be sent to: 

Wi l l iam V. Loscutof f .  Chief 
Toxic Po l l u tan ts  Branch 
A i r  Resources Board 
P. 0. box 2815 
Sacramento, CA 9581 2 



July 27, 1984 

We are  also updating our mailing l i s t .  If  you wish t o  remain on the l i s t ,  
please return the enclosed form by August 30, 1984. If we do n o t  hear from 
you by t h a t  date, we will assume you wish to be deleted from our mailing l i s t .  

Sincerely, 

Stationary Source ~ i v i s i o n  

Enclosure 

cc: Alex Kel t e r  
Assemblymember Sally Tanner 



STATE OF CALIFORNIA GEORGE DEUIMOIAN, b- 

AIR RESOURCES BOARD 
1101 0 STREET 
e . 0  6 O X  2815 
, A C R M N T O ,  CA 95812 

September 12, 1984 

Dear S i r  o r  Madam: 

Subject: Your Comments on the  Department o f  
Health Services' Report on Benzene (Par t  B) 

Thank you f o r  your  comnents on P a r t  B o f  the benzene repor t  f o r  the  S c i e n t i f i c  
Review Panel (SRP). Your comments have been forwarded t o ' t h e  Department o f  
Heal th Services f o r  review. Also, you r  comments w i l l  be appended t o  t he  f i n a l  
benzene repo r t  which w i l l  be submitted t o  t he  SRP i n  a few days. 

Wi l l i am V. ~ o s h f t o f f ,  Chief 
Toxic Po l l u tan ts  Branch 
Stat ionary Source D iv i s i on  



AMERICAN LUNG ASSOCIATION 
of C A  L I F O R h ' I A  

Augnst 17, 1984 

William ,V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento, Ca. 95812 

Dear Mr. Loscutoff: 

The Health Effects of Benzene, Part B of the Report on 
Benzene, is a good and reasonable document based on data Gail- 
able. We have no additional information for the Scientific 
Review Panel. 

The possible health effects of benzene from exposure to 
indoor air is of concern. The point was raised in Part A of. 
the Report but not addressed. It was considered beyond the scope 
of this document which responds to the statutory direction of 
AB 1807. We believe indoor exposure to benzene may be a more 
significant problem. Me recommend that it be addressed by the 
Department of Health Services because there is a public health 
responsibility to do so, even without a specific legislative 
mandate. 

Thank you for the opportunity to review the Report. 

Yours truly, 

~lab$s Meade 
Environmental Health Director 

cc: Dean Sheppard, M.D. 
California Thoracic Society 

0-62b 
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ARCO Petroleum Products CoWIpanY 
515 South Flower Street 
Los Angeles. California 90071 
Telephone 213 486 8750 

David A. Smith 
Consultant 
Environmental Regulatory Compliance 

August 30, 1984 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
Post Office Box 2815 
Sacrainento, California 

Dear Mr. Loscutoff: 

Attached are brief ARCO Petroleum Products Company (APPCo) comments on the 
California Air Resources Board preliminary draft report entitled, "Part A - A Review of 
Benzene Uses, Emissions and Public Exposure.'' APPCo personnel also contributed to and 
fully support the comments submitted t o  you by the Western Oil and Gas Association 
(WOGA) on Part A and the associated Department of Health Services Part B report 
entitled, "Health Effects of Benzene." 

In particular, we wish to  emphasize WOGAL point that  the DOHS did not present the 
"range of risks to  humans resulting from current or anticipated exposure" of benzene 
required by the Health and Safety Code Section 39660(c). A range of risk determination 

b requires the use of various assumptions and methods t o  evaluate risks at certain dose 
levels. DOHS failed t o  do this. This omission is exemplified in the Department's dismissal 
of data from human studies which have been used by all other governmental agencies in 
assessing human benzene exposure risks. It is these types of problems that make us 
believe the Part B report is seriously deficient. 

If you wish to discuss any of the attached comments on Part A, please call me a t  the 
above phone number. Please call Dr. Charles Lapin a t  2131486-382s if you have questions 
with regard to  Part B which you wish to  discuss with us. 

- -- S erely, R 

 smith 
nsultanr, EnvironrnentalIHealth Planning 

DASIbf 
Attachment 

cc: Dr. C. A. Lapin 
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California Chambmr of Commrroa 

August 29, 1984 

Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Mr. Loscutoff: 

Thank you for the opportunity to comment on the report entitled 
"Health Effects of Benzene, Part 0". 

A task force comprised of representatives from the California 
Environmental Health Group and the Chemical Industry Council of 
California has reviewed the benzene report. The attached 
comments express this group's concerns. 

As you may know, the California Environmental Health Group (CEHG), 
was organized by the California Chamber of Commerce to achieve 
industry's concurrence on issues concerning the state's development 
of a cancer policy. 

Our review essentially agrees that benzene should be listed as a 
toxic airborne substance in California. However, our task force 
strongly disagrees with the report's approach to risk assessment, 
and thus, the conclusions that derive from that approach. It 
is our view, that the role of the Department of Health Services 
(OHS) in this process is to scientifically assess the effects of 
benzene exposure, using appropriate risk assessment models. This 
report wanders off into opinion and selective assumptions which 
give it a distinct bias rather than the objective fact finding 
posture of scientists. 

We believe the Science Review Panel will be sufficiently concerned 
with the quality of the benzene report to return it to the DHS 
so that it may remove its many subjective comments and to broaden 
its information concerning risk assessment models. 

JTH: jc 
Enclosure 
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Comments on t h e  Benzene Health Assessment Document -- 
Prepared by a t a s k  f o r c e  of t h e  

Chemical I n d u s t r y  counc i l  of C a l i f o r n i a  

i n  a s s o c i a t i o n  with t h e  

C a l i f o r n i a  Environmental Health Group 

The fo l lowing comments on P a r t  B, HEALTH EFFECTS OF BENZENE a r e  p r imar i ly  
d i r e c t e d  at t h e  a roach t o  r i s k  assessment app l i ed  by t h e  Department of 
Health S e r v i c e s ( ~ ~ s d e r  than  t o  t h e  i n t e r p r e t a t i o n  of t h e  da ta  a p p l i c a b l e  
t o  t h e  s p e c i f i c  substance.  While we ques t ion  some of t h e  d a t a  
i n t e r p r e t a t i o n s ,  d e t a i l e d  t e c h n i c a l  criticisms would r e q u i r e  more time than 
has  been allowed f o r  comment. 

We s t rong ly  suppor t  t h e  use  of t h e  r i s k  assessment technique i n  t h e  
r egu la to ry  process. We acknowledge t h a t  t h e  term, " r i sk  assessment" is 
i l l -de f ined  and t h a t  no u n i v e r s a l l y  accepted  s t andards  e x i s t  f o r  t h e  r i s k  
assessment process .  We f u r t h e r  acknowledge t h a t  t h i s  is a newly devised  and 
r a p i d l y  developing technique  i n  which v i r t u a l l y  a l l  elements a r e  clouded with 
uncer ta in ty .  

I r r e s p e c t i v e  of t h e s e  shortcomings, we b e l i e v e  t h a t  t h e  r i s k  assessment 
technique o f f e r s  t h e  b e s t  a v a i l a b l e  b a s i s  f o r  f u l f i l l i n g  r i s k  management 
r e s p o n s i b i l i t y .  

t I n  t h a t  con tex t ,  we o f f e r  t h e s e  comments with t h e  hope t h a t  they  w i l l  
c o n t r i b u t e  t o  t h e  improvement and c l a r i f i c a t i o n  of t h e  r i s k  assessment 
process s o  t h a t  it w i l l  develop i n t o  a va luab le  t o o l  f o r  t h e  use i n  t h e  
management of hazardous subs tances .  

Our comments are div ided i n t o  f o u r  s u b j e c t  a r e a s  f o r  ease of d iscuss ion .  
These a r e a s  a r e  no t  d i s c r e t e  and some o v e r l a p  i n  comment n e c e s s a r i l y  occurs .  

A. Separa t ion  of t h e  Risk Assessment and Risk Management Functions 

1. Background 

- AB1807(Tanner) - Chapter 1047, September 23, 1983; pioneered t h e  
s t a t u t o r y  mandate of t h e  r i s k  assessment process  i n  r egu la to ry  
affairs. A primary p rov i s ion  of t h i s  l a w  is t h e  f u n c t i o n a l  
s e p a r a t i o n  of r i s k  assessment  and r i s k  management. 

While t h e  i n c l u s i o n  of t h i s  p r i n c i p l e  pre-dated by some months t h e  
u u b l i c a t i o n  of t h e  Nat ional  Research Council's(NRC) r e v o r t  
i n t i t l e d ,  Risk Assessment I n  The Federa l  ~ o v e ; n m e n t : ' b n a g i n g * ~ h e  
Process ,  t h e  s u b j e c t  was d i scussed  ex tens ive ly  by a l l  i n t e r e s t e d  
C a l i f o r n i a  parties p r i o r  t o  its acceptance.  The adoption of t h a t  



p r i n c i p l e  i n t o  t h e  r e g u l a t o r y  process  was a recommendation 
of t h e  NRC Committee. 

- I n  the  same r e p o r t ,  t h e  NRC committee debated a t  length  t h e  
p ropr i e ty  of o rgan iza t iona l ly  s e p a r a t i n g  t h e s e  r e s p o n s i b i l i t i e s  by 
p lac ing  t h e  a u t h o r i t y  f o r  each i n  d i f f e r e n t  agencies .  

Not having t h e  b e n e f i t  of t h e  NRC Committee's t h ink ing ,  and 
because of C a l i f o r n i a ' s  p a r t i c u l a r  o r g a n i z a t i o n a l  s t r u c t u r e ,  
r e s p o n s i b i l i t y  f o r  r i s k  assessment  was ass igned t o  t h e  Department 
of Health Services ,  and t h a t  f o r  r i s k  management t o  t h e  C a l i f o r n i a  
Air Resources Board and ( i n  t h e  case of p e s t i c i d e s )  t o  t h e  
Department of Food and Agr icul ture .  

A major f a c t o r  i n  t h a t  cho ice  was t h e  d e s i r e  t o  encourage, t o  t h e  
maximum ex ten t  poss ib le ,  a c l e a r  s e p a r a t i o n  of s c i e n t i f i c  
determinat ions from s o c i e t a l  judgments s o  t h a t  t h e  l a t t e r  could be 
based on t h e  bes t  a v a i l a b l e  s c i e n t i f i c  knowledge. The benzene 
assessment document i n d i c a t e s  t h a t  t h e  goal  was no t  f u l l y  
r ea l i zed .  

- The DHS benzene r e p o r t  r e p r e s e n t s  t h e  i n i t i a l  a t tempt  a t  
implementation. of AB1807. Contrary  t o  i h e  goal  of t h i s  
l e g i s l a t i o n ,  the  benzene document i n t e r m i n g l e s  s c i e n t i f i c a l l y  
e s t a b l i s h e d  f a c t  with pol icy  cons ide ra t ions .  

J u s t  such a p i t f a l l  is warned a g a i n s t  i n  t h e  NRC r e p o r t  (page 
142): 

"Organizat ional  arrangements  t h a t  s e p k a t e  r i s k  
assessment from r i s k  management decision-making will 
not n e c e s s a r i l y  i n s u r e  t h a t  t h e  p o l i c y  basis of 
choices  made i n  t h e  r i s k  assessment  process  is c l e a r l y  
d i s t ingu i shed  from t h e  s c i e n t i f i c  b a s i s  of such 
choices." 

A review of t h e  DHS benzene r e p o r t  r e v e a l s  a r e c u r r i n g  p a t t e r n  of 
an admixture of s c i e n t i f i c  f a c t  and r i s k  management pol icy  
cons ide ra t ions  without a c l e a r  d i s t i n c t i o n  made between t h e  two. 

2. s p e c i f i c '  Comment 

- E x p l i c i t  examples of r i s k  management po l i cy  c o n s i d e r a t i o n s  
included i n  t h e  document are (emphasis added): 

* "Since t h e  th resho ld  dose f o r  t h e  human popula t ion  should be 
t h e  threshold  dose f o r  t h e  most s e n s i t i v e  i n d i v i d u a l ;  t h i s  
dose may be so  low as t o  be e f f e c t i v e l y  zero."(Page 49) , 

* "The ARB is encouraged t o  use t h e  assumptions s t a t e d  above 
f o r  r egu la to ry  purposes."(Page 80) (emphasis added) 



- Many examples of implied p o l i c y  s t a t emen t s  can be found throughout 
t h e  document. Inc lus ion  of such s t a t emen t s  not  only confuse t h e  
u n i n i t i a t e d  reader  but  c l e a r l y  i n f r i n g e s  on t h e  r i s k  management 

L prerogat ive .  Advocacy of s p e c i f i c  r i s k  management p o l i c i e s  would 
bes t  be reserved f o r  t h e  pub l i c  hear ing  provided f o r  i n  §39666(a) 
of AB1807. 

B. I n f e r e n t i a l  Bridnes 

1. Background 

- I n  t h e  assessment of t h e  r i s k  from exposure t o  a suspected human 
carcinogen f o r  r egu la to ry  purposes, it is necessary  t o  adopt  
assumptions a t  many po in t s  i n  t h e  process  because t h e  cause of 
cancer  and t h e  o p e r a t i v e  mechanisms are unknown. The NRC r e p o r t  
j u s t i f i e s  t h e  use  of t h e s e  " i n f e r e n t i a l  br idges"  as necessary  t o  
provide a complete d a t a  base from which t h e  r i s k  assessment 
proceeds. 

2.  S p e c i f i c  Comments 

- The benzene document proceeds from a s i n g l e  set of s e l e c t e d  
assumptions (both s t a t e d  and implied)  about  t h e  causa t ion  and 
mechanism of cancer ,  then  p resen t s  s e l e c t e d  d a t a  which suppor t  

. t hose  assumptions. 

I n  t h e  c a s e  of t h e  benzene assessment,  t h e r e  can be no argument 
about any of t h e  i n d i v i d u a l  " i n f e r e n t i a l  br idges" adopted by DHS. 
Each r e p r e s e n t s  a l o g i c a l  assumption i n  t h e  l i g h t  of c u r r e n t  
s c i e n t i f i c  knowledge. 

Because t h i s  s u b j e c t  is e s o t e r i c ,  a l t e r n a t i v e  assumptions of equa l  
s c i e n t i f i c  v a l i d i t y  should be presented  i n  p a r a l l e l .  This  would 
make clear t o  t h e  non-spec ia l i s t  reader  t h a t  d i f f e r i n g  v a l i d  
conclus ions  can d e r i v e  from t h e  same data .  

- A second concern with t h e  DHS document is t h e  l ack  of c l e a r l y  
s t a t e d  assumptions and s c i e n c e  p o l i c y  dec i s ions .  S c i e n t i f i c  
t r a d i t i o n  d i c t a t e s  t h a t  t h e  r e p o r t e r  make clear t o  t h e  reader  t h e  
d i s t i n c t i o n  between a s ta tement  of e s t a b l i s h e d  s c i e n t i f i c  fact and 
an assumption adopted by t h e  author  as an " i n f e r e n t i a l  br idge" 
( s e e  p rev ious ly  c i t e d  NRC r e p o r t ) .  

I n  t h e  May 22, 1984 Federa l  Reg i s t e r ,  t h e  Of f i ce  of Science and 
Tethnology Policy(0STP) publ ished Chemical Carcinogens: Notice of 
Review of t h e  Science and Its Associated P r i n c i p l e s .  P r i n c i p l e  #29 

s t a t e s :  

"While s e v e r a l  c o n s i d e r a t i o n s  o f t e n  e n t e r  t h e  r i s k  
assessment  process ,  it is most important  t o  maintain a 



c l e a r  d i s t i n c t i o n  among f a c t s  ( s t a t emen t s  supported by 
d a t a ) ,  consensus (s ta tements  g e n e r a l l y  he ld  i n  the  
s c i e n t i f i c  community), assumptions ( s t a t emen t s  made t o  
f i l l  da ta  gaps),  and s c i e n t i f i c  p o l i c y  d e c i s i o n s  
(s ta tements  made t o  r e s o l v e  p o i n t s  of c u r r e n t  
controversy)." 

0 
The f i n a l  paragraph of Chapter 6.11.D of t h e  OSTP document s t a t e s :  

"Fina l ly ,  i t  i s  important  i n  t h e  c h a r a c t e r i z a t i o n  of 
human cancer r i s k  t o  summarize b r i e f l y  any judgments 
o r  assumpt ions ,  t h a t  may have en te red  i n t o  t h e  r i s k  
assessment process t o  i n s u r e  t h a t  they  a r e  c l e a r l y  
d i f f e r e n t i a t e d  from s c i e n t i f i c  f a c t  . ( I )"  

The DHS' method of p resen ta t ion  appea r s  t o  be i n  c o n f l i c t  with 
t h i s  p r i n c i p l e .  The assumptions upon which t h e  assessment is 
based are vaguely s t a t e d  and s c a t t e r e d  throughout t h e  r e p o r t .  
I d e n t i f i e d  examples of s t a t e d  o r  impl ied  assumptions inc lude  
(emphasis added): 

* ''In a case  such as benzene, where gene ra l  b i o l o g i c a l  evidence 
does not  s t rong ly  sugges t  a th resho ld ,  t h e  s t a f f  of WHS 
recommends t r e a t i n g  t h e  subs tance  as i f  it had no 
threshold."  (Pages 112, Exec. Summ.) 

* "Chromasomal abnormal i t i e s  occur a t  lower l e v e l s  than 
previous ly  thought and ma r e p r e s e n t  a s t a t e  which c a r r i e s  an 
inc reased  r i s k  of cancer+ (Page 2,  Exec. Summ.) 

* "...the s t a f f  of t h e  DHS cons ide r s  t h a t  'benzene should be 
t r e a t e d  a s  a subs tance  without  a carc inogenic  
threshold."(Page 2, Exec. Summ. ) 

* (Re:low dose e x t r a p o l a t i o n s )  "Such e x t r a p o l a t i o n s  depend on 
many assumptions, each with its own u n c e r t a i n t i e s . "  (Page 2, 
Exec. Summ.) 

* "Since employed people tend t o  be h e a l t h i e r  t h a n ' t h e  general  
populat ion,  we would e x  e c t  t o  see less d i s e a s e  and death  i n  + a group of workers. he re fo re ,  u se  of t h e  gene ra l  popula t ion  
as t h e  c o n t r o l  ove res t ima te  t h e  number of c a s e s  of 
d i s e a s e  we would expect  t o  see i n  t h e  workers and t h u s  
obscure our a b i l i t y  t o  d e t e c t  a smal l  i n c r e a s e  i n  t h e  
workers '  r a t e  o f  disesse."(Page 43) 

* "But t h e  processes of ca rc inogenes i s  appear t o  be 
q u a l i t a t i v e l y  d i f f e r e n t  from t h o s e  i n  c l a s s i c a l  
toxicology ."(Page 46) 

* "This scena r io ,  so  d i f f e r e n t  from c l a s s i c  t o x i c o l o g i c  



processes ,  makes a th resho ld  less l i k e l y  f o r  
carc inogenes is .  "(Page 46) 

* "Therefore, s i n c e  we cannot  know which of t h e  p o s s i b l e  
carc inogenic  mechanisms are a l r eady  ope ra t ing  and 
c o n t r i b u t i n g  t o  background inc idence ,  we w i l l  assume t h a t  no 
a d d i t i o n a l  exposure, however small, may be considered f r e e  of 
r i s k .  "(Page 47) 

* "For t h i s  reason,  t h e  s t a f f  of t h e  DHS as a genera l  r u l e  
assumes t h a t  an i d e n t i f i e d  carcinogen has no th resho ld  and 
z o t  d i s t i n g u i s h  between "genetic" ( d i r e c t l y  a c t i n g  on 
DNA) and "epigenetic" (not  d i r e c t l y  a c t i n g  o n '  MA) 
carcinogens f o r  t h e  purposes of i d e n t i f i c a t i o n  o r  
dose-response assessment.  "(Page 47) 

* "However, t h i s  model produces a th resho ld  by r e q u i r i n g  t h a t  
t h e  carcinogen be i n s t a n t a n e o u s l y  deac t iva ted ,  which is 
u n l i k e l y  ."(Page 18) 

* "If t h i s  were t r u e ,  chromosomal damage due t o  low-level 
exposures t o  benzene - could cause cancer."(Page 51) 

* "Because of t h e  i n a b i l i t y  t o  com.pletely r e so lve  many o f  t h e  
criticisms of t h e  CAG benzene r i s k  assessment ,  t h e  s t a f f  of 
DHS has  e l e c t e d  t o  base its r i s k  assessment on d a t a  a v a i l a b l e  
from r e c e n t  animal b ioassays  (NTP 1983) al though f o r  purposes 
of comparison t h e  s t a f f  o f  DHS w i l l  c i t e  t h e  Rinsky 
re-evaluat ion of t h e  I n f a n t e  s tudy used i n  t h e  CAG 
assessment  ."(Page 56) 

* "Although it could be argued t h a t  t h e s e  chronic  t o x i c o l o g i c a l  
i n s u l t s  from -es of benzene could be r e spons ib le  f o r  
t h e  carc inogenic  response t o  benzene, t h e  s t a f f  of DHS 
b e l i e v e s  t h a t  t h e  evidence suppor t ing  t h i s  theory  
( c y t o t o x i c i t y )  is i n s u f f i c i e n t  and at present  t h e r e  does no t  
appear  t o  be convincing s c i e n t i f i c  o r  pub l i c  h e a l t h  grounds 
t o  j u s t i f y  incorpora t ing  t h e  c y t o t o x i c i t y  theory  i n  t h e  r i s k  
assessment  process."(Page 71) 

* "In t h e  absence of d e c i s i v e  e m p i r i c a l  evidence as t o  t h e  b e s t  
s c a l i n g  f a c t o r ,  t h e  staff o f  DHS h a s  adopted t h e  convention 
of s c a l i n g  t h e  dose rate by body s u r f a c e  a r e a ,  a procedure 
r o u t i n e l y  used by p e d i a t r i c i a n s  f o r  c a l c u l a t i n g  medical doses 
f o r  bab ies  and children."(Page 73) 

* "Except when r e l e v a n t  pharmacokinetic d a t a  on both humans and 
animals  and d a t a  which a l low a time-to-tumor type  model a r e  
a v a i l a b l e ,  t h e  s t a f f  of t h e  DHS p r e f e r s  t h e  m u l t i s t a g e  
model."(Page 79) 



* "To account  f o r  t h e  p o s s i b i l i t y  of dose a d d i t i v i t y  t o  
background carc inogens ,  t h e  s t a f f  of t h e  DHS recommends us ing  
t h e  l i n e a r i z e d  95% upper confidence level."(Page 85) 

- The Executive Summary of t h e  DHS document (which i s  a l l  t h a t  many 
i n d i v i d u a l s  a r e  l i k e l y  t o  read)  p resen t s  a  c o l l a g e  of s c i e n t i f i c  
f a c t ,  assumptions,  and s c i e n t i f i c  po l i cy  dec i s ions  without  a  
d i s t i n c t i o n  of which is which. Th i s  may (o r  may no t )  develop a 
l a r g e  misinformed cons t i tuency  f o r  t h e  document. 

- Pages 1 through 30 proper ly  con ta in ,  i n  t h e  main, a  c i t a t i o n  of 
s c i e n t i f i c  d a t a ,  most of which enjoys  sc i ence  community 
consensus. 

I n  c o n t r a s t ,  Pages 31 through t h e  f i r s t  ha l f  of 35 c o n s i s t  s o l e l y  
of a  summary o f  t h e  c o n t r o v e r s i a l  p r i n c i p l e s  ( sc i ence  po l i cy  
d e c i s i o n s )  conta ined  i n  t h e  o r i g i n a l  d r a f t  of t h e  C a l i f o r n i a  
Carcinogen Po l i cy .  Contrary p r i n c i p l e s  based on e q u a l l y  v a l i d  
s c i e n t i f i c  da ta  are e i t h e r  not presented  or  a r e  dismissed with 
only s u p e r f i c i a l  j u s t i f i c a t i o n .  No clear d i s t i n c t i o n  i s  made 
between f a c t  and assumption. 

- A second g l a r i n g  example of p o l i c y  cons ide ra t ions  fo l lowing 
s c i e n t i f i c  d a t a  begins with t h e  last paragraph on page 85 and 
con t inues  through t h e  end'of  H g e  87. 

C. AB1807 Mandate For Conducting The Health Assessment 

1. Background 

- AB1807 s e t s  ou t  t h e  requirements  f o r  DHS i n  conducting an 
e v a l u a t i o n  p r i o r  t o  proposing t h e  des ignat ion  of a  subs tance  a s  a 
t o x i c  air contaminant. I n  a d d i t i o n  t o  t h e  genera l  requirements  
t h a t  DHS s h a l l  cons ider  a l l  a v a i l a b l e  s c i e n t i f i c  d a t a  (§39660( b) 1, 
i t  s h a l l  a l s o  assess , t h e  a v a i l a b i l i t y ,  and q u a l i t y  of d a t a  on 
h e a l t h  e f f e c t s ,  inc luding potency, mode of a c t i o n  and o t h e r  
r e l e v a n t  b i o l o g i c a l  f a c t o r s  of t h e ' s u b s t a n c e  (§39660(c). F i n a l l y ,  
AB1807 s p e c i f i e s  t h e  manner i n  which r e s u l t s  of t h e  e v a l u a t i o n  a r e  
t o  be r e p o r t e d  (§39660(c), second paragraph). Th i s  impor tant  
p rov i s ion  d i c t a t e s a v a r i e t y  of requirements  and r e q u i r e s  c a r e f u l  
cons ide ra t ion .  Because of its importance, t h e  second paragraph of 
§39660(c) i s  inc luded i n  its e n t i r e t y :  

"The eva lua t ion  s h a l l  a l s o  con ta in  ,an es t ima te  o f  
t h e  l e v e l s  of exposure which may cause or  c o n t r i b u t e  
t o  adver se  h e a l t h  e f f e c t s  and, i n  t h e  c a s e  where t h e r e  
is no th resho ld  of s i g n i f i c a n t  adver se  h e a l t h  e f f e c t s ,  
t h e  range  of r i s k  t o  humans r e s u l t i n g  from c u r r e n t  o r  
a n t i c i p a t e d  exposure."(emphasis added) 

- The i n t e n t  of t h i s  subsect ion  is two-fold;. f i r s t ,  t o  d i f f e r e n t i a t e  



between t h e  c l e a r l y  i d e n t i f i a b l e  l e v e l s  of a t o x i c  air contaminant 
which cause  o r  c o n t r i b u t e  t o  adver se  h e a l t h  e f f e c t s  and those  i n  
which t h e  l e v e l  of causa t ion  is less a s c e r t a i n a b l e ,  i.e., no 
th resho ld  of e f f e c t .  

Secondly, i n  t h e  case  where t h e  l e v e l s  caus ing  o r  c o n t r i b u t i n g  t o  
an adver se  e f f e c t  are no t  c l e a r l y  a s c e r t a i n a b l e ,  t h e  i n t e n t  is t o  
d e f i n e  a range of r i s k  t o  humans from c u r r e n t  o r  a n t i c i p a t e d  
exposure where t h e  r i s k  of an a d v e r s e  h e a l t h  e f f e c t  is determined 
t o  be s i g n i f i c a n t .  

The fo l lowing t a b l e  i l l u s t r a t e s  how t h e s e  p rov i s ions  would apply  
i n  t h e  c a s e  of benzene. 

Adverse Health E f f e c t  = Leukemia 

Is t h e r e  
Level caus ing  s i g n i f i c a n t  What is 

or  c o n t r i b u t i n g  t o  r i s k  of adverse t h e  range  
Threshold? adverse  h e a l t h  e f f e c t s  h e a l t h  e f f e c t s  of r i s k s ?  

Y E S  DHS Report Not Appl icable  Not Applicable 
NO Not Applicable DHS Report DHS Report 

The DHS h e a l t h  e v a l u a t i o n  circumvents  t h e  s c i e n t i f i c  a n a l y s i s  
mandated by AB1807 by imposing p o l i c y  d e c i s i o n s  which w i l l  make it 
d i f f i c u l t  f o r  r i s k  managers t o  understand (1) whether o r  no t  a 
t h r e s h o l d  e x i s t s ,  (2) whether o r  n o t  t h e  r i s k  of adverse h e a l t h  
e f f e c t s  o f  benzene are s i g n i f i c a n t  and (3) t h e  range of those  
r i s k s  t o  humans. 

* Determination of a th resho ld  f o r  a d v e r s e  e f f e c t s .  

The DHS r e p o r t  does no t  d i r e c t l y  address  t h i s  ques t ion .  
I n s t e a d ,  it d i s c u s s e s  t h r e s h o l d s  as they  r e l a t e  t o  d a t a  
i n t e r p r e t a t i o n  and e x t r a p o l a t i o n  models. The r e p o r t  e f f e c t s  
a s t r o n g  pol icy  b i a s  wi th in  DHS t o  deny t h r e s h o l d s  f o r  
carcinogens.  For example, t h e  r e p o r t ' s  d i scuss ion  of 
t h r e s h o l d s  is based on t h e  premise on page 45: 

''There is a t h e o r e t i c a l  reason t o  be l i eve ,  
however, t h a t  t h e  ca rc inogen ic  e f f e c t  of benzene 
o r  indeed of any carcinogen could convey a low 
p r o b a b i l i t y  of caus ing  cancer  a t  very  low doses. 
A sma l l  p r o b a b i l i t y  a p p l i e d  t o  a l a r g e  populat ion 
can produce an  unacceptable number of cancers ,  
hence the  concern with t h e  poss ib le  'no 
th resho ld '  p r o p e r t i e s  of carc inogens  l i k e  
benzene ." 



This  s tatement  of p o l i c y ,  aga in  a  func t ion  of r i s k  management 
not of sc i ence ,  c o l o r s  t h e  d i s c u s s i o n  of t h e  conceptual 
mechanisms t o  e x p l a i n  t h e  observed no e f f e c t  threshold  i n  
s e v e r a l  d e t a i l e d  epidemiology s t u d i e s  a s  well a s  t h e  animal 
bioassays.  

Unlike o ther  subs tances  where we must r e l y  s o l e l y  on animal 
da ta ,  t h e  h e a l t h  e f f e c t s  o f  benzene exposure have been 
s tud ied  ex tens ive ly  i n  human populat ions.  I n  t h e  case  of 
benzene, we need no t  r e l y  s o l e l y  on an ex t rapo la t ion  from 
animal t o  man, but  r a t h e r  can observe a  threshold  o f  
s i g n i f i c a n t  e f f e c t s  i n  t h o s e  popula t ions .  

With t h i s  knowledge, exper imenta l  d a t a  can be properly 
app l i ed  t o  f a i r l y  e x t r a p o l a t e  a  p r a c t i c a l  o r  ope ra t iona l  
th resho ld  t o  a va lue  which t a k e s  i n t o  cons idera t ion  
i n d i v i d u a l s  more s e n s i t i v e  than  workers,  and which 
incorpora te s  a  s u f f i c i e n t  margin of s a f e t y  t o  c o r r e c t  f o r  
i n s u f f i c i e n t  r e s o l v i n g  power of epidemiology. This  approach 
is c o n s i s t e n t  with t h e  Federa l  OSTP GUIDELINES which 
recommends i n  P r i n c i p l e  #25: 

"Decisions on t h e  c a r c i n o g e n i c i t y  of cheniicals 
i n  humans should be based on cons ide ra t ions  'of 
r e l e v a n t  d a t a ,  whether they  a r e  i n d i c a t i v e  of a  
p o s i t i v e  o r  n e g a t i v e  response  and should use 
sound b i o l o g i c a l  and s t a t i s t i c a l  p r inc ip le s .  
This  weight of ev idence  approach can inc lude  
cons ide ra t ion  o f  t h e  fo l lowing f a c t o r s  and should 
g ive  a p p r o p r i a t e  weight  t o  each on a case-by-case 

* 
bas is :  

( a )  f i n d i n g s  from long-term animal s t u d i e s  

(b)  r e s u l t s  from ep idemio log ica l  s t u d i e s . "  

DHS, i n  t h e  f i n a l  a n a l y s i s ,  i g n o r e s  human epidemiology op t ing  
i n s t e a d  f o r  l i n e a r  e x t r a p o l a t i o n  of t h e  inc idence  of 
p r e p u t i a l  gland tumors found only  i n  rodents .  The Department 
suppor t s  t h i s  p o s i t i o n  by e s t a b l i s h i n g  a s tandard  not 
inc luded i n  s t a t u t e  f o r  dec id ing  whether a  threshold  can be 
determined. The r e p o r t  states, "...the s t a f f  of DHS a s  a  
gene ra l  r u l e  assumes t h a t  an i d e n t i f i e d  carcinogen has no 
th resho ld  ..."(p age  47) and "To a rgue  f o r  a  threshold ,  t h e  
s t a f f  of DHS would r e q u i r e  s t r o n g  p o s i t i v e  evidence t h a t  
benzene a c t s  only through mechanisms which ought t o  have a 
threshold."(emphasis added) (page 1 )  or" compelling 
arguments" (page 2). 

AB1807 inc ludes  no such c r i t e r i a ,  i n s t e a d  it presc r ibes  



e i t h e r  an  ". . .estimate of t h e  l e v e l s  of exposure which may 
cause o r  c o n t r i b u t e  t o  adver se  h e a l t h  e f f e c t s  @ i n  t h e  case  
where t h e r e  is no th resho ld  of si n i f i c a n t  adverse  hea l th  
e f f e c t s ,  t h e  range  of r i s k  t o  humans. +k- emphasis added) 

- S i g n i f i c a n t  adver se  h e a l t h  e f f e c t s  

* The ques t ion  of whether benzene exposures pose a s i g n i f i c a n t  
r i s k  o f  adver se  h e a l t h  e f f e c t s ,  a t  l e a s t  i n  worker 
popula t ions ,  was c l o s e l y  examined by t h e  U.S. Supreme Court 
i n  t h e  OSHA Benzene Standard Case ( I n d u s t r i a l  Union 
Department, AFL-CIO v. American Petroleum I n s t i t u t e ,  8 OSHA 
1586). Although t h a t  case d e a l t  with a d i f f e r e n t  law and its 
focus  was on a s t andard  proposal  t o  reduce worker exposure 
from 10 t o  1 ppm of benzene, t h e  c o u r t ' s  reasoning i n  
applying t h e  term ' s i g n i f i c a n t  r i s k '  a s  t h e  p r e r e q u i s i t e  f o r  
more s t r i n g e n t  r e g u l a t i o n  of benzene by OSHA, is c e r t a i n l y  
germane t o  t h e  review of t h e  h e a l t h  e f f e c t s  assessment under 
AB1807. 

I n  t h e  OSHA case, many of t h e  same worker epidemiologyy 
s t u d i e s  and e x t r a p o l a t i o n s  presented  i n  t h e  DHS r e p o r t  were 
examined. Yet t h e  c o u r t ,  i n  reviewing a l l  t h e  evidence,  
could n o t  f i n d  an OSHA showing of a s i g n i f i c a n t  r i s k  of 
leukemia f o r  workers exposed t o  10 ppm of benzene over a 50 
year  working l i f e t i m e .  T h i s  is an  exposure approximately 
35,000 times g r e a t e r  than  t h e  0.1 b exposure a t  which DHS -4k h a s  e s t ima ted  a 17 i n  a m i l l i o n  ris and n e a r l y  7,000 t imes  
g r e a t e r  than  t h e  ARB has  e s t ima ted  t o  be t h e  exposure of t h e  
e n t i r e  C a l i f o r n i a  populat ion.  

* The DHS r e p o r t  has  a t tempted ,  through one conservat ive  
assumption p i l e d  on t o p  of ano the r ,  t o  convince t h e  ARB t h a t  
t h e  pub l i c  i n  C a l i f o r n i a  exposed t o  4.6 ppb w i l l  experience 
233 excess  cancer  deaths.This  is a p r o j e c t i v e  p rec i s ion  which 
probably exceeds t h e  l i m i t s  o f  technology. 

* The conse rva t ive  assumptions r e s p o n s i b l e  f o r  t h e s e  r i s k  
estimates are (emphasis .added) 

A p o l i c v  d e c i s i o n  t o  use  t h e  Krump Multi-Stage Model) 
t o  e x t r a p o l a t e  ca rc inogen ic  response  da ta  from high 
dose t o  low dose, and d i r e c t l y  from animals  t o  man 
(wi th  s l i g h t  c o r r e c t i o n s  f o r  body s i z e ) .  

There are o t h e r  models a v a i l a b l e  f o r  t h i s  purpose which 
e q u a l l y  f i t  t h e  d a t a  i n  t h e  observable  range. A t  a 
minimum, a range  of e s t i m a t e s  us ing  a l t e r n a t i v e  models 
as requ i red  by AB1807, should have been t e s t e d .  

P r i n c i p l e  126 of  t h e  OSTP Guidel ines  s t a t e s ,  



"No s i n g l e  mathematical procedure is 
recognized as t h e  most a p p r o p r i a t e  f o r  low 
dose e x t r a p o l a t i o n  i n  ca rc inogen i s i s . "  

+ Rejec t ion  of a l t e r n a t i v e  t h e o r i e s  compromised t h e  s e l e c t i o n  
of models with d i f f e r e n t  s l o p e  o r  a f u n c t i o n a l  th resho ld .  

A t  a minimum, DHS should have descr ibed  how t h e s e  approaches 
would have a f fec ted  t h e  range of r i s k s  e s t ima te .  Re jec t ion  
of one such approach, ' t he  pharmacokinet ics  model ' , on t h e  
b a s i s  t h a t  metabol i tes  must be " ins tantaneous ly  deact iva ted"  
f o r  i t  t o  to  be p l a u s i b l e  (page 48). i s  not  supported by 
sc i ence  o r  log ic .  

The metabolic pathway presented  on page 7 i n d i c a t e s  t h a t  
benzene is metabolized i n t o  a g e n e r a l l y  accepted  carc inogenic  
moiety. - benzene oxide/epoxide - which subsequent ly  i s  
f u r t h e r  metabolized i n t o  v a r i o u s  non-carcinogenic s p e c i e s  
inc luding phenol o r  conjugated with g l u t a t h i o n e  and t i s s u e  
macro molecules. 

These biochemical processes  provide  ample j u s t i f i c a t i o n  t o  
s e r i o u s l y  consider  a theory  which p o s t u l a t e s  a f i n i t e  
conversion r a t e  of benzene t o  oxide/epoxide and with r a p i d  
deac t iva t ion  t o  non-carcinogenic s p e c i e s .  Unless one 
dogmatically accep t s  t h e  .'one-hit t h e o r y ' ,  s u b s t a n t i a l  
evidence e x i s t s  t o  suppor t  a f u n c t i o n a l  th resho ld  based on 
t h i s  pharacokinet ic  approach. 

Recent work i n  t h i s  a r e a ,  not  re ferenced i n  t h e  DHS document 
has  j u s t  come t o  our a t t e n t i o n .  T h i s  was done by E. J. 
O'Flaherty and M. Andersen and w i l l  be publ ished i n  November 
1984 by t h e  National Sc ience  Foundation i n  S t a t e  Of The Art 
I n  Risk Assessment. A pre-publ ica t ion  copy is a t t a c h e d  f o r  
your information. 

S a l i e n t  conclusions from t h i s  work are: 

"The most impor tant  s i n g l e  a p p l i c a t i o n  of 
pharmacokinetic p r i n c i p l e s  is t o  q u a n t i t a t i o n  of 
t h e  r e l a t i o n s h i p  between app l i ed  o r  adminis tered  
dose and e f f e c t i v e  o r  d e l i v e r e d  dose,  def ined  a s  
t h e  concent ra t ion  o r  amount of t o x i c  a g e n t  
reaching the  r ecep to r  s i t e s .  Administered dose 
is r a r e l y  congruent with e f f e c t i v e  dose. Over 
narrow ranges,  e s p e c i a l l y  at  low doses ,  e f f e c t i v e  
dose may be p ropor t iona l  t o  a p p l i e d  dose. But a s  
dose (or  exposure) i n c r e a s e s ,  t h e  l i k e l i h o o d  t h a t  



of t h e  maximum t o l e r a t e d  dose (MTD) and t h e  1 
D doses t h a t  are r o u t i n e l y  used no t  only i n  
carc inogenic  b ioassays ,  but a l s o  i n  t h e  
e v a l u a t i o n  of o t h e r  k i n d s  of t o x i c i t i e s ,  c a r e f u l  
and thorough s t u d i e s  wi th  a v a r i e t y  of compounds 
have shown t h a t  e f f e c t i v e  and adminis tered  dose 
a r e  not  l i n e a r l y  r e l a t e d .  Dose dependence of 
metabolism has  been demonstrated f o r  v i n y l  
c h l o r i d e  (Watanabe _ et -.* a 1  1976, 1978), f o r  
1 , l -d ichloroethylene  (McKenna &. , 1978a. b; 
Andersen et a l . ,  1979). f o r  methylene c h l o r i d e  
(Ot t  &., 1983). f o r  s t y r e n e  (Ramsey and 
Andersen, 1984; Andersen et  a l . ,  1984). and f o r  
t r i c h l o r o e t h y l e n e  and p e r c h x r o e t h y l e n e  (Buben 
and OfFlaher ty .  1984). among o the r s .  The 
pervas iveness  of dose-dependent pharmacokinetic 
behavior a t  exposures l a r g e  enough t o  be t o x i c  is 
now well e s t a b l i s h e d .  Its consequence is t h a t  
high-dose d a t a ,  such as those  u s u a l l y  obta ined  i n  
animal s t u d i e s ,  cannot  be  e x t r a p o l a t e d  d i r e c t l y  
i n t o  t h e  low-dose range. Unless t h e  
pharmacokinetic b a s i s  of t h e  r e l a t i o n s h i p  between 
adminis tered  and e f f e c t i v e  dose is understood and 
is incoroora ted  i n t o  t h e  e x t r a p o l a t i o n  process ,  
ex t rapol&ion from high t o  l d w  doses  - i s  n o t  
b i o l o n i c a l l y  defensible."(emphasis added) 

* u s e  of de l ive red  dose (page 45) as t h e  b a s i s  f o r  r i s k  
assessment adds  a d d i t i o n a l  conservat ion  t o  t h e  r i s k  e s t i m a t e  
because about  50Z o f  benzene adminis tered  h a s  been shown t o  
be exhaled even when t h e  r o u t e  of a d m i n i s t r a t i o n  is by 

gava!=. 
Also, t h i s  f o c u s  on d e l i v e r e d  dose misses t h e  p o i n t  

cite above regarding  benzene metabolism and e f f e c t i v e  dose. 

* Other compounding assumptions: 95% upper conf idence  l e v e l  
d a t a  plugged i n t o  models, most s e n s i t i v e  species/most  
s e n s i t i v e  organ. 

- Range o f  r i s k s  

* A s  has been d iscussed  above, AB1807 r e q u i r e s  DHS t o  present  
t h e  range o f  r i s k  when no th resho ld  is found f o r  s i g n i f i c a n t  
adverse  h e a l t h  e f f e c t s .  Although DHS mentions a l t e r n a t i v e  
t h e o r i e s  (but  no t  a l t e r n a t i v e  r i s k  assessment procedures)  it 
merely d i s c r e d i t s  them and p r e s e n t s  only a s i n g l e  e s t i m a t e  o f  
r i s k .  Th i s  approach appears  t o  be i n c o n s i s t e n t  with t h e  
AB1807 requirements  and o b j e c t i v e  s c i e n t i f i c  a n a l y s i s  
in tended f o r  s c i e n t i f i c  peer  review. 

Fur the r ,  OSTP Guidel ine  R27 states, 



". . . q u a n t i f i c a t i o n  of t h e  va r ious  sources  of 
unce r t a in ty  involved can .be a s  important  as t h e  

' 
pro jec t ion  of the  r i s k  e s t ima te  i t s e l f . "  

Th i s  impl i e s  t h e  d e s i r a b i l i t y  f o r  t h e  p r e s e n t a t i o n  of a range 
of r i s k s  r a t h e r  than a s i n g l e  va lue  as presented  i n  t h e  DHS 
document. 

e 
* DHS has  used a s i n g l e  mathematical model and app l i ed  it t o  

t h e  f i n d i n g s  of s e v e r a l  d i f f e r e n t  animal b ioassys  and 
epidemiological  s t u d i e s  (See Table VI-5, Pages 73/75 and 
Figure  VI-2, Page 84). 

Because each mathematical model d e r i v e s  from a v a r i e t y  of 
f a c t s ,  consensus, and assumptions ( i n f e r e n t i a l  b r idges ) ,  t h e  
s e l e c t i o n  of a s i n g l e  model au tomat i ca l ly  i n t r o d u c e s  b i a s e s .  
S c i e n t i f i c  pol icy  d e c i s i o n s  a r e  i m p l i c i t l y  adopted by t h i s  
approach. 

The r e s u l t i n g  q u a n t i f i c a t i o n  of r i s k  is v a l i d  only i f  t h e  
, assumptions a r e  v a l i d .  Applicat ion of o t h e r  assumptions of 

equal  s c i e n t i f i c  v a l i d i t y  would result i n  markedly d i f f e r e n t  
conclusions.  

* It would be more appropr i a t e ,  i n  response t o  t h e  AB1807 
mandate f o r  t h e  p resen ta t ion  of a range of r i s k s ,  t o  apply  
s e v e r a l  models which f i t  t h e  da ta  t o  t h e  same s tudy  
popula t ions  and t o  d e p i c t  t h e  range  of r i s k s  r ep resen ted  by 
those  a p p l i c a t i o n s .  Th i s  would provide va luable  i n s i g h t s  
i n t o  t h e  v a l i d i t y ,  of t h e  t h e o r e t i c a l  l i f e  t ime r i s k s .  

I n  t h e  c a s e  of t h e  DHS assessment ,  i f  t h e  s t a t e d  t h e o r e t i c a l  
l i f e t i m e  r i s k  a t  an exposure l e v e l  of 0.1 ppb (page 85) is 
app l i ed  i n  t h e  strictest sense  t o  t h e  Infante/Rinsky et  a l .  
popula t ion ,  more cancer  dea ths  (by s e v e r a l  o r d e r s  of 
magnitude) would appear t o  be genera ted  than  were a c t u a l l y  
observed f o r  a l l  causes  of dea th - in  t h e  s tudy  populat ion.  It 
would be h e l p f u l  t o  see t h e  r e s u l t s  of t h i s  same a p p l i c a t i o a  
o f  t h e o r e t i c a l  r i s k s  der ived  from t h e  use o f  o t h e r  models. 

* The p resen ta t ion  of t h e s e  k inds  of da ta  t o  t h e  i n d i v i d u a l s  
s t a t u t o r i l y  r e spons ib le  f o r  r i s k  management would f a c i l i t a t e  
a r r i v a l  at a more r e a l i s t i c  judgement concerning t h e  a c t u a l  
l i k e 1  r i s k  from exposure t o  t h e  substance.  T h i s  is,  a f t e r  
d h e  primary purpose of t h e  r i s k  assessment process .  

The benzene .  document p resen t s  no a l t e r n a t i v e  assessments  
based on d i f f e r e n t  assumptions. Thus, t h e  i n d i v i d u a l s  
r e spons ib le  f o r  r i s k  management w i l l  b e  l e f t  wi th  a s i n g l e  
choice  of pol icy .  Th i s  is c o n t r a r y  t o  t h e  AB1807 mandate 
t h a t  a range of r i s k s  be presented when inadequate  evidence  



of a th resho ld  is encountered. 

D. Manner of Data I n t e r p r e t a t i o n  P r e s e n t a t i o n  

L - I n  a number of i n s t a n c e s  t h e  document p r e s e n t s  da ta  i n  a way which t e n d s  
t o  p lace  undue emphasis on equivocal  d a t a  without  making i t  c l e a r  t h a t  
t h e  c o r o l l a r y  is e q u a l l y  l i k e l y .  I n  t h e  document t h i s  is done by . the  
use  of t h e  words 'may' and 'might' t o  precede an i n t e r p r e t a t i o n  
fol lowing t h e  p r e s e n t a t i o n  of a f a c t .  

Examples of t h i s  type  of ambiguity i n c l u d e  (emphasis added): 

* *'Toxic doses may r e t a r d  f e t a l  development.(Page 30)" 

* "There is some evidence t h a t  high and prolonged exposure t o  benzene 
a f f e c t  menstrual  and rep roduc t ive  function."(Page 30) 

* "...the s t a f f  of DHS does wish t o  p o i n t  o u t  t h a t  a l a r g e r  
epidemiologica l  s tudy indeed i m p l i c a t e  benzene i n  t h e  
causa t ion  of cancer a t  sites o t h e r  than t h e  hematopoiet ic  
system."(Page 42) 

* "While no t  wishing t o  put t o o  much emphasis on s i g n i f i c a n c e  t e s t i n g  
i n  t h i s  p a r t i c u l a r  s tudy,  staff does wish t o  emphasize t h a t  a 
l a r g e r  epidemiological  s tudy indeed impl i ca te  benzene i n  t h e  
causa t ion  of cancer  a t .  o t h e r  sites than hematopoetic(sic)  
system. "(Page 82)  

L 
- Other examples of v a r i a t i o n s  on t h i s  f a l l a c y  inc lude  t h e  c i t i n g  of 

non-s igni f icant  s t a t i s t i c a l  d a t a  t o  suppor t  preconceived assumptions 
while  d i smiss ing  s t a t i s t i c a l l y  s i g n i f i c a n t  d a t a  when they do no t  suppor t  
t h e  ' p a t t e r n ' .  I n  some i n s t a n c e s ,  t h e r e  is t h e  c i t a t i o n  of 
non-s igni f i  can t  s t a t i s t i c a l  d a t a  fol lowed by a " t h i s  may prove, e t c  .", 
without  a concomitant,  "may no t  prove". 

- I n  o t h e r  i n s t a n c e s  where a l t e r n a t i v e  assumptions a r e  presented,  they  a r e  
dismissed wi th  such phrases  as "which is unl ike ly"  even when such 
assumptions a r e  accepted  by a s i g n i f i c a n t  segment of t h e  s c i e n t i f i c  
community. 

- Examples of t h e s e  f a l l a c y  a r e  found on Pages 38, 39, 42; 63, 81 and 82. 
An i n t e r e s t i n g  e x a m p l e , i s  a s t a t emen t  r ega rd ing  t h e  a s s o c i a t i o n  between 
a p l a s t i c  anemia and leukemia i n  which "are s a i d  to"  on page 25 becomes 
"are" on page 35. A reading of t h e s e  pages with t h i s  perspect ive  i n  mind 
w i l l  p rovide  adequate examples. 
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. L 
Pharmacokinetfcs 1s an Independent area of spec la l izs t lon  i n  the sense tha t  

I t  can be discussed, independently of other  aspects of dose-response assessmen 

i n  humans and animals. But pharmacoklnetlc techniques have u t i l i t y  1 t o  8 
ex ten t  t h a t  they can contribute to resolution of dose-response re la t lonshfps  in 

anlmals and In humans and to biological ly reasonable species-to-species conver- 

s lons of dose-response relationships. Phannacoklnetic pr inciples  can a lso  facl-  

l f t a t e  conversions among .equivalent doses when route and duratlon of exposure 

d f f f c r ,  and c a n  contribute to defl.?itlon of condltlons under which such convep 

sfons a re  not jus t i f iab le .  - 
The mst important single application of phannacoklnetfc p r l n d p l e s  Is b 

quantl tatfon of the relatlonshfp between applied or  admlnl s tered dose and effec- 

t f v e  or  delivered dose, defined as  the concentration or  amount of toxlc agent 

reaching the receptor s i tes .  Administered dose I s  ra re ly  congruent w l t h  effec- 

t l v e  dose. Over na r rw  ranges, especial ly a t  low doses, e f fec t ive  dose m y  k 

proportional to applfed dose. B u t  as dose (or  exposure) Increases. the l i ke l f -  

hood t h a t  applled and e f f t c t f v e  dose a n  not  proportional increases a l e  

Speclf lcal ly,  within Me range of the maximum to lera ted  dose (KlD) and 112 MTD. 

doses tha t  a r e  routinely used not  only i n  carclnogenlcity bloassays but a l so  i n  

the evaluatlon of other klnds of t a x l d t l e s .  careful  and thorough studles w i t h  a 

varlety of compounds have shown t h a t  e f f ec t ive  and adminlstend dose are  not 

l i n e a r l y  related. Oose dependence of metabolism has been demonstrated for  vinyl 

chlorlde (Watanabe 11.. 1976. 19781. for  1.1-dfchloroethylene (Msenna g 

a1 1978a. b; Andersen 11.. 1979). fo r  mthylene chlorfde ( O t t  et 41.. ,* m 

1983). for  styrene [Ramsey and Andersen. 1984; Andersen a.. 19841. and fo r  

t r ichloroethylene and perchloroethylene (Buben and O'Flaherty, 1984). among 

others. The pervasiveness of dose-dependent phannacoklnetlc behavior a t  expo- 
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su re r  l a rge  enorgh to Ln tox ic  is n d  we:l established. consequence i s  t h a t  

high-dose data.  such as  those Usuztly obtained i n  animal s tudies ,  cannot be 

L extrapolated d i r e c t l y  in to  the lo*-dose range. Unless Me pharmacokinetlc basis 

of the r e l a t ionsh ip  between adnfnfstered and e f f ec t ive  dose is understood and i s  

incorporated i n t o  the extrapolat ion ptocess. extrapolat ion from high to lou 

doses is not  b io logica l ly  defensible. 

Two examples of t l e  kinds and magnitudes of e r r o r s  t h a t  can be introduced i f  

ext rapola t ions  a r e  ~ r r i e d  out  without regard for  k i n e t i c  behavior w i l l  be shmn 

and b r i e f l y  discussed. In  t h e  first. productfon of an a c t i v e  metaboli te  Is - 
capacity-limited a t  high doses; i n  t h e  second. exposure to a c t i v e  agent  

increases disproport ionately a t  high doses. 

Vinyl chloride,  which is associated i n  ~ u M ~ S  with.deve1opmcnt of the  r a n  

tumor, hepat ic  angf osarcoma. a1 s o  causes hepatf c angiosarcoma ( a s  well as  o ther  

tumors) i n  rats. The prevalence of angiosarcoma i n  d n y l  chloride-treated r a t s  

L reaches a mrxfmm a t  intermediate vinyl chloride dose rates and does not  

incroase f u r t h e r  with fu r the r  increases i n  vinyl chlorfde dose r a t e  (Maltonl and 

Lefemine, 1975) (Ffqure la). When Gehring -- e t . a l .  (1978) expresscO prevalence a s  

a function of Me ratc of biotransfonnation - t h a t  Is, of  the r a t e  of formacSon 

of  m. a c t i v e  metabolite - t h e  plateau i n  the dose-response curve disappeared 

(F lgu t t  lb) .  The dcshed extrapolation l i n e  i n  Figure la shows c l e a r l y  t h a t  

ex t rapola t ion  from even the low-dose n n g e  of t h e  adminfstered dose-response 

curve tends to underestimate the  slope of the  t r u e  dose-response re la t ionship .  

Extrapolat ion from the high-dose range leads  tp gross overestimation of the car 

cinogenici ty of low doses of vinyl chloride. 

Urethane [ethyl  arbamate).  a compound t h a t  is not  known to be bmorigenic  
, . 

i n  humans, produces multiple pulmonary adenomas In mice. I n  t h i s  case, t h e  

-2- 



. 
dose-effect relationship (Figure 26) shows an Increasing incremenbl r ise  w i t h  

dose (Sichak and O'Flaherty, 1984). The active mfety i n  urethane adenogenesls 

has not been unequivocally established.. However. when tumor inddenc , a 
expressed as a function of the area under the curve of urethane concentration In 

the blood _vcrsuz time. a masure of effective dose. the relatio&hip between 

dose and effect  is linear (Figure 2b). In thfs case, l inear extrapolation of 

effect  out of the hlgh-administered-dose range would have underestimzted the 

adenogenici ty of low doses of urethane. 

In Flgures 1 and 2. the relationships bitween admln i s t ed  and effective 

doses are different, and the expressions of effective dose (rate-of metabolism. 

and area under the concentration curve) are different. Practical techniques for 

lncorporatlon of pharmacokinetic fnformation into evaluation of dose-response 

relationships can be resolved into techniques for addressing b o  questions: (1) 

Uhat i s  the effective dose - t ha t  Is, how is f t  O k masuredl and' (21 Uhat is 

the relationship of administered to effective dose? These questions a n  be 

lnextricably Interrelated i n  practice: for example, it my' k necessa 

establish the best measure of effective dose empfrfcally, as tha t  masure tha t  

best  resolves anomalies i n  the applied dose-response curve. B u t  for c lar i ty  and 

r impl ldty  of presentation, the &o questfons will be addressed separately here. 

1. Appropriate Measures of ~ f f e c t i v e  Dose 

There is no universally applicable ueasure of effective dose. To k g i r  

u r n ,  whether the cr i t ical  effect  is mst closely associated w i t h  peak con. 

centration a t  the receptor sites, integrated total exposure of receptor s i t e s  t 

the chemical, or some in tenedla te  ueasure such as integrated total  exposure t 

concentrations above a threshold value, i s -  often not known. A 1 1  tha t  can b 



stated w i t h  certainty a vriorf i s  ' t ha t  appropriate dose correlates of e f fec t  

w i l l  be effect-dependent. For example, i t  i s  generally asreed tha t  the effec- 

t ive dose of a genetically-acting carcinogen I s  the Integrated total  exposure of 

the receptor s i t e s  to reactive ~ l e c u l e s ,  whether parent or metabolite. On the 

other hand, the acute toxfcfty of a rapidly-acting toxicant such as cyanfde is 

much more closely related to peak concentrations in  blood and tissues. 

The urethane example of Figure 2 can be extended to i l l u s ~ a t e  the e f fec t  

dependence of the appropriate masure of exposure. The LDSO of urethane i n  d c e  

is about 2 g/kg. approached by the doses shown in  Flgure 2. Manipulation of 

the urethane elimination ra te  i n  order t3 a l t e r  the relationshfp bebteen area 

under the concentration curve and applied (intraperftonrall dose leaves the 

acute le thal i ty  of urethane unchanged even though these wnipulations r e su l t  in 

s h i f t s  i n  urethane adenogenfdty. Presumably th i s  di;tinction occurs because 

acute le thal i ty  is associated w i t h  peak ( i n i t i a l )  concentratfon, whfch is unaf- 

fected by alteratfon i n  the urethane elimination rate, while adenogenesis :; 
associated with an expression of to ta l  exposure tha t  is dependent on el ininat icr  

rate. 

I n  the absence of t p e d f f c  knowledge a s  to the measurn of exposure t h r t  :: 
the primary determfnant @ toxicity i n  a particular case. biologically j~ 3- 

f iable  procedures for  estimation of useful dose correlates of toxicity c:. k 

outlined. The procedures recommended here have a t  l e a s t  reasonable likelikoc: 

of success; tha t  Is. I t  is reasonable to expect them to lead 0 successful resc- 

lution of anomalous applied dose-response curves in  a sfgnificant percentage c 

cases. Nonetheless, the regulator cannot afford M lose s i g h t  of Me f ac t  the 

there is no substi tute for re l iable  experimcntal or  epldemlological Informa ti cn 



Some of %be procedures ncomend@d here for c S t l ~ t f 0 n  of e f fec t fve  dose a r e  

n;odel-independent. but others a re  based on very simple phanacokine t lc  models. 

These models a re  based on the assumptions t h a t  metabolism is dcscrlbable by * I 
slng!e expression ( t h a t  is, t h a t  there I s  only one a r tqbo l i c  pathuay o r  t h a t  a l l  

para l le l  pathways have identical k ine t i c  charac ter i s t ics1  ; t h a t  only one ar tabo-  

l f c  pathway is assoclcted with s fgnff icant  toxici ty;  and t h a t  elimination kine- 

t i c 2  are t i t h e r  f i rs t -order  or Hlchaells-Menten. The appropriateness of these 

s lnple  m d e f s  has already been established fo r  a number of compounds. < a  and it I 
I 

appears reasonably certain t h a t  the m d e l s  will k shown to possess broad u t t -  I 
Iity. B u t  a t  the same tlme, it is a b s o l u t e l ~  cc r l in  t h a t  these'simple p h a r  I 
macokinetlc models a r e  n o t  accurately descrfptive of  the phamacokinetjc 

behavlor of a11 chemicals. For example. methylene chloride is mtabol ized  In  

r a t s  by mu1 t i p l e  paral lel  pathways. a t  l e a s t  Wo of rhSeh a re  saturable and a re  I 
po ten t i a l ly  capable of generttlng toxicologfc&lly active Intermediates or  meta- I 
b c l l c  end products (DiYlncente and Hamflton, 1975; Andem etc.. 1977; McKenna I 
e t  tl 1982). Complex mtabu l fc  behavtor such as t h i s  can sometimes k - 1. 
quately described by simple models. For example, careful  ana lys is  of the 

chlorlde dose-carcinogenicity relat ionshlp i n  rats sbggests t h a t  both depletion 

of  glutathione, pnsuarably Involved In m t a b o t i t e  t l indnat lon.  and capacity- 

l f m l t t d  productlon of carcinogenfc nctaboli te  my w n t r f b u t e  to the form of the  

vinyl chlorfde dose-anglosatcom' rclat lonshlp (Wat8nabe c+ . 1977). 

Nonetheless, t h l s  relationshlp fs  sa t l s f ac to r l ly  dcscrfbed by a s ing le  - 
expression of Michaells-Uenten form (Gehrlng a.. 1978). Such simplifica- 

t i o n s  a r e  not  always successful, however. The anomalous dose-rasponse a w e  f o r  I 
ethylene dichloride 1 e t h a l i Q  i n  rats can k only p a r t i a l l y  resolved by lncor- 

porat lng a tern f o r  sa turabi l i ty  of metabolite productlon. Dif ferent ia l  effect :  I 
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of m(crosomal enzyme inducers md i n h i b i t o r s  on ethylene dichloride le thalffy  

suggest 'thr t the ra te  of production of ethylene dichloride metabolites correla- 

tes  well w i t h  ethylene dlchloride toxicfty only w i t h i n  limited dose ranges and 

i n  the absence of treatments altering the ra te  of active aetabolite elimination 

(Andersen a, 1980). 

Acute ExUOSu~e - 
Unless acute l e tha f f ty  IS the dominant cDncern. f t  is probably most reaso- 

nable 0 re la te  expected e f f ec t  a f t e r  acute exposure to the amount of active 

agent reaching the receptor rites. nore practkally.  this translates fnto the 

amount of actfve agent movfng through the blood. (The assumption of p ropor  

t ional l ty  betwcsn concentration I n  blood o r  p l a m  and concentration a t  receptor 

sites I s  not always well founded. However. distribution I s  not as l ikely t o  be 

a source of dose dependency as is elfminatfon). The total amount moving through 

the blood I s  the integral of concentration in  blood over time: 

where.C[t) Is the concentration a t  tlme t and the integration is c a d e d  out 

from t = 0 to t = 00. 

Equatlon (1) represents the EP-1 area under the conceneation curve, NCm. 

If d i ;pos i~on  kinetics are not dosedependent. WC, 3s directly proportional 

both to dose and 0 the half-life. %. of the compound: 



where V I s  the volume of d l s t r f b u t l o n  and ke I s  the r a t e  constant f o r  el lmine- 

t ion. Equatfon 2 appl les whether the tox lcant  I s  adminlsterc+ 

m l n s t a n t a n e ~ ~ s l y '  (Intravenously) o r  i s  absorbed by a f i r s t -o rde r  mchan l  @ 
( o r a l l y  or by lnhalatlon). D I s  the b loava i lab le  dose, which, except i n  the 

case o f  Intravenous administration. may k only a f r a c t i o n  of the administemd 

dose. Stnce t h i s  f n c t f o n  I s  o rd fna r f l y  n o t  knomn except from a cornparisan of 

(AUC-)oral w i t h  (AUC,)I.v.. the experimentally detennlned area under the w r v e  

1s usual ly calculated d l ree t l y  f r ~  the concentratfon data n * e r  than by using 

Equation (2). The ~ l c u l a t f o n  Can k Camfed ou t  by s u ~ ~ i n g  the areas o f  Ute 

trapezoids formed by connecting Sequential conctnt rat ion data po ln ts  by s t r a i g h t  

l l n e  segments and extending perpendlculrr  l i n e  H g m e n l  from tach of these 

po ln ts  to the concentratlon axis. The area from the l a s t  concentratfon p o i n t  0 

i n f f n l t e  time I s  crlcu?ated 6s C/ke, when C 1s the wncenfrat lon a t  the l a s t  

sampling Hue. 

Even i f  dlsposft fon k i n e t i c s  a r t  dose-dependent, WCoo f s  the appropr iat r  

measure o f  integrated e f , f e c t i n  dose. although It i s  n i  longer p r e p o r t i a n a l e  

administered dose. An e x p l l c l t  q u a t f o n  r c l a t i n g  AUC- to dose has been derived 

f o r  the Michael 1 sqenten made1 (Wagne~, 1973) : 

where Vm I s  the I P ~ X ~ W ~ P I  e l imfnat lon nte achleved when ill act i ve  e l im ina t fon  

s f t t s  are occupled, Km i s  the half-saturat ion constant or the cancentration a t  

which e l lmlnat ion rate = - Vm12, and D and V are as prrviousTy defined. This  

equation a n  k used whenever the a p p l i c a b l l l t y  of Hichaelis-HentEn k i n e t i c s  has 



A. 

been verified. Generally, however, i t  probably is most Cefensible simply tcj 

cr lculate  the area under tha experimental concentration a w e .  This procedure 

is not model-dependent, So that  f t  a Y  be used whenever integrated effective 

exposure is the dose referent of choice. 

In principle, the area under the curve of concentration of a chemically 

stable active lastabolite nay be used es the masure of effective dose of the 

~ t a b o l i t e .  In practice, such neasuremnts are l ikely 0 br l ess  useful for  ez- 

vironmentzl hx ican ts  than for drugs. The principal featsres of the mtabol ic  

profiles of d&s are known; and drug rr tabol i tes  are often sufficiently cherni- - 
tally stable to ctrculate In the blood. Indeed, prodrugs are &signed speciff- 

c h l y ' t o  produce stable active artabolites. In contrest, the ar?tabol+c patterns 

of environmental contaminants are usually not fully known. end metabolites, p a r  

t icular ly  highly active ones, are l ikely a bc chemicaily unstable md. there- 

fore, not measurable i n  the blood. This point will be discussed further below. 

. Chronic Exoosure 
L 

When an exposure Is extended i n  time to a point a t  which it can no longer bo 

called acute, even calculation of aDD1ied dose is subject to some controversy. 

Traditionally, when c;posure I s  fntermcdiate, In'duration. ~ a b e r ' s  Lcw has k e n  

used. This procedure. r concentration x tine or dose rate r time calculation. - 
gives to ta l  exposure ta an enviromntal  contrminant. When acute doses a r e  

given. repeatedly a t  widely-spaced intervals, as  i n  daily oral gavage of an 

cxpc;imental animal, the number of doses times the dally dose has d e n  used as 

an equivalent measure of total  dose (Decad cal,. 1981). Over periods of time 

tha t  are short relative to the half-life of the compound, these estfmates my be 

appropriate. However. 0 use this type of calculation is ta overlook the f ac t  



- 
thacbody burdens of a chemical do not increase iadeffnitely w i t h  Increasing 

length of exposure. As a consequence of the acmon of elimination mechanisms. 

the body burden reaches a steady state af te r  a period of time djctated by 

half-life of the compound, and i n  the absence of factors acting m a l t e r  the 

volume of diseibut ion or the half-life does not increase further even though 

exposure contfnues a t  the same n t e .  I t  should herefore  not be surprising tha t  

careful examination Of pubfiShed toxfcity data has shown tha t  the long-term no- 

e f fec t  dose n t e  of a chemical can k predicted w i t h  reasonable assrirance fran 

the short-tcm no-effect dose rate (~c~amara .  1976). A cormrittcc of the Society 

of Toxicology stated in 7974 that. 'with the exception of carrjnogenesis and 

certafn rare neurological effects, there is l i t t l e .  ff  any additfonal i n f o r  

matfon obtained on the character of  toxic effects t ha t  are not detected d t h f n  

three months of testing w i t h  animals.. Those few, effects  whose appearance is 

delayed tend to be effects with long induction periods rather than effects whose 

occurrence requirss prolonged exposure to the toxicant; Thus. steady-state COP 

centration i n  the blood i s  a better  acasun  of effective dose than is any kr-' 

of area under the blood concentratfon awe during chronic exposure. 

In  fact, the relationship of steady-state concentration Css to basic p h a r  

nacoklnetlc parameters demonstrates t ha t  Css 4s exactly analogous to the 

AUC- measured a f i t i  a slngle dose. When dfspositfon acchanfsms a m  not dose- - 
dependent. 
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where DR i s  dose rate. expressed .as' rate of absorption i n to  the systemic dr- 

cufation, and V and ke are as previously defined. Equation (4) has the same 

form as Equatfon (2). For the Michaelfs-Flenten mdel, wfth a sfngle capacity- 

l i m i  ted elimf nation mechanism. 

as long as DR does not exceed vm. Equation (5) i s  analogous, although not iden- 

t i ca l ,  t o  Equation (31. . 
Steady-state concentration can be measured d i rec t l y  i n  the blood. ~f u p p  

sure i s  contfnuous, such as i n  m fnhalation exposure to steady state, con- 

centrat ion measurement presents no theoretical d i f f i cu l t y .  If, however. 

exposure has been i n t e n i t t e n t  rather than wnt*coous - f o r  example, i f  a t e s t  . 
chemical has been glven repeatedly t o  animals by da i l y  gavage, or i f  a con- - 
famtnant i s  present i n  food - the average coneenfratton C during the dosc - 
fnterva l  5 i s  qu i va len t  m CSS. C i n  the nth dosc in terva l  i s  defined as 

(Wagner eta.. 19651 

It a n  be shwn (Van Rossum and Tomey, 1968) t h a t  when steady state has been 

reached, provided that  disposition i s  not dose-dependent the value o f  the 

In tegra l  i n  Equation (6) i s  Ol(ke)(V) where D i s  the repeated dose, so that  tt,c 

average concentration a t  stcady state f s  



Thus, while CSs I s  the approprfate measure of effective exposure h r i n g  c @ 
tinuous exposure to steady state,  when an experimental design involves repeated 

admintstration of a t e s t  compound whose kinetics are not dose-dependent. AUC 

from t, to t,,+l a t  steady s ta te  may be used as a surrogate for CSS since the bro 

are  directly proportional. T h i s  technique i s  of ' I i t t l e  m r e  than academic 

Interest, hwever, since the value of AUC from to a t  steady s t a t e  is 

seldom i f  ever known. . Heasuremnts such as these a r e  not routfnely undertaken 

by the e ~ p e r i ~ e n t a l i s t  I t  is unlikely that  important fnaccu&cles or bias 

would be introduced by substituting for e i ther  t or AUC from 4, t o  the con- 

centration masured i n  blood a t  some Convenient constant tlme afQr adminfstra- 

tion of the repeated dose as the masure of effective dose. 

Like AUCop, CSs and 2 a t  steady state are (ndependent of any kinetic mdel. 

The m j o r  restriction on thelr  appropriate application I s  that  a l l  

cally cr i t ical  compartnents aus t  have reached a steddy-state rclatfonship 

the blood within the time period of masuremnt  

The regulator 1s frequently concerned with -xicants whose conccntraffon 

cannot be measured. Sometimes analytical problems preclude dlrect measurement 

of concentration, b u t  mare often the active mle ty  I s  simply i.nhemntly 

. unmeasurable. Uany environmental toxicants are not direct  actlng. These agents 

are  'converted to toxic or reactive mtabolites. Uost often, the chemical iden- 

t i t y  of the active mtabolftc has not k e n  firmly establfshad, and often it  i? 

not even knwn w i t h  ce re in ty  whether Pare than one mtabolite is acffve. 1. 

would be impractical to undertake identification and quantitatlon of activl 
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octabofi+cs of a l l ,  or even of the mj0 r i t y  of potential mvironmental taxi- 

cants. Furthennore, i n  Some Cases the toxicologicatly active metabolites may be 

L 
$0 reactive tha t  they do not leave the flssue, or perhaps even the intracel lular  

s i t e ,  where they were formed. Their wry existence is intr insical ly  unde- 

monstrable by standard analytical methods, and must k inferred from indirect  

evidence such as  the chemical identity of metabolic end products (see, for 

example. Miller and Guengerich (1982)). Gi l le t te  (1974 a.b) has presented a 

perspective on the kinetics and toxicity of these Short-lived, chemic!ally reac- 

t i v e  species, which have the potential to bind wvalently t o  cellular racrao te -  

cules. For compounds that  Qenerate such reactlve r t a b o l i t e s ,  a surrogate 

measure of effective dose must be sought. 

Pharmrcokinetic principles provide the basis for defining Wo surrogate 

measures of effective dose that  have been successfully ukllized when an.undeter 

mined or  ma1yti:ally undemonstrable metabolite was believed to be the toxic 

agent. Use of these effective-dose surrogates is apprkprlate only when the ai- 

t t e r l a  outlined below have been tt. I t  should k clear that  r dose surrogate 

need not be equal in  argnimde tm the effective dose. nor even be expressed i n  

the same uni ts .  I t  atst. however. be ~ m ~ o r t i o n c l  to effective dose. 

O n e  of the Wo nasures  that  have ' ~cces s fu1 ly  ken used u surrogates for  

effect ive dose 1s the r a te  of fonnaklon. of active r t a b o l i t e s ,  or, more accura- 

tely. the r a t e  of  loss of parent compound. This technique I s  based on the 

assuplqtions tha t  (1) The c r i t i ca l  e f fec t  I s  aSsOC.lated ul th  m&l exposurt to 

active metabolites rather than wfth peak concentrations. (2) The rate of f o r  

nation of the c r i t i ca l  metabolite(s) is proportional *to the ra te  of disap- 

pearrnce of the parent chemical' and (31 Elimination of the c r i t i ca l  

metabolIte(s) is first-order. 

-12- 



The requirement t h a t  the n l t i c i l  e f f e c t  be associated with t p t a l  in tegra ted  I 
exposure is almost cer ta in  to be m t  by highly react ive m~lecules ,  but  m y  'not  ( 
be met by chemically unrcactive moleculer - t h a t  is. by agents t h a t  a c t  by c 9 I 
bining reversibly w i t h  receptor s i tes .  For the lat ter :  group of toxicants,  slow 

production of metabolite over an extended time period may not be toxicologically 

equivalent  to rapid ne tabol i te  production w i t h  achievement of high con- 

cent ra t ions  i n  body f lu ids  a t  ear ly  times a f t e r  a @ i n i s ~ t i o n ,  even though I 
integrated exposure m y  be the sam i n  the  Wo cases: AS discuss;d br ie f ly  

I 

above, the proper dose cor re la tes  of toxtcf ty uf l1  be. effect-spectffc  f o r  

rwersfbly-actfng agents. For t h i s  group of toxfcants, toxicity.  ~ t a b o l i c .  and 

phannacokinetic data wst be in%rpreted and correlated with par f lcu lar  are. I 
When exposure is e i t h e r  contfnuws or chmnfc to steady sbtc and the thm 

conditfons above have been mi then it ern  be predicted by malogy vfth 

Equation (4) t h a t  tptal exposure bp arck?bollte should be proportional 8 the 

r a t e  of metabolite appearance. Lffcct ive dose should be proportional t o  expo- 

sure as long a s  the enzyme systems catalyzing Cransfonnation of t s x l u n t  %a 

ac t ive  mtabo l i t c ( s )  a r e  not near s a t u n t l o n ,  b& may approach constancy a t  high .. " I  
exposure where the rate of ac t ive  ae t abo l i t e  production has reached its w x i m m  I 
value. 

Measurement of the r a t e  of l o i s  of paren+ compound 1s less readi ly  appli-  I 
cable t o  data from m acute m d y .  for tito re;sons. F i rs t ,  the rate of retabo- I 
lism is not constant dudng the  period of  elimination of a, s ingle &re. as it is I 
a t  steady stal.  tonmanly, the rate of metabolism a f t e r  a r ingle  dose va r i e s  

el the r  d l rec t ly  with c o n c e n ~ a t i o n  ( f i r s t -order  w t a b o l l  sml o r  i n  accordance 

w i t h  Michaelis-Mcnten k ine t i c s  (from a mxtmum of Vm down i n t o  the f i r s twarde r  



~ o n c c n t r a t f o n  range). I f  there is  only One metabolite and the  parent compound 

is r e a f n e d  long enough t h a t  v i r tua l ly  a l l  of i t  i s  transformed, the r a t e  of 

transfornation is not f ~ p o r t a n t .  H o w ~ v ~ ~ .  i f  there IS 'more than one metabolite 

o r  if the parent  compound i s  excreted d f r t c t l y  a s  well a s  befng mtabollzed,  

r a t e r  of Pansformation can k Very important since the  concentration dtpenden- 

ties of competfns elimination mechanisms control the  r e l a t i v e  amounts of bff- 

f e r e n t  metabolites produced. Second. other d i t p o ~ l  t l o n  nonl inear i t ies  m y  

control mtabolisa,  and tox.lciW. For uample. mthylene  chloride n a d i l y  enters  

t h e  fa t .  After a sfngle dose, it is released S ~ W ~ Y  frm f a t  and m n t c r s  & 

blood, frkn which I t  I s  redisWibuted to t fssues  fncludfng r t a b & f r f n g  Hssues. 

Thus, methylene chloride and its m t a b o l l t e s  P e r s i s t  I n  the  body f o r  time 

periods muck longer than uould k expected on the bas is  of t h e i r  elimination 

half- l ives alone (Ratney c., 1974 S t m a r t  .Et . . .1976).  

Nonetheless, experience has shown t h a t  the rate of l o s s  of t h e  addn.istered 

campound from the blood over a l f d t e d  Hce period can k a eseful and Dxicolo- 

g i ca l ly  re levant  surrogate fo r  e f f e c t i v e  dose. T?~is was the technique used by 

Srhring fi. (1978) to resolve the  vinyl chlor3de dose-cartinogenfcity curve 

(Figure 11, m d  by Andersen fi. (1979) to resolve the 1.1-dichloroethylene 

dose-lethall t y  curve. 

The second measure t h a t  has successfully ken used as a surrogate f o r  effec- 

t f v e  dose 9s D t a f  excrr t ion of s t ab le  end productt of mctabofirm. This tach- 

niqud is su i t ab le  f o r  use when (1) A l l  s tab le  end productr or iginate e f the r  

d i r e c t l y  a lndlrec t ly  from the  tox ic  fntermediate ( there  my, of course, be 

Only one end product. In which case th f s  c r i t e r ion  is a t ' a u t o m a t i c a l l y ) .  or  

else a l l  pa ra l l e l  ~ m t a b o l i c  pathways have the same Ym and KDI values. and (2) The 

, -14- 
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c r i t i ca l  effect  i s  cssociated w i t h  tbtal exposure. Under these conditions tota l  

stable end products of metabolism represent the 'dosem of active metabolite; 

amount and possfbly the chemical Identity of the reactive precursor a n  

from the amounts and chemical identi t ies of excreted netabolites. 

Because I t  i s  based on cumulative excretion and does not have time as  one of 

I t s  dimenslons, thls technique is appropriate for use either with adute or with 

chronic data. When f t  i s  applied b chronic data. 'total stabye rr tabol i tes  

excreted w i t h i n  a dose interval or  d t h i n  1 u n i t  o f  time a t  steady s ta te  are 

related ta dose rate. - 
I t  I s  worth repeating that  both the elimination ra te  and the total excreted 

metabolite surrogates a n  subject ta the same limitation: tha t  effective dose i s  

presumed ta be an amount r i ther  than a concentration. 

2. The Relationship of Adninistered to Efferf:ve Dose 

The principal source of dose-dependent t fnet ic  behavior fs the t n e i  a 
capaclty limitation of nust elinlnatlon mechanism including a11 b lo t ransfor  

nation mechanisms and a number of renal and hepaffc ucret(on mechanisms as  

well. T h i s  i n e i n s ~ c  dose dependence is the direct  consequence of consWaln+s 

on the number of mtabolizfng enzym molecules or of membrane eanspor t  proteins 

responsible for active b i l i a v  excretion or 'tor renal htbular secretion and 

rcZive reabsorption. While them m other causes of dosedependent Hnetfcs,  

capacity-limited ellminatlon 1s the only one tha t  will be cxpllcit ly dealt  w i t h  

here. 

The familiar Uichaelis4entcn equation &scribes the' behavior of the 

simplest capadty-lidted system, in  which physical combinatidn of a single 



. - 
substrate m l e c u ~ e  wi th  a single car r ie r  protein or enzyme m lecu t t  i s  prem- 

qufs i te  to exc'retion or biotransfonnatf on: 

where dCldt i s  the re tc t ion veioci ty V O r  the rate of change of concentration a t  

the active site, and V, and Km are as previously defined. 

f n  sp i te  o f  the extreme and, i n  many respects, unreal is t ic  s impl ic i ty of the 

reaction scheme Chat gives r l s e  to the N ichae l i s -Men~n quation, the overal l  - 
rates o f  biotransfonnation and transport mechanisms often Wrn out ta be desaf-  

bable by equations o f  the Hichaelis-Mtn-n form. This i s  presumably due 0 the 

fact  tha t  o f  the uuny sequential steps making up m elimination process, a 

single s l p  i s  nte- l imi t ing.  As long as nqu is i t t?  cofactors are present i n  

wcess, the ac t i v i t y  o f  the overal l  el imination process usually approxfmates 

l!ichaelis-Henten behavior. 

V 
Even though the nte of eliminatfon aay be re lated m tht m u n t  o f  

substrate present a t  Mot rans fomt ion  or *ansport s i tes  by !!ichaelis-Mentcn 

kinetics. the actual .ntc of elfefnatfon a cay not  display 

Uichaelisl lenten behavior. t h i s  i s  because mder certafn mnditfons, the rate 

o f  a d v a t  o f  substrate a t  the e l i d n a t i o n  s i t&  Is lower than t!!e r a l  a t  which 

the eljminatfon mechanism i s  able 0 a t a b o l t z e  or umb the chemical. These 

conditfons are most l f k e l y  to be ct f o r  high-af f fn i ty elimination processes, as 

w i l l  be shown. 

~ l lm ina t l on .  or clearance, takes place i n  rany organs. S i n e  the H v e r  i s  

the ;lominant s i t e  uf metabolic ;limination, the equations i n  t h i s  tcc t lon are 

wr i t ten  I n  notation appropr la l  to clearance by thc l i ver .  

-16- 



. 
jwo hepatic clearances can be' defined. . One, t h e  I n t r i n s i c  clearance 

c l t n t  (Wilkinson and Shand, 1975). re la tes  the ra te  o f  hepatic e l im ina t icn  t o  

the concentration o f  the chemical a t  the eliml'natton sfte. It i s  based d i r e c t 1  

on the Michaelis-Henten equation: 

where C l  I s  the concentration o f  the chemical I n  l f v e r  n s s u e  f lu id .  Clfnt I s  - 
the volume o f  l l v e r  t lssue f l u i d  t h a t  1s cleared of the chemical par unit '  tlm. 

It represents the a b i l i t y  o f  the l i v e r  to e l f m i n a l  the chemical I n  the absence 

o f  any f low res t r i c t ions .  

Clearance. as *t 1s custamafily measured, re la tes  the rate of k p a t f c  e l im i -  

na t ion  to the concentration o f  the chemical i n  the blood enter ing the l i v e r .  

tin. Since v Q (Gin - Gout), where Gin I s  the concentmtion o f  the &em1 

I n  hepat ic a r t e r i a l  blood. tout I s  lb concentration I n  hepatic venous b l o  

and Q f s  hepat ic pcrfuslon rate. 

The way I n  whlch nrasured c leannce i s  re la ted  0 fac tors  such as hepat lc 
. : 

perfusfon ra te and I n t r i n s i c  clearance I s  determined by the way 1n whlch C1 1 5  

r e l a t e d  t o  tin and COUt. Two rnde ls  o f  hepatic ex-action have k e n  proposed. 

I n  the we l l - s t i r red  model (Rwland G.. 1973). the l i v e r  I s  considered r 



s i n g l e  well-s t i r red comparaent i n  ;quilibrium with (venous) blood leaving t h e  

l i v e r ,  so t h a t  C1 - tout. In the parallel-tube model (Brauer, 19631, the l i v e r  

4s seen a s  a bundle of paral lcl  tubes along which the. concentration of toxicant  

dec l ines  s t ead i ly  from tin to Gout. The b o  models p red le t  d i f f e r e n t  dependen- 

cies of measured clearance on i n t r i n s i c  ;learanee and blood flow (Pang and 

Rwland. 1977). There is experimental support f o r  both mde l s ,  although the 

wel l - s t i r red  model appears to be somewhat better supported by published experi- 

mental data  (Nies at.. 1976; Wilkinson. 1976). Because o f  t h f s  and because 

the  t ~ o  models predic t  the same l imi t ing  behavior when either Q >> C l i n t  o r  

C l i n t  >> Q. the simpler, w e l l - s t f m d  m d e l  w i l l  k used tr, i l l u s t r a t e  this 

l lmf t ing  behavior. 

I n  the  well-stirred model, C l  = tout. If C i  is subs t i tu ted  f o r  Gout i n  

Equation (10) and the q u a t i o n  rearranged to gfve C 1  i n  terms of C l i n t ,  

Uhen Q >> Cl in t .  Equation (111 reduces tu 

C 1 = C 1 f n t  . 
When C l i n t  >>Q. Equatlon (11) reduces tu 

C l  = 0. 

These relationships. and t h e i r  consequences. a r e  i l l u s ~ a t e d  i n  Figure 3 f o r  

.two capacfty-limfted elimination echanfnns ,  one high-affinity f l o w  Km) and one 

low-affinity (high Km). Since the  Wo archanisms have the same Vm value. a t  any 

given subs t r a t e  concentration C1 l e s s  &an sa tura t ing  the high-affinity arccha- 

nism u l l l  dominate the lw-a f f in i ty  mechanfsm ( f i g u p  3) (see a l so  the deflni-  



tion of C l i n t ;  Equation (9)). For 'the high-afflni t y  mechanism. i n  fact, there 

exis ts  a sfgnfficant range of concentrations w i t h i n  whfch the e l imin~t ion mecb 

nfsm can clear lfver fluid of the chemical more rapidly than thc chemical ca@ 

transferred from blood to  l iver fluid (e.g.. v' > v and cllnt > Cl). I n  t!!is 

low concentration range, hepatic perfusion is nte-limi ting. A t  sufficiently 

high concentrations of the chemical in perfusing blood, however, the ellmination 

mechanism i s  saturated. v > vi  (and C1 > clint) ,  and elfmination Is spac f ty -  

llmited. This Qpe of behavior is one example of 'flip-flopo kinetics, f n  whfch 

one of several interrelated steps is nte-limiting i n  one conaneat ion nnge  

while another becomes nte-limiting i n  another ConcentraHon range. Flip-flop 

kinetics of elimination have k e n  observed for styrene (Andersen eta., 1984) 

and for most of the lw~olecu1ar-weight.  volati le halogenated )prdrocarbons. 

such as the chlorfnated ethylanes and cthylene chlorfde (Filser and Bolt, 1979; 

Andersen. 1981). The exception appears to be pcrchloroethylene, for which V, i s  

extremely 1w. 

Perchlorocthylene is an exanple of the other extreme of dependen 

clearance on blood flow ac;d on intrfnsic clearance. ln  which the nta of 

transfer of the chemical from blood t o  l iver  f luid is =re rapid a t  a l l  con- 

centrations than is the ra te  of rwoval of the chemful fmn lfver Clufd by t h e  

ellmination mchanism F i g  3 > vm and C1> ~ 1 7 ~ ~ ) .  Elimination f :  

capacity-limited a t  a l l  concentratTons. and the chemical display 

Michael is-Menten klnetl cs throughout the e n t l r t  dose range. 

Effective dose should reflect the form of concentration dependence of th 

rate-limiting step i n  the r t a b o l i m  and excretion sequence. This nay be i 

elfminatlon s t e p  or, i f  a mtabolite is active. I t  my k fonnatlon of the nee 



bol i te.  Clearly, the way i n  whfch a' capacity-limited prbcess af fects  the rela- 
- 

t lonshlp between adninlstered and effective dose w i l l  depend on whether the 

c r l t l c a l  process Controls formation or eliminatfon of the active noiety. 

Hhen el imlnatlon 1s rate-determining f o r  the active nalety, e i ther  parent or 

~ e t a b o l l t e ,  then effective dose .is to be expected to Increase m r c  n p f d l y  than 

administered dose cs the Cr l t iCal  elfminatfon mchanism approaches nturat ion.  

Of course, I f  substrate concentrations are mch lover than Km o r  If el ia ina t lon  

I s  not capacl ty-limited. then administered and effective dose are proportional 

throughout the ent i re dose nnge. 

I f  e1imlnatlon i s  Nichae1ls-Flenttn i n  form. then ef fect ive dose should 

Increase as the sum of two dose terms. one l inear  and one quadratic (Equatioa 

(3 )  and Equatlon IS)). This I s  the behavior shown by urethane (Ffgure 2).  for . 
whfch. however. cl imlnation I s  close to saturatqon throughout the ent l re  experf- 

aental dose nnge. so that the quadratic term i s  dmincnt  and the l i nea r  term f s  

n o t  apparent. 

On t i ~ e  other hand. If eliminatfon displays f l i p - f l op  kinetics. then the 

rdm in io l red  dose-tffectlve dose rc1ationship should have two l inear  segmnts 

w l t h  a short  t rans lnon region. as I l l us t ra ted  by Ramsey and Andenen (1984) 

(Flgure 4) I n  the sfmulated dependence o f  styrene s teady-s ta l  blood con- 

centrat lon on styrene concentration I n  Inhaled air. 

Fonnation - I s  Rate-Determininp 

When fornation i s  hte-detennlnlng. the ef fect ive dose should approach a 

constant maximum as the admlnlstered dose or dose r a t e  Increases beyond the 

-20- 



pofnt a t  whjch the cri t ical  fcna t ion  mchanlsm I s  saturated. Provlded tha t  

mechanisms for elfmlnation of the active intennedlate do not themselves approach 

saturatfon. further increments In administered dose should not cause additions I) 
increments In toxicity. This I s  the behavior shown by vfnyl chloride (Figure 

11. 

I n  t h l s  case too, the shape of the administered dose-effective dose rela- 

tlonshlp should ref lect  whether the approach tn hturat ion is dictated by 

Michaelis-Henten or by flip-flop kinetics. (Andersen (U81) has polnted out . 

tha t  the shape of the "lnyl chlodde inhalation dose-metabolfmr c u p  (Watanabe 

t . 1978) i s  not inconsfstent w l t h  perfusfon l inltat ion a t  a i r  con- - 
centrations from 1 to 100 ppm, even though the inhalafion dose-hepatfc.mgiosar 

coma curve (Maltonl and Lefemine. 1975) is satisfactorily described by a 

M i  chaelis-Hentcn expression for rlr c~ncentratlons from 50.10.000 ppm) . 
The dlstinctlon ktveen flip-flop md Michaelis-Menten behavior when f o r  

mation of active mtsboli tes is n t r l i m i t f n g  I s  well i l l u s m t e d  by per 9 
loroethylene and trichloroethylene. Both of these c.onpounds generate 

hcpatotoxfc a tabol l tes .  Rats were given repeated &fly doses of trich- 

loreethylene or pcrchloroethylene by savage for s ix  weeks, and total artabollsm 

was r a s u r e d  and cxptcssed as  total 24-hr excretion of stsble r t a b n l f t e s  f n  

urine (Bubm and O'Flahcrty, 1984); fletabdlik of both compounds proved to be 

capacity-lidted. but  they displayed dlst lnctly different t inetfc  behavior. 

Ellmlnation of trichloroethylene was perfusion-limited a t  lor dose ra tes  (Figure! 

5al. while elimination of perchlorocthylcne was c a b a c ~ ~ - l i m t  ted a t  a l l  dose 

rates (Figure Sb). The dose dependence of hepatoxitity . of both compounds 

lalrrored the dose dependence of metabolism. platcruing a t  hlgh dose ra tes  but 



direct ly  proportional to lower dose ra tes  of bithloroethylene and displaying 

#tfchaelis-Henten klnetics throughout the ent i re  range of perchloroethylene dose 

rates. As a resu l t  cf the congruence of the dose-effect and dose-metabolism 

curves for both compounds. the relationship between mgnitude of effect  and 

to ta l  urfnary metabolite 1s l inear  i n  both a s e s  (Figure 6). 

Thus, the amount of metabolism of both t~i thloroethylene and perch- 

lorocthylent f directly related to the i r  hepatotoxicity, lrr tspective of 

whether t h i s  metabolism I s  perfusion-lidtcd a t  low dose r a l s  

(Mchloroethylene) or capacity-limfted a t  lad dose ra tcs  (perchloroethylene). 
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Figure 1. (a) Vinyl chloride concentration, ppm i n  a i r ,  versus hepatic 

angiosarcoma prevalence i n  rats (Maltoni and Lefemfne, 1975); 

log-probit scales. The solid l ine  is the l ine  of best f i t ;  

the dashed l ine  is a l inear  extrapolation. (bl Rate of vinyl 

chloride metabolism (Uatanabe g at,, 1978) versus hepatic 

angiosarcoma prevalence in  ra t s  (Gehrfng eta, 1978); log- 

probl t scales. . 

kigure 1. (a) Administered urethane dose versus pulmonary adenma preva- 

lence In mice. (b) Urethane ancentrat ions  In the blood. . 
Integrated over tlw (AUCoo), versus pulmonary adenow prrva- 

lence i n  dce.  F m  Sichak and O'Flaherty. 1984, wlth p e r  

mission. 

f igure 3. (a) . ~ependena  of ra te  of extraction on 'concentration i n  blood. 

entering the tissue and of ra te  .of metabolism on con- 

centnt lon i n  tlssue fluid. Metabolism is shown for  k o  

enzymes, for bath of which V, * 5.0. (b) Dependence of the 

three corresponding clearances on referent concentrations. 

Simulated styrene conantratlons fn a r tc r ia l  blood of mice. 

r a t r ,  and humans versus s t y r e g  concentration i n  inhaled air. 

Llght l ines are blood concentrations a f te r  inhaling sfyrene 

continuausly for 6 hr. Heavy l i ne  is blood concentration 

after inhaling styrene continuously for 400 h r  to reach 

steady state concentrations. From Ramsey and Andersen, 1984. 

w i t h  permission. 
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Figure 5. (a) Total urinary mebbol i tes  excreted within 24 hours of admi- 

.n is t ra t ion  of r rcpeat or21 dose of trlchloroethylene * 
rifce. Nost points represent means of data from 1-9 

SM Is shown. (b) Total urinary m t a b o l l t e s  excreted w i t h i r ;  

24 hours of adninistrat ion of a repeat oral dose o f  perch- 

loroethylene to mice. Most points represent mans of da ta  

from 9-11 nilce. SEM is shown. From Buben and C'Flahcrty, 

1984. vf th  permissfon. 

Ffgure 6. {a) ~ l v e r  wight to body weight , r a d o  ' fn  dce after 6 weeks tf 

dal ly  o n 7  administration of friehloroethylc&, 5 dayslveek. 

as r function of 24-hour urinary metabolite excretion,. (b) 

Lfver w e i g h t  0 body weight r a t i o  i n  mfce a f t c r  6 weeks of  

dal ly  oral  adninist-atfon of perchlorocthylene. 5 dayslweek, 

as r function of 24-hour urfnary m t a b o l f t e  excrctfon. Froa 

Buben. and O'Flaherty. 1984. w(th pennfssfon. 
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August 29, 1984 

Mr. William V. Loscutoff 
Toxic Pollutants Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento, Calif. 95812 

Dear Mr. Loscutoff : 

The Council takes this opportunity to comment upon 
the draft of Part B, "Health Effects of Benzene," prior to 
its submittal to the Scientific Review Panel. 

While the report mentions the uncertainty associated 
with the assessment of risks of carcinogenicity from exposrTre 
to chemical compounds such as benzene, we believe that t 
document's accuracy and utility as a ba'sis for risk mana 
ment by the Air Resources Board would be s~bstantially en- 
hanced if it more explicitly acknowledged -- and quantified, 
where possible -- the various sources of uncertainty in the 
risk assessment. In this regard, we offer the following 
specific comments that are consistent with state law (Health 
and Safety Code Sections 39650-39674) and with the framework 
drafted by the federal Office of Science and Technology 
Policy (OSTP) on "Chemical Carcinogens; Review of the Science 
and Its Associated Principles" (49 FR 21594 et seq). 

O Assumptions and Scientific Policy Decisions Should 
be Explicitly Identified and Summarized 

One of the OSTP principles for risk assessment is the 
importance of maintaining "a clear distinction among facts 
(statements supported by data), consensus (statements gen- 
erally held in the scientific cotnmunity), assumptions 
(statements made to fill data gaps), and science policy 
decisions (statements made to resolve points of current 
controversy)." (49 FR 21599) A committee of the National 
Research Council has identified 50 separate decision points 
in a typical risk assessment for carcinogenicity, and found 
no scientific consensus about how to deal with many of t 
The NRC concluded that "Policy considerations inevitably 
affect, and perhaps determine, some of the choices." (Ris 9 - 
Assessment in the Federal Government, page 33) -- 



Mr. William V. Loscutoff -2- August 29, 1984 

L Although the risk assessment does in certain cases dis- 
tinguish explicitly between facts, consensus, assumptions and 
science policy decisions, it would be useful to the public, to 
risk management agencies, and probably also to the Scientific 
Review Panel, if the risk assessment were to include a summary 
of the judgments and assumptions that entered into the risk 
assessment process so as to differentiate them from scientific 
fact. 

O Quantification of Sources of Uncertainty and 
Identification of a Range of '~isk 

According to the federal OSTP risk assessment principles, 
"The quantification of the various sources of uncertainty involved 
in cancer risk assessment can be as important as the projection of 
the risk estimate itself. The sources that might be addressed in- 
clude: (a) The statistical uncertainty associated with a given 
risk estimate; (b) The variability introduced by the selection of 
a particular low-dose extrapolation procedure; (c) When risk esti- 
mation is based on laboratory generated data, the biological vari- 
ability associated with the use of a particular test organism and 
its scaling or extrapolation to man." (49 FR 21599) The draft 
benzene risk assessment apparently quantifies only one of these 
three sources, i.e, the statistical uncertainty associated with 

ii 
a given risk estimate by calculation of confidence limits. 

Although the risk assessment does include in Table VI-5 a 
range of risks, they are all calculated using a single model. 
OSTP policy notes that "... the choice of a particular low-dose 
extrapolation model can have a profound influence on the estimated 
low-dose risk. Therefore, it has been proposed that an indication 
of the variability introduced by model selection be obtained by 
considering the range in the magnitude of low-dose risk estimates 
associated with the more commonly-employed models." (49 FR 21660) 
Accordingly, the Council reconmends that the risk assessment be 
expanded to include estimates of human risk based on other models 
in addition to the multi-stage model. Inclusion of human risk 
estimates so derived would more accurately describe the actual 
range of potential human risk as required by state law (Health 
and Safety Code Section 39660(c)). 

The Council believes that these recommended additions to the 
benzene risk assessment would result in a more complete and accurate 
representation of the potential human risks posed by exposure to 
benzene, and a sounder basis for risk management decisions. 

Sincerely, 

&ee,<\&. 
Evelyn F. H 
Vice President 

cc: Assemblywoman Tanner 
Corinne Marshall 

8-120 



Chevron 
Chevron U.S.A. Inc. 
575 Markel Slrsel, San Francisco. California Phone l 4 l S l  8942242 
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W. 1. Danker 
Manager, Enarocnan~a! P,opramr 
Env,,onrnen:, Si-:r, I, '? an0 Ht!il~'n 

August 30, 1984 

Department of Health Services 
Report on Benzene - Part B 
Health Effects of Benzene 

Mr. William V. Lascutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
P. 0. Box 2815 
Sacramento. CA 95812 

Dear Sir: 

Chevron has reviewed the subject report, and we appreciate the  opportunity t o  
comment prior t o  submitting the  report t o  the  Scientific Review Panel (SRP). 
Our comments, listed below, a r e  aimed at making the  report a balanced 
presentation of information tha t  can be used effectively by the SRP and the  Air 
Resources Board, during the  decision making process. 

1. In i t s  approach t o  quantifying the  carcinogenic risk presented 
by the  exposure t o  airborne benzene, the  DHS appears t o  mix 
policy decision with scientific fact.  As a mat ter  of "scientific 
policy", t he  Department has selected a linear no-threshold 
model t o  extrapolate human risk from the  most conservative 
animal data available. The multistage model was preferred by 
the  Department because "it a t  least is based on some of the  
theoretical concepts of carcinogenesis." I t  must be pointed out, 
however, tha t  there  are a number of other risk models, also 
based on the  theoretical concepts of carcinogensis, which would 
adequately f i t  the  experimental data. Several of these models 
may be even be t te r  predictors of the  observed data than the  
multistage model. W e  believe i t  would be more appropriate t o  
apply a range of models t o  the  experimental data. This would 
allow the  assumptions and uncertainties inherent in each model 
to be  fully evaluated so tha t  their limitations a re  clearly 
understood throughout the  decision making process. 

2. We have several concerns regarding the  animal data selected by 
the  Department as the  basis for  i ts  risk calculations. The data 
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was obtained from a study utilizing oral dosing rather than 
inhalation, despite the many acknowledged and theoretical 
differences in the distribution and excretion of benzene 
following exposure by these routes. While clearly identifying 
the hematopoietic system and bone marrow as the target organs 
of benzene's toxicity in both animals and man, the Department 
selected the incidence of preputial gland tumors a s  the basis 
from which t o  make i t s  risk extrapolations. It is important t o  
note tha t  these tumors have been observed only among males of 
one specie in one study. In addition, we do not believe there is 
conclusive evidence tha t  benzene produces tumors in human 
beings at sites other than those of the  hematopoietic and 
lymphatic systems. 

3. W e  believe tha t  the  DHS incorrectly concludes tha t  
epidemiological (human) studies a r e  not useful in developing 
quantitative risk assessments because they lack sufficient 
statistical power t o  establish no observed adverse ef fec t  levels 
(or thresholds). While this  may often be true, epidemiological 
studies a r e  useful in establishing upper statistical bounds for  
cancer incidents a t  differing levels of human exposure. Such' 
information has been used as the  basis for  extrapolation of 
cancer risk at low exposures by the  EPA and OSHA in the  
establishment of their benzene standards. 

4. in addressing the concepts of thresholds, we believe the  
Department has made several unfounded distinctions between 
carcinogenic mechanisms and those of other toxicological end 
points ("classic toxicological processes"). These differences a r e  
then used in the selection of a linear no-threshold risk 
assessment model. The potential impacts of physiologic reserve 
and adaptation on carinogenic responses appeared t o  have been 
discounted by t h e  Department despite evidence demonstrating 
t h e  rates of genetic repair mechanisms, redundant genetic 
sequences, and immune surveillance in modifying the  
carcinogenicity of chemicals. The substantial background 
incidence of cancer in man is  interpreted by DHS t o  
demonstrate tha t  human exposure t o  carcinogens is  already well 
in excess of any possible population threshold for at least  some 
mechanisms. This overlooks, however, the  contribution t o  the 
background incidence of many spontaneous biological events 
which need not be related t o  environmental agents, such a s  
disruption in cell-to-cell communications and errors in DNA 
replication and repair. The DHS has suggested tha t  the  human 
population is likely t o  be characterized by a wide distribution of 
thresholds, such t h a t  there would be no absolute lower bound. 
This hypothesis does not appear supportable in light of the 
myriad of other traditional toxicological responses for which 
practical population thresholds have been established. 
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5. In reviewing the  evidence concerning non-genetic mechanisms 
of carcinogenesis, we believe the  DHS has overlooked several 
lines of supportive evidence, such as the development of 
bladder tumors following the  induction of bladder stones by 
terephthalates, the  induction of lung and mesothelial tumors by 
natural and man-made fibers having specific physical 
characteristics,  and skin tumor promotion by phorbol esters. 

These comments have been prepaired in consultation with .Dr. Robert 
Wilkenfeld, a Toxicologist a t  the Chevron Environmental Health Center, 
Incorporated. If you have any questions or  comments, please contac t  Dr. 
Wilkenfeld a t  (415) 231-6018 or Mark W. Nordheim of our Environmental, 
Safety, Fire and Health Staff a t  (415) 894-6107. 

Sincerely, 

W. T. Danker 



August 22, 1984 

Mr. Wllllam V. Loscutoff, Chlef 
Toxlcs Pollutants Branch 
Callfornla AIr Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

Dear B 1 1 1 : 

Subject: DOHS Draft "Health Effects of Benzenew 

Thank you for the copy of the DOHS draft of Section B: 
Health Effects, for your Benzene report. In general, I have 
two comments: 

1. Parts of it, dealing wlth biology (Sectlons I 
through V )  are excellent. 

L 2. Parts of It, dealing with aspects of Rlsk Management 
(Sections VI  and V I I )  are Inappropriate, Incomplete, and 
Inaccurate. They should be deleted or redone. Let me be 
speclflc: There are three major issues in Sections VI  and 
VII. They are: 

a. Threshbl ds. 

b. Dose-response Models. 

c. Acceptable Rlsk Levels. 

In each case I feel the DOHS staff has not done a fatr 
and complete job. 

Thresholds 

The issue of thresholds for carclnogentc action has been 
debated t n  many arenas. There are strong emotions on both 
sldes of this issue. The DOHS draft comes down entirely on 
the Itno threshold11 slde. The references I sent you two weeks 
ago, on the letters i n  "Risk Analyslsn, deal wlth some other 

Corporate office cb; ':, 
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v lews .  F u r t h e r ,  I n  my l e t t e r  t o  you l a s t  week on y o u r  
Chromlum b l b l l o g r a p h y ,  I c l t e d  t h r e e  p a p e r s  on t h e  s p e c l f l c  
I s s u e  o f  t h r e s h o l d s .  Of t hose ,  b o t h  t h e  C l a u s  and B o l a n d e r  
and Kocn p a p e r s  nake  s p e c l f l c  p r e d l c t l o n s  a b o u t  t h r e s h o l d s .  
I n  K o c h f s  paper ,  t h e r e  I s  a  numerical v a l u e  g f v e n  f o r  
benzene. A q u a n t l t a t l v e  v a l u e  I s  r e a d l l y  c a l c u l a t e d  f o r  
C l a u s  and B o l a n d e r l s  approach .  I d o u b t  t h a t  t h e  
dose - response  d a t a  f r o m  e l t h e r  t h e  human e p l d e m l o l o g y  s t u d l e s  
o r  t h e  a n l m a l  b l o a s s a y s  c l t e d  i n  t h e  S e c t l o n  B  r e p o r t  c a n  
s t a t l s t l c a l l y  r u l e  o u t  t h e  t h r e s h o l d  model .  

I t  i s  fashionable t o  a r g u e  t h a t  t h e r e  I s  no s t a t l s t l c a l  
8 1 p r o o f v  o f  a  t h r e s h o l d  I n  t h e s e  k l n d s  o f  s l t u a t l o n s .  M o s t  o f  
t h e  " e v i d e n c e "  advanced, i n c l u d l n g  t h e  Congressional OTA 
s t u d y ,  I s  s l m p l y  s t a t l s t l c a l  c u r v e - f l t t l n g  exercises. I f  
you ask t h e  q u e s t l o n  "Do t h e  d a t a  p r o v e  t h e r e  I s  a 
t h r e s h o l d ? " ,  t h e  answer I s  "No." I f ,  o n  t h e  o t h e r  hand, you 
ask "Do t h e  d a t a  p r o v e  t h e r e  I s  n o  t h r e s h o l d ? " ,  t h e  answer  
a g a l n  I s  "No." One c a n  assume e l t h e r  mathematical model, one 
w l t h  t h e  c u r v e  f ~ r c e d  t o  g o  t h r o u g h  z e r o  r e s p o n s e  and z e r o  
dose, o r  a n o t h e r  w l t h  t h e  cu rve .  f o r c e d  t o  g o  t h r o u g h  z e r o  
r e s p o n s e  a t  some p o s l t l v e  f l x e d  dose. The s t a t l s t l c a l  
e v l d e n c e  I s  n o t  s u f f l c l e n t  t o  r u l e  o u t  o r  c o n f i r m  e l t h e r  
mode I. 

I b e l i e v e  t h e  DOHS r e p o r t  needs t o  d e a l  w l t h  t h l s  p o l n t .  
The d e c l s l o n  t o  r e g u l a t e ,  t o  s e t  t h r e s h o l d s ,  and t o  s e t  a l r  
q u a l l t y  s t a n d a r d s ,  I s  t h e  p r o v l n c e  o f  t h e  B o a r d  a n d / o r  Coun ty  
o r  R e g l o n a l  D l s t r l c t s .  The H e a l t h  r e p o r t  needs t o  l a y  o u t  
t h e  l n f o r m a t l o n  on h e a l t h  e f f e c t s  I n  a  f a l r  and u n b l a s e d  
f a s h l o n .  I f  DOHS does n o t  p r o v i d e  c o m p l e t e  l n f o r m a t l o n  t o  
b e g l n  w l t h ,  t h e  S c l e n c e  Revlew Pane l ,  It seems t o  me, has no 
o p t l o n  b u t  t o  r e q u l r e  a  t h o r o u g h  r e w r l t e .  

I, p e r s o n a l l y ,  have no m a j o r  q u a r r e l  w l t h  t h e  use  o f  t h e  
A r m l t a g e - D o l l  multistage model as p r o b a b l y  t h e  * I b e s t f t  
a v a l  l a b l e .  T h l s  I s  based o n  o u r  p r e s e n t ,  I n c o m p l e t e  
know ledge  o f  mechanisms o f  c a r c l n o g e n e s l s .  I do n o t  t h i n k ,  
however,  t h a t  t h e  Crump method f o r  calculation g i v e s  t h e  k i n d  
o f  r e s u l t s  t h a t  a r e  b e s t  s u l t e d  f o r  estimating human 
dose - response  r e l a t l o n s h l p s .  Those I ssues ,  however,  have t o  
d o  w i t h  t h e  c h o l c e  o f  model and t h e  assumption o f  l l n e a r  
extrapolation o f  t h e  upper  95 p e r c e n t  c o n f l d e n c e  l l m l t  t o  
z e r o  dose. 

F u r t h e r ,  t h e  model used  does  n o t  I n c l u d e  t h e  p o s s l b l l l t y  
o f  a  t h r e s h o l d ,  as discussed above. I do n o t  f e e l  t h a t  t h e  
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model I s s u e  1s one t h a t  can  b e  r e s o l v e d  b y  a  d e b a t e  among 
L p r o p o n e n t s  o f  one  o r  a n o t h e r  f o r m u l a .  As I r e c a l l ,  t h e  

f e d e r a l  c o u r t  r e j e c t e d  an OSHA benzene s t a n d a r d  i n  p a r t  
because a l l  p l a u s i b l e  mode ls  were n o t  used, and t h e  9ne 
chosen  gave, i n  t h e  c o u r t ' s  v iew,  a  b i a s e d  r e s u l t .  

T h e r e f o r e ,  I t  seems t o  me t h a t  i t  i s  incumbent o n  DOHS 
t o  p r e s e n t  r e s u l t s  o f  s e v e r a l  mode ls  i n  t h e i r  extrapolations 
t o  low dose. These mode ls  s h o u l d  I n c l u d e  b o t h  t h r e s h o l d  and 
n o n - t h r e s h o l d  cases .  I do n o t  b e l l e v e  t h e  c a l c u l a t e d  95 
p e r c e n t  UCL s h o u l d  b e  compared w l t h  t h e  c a l c u l a t e d  MLE ( s e e  
t h e  t h i r d  p a r a g r a p h  o n  page 83, and t h e  f l r s t  p a r a g r a p h  on 
page 79). T h i s  t r u l y  I s  c o m p a r l n g  a p p l e s  and o r a n g e s .  

Aga in ,  s e c t l o n s  o f  t h e  r e p o r t  d e a l i n g  w i t h  t h e s e  
s u b j e c t s  need r e v l s l o n .  

b c c e ~ t a b  l e  R i s k  ' L e v e l -  

The summary, on page 3, and t h e  r e p o r t ,  on page 87, 
d i s c u s s  t h e  q u e s t i o n  o f  what  1s o r  i s  n o t  a  n n e g l l g l b l e w  
r l s k .  T h l s  i s  t o t a l l y  l n a p p r o p r l a t e  f o r  DOHS. The selection 

' o f  a c t i o n a b l e  r l s k  l e v e l  I s  one  t h a t  y o u r  B o a r d  mus t  make. 
The l n f o r m a t l o n  p r o v l d e d  I n  t h e  p a r a g r a p h s  r e f e r r e d  t o  i s  
o n l y  a  m l n l s c u l e  f r a g m e n t  o f  a  v e r y  c o m p l e x  and e x t e n s i v e  

L 
i l t e r a t u r e  o n  t h e  s u b j e c t .  F u r t h e r m o r e ,  It I s  n o t  a  
p a r t l c u l a r l y  r e l e v a n t  o r  l l l u m l n a t i n g  example .  

DOHS has been d i r e c t e d  b y  t h e  G o v e r n o r ' s  O f f l c e  t o  d e l e t e  
a l l  I t e m s  r e l a t e d  t o  R l s k  Management i n  i t s  Cancer  P o l i c y .  I 
do n o t  t h i n k  i t  a p p r o p r i a t e  t o  a l l o w  t h l s  k f n d  o f  end r u n .  
DOHS s t a f f  s h o u l d  n o t  b e  p r o v l d l n g  recommendations o n  p o l i c y  
m a t t e r s  t o  y o u r  Board,  u n l e s s  asked  s p e c l f l c a l l y .  

I b e l l e v e  t h e  CARB s t a f f ,  p e r h a p s  w l t h  t h e  a l d  o f  a  
c o n t r a c t o r ,  needs  t o  p r e p a r e  some d a t a  o n  R l s k  Management 
o p t l o n s  f o r  t h e  Board .  I t  w o u l d  b e  a  good l d e a  t o  have t h e  
t e c h n i c a l  a s p e c t s  o f  such  a  r e p o r t  r e v i e w e d  b y  some o f  t h e  
many C a i l f o r n i a  e x p e r t s  w l t h  extensive p r o f e s s i o n a l  
e x p e r l e n c e  i n  t h e  .areas o f  r l s k  a n a l y s i s ,  assessment ,  and 
management. P o s s i b l y  t h i s  c o u l d  be done w l t h  o v e r s l g h t  f r o m  
D r .  M r a k t s  p a n e l .  

The f o l l o w i n g  a r e  l i s t e d  by  page, i n  no o r d e r  o f  
p r i o r l t y :  
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Page 31 l a s t  p a r a g r a p h  - "m m a j o r  methods  a r e  I n  
c u r r e n t  use  f o r  l d e n t l f l ~ a t l o n . . . ~  On pages 3 2  and 33, U 
methods  a r e  I l s t e d .  I s  one n o t  a  w m a j o r w  method? Whlch? 

Pages 48-49 - T h e r e  a r e  a  number o f  a r g u a b l e  s t a t e m e n t s  
h e r e  a b o u t  i n s t a n t a n e o u s  d e a c t l v a t l o n s ,  c h o l c e  o f  "most -  
s e n s l t l v e  l n d l v l d u a l s t t ,  and t h e  u s e  o f  s t a t l s t l c a l  
c u r v e - f l t t l n g  as e v i d e n c e .  I f  t h e  r e v l s l o n s  I s u g g e s t  above 
a b o u t  t h r e s h o l d  a r e  adopted ,  t h e s e  pages w l l l  be  changed.  I f  
n o t ,  I w l l l  p r o v l d e  t h e  S c l e n c e  Rev lew P a n e l  w l t h  d e t a l l e d  
comments. 

Page 80  l e s t  s e n t e n c e  - I t  I s  n o t  a p p r o p r l a t e  f o r  DOHS 
s t a f f  t o  make u n s u p p o r t e d  recommendations t o  t h e  Board,  a t  
l e a s t  a c c o r d l n g  t o  my r e a d i n g  o f  AB 1807. 

Page 82  l a s t  p a r a g r a p h  - A g a l n  r a l s e s  t h e  q u e s t l o n  o f  
"actionable l e v e l s t t  and "de m l n l m u s  r l s k w ,  b o t h  o f  w h l c h  a r e  . .  
t h e  B o a r d ' s  p r o v l n c e ,  n o t  DOHS s t a f f ' s .  

Page 85 l a s t  p a r a g r a p h  - T h l s  p o l n t s  o u t  a  need f a r  some 
estimates o f  I n d o o r  benzene e x p o s u r e  l e v e l s  I n  C a l l f o r n l a .  
M o s t ' s t u d l e s  show t h a t  p e o p l e  spend n e a r l y  a l l  ( o v e r  2 2  
h o u r s )  o f  t h e  day I n d o o r s ,  e l t h e r  a t  home o r  a t  work .  T h a t  
b e l n g  t h e  case, o u t d o o r  benzene  l e v e l s m a y  b e  meaningless f o r  
assessing r l s k  t o  C a l l f o r n l a ' s  c l t l z e n g .  

Page 99 l a s f  p a r a g r a p h ,  t h l r d  I l n e :  " F u r t h e r ,  each  
t r a n s l t l o n  ( 1 )  I s  dependen t  o n  t w o  a t a n t s ,  a  ... " I t h l n k  
" p a r a m e t e r s n  w o u l d  b e  a  b e t t e r  c h o l c e  o f  words.  

P l e a s e  c a l l  If I c a n  c l a r l f y  o r  expand o n  any o f  t h e s e  
p o l n t s .  

V e r y  t r u l y  y o u r s ,  

R. N l c h o l s  Hazelwood, Ph.D. 
P r o j e c t  Manager 
E n v i r o n m e n t a l  A f f a l r s  
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Wil l iam V. L o s c u t o f f ,  Chief  
Toxic  P o l l u t a n t s  Branch 
A i r  Resources  Board ' 
P. 0. Box 2815 
Sacramento,  C a l i f o r n i a  95812 

Dear M r .  Loscu to f f :  

Subject . :  Department o f  Hea l th  S e r v i c e s  Report  
on Benzene ( P a r t  B) 

The Motor V e h i c l e  Manufac ture rs  ~ s s o c i a t i o n  o f  t h e  Uni ted 
S t a t e s ,  Inc .  (MVMA)* is a t r a d e  a s s o c i a t i o n  whose members r e p r e -  
s e n t  t h e  major  d o m e s t i c  motor v e h i c l e  manufec tu re r s .  We a r e  
r e spond ing  t o  your  r e q u e s t  f o r  comments on t h e  s u b j e c t  r e p o r t .  

A s  you o u t l i n e  i n  your  l e t t e r  o f  J u l y  271 1984 t h e  s u b j e c t  
r e p o r t  unexpec ted ly  became a v a i l a b l e  on J u l y  251  1984. We 

b r e c e i v e d  t h a t  l e t t e r  o f  a v a i l a b i l i t y  on August 3# 19841 
immed ia t e ly  r e q u e s t e d  t h e  document and r e c e i v e d  it  on August 1 0 ,  
1984.  I n  o r d e r  f o r  comments t o  be i n c l u d e d  i n  your  s u b m i t t a l  t o  
t h e  S c i e n t i f i c  Review Pane l ,  t h e  comments were r e q u e s t e d  by . 
August  30, 1984. 

A s  you know, t h e  s u b j e c t  r e p o r t  i s  v e r y  long ,  d e t a i l e d  a n d  
complex. The document obv ious ly  r e q u i r e d  a g r e a t  deal o f  t ime  and  
e f f o r t  t o  deve lop .  L ikewiser  a  p r o p o r t i o n a t e  amount 0.f time a n d  
e f fo r t  are r e q u i r e d  f o r  development of  r ev i ew comments. I n  
a d d i t i o n ,  i t  is e v i d e n t  from r e a d i n g  o n l y  t h e  e x e c u t i v e  summary 
t h a t  c e r t a i n  recommendations and numerous assumpt ions  c o n t a i n e d  i n  
t h e  document, r e q u i r e  e x t e n s i v e  s c i e n t i f i c  rev iew and  d i s c u s s i o n .  
F o r  t h e s e  r e a s o n s ,  we a r e  r e q u e s t i n g  a  60 day e x t e n s i o n  of t h e  
comment p e r i o d  f o r  t h e  s u b j e c t  document. 

*MVMA members are AM G e n e r a l . C o r p o r a t i o n r  American Motors 
C o r p o r a t i o n ,  C h r y s l e r  Corpora t ion ,  Ford Motor Company, Genera l  
Motors  C o r p o r a t i o n ,  I n t e r n a t i o n a l  H a r v e s t e r  Company, H.A.N. 
Truck and  Bus C o r p o r a t i o n  , PACCAR I n c  I Volkswagen of America, 
I n c . ,  and  Volvo North  America Corpora t ion .  
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We t r u s t  t h a t  t h i s  r eques t  w i l l  be approved because the  
Board has expoused a commitment t o  a sound s c i e n t i f i c  ba s i s  f o r  
r e g u l a t i o n  of t o x i c  a i r  p o l l u t a n t s .  k comment per iod  which al lows 
l e s s  than adequate time f o r  thorough s c i e n t i f i c  eva lua t ion  would 
be c o n t r a r y  t o  t h e  Board's commitment t o  sound sc i ence .  

We would a p p r e c i a t e  exped i t i ous  cons ide ra t i on . and  reply  t o  
o u r  r e q u e s t  f o r  an extens ion of t h e  comment per iod.  

L 

D r .  Fred W .  Bowditch 
Vice Pres iden t  
Technical A f f a i r s  



A I K  K t 3 U U K L C 3  D U A K V  
1 In 0 STREEl 
P.O. 8OX 2815 
SACRAMENTO, CA 95812 

L 
September 12, 1964 

Dr .  Fred W. Bowditch, Vice President 
Technical A f f a i r s  
Motor Vehicle Manufacturers Associat ion 

o f  the  Uni ted States, Inc. 
300 New Center Bu i ld ing  
De t ro i t ,  M I  48202 

Dear Dr. Bowditch: 

Subject: Department o f  Health Services Report on 
Benzene (Par t  B) 

Thank you f o r  your  l e t t e r  o f  August 29, 1984 i n  which you request a s i x t y  day 
extension o f  the  comment per iod  on A Review o f  Benzene Health Hazards (Pa r t  B) 
by t he  Department o f  Health Services. 

Unfortunately,  our schedule f o r  implementing AB 1807 does n o t  a l low us t o  
postpone the  submission o f  the  benzene repo r t  t o  t he  S c i e n t i f i c  Review Panel 
(SRP). We have comnitted t o  making the  submission on September 14. The Panel 
w i l l  have 45 days (p lus 15 ex t ra  days, i f  requested and granted) t o  rev iew the 
r e p o r t  and r e t u r n  i t s  w r i t t e n  f ind ings  t o  the  A i r  Resources Board. During 
t h a t  period, you may submit w r i t t e n  comments on the  r e p o r t  d i r e c t l y  t o  t h e  SRP 
o r  we can forward the  comments f o r  you. 

I would l i k e  t o  note t h a t  we are no t  requi red t o  re lease P a r t  B f o r  p u b l i c  
review before i t s  submit ta l  t o  the SRP. However, we d i d  make i t ava i l ab le  t o  
t h e  pub l i c  as soon as we received i t  i n  order t o  a s s i s t  SRP review by 
maximizing t h e  oppor tun i ty  f o r  pub l i c  review and submi t ta l  o f  comments t o  t he  
Panel f o r  i t s  consideration. A copy o f  your  l e t t e r  and t h i s  response w i l l  be 
inc luded i n  t he  repo r t  t o  t he  S c i e n t i f i c  Review Panel. 

Thank you again f o r  your  comments. I f  you wish t o  discuss these c o n e n t s  
more, please contact  Barbara Fry  a t  (916) 322-8276. 

Sinc r e l y ,  

wfpb@ 
V 

Wi l l i am V. Loscutof f ,  Chief  
Toxic Po l l u tan ts  Branch 
Stat ionary Source D i v i s i o n  
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M r .  William V. Loscutoff, Chief 
Toxic Pol lu tants  Branch 
A i r  Resources Board 
P.O. Box 2315 
Sacramento CA 95812 

: Department of Health Services '  Report on Benzene' 
(Pa r t  B) 

Dear. M r .  Loscutof f : 

I am wri t ing  i n  response t o  your request for  comments 
on the  Department of Health Servicesreport ,  Health Effects  of 

b Benzene. I apologize fo r  the  la teness  of our comments h d  hope 
t h a t  you w i l l  f ind  them useful nonetheless. 

A s  you know, NRDC has been an ac t ive  c r i t i c  of the  f ede ra l  
Environmental Protection Agency's program t o  regulate airborne 
toxic  contaminants. We are  therefore very pleased t o  see Cal i forn ia ' :  
program begin t o  move forward, a s  evidenced by publication 05 t h i s  
repor t  on t h e  hea l th  e f f ec t s  of benzene. Generally speaking, we 
believe t he  repor t  deserves high commendation. I t  is thorough, 
up to  da te ,  and s c i e n t i f i c a l l y  sound. It i s  thoughtful i n  both 
analysis  and presentation.  The repor t ' s  conclusions are  a l l  based 
on conservative assumptions and should brook l i t t l e  disagreement 
among the  s c i e n t i f i c  community. 

We a r e  pa r t i cu la r ly  impressed with the repor t ' s  treatment 
of t he  r e l a t ed  questions of thresholds and r i s k .  We completely 
agree with t he  conclusion t h a t  there  a r e  no compelling arguments 
f o r  a benzene threshold and t h a t  it is prudent under the  circum- 
stances t o  conclude t h a t  none ex i s t s .  We a l so  agree with t he  
r epo r t ' s  d i s t i nc t i on  between voluntary and involuntary r i s k .  
A s  the  repor t  points  out,  public tolerance of involuntary r i s k s  
is much lower than for  those incurred voluntari ly.  T h i s  important 
d i s t i nc t i on  must be kept i n  mind when considering emission s tandards 
fo r  various sources.  

.\'(.it. Elr ,q in lrd  O//icr: t f i  PKESCOTI S.IKI.I:~ . \CI<I.I.ESLKY HILLS. ~ I A .  o:!I:- I . I;]- .,..- , - > , + ) 4 i z  
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The r e p o r t ' s  d iscuss ion of r i s k  would be bene f i t ed ,  
however, by i nc lu s ion  of a r e l a t e d  po in t .  This  r e p o r t  cons iders  
on ly  t h e  r i s k  from benzene, and i ts conclusions w i l l  be used t o  
s e t  a s tandard  f o r  con t ro l  of benzene emissions.  B u t  w e  a l s o  know 
t h a t  s i m i l a r  r i s k s  a r e  imposed by hundreds o f  o t h e r  a i rborne  
t o x i c  subs tances ,  and t h a t  t h e  t o t a l  r i s k  from a l l  t h e s e  exposures 
i s  l i k e l y  t o  be f a r  g r e a t e r  than t he  r i s k  from each o f  them 
i n d i v i d u a l l y .  Indeed, t h e  t o t a l  r i s k  may be g r e a t e r  than t h e  
cumulative sum of a l l  t h e  r i s k s  due t o  synergism, a p o s s i b i l i t y  
n o t  explored by t h e  r epo r t .  While there i s  n o t  c u r r e n t l y  much 
evidence t o  enable  us t o  quan t i fy  e i t h e r  cumulative o r  s y n e r g i s t i c  
r i s k s ,  t h e i r  l i k e l y  ex i s tence  argues  f o r  addit ional .  conservatism 
i n  s e t t i n g  emissions s tandards  f o r  i nd iv idua l  p o l l u t a n t s .  

The r e p o r t ' s  executive summary i s  a c l e a r  and concise 
c o l l a t i o n  o f  t h e  r e p o r t ' s  most important f i nd ings .  The summary 
stresses p r imar i l y  t h e  acute  t o x i c  h e a l t h  e f f e c t s  and cancer  
r e s u l t i n g  from benzene exposure. To t he se  w e  would add reference  
t o  reproduct ive  e f f e c t s ,  which are discussed i n  t h e  body of  t h e  
r e p o r t .  A s  t h e  r e p o r t  sugges ts ,  these  can a l s o  be s i g n i f i c a n t  
and should be h igh l igh ted  i n  t h e  summary. . @  

I n  conclus ion,  t h e  Department of Heal th  Se rv i ce s '  r e p o r t  
r e p r e s e n t s  an important  con t r ibu t ion  t o  our  understanding o f  t h e  
h e a l t h  e f f e c t s  o f  benzene. While NRDC b e l i e v e s  it could be 
s t reng thened  i n  some r e spec t s ,  we genera l ly  suppor t  i t s  conclu- 
s i o n s .  W e  hope t h a t  t h e  r e p o r t  -- which c l e a r l y  demonstrates 
t h e  need f o r  concern about benzene emissions -- w i l l  be followed 
i n  s h o r t  o r d e r  by regu la to ry  ac t ion .  

If you have any ques t ions  about t he se  comments, p lease  
do n o t  h e s i t a t e  t o  c a l l  me o r  my col league,  Lawrie Mott. 

S incere ly ,  

Laura B. King \ 
Senior  S t a f f  S c i e n t i s t  

cc: Assemblywoman S a l l y  Tanner 



OCAW @ 
Oil. Chemical & Atomic Workers 
International Union, AFL-CiO 

International Mlices: 
255 Union Blvd.. Lakewood. CO R0228 
303,987-2229 
Mail: P.O. Sox 2812. Denver. CO 80201 

EXPRESS MAIL 

August 28 ,  1984 

Mr. William V. Loscutoff, Chief 
Toxic Pol lutants  Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Mr. Loscutoff: 

Thank you f o r  t h e  o p p o r t u n i t y  t o  comment on the Depaqtment of Health 
Services' repor t  on Benzene (Par t  B). This  r e p o r t  has been reviewed 
by t h e  hea l th  and sa fe ty  s t a f f  of t he  O i l ,  Chemical and Atomic Workers 
I n t e r n a t i o n a l  Union.  We f i n d  t h a t  t h i s  i s  a good s t u d y  t h a t  
a p p r o p r i a t e l y  c o n s i d e r s  t h e  h e a l t h  r i s k s  t o  persons  exposed t o  
benzene, whether from the  workplace o r  the  environment. 

L 
We a g r e e  completely with t he  pos i t ion  of the Department of Health t ha t  
t h e r e  i s  no known s a f e  t h r e s h o l d  f o r  benzene exposure  s o  t h a t  i t  
should be t rea ted  a s  i f  i t  had no threshold. 

We were a l so  glad t o  s e e  t h e  Department t a k e  a prudent  p o s i t i o n  on 
benzene  r i s k s  f rom a tmosphe r i c  emiss ions .  The Union would on ly  
recommend t h a t  t h e  Department rev iew t h e  tQo most r e c e n t  benzene  
s t u d i e s  which s e r v e  t o  f u r t h e r  underscore i t s  carcinogenicity.  These 
a re :  

1 )  " S t a t i s t i c a l  Analysis of Hematology Data From the 
Chronic Test of Benzene." By Program Resources, Inc., 
P.O. Box 12794, Research Triangle Park, NC 27709, 5 / 3 1 / 8 4  

2 )  NTP Technical Report on t h e  Toxicdlogy and Carcinogenesis 
S t u d i e s  of Benzene, N I H  P u b l i c a t i o n  804-2545, Draft  7 / 8 4  
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We also took the liberty to review Part A, "A Review of Benzene Uses, 
Emission and Public Exposure", prepared by the staff of the Air 
Resources Board. 

We would agree with the Air Resources Board that "additional testing 
of benzene emissions from petroleum refineries and asphalt plants 
should be performed prior to considering control measure development 
for these  source^".^ We would urge that this testing be done without 
delay so that any necessary control measures can be required and 
instituted in a timely manner. 

Thank you for submitting these two documents for review. 

Health and Safety Department 

SR/DCE/mb 
cc: Robert Wages, V-P, OCAW 

Jack Foley, Director, District # I  
Thomas Lind, Int'l Representative 
Robert Boudreau, Int'l Representative 

Since the two studies cited in the report offer only rough 
approximations of benzene emissions from refineries and asphalt 
plants, it is reasonable to want more precise' measurements. 



W ~ s t ~ r n  Oil and Gas Association 
727 West Seventh Street. Lor Angeles. Cal~fornls 90017 
(213) 6274866 

'w September 1 0 ,  1984 

Will iam V. Loscu tof f  
C h i e f ,  Tox ic s  P o l l u t a n t  Branch 
A i r  Resources  Board 
1102 Q S t r e e t  
Sacramento,  C a l i f o r n i a  95812 

Express  Mail  

Re: ARB Report  on Benzene 
Hea l th  E f f e c t s  -- P a r t  B 

Dear ~ r .  V e n t u r i n i :  

The Western O i l  and G a s  A s s o c i a t i o n  ("WOGA") t h a n k s  
you f o r  p r o v i d i n g  an o p p o r t u n i t y  t o  submi t  w r i t t e n  comments on 
t h e  Department o f  Hea l th  S e r v i c e s '  ("DHS") r e p o r t ,  "Heal th  
E f f e c t s  of  Benzene - P a r t  B," t o  be s u b m i t t e d  t o  t h e  S c i e n t i f i c  
Review P a n e l  ("SRP") a long  w i t h  t h e  r e p o r t  i t s e l f .  The g e n e r a l  
comments t h a t  f o l l o w  a r e  i n t e n d e d  t o  be c o n s t r u c t i v e  and app ly  
n o t  o n l y  t o  t h i s  r e p o r t  b u t  t o  f u t u r e  h e a l t h  e f f e c t s  e v a l u a t i o n s  
a s  w e l l .  We w i l l  submit  more d e t a i l e d  comments on t h e  benzene 
r e p o r t  a t  a l a t e r  d a t e .  

b I n t r o d u c t i o n  

WOGA d o e s  n o t  d i s p u t e  t h a t  benzene must be l i s t e d  
as a t o x i c  a i r  contaminant.  C a l i f o r n i a  law r e q u i r e s  t h a t  
s u b s t a n c e s  i d e n t i f i e d  as haza rdous  a i r  p o l l u t a n t s  pu r suan t  t o  
s e c t i o n  112 of t h e  Clean A i r  A c t  must  be i d e n t i f i e d  by t h e  
Board as t o x i c  a i r  contaminants .  ( H e a l t h  and S a f e t y  Code 
S 39655.)2/ The purpose  o f  t h e s e  comments is t o  a s s u r e  
t h a t  t h e  best s c i e n t i f i c  d a t a  and a n a l y s i s  is used t o  estimate 
t h e  r i s k  t o  human h e a l t h  f rom benzene a t  ambient  l e v e l s .  I n  
subsequen t  p roceed ings ,  t h e s e  r i s k  e s t i m a t e s  w i l l  gu ide  t h e  A i r  
Resources  Board ("ARB") i n  d e c i d i n g  whe the r  ambient  benzene 
l e v e l s  can  be reduced i n  a manner t h a t  w i l l  r e s u l t  i n  improved 
h e a l t h  a t  an a c c e p t a b l e  cost. Accord ing ly ,  it is impor t an t  t h a t  
t h e  r i s k  estimates be a s  a c c u r a t e  and r e a l i s t i c  a s  p o s s i ~ l e .  

While t h e  DHS P a r t  B r e p o r t  a t t empted  t o  do t h i s ,  it 
s e r i o u s l y  ove re s t ima ted  t h e  l i k e l y  r i s k  of exposure  t o  benzene 
because  it: 

a. Did n o t  c r i t i c a l l y  e v a l u a t e  t h e  animal 
s t u d i e s  used;  

L */  A l l  s t a t u t o r y  r e f e r e n c e s  w i l l  be t o  t h e  C a l i f o r n i a  H e a l t h  - 
and S a f e t y  Code, u n l e s s  o t h e r w i s e  no ted .  
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b. Mixed s c i e n c e  and p o l i c y  d e c i s i o n s  i n  
e s t i m a t i n g  r i s k  a n d  d i d  n o t  c l e a r l y  
i d e n t i f y  when t h i s  mixing o c c u r r e d ;  

c .  F a i l e d  t o  preser.: a  range o f  r i s k s  which 
would show t h e  u n c e r t a i n t i e s  i n  t h e  
a n a l y s i s ,  as r e q u i r e d  by law; 

d. Based i ts  r i s k  e s t i m a t e s  on  a number of 
c o n s e r v a t i v e  assumptions  which do  n o t  
have a  sound s c i e n t i f i c  b a s i s ;  

e. D i s r ega rded  - a l l  d a t a  from human s t u d i e s ;  
and I 

f .  Made no e f f o r t  t o '  r e l a t e  t h e  r e s u l t s  
of  t h e  r i s k  assessment  t o  observed  
e f f e c t s  i n  humans. 

Each of t h e s e  p o i n t s  are d i s c u s s e d  i n  t h e  s e c t i o n s  t h a t  fol low.  

Lack o f  C r i t i c a l  E v a l u a t i o n  o f  Labora tory  Data.  " I  
The r e p o r t  f a i l s  t o  c r i t i c a l l y  rev iew t h e  animal  

s t u d i e s  on which t h e  r i s k  e s t i m a t e  is based. I t  a p p e a r s  t h a t  
t h e  r i s k  estimate was based  on t h e  NTP Study r e s u l t s  s imply 
because  t h e s e  r e s u l t s  showed e f f e c t s  from benzene a t  t h e  lowes t  
dose.  The r e p o r t  does  n o t  e v a l u a t e  t h e  q u a l i t y  o f  t h e  s tudy  o r  
t h e  a p p r o p r i a t e n e s s  o f  u s i n g  it as t h e  sole basis  f o r  e s t i m a t i n g  
t h e  r i s k  to  humans posed  by benzene. Accord ing ly ,  t h e  r i s k  
e s t i m a t e s  d e r i v e d  f rom t h i s  c o n s t r i c t e d  d a t a  b a s e  a r e  h i g h l y  
u n c e r t a i n .  

Lack of clear s e p a r a t i o n  between s c i e n t i f i c  
and p o l i c y  d e c i s i o n s .  

The Tanner b i l l  ( H e a l t h  h S a f e t y  Code 5 5  39650 e t  
s e q . )  e s t a b l i s h e d  t h e  r e g u l a t o r y  framework f o r  t h e  i d e n t i f i c a -  
t i o n  and r e g u l a t i o n  of t o x i c  a i r  contaminants.  S e p a r a t e  and 
d i s t i n c t  d u t i e s  and r e s p o n s i b i l i t i e s  were prov ided  f o r  both  t h e  
DHS and t h e  ARB. 

The s t a t u t e  d i r e c t s  DHS t o  " e v a l u a t e  t h e  h e a l t h  1 
e f f e c t s  of  and p r e p a r e  recommendations r e g a r d i n g  s u b s t a n c e s  . . . 
which may be or a r e  e m i t t e d  i n t o  t h e  ambient  a i r  of  C a l i f o r n i a  
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which may be determined t o  be  t o x i c  a i r  contaminants . "  ( S e c t i o n  
3 9 6 6 0 ( a ) . )  I t  f u r t h e r  d i r e c t s  t h a t :  

"The e v a l u a t i o n  s h a l l  a s s e s s  t h e  a v a i l a b i l i t y  
and q u a l i t y  o f  d a t a  on  h e a l t h  e f f e c t s ,  inc lud-  
i n g  potency,  mode of a c t i o n ,  and o t h e r  r e l a t i v e  
b i o l o g i c a l  f a c t o r s ,  o f  t h e  subs t ance .  

"The e v a l u a t i o n  s h a l l  a l s o  c o n t a i n  a n  
e s t i m a t e  of t h e  l e v e l s  o f  exposure  which may 
cause  o r  c o n t r i b u t e  t o  a d v e r s e  h e a l t h  e f f e c t s  
and,  i n  t h e  c a s e  where t h e r e  is no  t h r e s h o l d  
of s i g n i f i c a n t  a d v e r s e  h e a l t h  e f f e c t s ,  - t h e  
ran52  o f  r i s k  t o  humans r e s u l t i n g  from c u r r e n t  
o r  a n t i c i p a t e d  exposure . "  

(emphasis  added,  S e c t i o n  39660(c ) . )  

Thus, under  t h i s  regime, t h e  ~ ~ ~ ' s " f u n c t i o n  i s  t o  o b j e c t i v e l y  
rev iew t h e  s h i e n t i f i c  d a t a  and t o  make "recommendations" t o  t h e  
Board as t o  whether  a  s u b s t a n c e  shou ld  be d e s i g n a t e d  as a t o x i c  
a i r  contaminant .  ( S e c t i o n  3 9 6 6 0 ( a ) ) .  

The ARB, i n  t u r n ,  h a s  been g i v e n  t h e  a u t h o r i t y  t o  
i d e n t i f y  a  s u b s t a n c e  as a t o x i c  a i r  contaminant  f o l l o w i n g  a 
p u b l i c  h e a r i n g  ( S e c t i o n  3 9 6 6 2 ( b ) )  and t o  d e c i d e  i f  r e g u l a t i o n  
is neces sa ry .  ( S e c t i o n  39665.) I t  s h o u l d  a l s o  be n o t e d  t h a t  
t h e  l a w  g r a n t s  d i s c r e t i o h  t o  t h e  Board i n  its c o n s i d e r a t i o n  
o f  s u b s t a n c e s  proposed f o r  i d e n t i f i c a t i o n  a s  t o x i c  a i r  
contaminants .  The s t a t u t e  s tates  t h a t :  

" I n  e v a l u a t i n g  t h e  n a t u r e  o f  t h e  adve r se  
h e a l t h  e f f e c t  and t h e  r ange  o f  r i s k  to  
humans from exposu re  t o  a s u b s t a n c e ,  t h e  
s t a t e  board s h a l l  u t i l i z e  s c i e n t i f i c  c r i t e r i a  
which are p r o t e c t i v e  o f  p u b l i c  h e a l t h ,  
c o n s i s t e n t  wi th  c u r r e n t  s c i e n t i f i h  data ."  

(emphasis  added,  S e c t i o n  39662(d) .  ) 

The impor tan t  t h i n g  t o  n o t e  from t h e s e  s e c t i o n s  is 
t h a t  t h e  pol icy d e c i s i o n s  r e g a r d i n g  whe the r  t o  i d e n t i f y  a 
s u b s t a n c e  a s  a  t o x i c  a i r  con taminan t  and, i f  s o ,  how s t r i n g e n t l y  
t o  r e g u l a t e  have  been l e f t  to t h e  d i s c r e t i o n  of t h e  ARB. To 
a s s i s t  t h e  ARB i n  making t h e s e  d a c i s i o n s ,  t h e  s t a t u t e  d i r e c t s  
DKS t o  e v a l u a t e  t h e  a v a i l a b l e  d a t a  and p r e s e n t  a  range  o f  r i s k s  
on  which t h e  ARB can base  i t s  d e c i s i o n .  
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Unfortunately, the Part B report fails to distinguish 
between science and policy decisions and the risk assessment 
and risk management functions clearly delineated by the statute. 
This occurs because many policy decisions are incorporated 
into the review as scientific decisions. We refer to the fact 
that the most conservative assumptions concerning the most 
constrictmata base were applied at every critical p G .  
(We will discuss the conservative assumptions in more detail 
below. ) 

The choice of whether and to what extent to use 
conservative assumptions is in itself a policy decision of great 
significance to the risk estimate. Since the policy decisions 
made were not cleariy identified as such, the ultimate 
decisionmaker -- in this case, the ARB -- is not informed when 
policy decisions have been made or of the magnitude of their 
impact on the risk estimates. Thus, the picture the ARB will 
receive from the Part B report is that only one scientifically 
credible risk number is possible when in facc several are 
credible. 

Failure to present a "Range of Risksu 

The statute directs DHS to present a "range of risks" 
to humans from exposure to a given substance. (E.+ sections 
39660(c) and 39662(d).) We do not believe that t e risk 
estimates for benzene provided in the report satisfy this 
command. 

The report could and should have presented a more 
realistic picture of the uncertainty involved in these estimates 
by using more than one model and by using more than one set of 
defensible assumptions. This would have produced the range of 
risk estimates required by the statute, rather than over- 
simplifying risk to a single number. It would also have provided 
a more realistic estimate of risk under a variety of scenarios 
and shown how sensitive risk estimates are to the assumptions 
applied to the data. 

The Conservative Assumptions Used 
Overestimate Risk. 

The comments below are not intended to be exhaustive 
but to briefly identify some of the questionable assumptions 
in the report. 
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1.  S e l e c t i o n  of an  Extremely Rare  Tumor 

Although a  number o f  benzene r i s k  a s se s smen t s  have 
been made, WOGA is n o t  aware o f  any t h a t  have r e l i e d  upon t h e  
NTP benzene s tudy  and c e r t a i n l y  none which based t h e  whole 
e s t i m a t e  on p r e p u t i a l  c a n c e r s  i n  mice a t  t h e  100  mg/kg dose  
l e v e l .  I t  appears  t h a t  t h i s  s t u d y ,  t h i s  d o s e  l e v e l  and t h i s  
c a n c e r  can  on ly  have been chosen  because  t n e y  y i e l d  t h e  h i g h e s t  
v a l u e  of u n i t  r i s k .  

These  cho ices  s h o u l d  be ques t ioned .  P r e p u t i a l  tumors 
a r e  rare and were observed o n l y  i n  mice. They have n o t  been 
obse rved  i n  r a t s  o r  i n  an ima l s  exposed by gavage and i n h a l a t i o n  
i n  t h e  1983 Maltoni  s t u d i e s .  Fur thermore ,  t h e r e  is no  t i s s u e  i n  
humans t h a t  corresponds t o  t h e  p r e p u t i a l  g land  i n  mice, where 
t h e  tumors  were observed i n  t h e  RTP s tudy .  For  t h e s e  r e a s o n s ,  
t h e r e  is no conc lus ive  e v i d e n c e  t h a t  benzene produces  nonhemato- 
p o i e t i c  o r  nonlymphatic tumors  i n  humans. 

2. S e l e c t i o n  o f  t h e  Most S e n s i t i v e  S p e c i e s  i n  
Which an E f f e c t  Occurred.  

L The r e p o r t  s t a t e s  t h a t  d a t a  shou ld  come from t h e  
most s e n s i t i v e  s p e c i e s  a v a i l a b l e .  (p. 85.) T h i s  c o n s e r v a t i v e  
assumpt ion  may be i l l u m i n a t i n g  b u t  where human d a t a  show t h a t  
humans may n o t  be a s  s e n s i t i v e  a c o n t r a s t i n g  assumption and i ts 
consequences  should also be p r e s e n t e d .  Re ly ing  s o l e l y  upon t h e  
most c o n s e r v a t i v e  assumption r e s u l t s  i n  a n  estimate b i a s e d  i n  
o n e  d i r e c t i o n .  

3. S e l e c t i o n  o f  the Most S e n s i t i v e  Route  
o f  Exposure. 

Basing r i s k  estimates on exposu re  d a t a  from oral  
s t u d i e s  i n  an imals  t ends  t o  o v e r e s t i m a t e  r i s k  f o r  humans s i n c e  
humans are exposed t o  benzene a lmos t  e x c l u s i v e l y  by i n h a l a t i o n .  
The re  are acknowledged d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  and 
e x c r e t i o n  of benzene f o l l o w i n g  d i f f e r e n t  r o u t e s  of  exposure .  
An example o f  t h i s  d i f f e r e n c e  is s e e n  i n  t h e  1983 Malton i  
an ima l  s t u d i e s  which used t h e  m u l t i s t a g e  model t o  p r o j e c t  human 
e q u i v a l e n t  cance r  r i sk /ppb  benzene f o r  bo th  o r a l  and i n h a l a t i o n  
r o u t e s .  I n h a l a t i o n  of benzene a t  d o s e s ' s i m i l a r  t o  t h a t  g i v e n  
by gavage  r e s u l t e d  i n  c a l c u l a t e d  r i s k s  t h a t  a r e  t h r e e  t o  f o u r  
times lower than  t h o s e  c a l c u l a t e d  from t h e  o r a l  s t u d i e s .  
Fo r  t h i s  r ea son ,  i n  a t t e m p t i n g  t o  e s t i m a t e  r i s k s  t o  humans 
b r e a t h i n g  benzene it would be  more a p p r o p r i a t e  t o  u s e  an imal  
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d a t a  d e r i v e d  from tests  us ing  i n h a l a t i o n  a s  t h e  r o u t e  of 
exposure.  The r e p o r t  does  n o t  d i s c u s s  t h i s  p o i n t  nor  defend 
t h e  approach taken .  

4 .  The I n t e r s p e c i e s  S c a l i n g  Fac to r .  

S u r f a c e  a r e a  ad jus tment  was used f o r  i n t e r s p e c i e s  
s c a l i n g .  (P .  72-73) A v a i l a b l e  e m p i r i c a l  i n fo rma t ion  s u g g e s t s  
t h a t  mg/kg body weight  p e r  day is t h e  b e s t  e s t i m a t o r .  A l t e r n a t e  
adjustment  methods shou ld  have been e v a l u a t e d  and d i s c u s s e d  f o r  
t h e i r  impact on t h e  c a l c u l a t e d  r i s k  va lues .  

5. Assumption of t h e  M u l t i p o t e n t i a l  C a r c i n o g e n i c i t y  
of Benzene. 

The assumption i s  made, based on animal d a t a ,  t h a t  
benzene is a  m u l t i - p o t e n t i a l  ca rc inogen  when on ly  leukemia h a s  
been shown t o  o c c u r  i n  humans a s  a  r e s u l t  o f  benzene e x p w u r e .  
T h i s  assumption canno t  be j u s t i f i e d .  The r e p o r t  a l s o  r e f e r s  t o  
benzene a s  c a u s i n g  "leukemia" i n  animals.  There is p r e s e n t l y  
no accep ted  animal  model f o r  benzene-induced leukemia.  

- 
6.  Choice  of'Mode1. 

The r e p o r t  s t a t e s  t h a t  t h e  m u l t i s t a g e  model was used 
because "it a t  least  is  based on some o f  t h e  t h e o r e t i c a l  concepts  
of c a r c i n o g e n e s i s . "  (p. 79)  However, t h e r e  a r e  a  number of 
o t h e r  e x t r a p o l a t i o n  models which a r e  based on  o t h e r  t h e o r e t i c a l  
concep t s  of  c a r c i n o g e n e s i s  and which adequa te ly  f i t  t h e  exper i -  
menta l  d a t a ,  such a s  t h e  Weibul l  o r  m u l t i - h i t  models. S e v e r a l  
o f  t h e s e  models may be b e t t e r  p r e d i c t o r s  of  observed d a t a  t han  
t h e  m u l t i s t a g e  model. T h e l e c t i o n  of one model o v e r  t h a t  
of ano the r  is c l e a r l y  a p o l i c y  d e c i s i o n  which shou ld  n o t  be  
a s c r i b e d  s o l e l y  t o  s c i e n t i f i c  c o n s i d e r a t i o n s  and which should 
be  adequa te ly  e v a l u a t e d  and expla ined .  

7. The Assumption of a  Zero Threshold.  

While t h e  r e p o r t  s t a t e s  t h a t  t h e  d a t a  d i d  n o t  permi t  
t h e  e s t a b l i s h m e n t  of  a  t h r e s h o l d  f o r  benzene a t  t h i s  t ime,  it 
should  s t i l l  s t a t e  its c r i t e r i a  f o r  de te rmin ing  whether  a  
t h r e s h o l d  e x i s t s  f o r  f u t u r e  de te rmina t ions .  
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8. F a i l u r e  t o  Cons ide r  Human Data. 

T h e  most s e r i o u s  f l a w  i n  t h e  r i s k  e s t i m a t i o n  i s  
t h e  t o t a l  d i s r e g a r d  o f  d a t a  from human s t u d i e s .  Such d a t a  have  
been used by o t h e r  governmental  a g e n c i e s  which have a s s e s s e d  
r i s k  from benzene exposure.  Human d a t a  can  be used t o  set  
p l a u s i b l e  upper l i m i t s  f o r  c a n c e r  i n c i d e n c e  a t  d i f f e r e n t  l e v e l s  
of  exposure  and can  be used also a s  t h e  basis f o r  e x t r a p o l a t i n g  
c a n c e r  r i s k  t o  t h e  low d o s e  reg ion .  

Buman d a t a  from e p i d e m i o l o g i c a l  s t u d i e s  w a s  d i s m i s s e d  
because  o f  t h e  u n c e r t a i n t y  i n  t h e  exposure  l e v e l  e s t i m a t e s .  
While t h i s  u n c e r t a i n t y  is p r e s e n t ,  t h e  r e p o r t  i g n o r e s  t h e  
impor t an t  f a c t  t h a t  t h e  e x h i b i t e d  b i o l o g i c a l  e f f e c t s  i n  humans 
are c e r t a i n  even though t h e  exposure  l e v e l s  which produced  them 
may n o t  be. I n  c o n t r a s t ,  w h i l e  exposure  l e v e l s  may be c e r t a i n  
i n  animal  s t u d i e s ,  t h e  comparable b i o l o g i c a l  human effect  is 
not .  Y e t ,  t h i s  r e c i p r o c a l  u n c e r t a i n t y  i n  t h e  animal  d a t a  was 
n o t  addressed .  

We do  n o t  mean t o  s u g g e s t  t h a t  animal  d a t a  s h o u l d  n o t  
be  used.  Ra ther ,  it must be r ecogn ized  t h a t  bo th  k i n d s  of d a t a  

'L have  t h e i r  i n h e r e n t  u n c e r t a i n t i e s .  T h e r e f o r e ,  w e  u rge  t h a t  bo th  
human and animal  d a t a  from v a l i d  s t u d i e s  be cons ide red  i n  t h e  
r i s k  assessment  and t h a t  s i g n i f i c a n t  u n c e r t a i n t i e s  i n h e r e n t  i n  
such  d a t a  shou ld  be q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  e v a l u a t e d .  

I n  summary, t h e  c o n s i s t e n t  a p p l i c a t i o n  of t h e  m o s t  
c o n s e r v a t i v e  assumptions  on each o f  t h e  p o i n t s  d i s c u s s e d  above 
r e s u l t e d  i n  a n  estimate of h e a l t h  r i s k s  from benzene t h a t  
is based on inadequa te  and i n a p p r o p r i a t e  data. I n  a d d i t i o n ,  
t h e  r e s u l t s  o f  t h i s  r i s k  assessment  have no r e l e v a n c e  t o  a c t u a l  
human d a t a  and should n o t  be used a s  t h e  b a s i s  f o r  r e g u l a t o r y  
d e c i s i o n s .  

No a t t e m p t  has  been made t o  compare t h e  r i s k  
e s t i m a t e s  t o  r e a l i t y .  

To e v a l u a t e  whether  t h e  r i s k  e s t i m a t e  m a t h e m a t i c a l l y  
d e r i v e d  f rom t h e  animal  d a t a  is i n  t ouch  w i t h  r e a l i t y ,  t h e  
e s t i m a t e d  r i s k  number should  have  been compared w i t h  numbers o f  
observed  i n c i d e n c e s  of benzene- re la ted  c a n c e r  and l eukemias  i n  
t h e  human popu la t ion .  I f  t h e  r i s k  e s t i m a t e  is e x t r a p o l a t e d  
t o  ambient  and/or p a s t  workplace exposure  l e v e l s ,  we b e l i e v e  t h e  
p r e d i c t e d  cance r  and leukemia i n c i d e n c e s  w i l l  be s i g n i f i c a n t l y  
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h i g h e r  t h a n  observed leukemia i n c i d e n c e s .  I f  so ,  r e l i a n c e  
canno t  be p l aced  on t h e  r i s k  e s t i m a t e  a t  o t h e r  exposure  
l e v e l s .  

Conc lus ions  and Recommendations. 

Based upon o u r  p r e l i m i n a r y  review,  WOGA b e l i e v e s  t h a t  
t h e  P a r t  B r e p o r t  is s e r i o u s l y  d e f i c i e n t  and recommends t h a t  
t h e  r e p o r t  be r e v i s e d  as fo l lows :  

1 .  A l l  a v a i l a b l e  animal  and human d a t a  
should be c r i t i c a l l y  e v a l u a t e d  and 
j u s t i f i c a t i o n  shou ld  be prov ided  f o r  
t h e  s t u d i e s  s e l e c t e d .  

2. P o l i c y  d e c i s i o n s  shou ld  be  avoided 
i f  p o s s i b l e ;  

3 . .  I f  p o l i c y  d e c i s i o n s  must be made, they  
should  be c l e a r l y  i d e n t i f i e d  a s  such 
p r i o r  t o  any d i s c u s s i o n  o f  r i s k .  

4.  A range  of r i s k  e s t i m a t e s  should  be 
developed u s i n g  v a r i o u s  models, v a r i o u s  
human and an imal  s t u d i e s  and d i f f e r e n t  
assumptions.  T h i s  w i l l  p r o v i d e  t h e  
ARB wi th  t.he r ange  of r i s k  r e q u i r e d  by 
t h e  s t a t u t e .  

5. Data from v a l i d  human s t u d i e s  should  be  
used i n  a d d i t i o n  t o  v a l i d  d a t a  from 
animal s t u d i e s .  

6.  The c r i t e r i a  t o  be a p p l i e d  by DHS f o r  
de te rmin ing  t h r e s h o l d s  f o r  exposure  t o  
t o x i c  a i r  con taminants  should. be 
c l e a r l y  s p e c i f i e d .  

7.  Risk e s t i n a t e s  should  be c h a r a c t e r i z e d  a s  
t h e o r e t i c a l  e s t i m a t e s  o n l y  and should  be 
compared t o  obse rved  human d a t a  t o  a s s e s s  
t h e i r  s t a t i s t i c a l  f i t .  
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we thank you f o r  t h e  opportunity to submit t h e s e  
comments. I f  you have any quest ions ,  p l e a s e  contact  D r .  Michael 
Cardin a t  ( 2 1 3 )  977-6734. 

Very t r u l y  yours,  

A s s i s t a n t  General Manager 
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A t t a c h e d  pleese f ind  t h e  heal th  assessment of benzene y e p a r e d  by s t a f f  of t h e  
Epidemiological Studies  Section f o r  the Air 2esources Elar t  i n  s u p p o r t  o f  i t s  
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APPENDIX D. SAMPLING AND ANALYSIS..METHODS FOR BENZENE 

L 1. S i tes  - 
Benzene sampling by the  ARB s t a f f  i n  the  SCAB commenced i n  September 1983 

(see Figure 1 f o r  r e l a t i v e  locat ions) .  E l  Monte, the f i r s t  operat ional  

s i t e ,  i s  15 k i lometers east  o f  the  Downtown Los Angeles (DOLA) North Main 

S t ree t  a i r  monitor ing s t a t i o n  operated by the  South Coast A i r  Q u a l i t y  

Management D i s t r i c t  (SCAQMD). The DOLA s i t e ,  a l ready i n  use f o r  c r i t e r i a  

p o l l u t a n t  sampling, was the second s i t e  selected f o r  benzene sampling. A 

t h i r d  sampling s i t e  was establ ished a t  the  C a l i f o r n i a  State Un i ve rs i t y  

Dominguez H i l l s  f a c i l i t y  i n  Carson, some 25 k i lometers  south o f  DOLA. A 

f ou r th  sampling s i t e  was loca ted  a t  t he  SCAQMD Riverside s t a t i o n  i n  

Riverside, 125 ki lometers east  o f  DOLA. Table D - I  summarizes the  

a c t i v i t i e s  around the  fou r  monitor ing s i tes.  

L 
2. P r i n c i p l e  o f  the  Method 

2.1 Ambient a i r  i s  sampled i n t o  a po lyv iny l  f l u o r i d e  (Tedlar)  f i l m  

sample bag a t  a constant r a t e  f o r  a 24-hour t ime i n t e r v a l  (9 a.m. t o  

9 a.m.) by means o f  an automatic sampler. 

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

labora to ry  and the  contents are analyzed by gas chromatography (GC), 

using a photo ion izat ion detector (PID). 

2.3 A p o r t i o n  o f t h e  a i r s a m p l e  i s  t rans fe r red  by a syr inge t o  a 

cryogenic trap. 

2.4 The in tegra ted  sample i s  introduced i n t o  t he  chromatrograph sample 

stream by means o f  a gas sampling valve. 



2.5 The GC data system quant i ta tes benzene by in tegra t ing  the peak area 

and ca lcu la t ing  the concentrat ion from fac to rs  determined dur ing 

c a l i b r a t i o n  w i th  standards. 

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

3.1 The minimum measurable concentrat ion o f  benzene has been determined 

t o  be 0.5 p a r t  per b i l l i o n  (ppb) using prescr ibed instrument 

condit ions, 40 m l  o f  sample, and a cryogenic t rap.  

3.2 The range o f  benzene measurement i s  1.0 t o  1000 ppb. The upper 

1  i m i t  may be expanded by extending the  c a l i b r a t i o n  range o r  by 

d i l u t i n g  the sample. 

4. Confirmation o f  chemical I d e n t i t y  

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

s i m i l a r  t o  t h a t  o f  benzene under the operating condi t ions described 0 
i n  t h i s  method may i n t e r f e r e  w i t h  the  quant i  ta t ion .  Proof o f  

chemical i d e n t i t y  f o r  benzene requi res conf i rmat ion by other  means. 

4.2 Benzene i s  p o s i t i v e l y  i d e n t i f i e d  by means o f  a  gas chromatograph/ 

mass spectrometer. 

I 5. Cal ibrat ion,  Precision, and Accuracl  

5.1 The c a l i b r a t i o n  procedure employs the p r i nc ip les  s e t  f o r t h  i n  the 

"Qua l i t y  Assurance Handbook f o r  A i r  P o l l u t i o n  Measurement Systems" 

(U.S. Environmental Protect ion Agency, 1976). It includes per iod ic  

checks, and ca lcu la t ions o f  t he  confidence i n t e r v a l  based on 

precision. 



5.2 Standard reference mater ia ls  are used i n  the  l i n e a r i t y  check a t  

concentrat ions which bracket the an t i c ipa ted  range o f  p o l l u t a n t  

concentrations. The c a l i b r a t i o n  data are f i t t e d  t o  a s t r a i g h t  l i n e ,  

Y = a + bX, by the method o f  l e a s t  squares. The c a l i b r a t i o n  i s  

acceptable i f  the  F- ra t io  i s  l e s s  than the  95% r e j e c t i o n  l i m i t .  

5.3 The 95% confidence i n t e r v a l s  are obtained by mu1 t i p l y i n g .  the square 

r o o t  o f  variance by the  appropr iate value o f  ' t '  from a ' t ' tab le .  

5.4 References: 

Bennett, C. A. and Frankl in.  N. L., " S t a t i s t i c a l  Analysis i n  
Chemistry and the  Chemical Industry," p. 222-232, John Wiley & Sons, 

'Inc., New York (1954). 

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

Purnel l ,  H., "Gas Chromatography," pp. 301-302, John Wiley & Sons, 
Inc., New York. (1962). 

U. S. Environmental Protect ion Agency, " Q u a l i t y  Assurance Handbook 
f o r  A i r  Po l l u t i on  Measurement Systems, Volume I - Principles,"  

L Research Tr iangle Park, North Carol i na  2771 1 (1  976). 

6. Advantages and Disadvantages o f  t he  Sampling Method 

6.1 The a i r  sampling equipment i s  e a s i l y  s e t  up and invo lves no 

1 iqu ids.  The ambient concentrations o f  benzene are s tab le  f o r  a t  

l e a s t  72 hours i n  the  Tedlar sampli'ng bags. Sampling bags are kep t  

away from d i r e c t  sun l i gh t  and are n o t  exposed t o  temperatures 

g rea te r  than 90°F. 

6.2 A representat ive in tegra ted  sample i s  r e a d i l y  obtained because the  

equipment samples a t  a constant ra te .  

6.3 The sample i s  eas i l y  and repeatedly introduced i n t o  the  GC by means 

o f  a vol  umetric gas sampling val ve 'or  cryogenic t rap.  



6.4 The lower concentration l i m i t  o f  the analys is  may be extended by 

concentrating the sample by f reez ing ou t  a l a rge r  volume o f  the 

sample. 

6.5 The polyv iny l  f l u o r i d e  (Tedlar)  f i l m  sample bag i s  suscept ib le t o  

leaks and permeation through the bag. 

6.6 The sample i s  susceptible t o  contamination when i t  passes through 

the diaphragm pump. 

6.7 Samples co l l ec ted  i n  Tedlar bags have a shor ter  she l f  l i f e  than 

samples co l lec ted  i n  other containers and sample medians such as 

s ta in less steel  canis ters  o r  adsorbent tubes. 

Apparatus 

7.1 The sample system consis ts  o f  a diaphragm pump, seven day t imer, 

f low ind icator ,  pressure regulator ,  f l ow con t ro l l e r ,  f low by-pass 

system and the sample bqg (see Figure 2 ) .  The diaphragm pump ( o f  

steel  and Tef lon const ruct ion)  draws ambient a i r  through the sample 

system a t  approximately 5 l i t e r s  per minute. T h i r t y - f i v e  m l  per 

minute o f  t h i s  a i r  stream i s  sampled, the remaining f low i s  

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

solenoid valve, a pressure regu la to r  (se t  f o r  2-3 ps ig  t o  prevent 

any acc identa l ly  o v e r - f i l l e d  sample bag from burst ing) ,  a f low 

con t ro l  needle valve, a flowmeter, and i n t o  the  sample bag. A 

seven-day t imer  regulates t he  sampling period. 

7.2 Tedlar bags. 2 m i l  thickness. 50 l i t e r  capacity. equipped w i th  

s ta in less s tee l  quick disconnect f i t t i n g s .  
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7.3 R i g i d  opaque containers f o r  Tedlar bag samples t o  p ro tec t  contents 

from sun1 i gh t .  

7.4 A gas chromatograph equipped w i t h  a cryogenic i n l e t  system and 

photo ion izat ion detector. 

7.5 A freeze-out system cons is t ing  o f  a U-shaped s ta in less  s tee l  t r a p  

f i l l e d  w i t h  s ta in less  s tee l  c l ipp ings.  

7.6 A s ta in less  s tee l  column 16 ft. x 1/8 inch), packed w i t h  10% 

N,N-bis(2 cyanoethyl ) formamide on 100/120 mesh chromasorb PAW. 

7.7 For a conf i rmat ion o f  benzene, an a l t e rna te  column should be used 

such as a s ta in less  s tee l  GC column packed w i t h  10% tr icyanoethoxy 

propane (TCEP ) . 
7.8 An analog recorder and a means t o  quant i ta te  peak areas. 

7.9 A 100 m l  ground g lass syr inge o r  o ther  su i tab le  device t o  t r ans fe r  

a i r  samples from the  Tedlar bag t o  the  GC sample i n l e t .  

7.10 Assorted gas c y l i n d e r  regulator ,  f l ow  meters, thermometers, and a 

barometer. 

8. Reagents 

8.1 A l l  reagents are o f  chromatographic grade. 

8.2 Benzene NBS standard, 9.74 - + .10 ppm i n  u l t r a  pure a i r .  The date o f  

gas c y l i n d e r  preparation, c e r t i f i e d  benzene concentration, and 

recommended s h e l f  l i f e  are a f f i x e d  t o  the  cy l inder .  

8.3 Helium. 99.995% 



9. Procedure 

9.1 Preparation o f  bags. 

9.1.1 Bags are constructed from 2 m i l  Tedlar sheeting (27 inches 

x 27 inches). 

9.1.2 The seams are heat sealed t o  form an approximate 50 l i t e r  

envelope. 

9.1.3 Swagelock SS-QC4-D-400VT s ta in less  s tee l  quick disconnect 

f i t t i n g s  are attached w i t h  a s ta in less s tee l  adapter and 

buna 0 - r i  ng , Cajon SS-4-TA-OR-ST. 

9.1.4 A1 1 newly fabr ica ted  bags are leak and contamination 

tested. This invo lves three pressur i  r a t i o n  and evacuation 

cycles using zero a i r .  A f t e r  a f i n a l  pressur izat ion t o  a 

drum-head t ightness, the  bags are stored f o r  24 hours t o  

t e s t  f o r  leakage. I f  the  bags do n o t  remain taut ,  they 

are repaired o r  discarded. I f  the bags remain tau t ,  the  

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

contents o f  the bag must n o t  exceed the  benzene content o f  

the  zero a i r  by a value greater than 2 ppb. I f  t h i s  

c r i t e r i a  i s  met, t he  bags are evacuated f o r  f i e l d  use. I f  

the bags exceed the  benzene l eve l ,  the 

pressurization/evacuation and analys is  cyc le  procedure i s  

repeated. 

9.1.5 Due t o  extensive handling, most bags are n o t  su i t ab le  f o r  

recycl ing.  Bags su i t ab le  f o r  recyc l ing  are analyzed w i t h  

a flame i on i za t i on  detector, evacuated, r e f i l l e d  w i t h  zero 

a i r  and evacuated f o r  f i e l d  use. 



9.2 Preparation o f  sampling device f o r  ambient sampling. 

9.2.1 The sample bag i s  attached t o  the sampler v i a  the  

s ta in1 ess s tee l  quick disconnect. 

9.2.2 The sample pump i s  turned on and the f l ow  adjusted w i t h  a 

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

9.2.3 The t imer  i s  s e t  t o  s t a r t  the sampler a t  9 a.m. o f  the 

scheduled sampling day and s e t  f o r  a 24 hour duration. 

9.2.4 A l abe l  i s  attached t o  the  sample bag no t ing  the bag 

number, sampling day, s t a r t i n g  sample flow, sampling 

locat ion,  and p r o j e c t  l o g  number. 

9.2.5 A f t e r  sampling i s  completed, the  sampler i s  turned on 

manually and the  f i n a l  'sample f low noted on the  bag 

label .  The sampler i s  turned o f f  and the  sample bag 

removed v i a  the  s ta in less  s tee l  qu i  ck disconnect. 

9.3 The sample bags a re  t ransported t o  the  1 aboratory i n  a r i g i d  opaque 

container.  

9.4 The bag samples received a t  t he  laboratory  are logged in ,  placed i n  

storage, and analys is  i n i t i a t e d .  

9.5 Analysis o f  samples (freeze-out method) 

9.5.1.1 Immerse the  sample loops i n  l i q u i d  n i t rogen and a l low 

the  temperature t o  s t a b i l i z e  (approximately' 5 

minutes). 

9.5.1.2 A f t e r  f l ush ing  the  syringe w i t h  about 40 m l  o f  t he  

sample, withdraw 40 m l  from the  sample bag w i t h  a 

syringe. 



9.5.1.3 Transfer the sample i n t o  the  t rap.  

9.5.1.4 ~ a c k '  f i l l  the syringe w i t h  40 m l  o f  helium and f l u s h  

the 40 m l  through the  trap; then f l u s h  helium through 

the  t rap  f o r  2 minutes. 

9.5.1.5 Stop the  hel ium f lush ing.  Remove the  1/4 inch U-trap 

from 1 i q u i d  n i t rogen (LN2). 

9.5.1.6 I so la te  the cryogenic t r a p  by using an " i s o l a t i o n  

valve" which a l lows the c a r r i e r  gas t o  by-pass the 

trap. 

9.5.1.7 Replace the  LN2 Dewar w i t h  a Dewar containing h o t  

water a t  about 80'C on the  trap. 

9.5.1.8 Allow a l l  the i c e  t o  me1 t from the  trap. 

9.5.1.9 Using the valve, introduce the  sample i n t o  the 

c a r r i e r  gas stream. 

9.5.2 Measurement o f  area: The area o f  the sample peak i s  

measured by any su i t ab le  i n t e g r a t i o n  device. 

9.5.3 GC condi t ions f o r  benzene 

He1 ium gas f low: 20 ml/min 

Heating bath temperature f o r  cryogenic t rap:  80'C 

Column temperature: ambient 

Detector temperature: 150°C 

10. Cal i  b ra t i on  and Standards 

10.1 Gas mixture standard: 9.74 - + .10 ppm benzene-in u l t r a  pure a i r  i n  a 

pressurized cy l inder  f o r  which the gas coinposi t i o n  has been 

c e r t i f i e d  by NBS. The date o f  gas cy l i nde r  preparation, c e r t i f i e d  



benzene concentration, and recommended maximum s h e l f  l i f e  must have 

been a f f i x e d  t o  the c y l i n d e r  before shipment from NBS. The gas 

mix ture standard sha l l  be used t o  prepare a chromatograph 

c a l i b r a t i o n  curve by d i l u t i o n  o f  t he  standard. 

10.2 Standard o f  lower concentrat ions are prepared i n  the range o f  

one-thousandth o f  t he  NBS value t o  co inc ide w i t h  ambient 

concentrations. A t  l e a s t  two sets  o f  standards w i t h  n o t  l e s s  than 

three independent analyses a re  performed t o  create m u l t i p o i n t  

ca l i b ra t i ons  and t o  perform zero-span checks. 

10.4 Ca l ib ra t ion  

10.4.1 Determination o f  benzene re ten t i on  time. Es tab l i sh  

chromatograph cond i t ions  i den t i ca l  w i t h  those i n  Sect ion 

9.5.3 above. Determine proper at tenuator pos i t ion.  Flush 

the  sampling loop  w i t h  zero he1 ium and ac t i va te  the  sample 

valve. Record t h e  i n j e c t i o n  time, t he  sample loop  

temperature, t he  column temperature, the  c a r r i e r  gas f low 

rate,  the  c h a r t  speed and the  at tenuator se t t ing .  Record 

peaks and detector  responses t h a t  occur i n  the absence o f  

benzene. Mainta in  condit ions, w i t h  t he  equipment plumbing 

arranged i d e n t i c a l l y  t o  Section 9.5.3 and f l u s h  the  sample 

loop  f o r  30 seconds a t  t he  r a t e  o f  100 ml/min w i t h  one o f  

t he  benzene c a l i b r a t i o n  mixtures and ac t i va te  the sample 

valve. Record t he  i n j e c t i o n  time. Select  the  peak t h a t  

corresponds t o  benzene. Measure the distance on the    hart 

from the  i n j e c t i o n  t ime t o  the  t ime a t  which the  peak 

maximum occurs. This quant i ty,  d iv ided  by the c h a r t  



speed, i s  defined as the  benzene peak re ten t i on  time. 

Since i t  i s  qu i t e  1 i ke ly  t h a t  there w i l l  be other  organics 

present i n  the sample, i t  i s  very important t h a t  p o s i t i v e  

i d e n t i f i c a t i o n  o f  the  benzene peak be made. 

10.4.2 Preparation o f  chromatograph c a l i b r a t i o n  curve. Make a .  

gas chromatographic measurement o f  each standard gas 

mixture using condi t ions i d e n t i c a l  w i t h  those l i s t e d  i n  

Section 9.5.3. Flush the  sampling loop f o r  30 seconds a t  

the r a t e  o f  100 ml/min w i t h  one o f  the  standard gas 

mixtures and ac t i va te  the sample valve. Record C, the 

concentration o f  benzene in jected,  the  at tenuator set t ing,  

char t  speed, peak area, sample loop temperature, column 

temperature, c a r r i e r  gas f low rate,  and re ten t i on  time. 

Record the  laboratory  atmospheric pressure. Calculate A, 

the  peak area mu1 t i p 1  i e d  by the  attenuato'r se t t ing .  

Repeat u n t i l  two consecutive i n j e c t i o n  areas are w i t h i n  5 

percent, then p l o t  the  average o f  those two values vs. C. 

When the other standard gas mixtures have been s i m i l a r l y  

analyzed and p lo t ted,  draw a s t r a i g h t  1 i n e  through the 

points.  Perform c a l i b r a t i o n  da i l y ,  o r  before and a f t e r  

each s e t  o f  bag samples, whichever i s  more frequent. 

11 . Qua1 i ty Assurance 

11 .I Bag mater ia l  t e s t s  were performed t o  determine s u i t a b i l i t y  o f  Ted1 ar  

used t o  const ruct  sample bags. 



11.1.1 A bag mater ia l  s t a b i l i t y  t e s t  was performed t o  determine 

i f  benzene was generated w i t h i n  the  bag mater ia l .  A t e s t  

bag was f i l l e d  w i t h  n i t rogen gas from a l i q u i d  n i t rogen 

source and the  contents analyzed i n i t i a l l y  and a f t e r  72 

hours. The benzene 1 eve1 remained be1 ow the  quant i  t a t i o n  

l e v e l  o f  1 ppb and below the  noise l e v e l  (0.1 ppb). 

11.1.2 A permeabi l i ty  t e s t  was performed t o  determine whether any 

changes i n  ambient benzene concentrations would occur i n  

the  bag from the t ime t h a t  sampling s t a r t e d  u n t i l  t he  

sample was placed i n  the gas chromatograph. 

F ive  Tedlar bags were f i l l e d  w i t h  10 ppb benzene i n  zero 

a i r  and the  contents o f  t he  bags were analyzed a t  var ious 

in te rva ls .  The r e s u l t s  were: 

Time, Hours (Approximately 1 
Benzene Concentration 

( P P ~ )  * - 1 7 - 25 - 52 - 
HS 51 9.9 9.9 9.7 9.5 

HS 52 9.7 9.8 9.7 9.4 

HS 53 9.6 9.6 9.6 9.7 

HS 54 9.5 9.6 9.5 9.5 

HS 55 9.6 - 10.0 9.9 

72 ( 3  days) 

9.5 

9.8 

10.0 

9.9 

10.3 



11.1.3 Bag Record 

A l o g  o f  each bag i s  kep t  t o  ensure t h a t  a t  no time i s  an 

ambient bag used t o  sample h igh concentrations o f  benzene 

( >  100 ppb) o r  any other  hydrocarbons. The l o g  contains date 

o f  fabr ica t ion ,  leak tes t ing ,  sampling, sampling s i te/date,  

bag i d e n t i f i c a t i o n ,  and bag dest ruct ion date. 

11.1.4 Bag Contamination 

I f  a bag i s  found t o  have sampled source l e v e l  concentrations 

( > 100 ppb) o f  hydrocarbons, the bag i s  destroyed and 

associated hardware i s  decontaminated. 

11.2 Each sampler i s  tes ted  f o r  contamination before f i e l d  use by pumping 

gas from a chamber containing zero a i r  u n t i l  a sample bag i s  

col lected. The contents o f  t he  bag are analyzed f o r  benzene 

contamination. I f  the  benzene l e v e l  remains w i t h i n  1 ppb o f  the  

o r i g i n a l  zero a i r  analysis t he  sampler system i s  then deemed ready 

f o r  f i e l d  use. I f  the  system f a i l s  t h i s  tes t ,  i t  i s  disassembled, 

decontaminated, reassembled, and retested. This check i s  repeated 

every s i x  months f o r  each sampler system o r  more f requent ly  i f  

anomol i e s  occur. 

11.3 Analysis Audi t  

Immediately a f t e r  the  preparat ion o f  the c a l i b r a t i o n  curve and p r i o r  

t o  the  sample analyses, an analysis a u d i t  i s  performed by i n j e c t i n g  

an a u d i t  gas sample from a mixing chamber i n t o  t he  GC. The analysis 

should be w i t h i n  5 percent o f  the benzene a u d i t  concentration. 



12. Calculat ions 

12.1 The hydrocarbon concentrations, i n  ppb, are ca lcu la ted  by a data 
L 

system using the  externa l  standard method. 

Concentrationi = Areai x C a l i b r a t i o n  Factor 

Where i n :  Areai = in tegra ted  benzene 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 la ted  dur ing c a l i b r a t i o n  by the  

equation: 

CF = Conc - 
Area 

The r e p l i c a t e  ca l i b ra t i ons  a re  averaged and t h e  a r i thmet ic  mean i s  

s tored as the  CF t o  be used i n  subsequent analyses. 
3 12.3 Concentrations may be converted, from ppb t o  ug/m by means o f  t he  

f o l 1  owing ,formu1 a: 

Wherein: P = pressure i n  atmospheres 

MW = molecular weight o f  benzene 

3 82.07 = gas constant i n  (cm) (atm)/degK mole 

T = absolute temperature, (OK) 
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Table D-1 
Description o f  ARDIHSLD T o ~ i c  Cor.Ipound 

Iloni t u r i ng  Si tes 

Downtown Lus Anyeles Duoinquer H i l l s  EI llontc Riverside 
L.A. Dept. of Uater U State Un ivers i ty  ARD/lladgcn-Snit 7002 ilagnol 1a 

and Vower Doninguez H i l l s  Laboratory Avenue 
Surrounding 1030 N. I la in Street lUOO E.  Y i ~ t o r i a  St. 952U Te ls tar  Ave. Riverside, c@/ 
A c t i v i t i e s  Los Anyeles. CA?/ Carson. C& EI tlonte. CAI/ 

Residential ucst: TWO-story North: Student North: Low density North: Lou density 
Z!Zirr.~ent uni ts.  noulrny, t r a i l e r  m e n c e s  m e  far l i l y  un i ts .  
e leruntary school park South & Uest: convalescent ha.=. 

South: s ing le  fa l r i l y  Lou denslty several schools 
jiirti s ing le  f m i l y  Southwest i Ilest: 

u n i t s  R ix ture  or sinyTe 
and u u l t l o l e  f a r l i l v  . .. - -  - . 
units.  several 
schools 
South 6 East: Low 
aensrty srrngle 
f a n i l y  u n i t s  

Tra f f i c  - Continuous gasoline Light-duty 
and diesel powered res iden t i a l  
l i a h t  and heavv t r a f f i c  
dub vehicles ;long 
l ro i th t h i n  s t ree t  - 

Freeway North Heavy t r a f f i c  along 
o f  the noni tor .  Ar l ington ahd 
On Te ls tar  - t4agnol i a  Avenues. 
gasoline and Mainly l i g h t  and 
diesel  vehicles nediulr duty gaso- 
w i t h  passenger l i n e  and diescl-  
cars douinant. nowered vehicles ~~~ 

Greatest volunes 
dur ing c o m t i n g  
hours. 

S t r i p  c o ~ r r r c i a l  Business park Off ice and s t r j p  
arch. c o m r c i a l  . cbr1.1ercia1 uses 
l i g h t  indust r ia l ,  along Ar l ington 
and o f f i c e  use and llagnolia Aver 

L1 h t  North: Carnation 
A t r i r ~  w s s i n g  

plant. rubber 
broducts coapany. 
brass wnufac tur lng  
and *holesalina. 
~ a s t :  n i l k  pro;essirip. 
s t y .  rai lway 
t rmspor ta t ion .  
concrete company. 
c ~ ~ r C l a 1  trucklna 
m d  shipping, 
.-WO."" 

shlyplny operations 

Agr lcu l tu rs  North m d  East: 
t ~ ~ ~ r C r a 1  n u r H t y  
cmps  

11 m a i t o r  i n  a 2nd s tory  w i n w  of 2 112 story bui ld ing.  Annual prrdoalnant wind d lmct ion :  
southwst. 

21 kcanitor i n  a van southeast o f  c a w s .  Lnnual p rwha inant  wind direct ion:  -st. 
31 m n i t o r  i n  r t r r l l e r  i n  the southwart parking l o t .  Annual prsdmrnant wind direct ion:  south. 
f/  Monitor i n  a om-story bu l l a i ny  on the s w t h u s t  s loe o f  the Arlington-tkynolia intersect ion.  Annual 

p n d w t n r n t  win? direct ion:  wrst. 



APPENDIX E 

AMBIENT MONITORING DATA AND 
METHODS OF AIR QUALITY MODELING 



I. INTRODUCTION 

This appendix presents estimates o f  the  annual average* ambient 
w 

concentrations o f  benzene i n  the  South Coast A i r  Basin (SCAB). The estimates 

apply t o  areas n o t  immediately around l a rge  p o i n t  sources o f  benzene. 

Estimating the l o c a l l y  h igh  concentrat ions near sources requi res d i f f e r e n t  

data and modeling techniques than those described here. The sources are 

mostly no t  i n  res iden t i a l  areas. Because res iden t i a l  populat ion data were 

used t o  estimate t he  populace's exposure t o  benzene, neglect ing such 1 ocal l y  

h igh concentrations does n o t  in t roduce ser ious e r ro r .  

The general method01 ogy employed i s  : 

1. Es tab l i sh  a r e l a t i o n s h i p  between ambient carbon monoxide (CO) 

measurements and ambient benzene measurements a t  the  ARB'S fou r  moni tor ing 

s ta t ions  f o r  t o x i c  a i r  po l lu tants .  

2. Apply the  r e l a t i o n s h i p  t o  annual average CO measurements a t  t he  

L numerous CO monitors around t h e  bas in  t o  ca lcu la te  t he  probable benzene 

concentrations a t  those monitors. 

3. Calculate the  average o f  t he  annual means over the  basin, both 

as a simple geographic average and a population-weighted average. 

For step 3, populat ion data developed by t he  Southern Ca l fo rn ia  

Associat ion o f  Governments f o r  1979 were used. Those data a re  tabulated 

according t o  a 5 km by 5 km g r i d  (see F igure 1 a t  t he  end o f  t he  appendix) 

t h a t  i s  o f t e n  used i n  a i r  q u a l i t y  modeling f o r  the SCAB. The estimates o f  

annual average benzene concentrat ions are presented f o r  those g r i d  c e l l s  

* "Annual average" denotes the  mean o f  a l l  ava i lab le  24-hour data dur ing 
one year. 



through i n te rpo l  a t i on  o f  the  r e s u l t s  der ived f o r  the CO monitor ing loca t ions  

i n  step 2. 

Also, t h i s  appendix presents estimates o f  the  number o f  people exposed as 

a func t ion  o f  concentration. 

I I. AMBIENT BENZENE MEASUREMENTS 

ARB'S Haagen-Smit Laboratory (HSL has been monitor ing benzene a t  , four  

loca t ions  i n  the  SCAB. A t  the time o f  the modeling, benzene data were 

ava i lab le  beginning September 12, 19'83 through December 29, 1983. A1 1 samples 

are co l l ec ted  over a 24-hour period, beginning a t  0900 PST o f  the l i s t e d  date 

and ending a t  0900 PST the fo l lowing day. The data reported f o r  each s i t e  are 

shown i n  Table 1. HSL estimates the  accuracy o f  the  reported values as - +10 

percent o f  actual  values. 

Samples are co l lec ted  5 days per  week a t  the  E l  Monte s i t e  and about once 

every 5 days a t  the  Downtown Los Angeles, Riverside, and Dominguez s i tes.  

None o f  the  f o u r  s i t e s  i s  known t o  be in f luenced by nearby 1 arge sources o f  

benzene. Among the  117 samples co l l ec ted  i n  1983, the  benzene concentrations 

range from 1.3 ppb a t  Dominguez i n  September t o  16 ppb a t  E l  Monte i n  

December. The average f o r  a l l  samples dur ing the  sampling per iod i n  1983 

(approximately the 4 th  quarter)  i s  5.7 ppb. 

I 1  I. CO AS A SURROGATE FOR BENZENE 

The ambient measurements o f  benzene i n  Table 1 are inadequate t o  r e l i a b l y  

define the  spa t i a l  and temporal d i s t r i b u t i o n s  o f  benzene concentrations 

throughout t he  SCAB. Fourth quarter data are general ly n o t  representat ive o f  

annual averages f o r  any po l l u tan t  and would probably over-estimate annual 

averages o f  benzene. 



Table 1 

Haagen-Smit Laboratory 
Ambient Benzene Concentrations 

5- 

Downtown 
Date - El Monte Los Angeles Domi ngoez Riverside 

9-1 2-83 -* - - 3.0 
9-1 3-83 2.6 3.7 - - 
9-1 4-83 2.5 - - 3.4 
9-1 5-83 2.5 - 1.3 - 
9-1 8-83 3.2 - - - 
9-1 9-83 4.2 - - - 
9-20-83 3.7 3.3 - 2.3 
9-21 -83 2.7 - - - 
9-22-83 2.7 - - - 
9-25-83 1.5 8.1 - - 
9-26-83 2.7 - - 2.4 
9-27-83 2.0 - 2.3 - 
9-28-83 1.2 - - - 
9-29-83 2.8 2.7 - - 

10- 2-83 3.2 - - 2.7 
L 

10- 3-83 4.4 - 5.1 - 
10- 4-83 2.7 - - - 
10- 5-83 4.4 5.3 - - 
10- 6-83 5.1 - - 3.3 
10-1 0-83 5.9 - 5.0 - 
10-1 1-83 8.2 11 .O - - 
10-1 2-83 7.1 - - 4.7 
10-1 3-83 4.3 - 4.4 - 
10-1 6-83 3.8 - - - 
10-1 7-83 6.7 8.5 - - 
10-18-83 7.4 - - - 
10-1 9-83 10 0 - 4.5 - 
10-20-83 6.8 - - - 
10-23-83 5.3 6.7 - - 
10-24-83 7.4 - - 1.9 

* A dash ( - )  ind icates t h a t  no sample was ttbtained. 



Table 1 (cont 'a)  

Haagen-Smi t Laboratory 
Ambient Benzene Concentrations 

Benzene Concentrations. - D D ~  

Downtown 
Date - El Nonte Los Angeles Oominguez Riverside 

10-25-83 9.5 - 10.0 - 
10-26-83 0.7 - - - 
10-27-83 6.8 7.6 - - 
10-31 -83 6.3 - 4.3 - 
10- 1-83 5.0 - - - 
11- 2-83 6.9 6.7 - - 
11- 3-83 9.9 - - 9.1 
11- 6-83 5.2 - 4.4 - 
11- 7-83 6.7 - - - 
1 1 - 8-83 6.8 5.2 6.3 - 
11- 9-83 7.6 - - 5.9 
1 1-1 3-83 3.6 - 3.9 - 
11 -1 4-83 6.1 6.6 - - 
11 -1 5-83 10.0 - - 7.7 
11 -1 6-83 7.1 - 6.3 - 
11 -1 7-83 3.7 - - - 
1 1-20-83 2.5 2.1 - - 
11-21 -83 5.4 - - 4.6 
11 -22-83 9.6 - - - 
1 1-24-83 3.5 - - - 
11 -27-83 4.7 - - 7.7 
11-28-83 9.8 - 10.0 - 
11 -29-83 7.7 - - - 
1 1-30-83 2.5 3.4 - - 
12- 1-83 9.0 - - 5.1 

12- 4-83 4.0 - 6.0 - 
12- 5-83 6.6 - - - 
12- 6-83 9.6 9.4 - - 
12- 7-83 13.0 - - 7.9 
12- 8-83 16.0 - - - 
12-1 1-83 4.5 - - - 
12-1 2-83 7.8 6.6 - - 
12-1 3-83 10.0 - - 9.4 
12-1 4-83 15.0 - - - 
12-1 5-83 13.0 - - - 



Table 1 (cont 'd)  

Haagen-Smi t Laboratory 
Ambient Benzene Concentrations 

Jenzene Concentrations. D D ~  

Downtown 
Date - E l  Monte Los Angeles Domi nguez Riverside 

12-26-83 1.4 - - 1.9 
12-27-83 2.8 - - - 
12-28-83 4.1 1.2 - - 
12-29-83 5.0 - - 4.7 

"1 - 2-84 6.9 - - - 
1 - 3-84 9.9 9.6 - - 
1 - 4-84 10.0 - - 6.5 
1- 9-84 8.4 8.9 - - 
1 -1 0-84 12.0 - - 7.7 

1 -1 1-84 9.8 - - - 
1 -1 2-84 5.8 - - - 
1-1 6-84 - - - 7.4 
1 -1 7-84 8.4 - - - 
1-1 8-84 8.2 - - - 
1 -1 9-84 9.6 10.0 - - 

W 1-22-84 5.4 - - 4.8 
1-23-84 8.2 - 9.5 - 
1-24-84 14.0 - - - 
1-25-84 10.0 11.0 - - 
1-26-84 1 .8 - - 1.2 
1-29-84 5.8 - 7.0 - 
1-30-84 9.2 - - - 
1-31 -84 4.7 5.7 - - 
2- 1-84 1.9 - - - 
2- 2-84 6.3 - - - 
2- 5-84 7.3 - - - 
2- 6-84 10.0 12.0 - - 
2- 7-84 11.0 - - 8.2 
2- 8-84 7.0 - 5.6 - 

* Data from 1-2-84 and l a t e r  were not used.in the modeling work. 

E-5 



Table 1 (cont 'd)  

Haagen-Smit Laboratory 
Ambient Benzene Concentrations 

Benzene Concentrations. D P ~  

Downtown 
Date - El Monte Los Angeles Domi nguez Riverside 

2-20-84 6.1 - 9.4 - 
2-21 -84 6.1 - - 5.3 
2-22-84 5.6 7.4 - - 



Since the major por t ions  o f  both benzene and CO emissions are from motor 

L 
vehic le  exhaust, CO may be a reasonable surrogate f o r  benzene. Also, since 

both CO and benzene are r e l a t i v e l y  i n e r t  w i t h  regard t o  atmospheric chemistry, 

one can hypothesize t h a t  t h e i r  ambient concentrat ion r a t i o  w i l l  no t  be 

s i g n i f i c a n t l y  a f fec ted  as the p o l l u t a n t s  a re  dispersed. These comparisons 

suggest t h a t  CO i s  a good surrogate f o r  benzene. I f  the  hypothesis i s  va l id ,  

a s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  should e x i s t  between ambient benzene 

and CO. 

CO was ac tua l l y  measured a t  on l y  t he  downtown LA and Riverside s i tes .  CO 

values were jn te rpo la ted  t o  the  other  two benzene monitor ing 1 ocations from 

the  surrounding CO stat ions.  An inverse distance-squared i n t e r p o l a t i o n  

1 / rou t i ne  developed by McRae- and mod i f ied  f o r  t h i s  app l i ca t i on  was used t o  

est imate 24 hour CO concentrations a t  E l  Monte and Dominguez f o r  t he  same 

dates as the  benzene measurements. Major mountain ranges were regarded as 

b b a r r i e r s  t h a t  prevent i n te rpo la t i ons  t o  g r i d  c e l l s  from s ta t i ons  across the  

mountain range. 

Using a l l  117 p a i r s  o f  benzene and CO observations ( o r  in te rpo la ted  CO 

numbers), the  four -s ta t ion  data were analyzed f o r  s t a t i s t i c a l  co r re la t i on  wi.th 

a SAS l i n e a r  regression program.' The r e s u l t i n g  Pearson c o r r e l a t i o n  

c o e f f i c i e n t  i s  0.82 which i s  s i g n i f i c a n t  a t  the  0.01 percent level.* The 

standard e r r o r  o f  the  benzene est imate i s  1.27 ppb. These r e s u l t s  are 

encouraging, espec ia l l y  given the  f a c t  t h a t  most o f  the  CO concentrations were 

in terpo la ted:  The regression der ived from the  SAS program i s :  

benzene (ppb) = 0.51 + 1.875 x CO (ppm) 

* There i s  one chance i n  10,000 t h a t  the  populat ions do n o t  co r re la te  b u t  
s t i l l  y i e l d  a ca lcu la ted  c o r r e l a t i o n  c o e f f i c i e n t  o f  .82. 

E-7 



The 24-hour CO and benzene concentrations f o r  each s t a t i o n  were a lso  

analyzed t o  determine s t a t i s t i c a l  c o r r e l a t i o n  using mu1 t i p l e  1  inear  regression 

w i th  the add i t iona l  var iab le  dT, def ined as (Tmax-Tmin)/Tmin where Tmax = the  

d a i l y  maximum temperature i n  degress Ke l v i n  and Tmin = the d a i l y  minimum 

temperature i n  degrees Kelvin. The term was included as a  reasonable 

surrogate f o r  venting o f  benzene from storage tanks dur ing d a i l y  so la r  

heating. As shown i n  Table 2, dT was s i g n i f i c a n t  only a t  the downtown 

Los Angeles s i t e .  This term dT was n o t  used i n  the overa l l  equation and i s  

no t  r e f l e c t e d  i n  the  r e s u l t s  o f  t h i s  study. 

The co r re la t i ons  between benzene and CO a t  both the Dominguez and the  

Riverside s i t e s  are high, .93 and .89 respect ive ly .  Since the CO a t  Riverside 

was measured and the  CO a t  Dominguez was in terpo la ted,  the  r e s u l t s  are 

encouraging. These resu l t s  are somewhat o f f s e t  by the r e s u l t s  a t  DOLA, where 

a  co r re la t i on  o f  only .59 was found.' However, s ince the  overa l l  co r re la t i on  

c o e f f i c i e n t  was 0.82, t he  methodology employed here should g ive  reasonable 

resu l ts .  

Table 2 

Regression Results 

Independent Corre la t ion Coef f i c ien t  vs. Benzene 
Variables 

i n  Regression Dominguez Riverside El Monte DOLA A l l  S ta t ions 

CO and dT .94 .89 .75 .67 -- 



I V .  ANNUAL AVERAGE AMBIENT BENZENE CONCENTRATION ESTIMATES 

Annual average benzene concentrations were estimated a t  each CO monitor 
L 

using the  l i n e a r  regression equation on page E-7 and annual average CO 

concentrations from 1981 and 1982. (CO data f o r  the f u l l  1983 calendar year  

were no t  released when the work was done and thus are n o t  considered i n  t h i s  

report.) Since 31 s ta t ions  measure CO on a continuous bas is  i n  the SCAB, 

there i s  a h igh degree o f  spa t i a l  r eso lu t i on  f o r  t h e c a l c u l a t e d  benzene 

values. Table 3 shows the  31 continuous CO monitor ing s i t e s  i n  o r  near the  

SCAB. It a lso  shows the measured annual CO concentrations and the  benzene 

concentrations ca lcu la ted w i t h  the regression equation. The highest annual 

average benzene concentrations were modeled i n  Burbank, Lennox, and Lynwood, 

where they are estimated t o  be about 7 ppb. The annual average benzene 

concentrations a t  the  a i r  monitor ing s ta t i ons  shown i n  Table 3 were 

in te rpo la ted  t o  the  g r i d  square centers o f  Figure 1 using the  McRae inverse 

distance-squared i n t e r p o l a t i o n  r 0 u t i n e . y  The r e s u l t i n g  gr idded annual 

average ambient benzene concentrations are shown graph ica l l y  i n  Figures 2 and 

3. 

Risk assessment ca lcu la t ions  requ i re  annual average benzene concentrat ion 

estimates f o r  the  populated areas. Both res iden t i a l  and employment 

populations have been gridded f o r  1979 by t he  Southern C a l i f o r n i a  Associat ion 

o f  Governments f o r  use i n  t ranspor ta t ion  model i n g  studies. Tota l  populat ion 

i n  the modeling reg ion i s  9,792,000. Tota l  employment i s  4,961,000. 

Population p l o t s  are shown i n  Figures 4 and 5. I n  general, the  most densely 

populated areas a lso  have h igh  employment and h igh  benzene concentrations. 



Table 3 

S ta t ion  

Measured Annual CO and Calculated Benzene a t  
A i r  Qua1 i t y  Monitor ing Stat ions 

7000060 Azusa 

7000069 Burbank 

7000591 Glendora-Laurel 

7000076 Lennox 

7000087 LA No. Main 

7000084 Lynwood 

7000072 No. Long Beach 

7000083 Pasadena-Walnut 

7000088 Pasadena-Wi 1 son 

7000085 Pico Rivera 

7000075 Pomona 

7000074 Reseda 

7000084 West Los Angeles 

7000080 Whi tti e r  

3000176 Anaheim 

3000192 Costa Mesa 

3000186 El Toro 

30001 77 La Habra 

Annual CO (pprn) Annual Benzene ( p p b )  
1981 - 1982 - 1981 - 1982 - 



Table 3 (Cont 'd l  

Measured Annual CO and Calculated Benzene a t  

A i r  Qua1 i ty Monitor ing Stat ions 

Annual CO (ppm) Annual Benzene (ppb) 
S ta t ion  - 1981 - 1982 - 1981 - 1982 

3300146 Riverside-Magnol i a  2.17 2.36 4.58 4.94 

33001 44 R i  vers i  de-Rubi doux 1.09 1.18 2.55 2.72 

33001 37 Palm Springs 0.89 0.83 2.39 2.07 

36001 97 Fontana-Arrow 1.32 1.07 2.99 2.52 

3600176 Fontana-Foothil l 1.10 0.56 2.57 1.56 
'v 

36001 92 Red1 ands 1.10 0.88 2.57 2.16 

3600194 San Bernardino E3R 1.48 1.04 3.29 2.46 

36001 75 Up1 and - ARB 1.84 1.55 3.96 3.42 

36001 57 San Bernardino 2.01 - 4.28 - 

5600413 Simi Val ley - 0.91 - 2.22 

5600420 Ventura-Figuero - 0.69 - 1.80 

4200363 Goleta - 0.86 - , . 2.12 

4200355 Santa Barbara 1.32 1.48 2.99 3.29 



The data a r e  avai lable  on magnetic tape o r  paper on request  t o  t he  A R B ' S  

Technical Services Division. 

Both population and cumulative population exposures t o  benzene a re  

plot ted i n  Figures 6 through 9. These were constructed from Figures 2, 3, and 

4. Figures 8 and 9 indicate  t h a t  80 t o  90 percent of t he  population i s  

exposed t o  annual average concentrations above 4 ppb benzene. Table 4 shows 

population-weighted averages and the  g r i d  (geographic) average benzene 

concentrations using both 1981 and 1982 CO data. Table 4 a l s o  shows the 

annual average among the four  benzene s t a t i o n s  estimated by multiplying the 

average of a l l  actual benzene measurements a t  the  four  s t a t i o n s ,  5.7 ppb, by 

the r a t i o  of basinwide annual CO t o  four th  quar ter  CO from both 1981 and 

1982. 

Table 4 

Annual Benzene Concentration Averages 
( P P ~ )  

1981 - 1982 - 
For SCAB, by regression equations 

popul ation-wei ghted average 4.8 4.6 

gr id  average 4.0 3.7 

For benzene s t a t i ons ,  by CO ra t iob  4.0 3.9 

a Values apply t o  the  indicated year. 

b Values apply t o  1983, calculated using CO data from the indicated year. 



The population-weighted benzene apparently exceeds the  geographical 

average by about 20 percent. The f o u r  moni tor ing s ta t i ons  apparently re f1  e c t  
b 

the  average concentrat ion across the  basin, although annual average 

concentrations are considerably h igher  a t  some locat ions.  

I V .  LIMITATIONS TO ANALYSIS 

Several important assumptions were made t o  est imate annual benzene 

concentrations i n  t he  SCAB. These impose l i m i t a t i o n s  on the  use o f  t he  data. 

The most important 1 im i ta t i ons  are sumnari zed be1 ow: 

1. A l l  ava i lab le  CO data have been used i n  t h i s  study. The 

spa t i a l  representativeness o f  each s t a t i o n  i s  unknown. Some o f  the CO 

monitor ing probes a re  c loser  t o  l o c a l  sources than others. Lennox i s  

designated as a microscale* s ta t ion;  the  o the r  s ta t i ons  w i t h  h igh  ca lcu la ted  

benzene concentrations, Burbank and Lynwood, are not. It i s  uncer ta in  how 

t h i s  d i f ference i n  spa t i a l  representat ion between s ta t i ons  a f f e c t s  the  resu l t s .  

b 2. Indoor benzene concentrations may n o t  be d i r e c t l y  r e l a t e d  t o  

ambient concentrations. This study makes no attempt t o  examine indoor 

exposure. 

3. Benzene concentrations may be h igh on roadways. No attempt has 

been made I n  t h i s  study t o  estimate near-raad exposures t o  benzene. 

4. This  study does n o t  inc lude  benzene exposures i n  t he  workplace. 

5. Stat ionary sources o f  benzene are n o t  e x p l i c i t l y  inc luded i n  

t h i s  report .  They are considered i n d i r e c t l y  through t h e i r  con t r i bu t i on  t o  

benzene measured a t  the  f ou r  moni tor ing s ta t ions.  It i s  poss ib le  t h a t  areas 

near l a r g e  sources ( l i k e  r e f i n e r i e s )  may have h igher  concentrations than those 

estimated here. 

* D i r e c t l y  a f f ec ted  by s p e c i f i c  sources 



V. .OTHER AMBIENT BENZENE DATA 

3/ The EPA data base compiled by SRI, In ternat ional -  contains data from 

ambient monitor ing f o r  benzene a t  several places i n  Cal i forn ia .  The data are 

a l l  from short-term studies and most ly samples o f  l e s s  than 24 hours 

duration. Table 5 synopsizes these data. They were n o t  used i n  the foregoing 

analyses. 

Table 5 

Various Short-Term Benzene Monitor ing Data 

Sample 
Year Month Durat ion (hrs. 1 Samples Mean (ppb) 

Azusa 1975 Aug-Sep 3* 44 4.3 

Domi nguez 1976 May 1 1 10.7 

El Monte 1975 Ju l  -Sep 3* 104 5.1 

Long Beach 1975 Jun-Jul 3* 

Los Angeles 1979 A P ~  24 

Oak1 and 1979 Ju l  24 8 1.5 

Riverside 1980 Ju l  24 11 3.8 

Torrance 1976 May 1 1 4.3 

Up1 and 1975 Jun-Aug 3* 46 5.3 

* The samples were a l l  w i t h i n  the 2 a.m. t o  3 p.m. period. 



V I .  BENZENE COElCENTRATIONS NEAR SOURCES 

The major sources t o  which the pub l i c  i s  o f ten  exposed are busy roadways 
L 

and f i l l i n g  stations. Fol lowing are the ava i lab le  data on ambient benzene 

concentrations near such sources. Except f o r  the model i n g  o f  concentrations 

near a freeway and near a busy in tersect ion,  a l l  the data a re  absolute ( t o t a l )  

concentrations. 

 ent ti man^ e t  a1 monitored benzene concentrations a t  s i x  t o  e i g h t  s i t e s  

around each of  two lone f i l l i n g  s ta t i ons  and a four-s tat ion in tersect ion.  

Sampling times ranged from 8 t o  19 hours and covered a l l  t imes o f  the  day. 

One o r  two samples were co l l ec ted  a t  each s i t e .  The highest average benzene 

concentration (between 100 and 1300 f e e t  o f  the pumps) a t  any s i t e  was 1.9 

ppb. Downwind samples were n o t  s i g n i f i c a n t l y  higher i n  benzene than were up 

o r  crosswind samples. Because the  s ta t i ons  were n o t  equipped w i th  vapor 

recovery, the data over-estimate benzene concentrations f o r  s i m i l a r  s i tuat ions '  

L i n  urban Cal i forn ia .  

 ent ti man^' a lso  measured ambient benzene i n  25-hour samples s i x  t o  ten  

f e e t  on both sides o f  a busy s t r e e t  (1600 vehicles/hr, avg). The average 

measurement upwind o f  the  road was 7.1 ppb; the  average downwind was 3.0 ppb. 

Benzene d i d  n o t  co r re la te  we l l  w i t h  t r a f f i c  density. 

NIOS&/ c i t e s  two B r i t i s h  studies i n  which employees a t  f i l l i n g  

s ta t ions  and bu lk  loading p lants  wore personal benzene monitoring devices 

(sampling the  wearer's ambient a i r ) .  Results from the f i l l  l n g  s ta t ions  ranged 

from 0.2 t o  3.2 ppm. The s ta t ions  were vending gasolines conta in ing 2.8 t o  

5.8 volume percent benzene (3.3 t o  6.9 weight percent), whereas a t yp i ca l  

value i n  Ca l i f o rn ia  i s  1.7 weight percent . /  Also, the s ta t ions  d i d  n o t  



have vapor recovery equipment, which i s  designed t o  capture 95 percent o f  

hydrocarbon vapors i n  urban Cal i fornia.*  Therefore, the  r e s u l t s  o f  s im i l a r  

t es t s  i n  Ca l i f o rn ia  should be about 2 percent o f  the B r i t i s h  r e s u l t s  (assuming 

t h a t  Ca l i f o rn ia  gasolines are as v o l a t i l e  as B r i t i s h  gasoline, which may n o t  

be t rue) ,  o r  4 t o  65 ppb. 

I n  a study i n  the  U.S. ,y the a i r  was sampled near the  mouths o f  people 

dispensing gasoline a t  se l f -serv ice s ta t ions  wi thout  vapor recovery. The mean 

r e s u l t  was 1,210 ppb. This r e s u l t  corrected f o r  vapor recovery i s  60 ppb. 

The ARB s t a f f  has modeled** benzene concentrations near a busy roadway. 

For a high t r a f f i c  densi ty on a la rge  freeway (20,000 vehic les per hour) and 

a t  worst-case meteorol ogy (F s t a b i l i t y  and 1 meter/second wind), the  

ca lcu la ted roadside concentration i s  50 ppb above background, decreasing t o  19 

ppb a t  50 meters and t o  7 ppb a t  150 meters. 

The ARB s t a f f  has modeledfi* benzene concentrations downwind o f  the 

i n te rsec t i on  o f  W i l  sh i re  Boulevard and Veterans Avenue i n  the South Coast A i r  

Basin. The modeling i s  based on t yp i ca l  weekday t r a f f i c  densi ty (100,000 

vehic les per day on Wi lsh i re  and 20,000 vehic les per day on Veterans), and 

hour1 y meteorol ogical  data from Lo$ Angel es In ternat ional  A i rpor t .  A t  a 

distance o f  80 f e e t  from the  in te rsec t ion  ( f ou r  s i tes ) ,  the  maximum hour ly 

benzene concentration var ied from 9.7 t o  17 ppb above background. The maximum 

annual average benzene concentration var ied  from 0.5 t o  1.4 ppb above background. 

* Stat ions w i t h  vapor recovery dispense 88 percent o f  a l l  gasoline i n  
Cal i forn ia .  

* *  CALINE 3 l i n e  source dispersion model; 20,000 gasoline vehic les per hour; 
average benzene emission r a t e  per veh ic le  .0992 gm/mile '(4.2 percent 
benzene i n  exhaust hydrocarbon) 

*** EPA's ISCST model f o r  area sources; 20 m.p.h.; composite benzene emission 
fac to r  o f  .I041 gm/mile (4.1 percent benzene i n  c a t a l y s t  exhaust, 4.2 
percent benzene i n  non-catalyst exhausL.2.3 percent benzene i n  diesel  
exhaust). 
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FIGURE 2 

SOCAB 1981 Total Benzene in 5 KM Cells 



FIGURE 3 

SOCAB 1982 Total Benzene in 5 KM Cells 
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FIGURE 6 

198 1 BENZENE EXPOSURE: FOR. SOCAB 



FIGURE 7 

1982 BENZENE EXPOSURE FOR SOCAB 



P a r t  B Summary 

Par t  B o f  the benzene r e p o r t  t o  the  S c i e n t i f i c  Review Panel i s  the  
Department o f  Health Services' (Department) hea l th  e f f e c t s  evaluat ion o f  
benzene. The Department has examined and evaluated the  ava i lab le  s c i e n t i f i c  
evidence w i t h  regard t o  three issues: 

1. I s  there s u f f i c i e n t  evidence t h a t  benzene meets the  d e f i n i t i o n  
of a " tox ic  a i r  contaminant" under Health and Safety Code 
Section 396551 

2. I s  there s u f f i c i e n t  evidence t o  i d e n t i f y  a threshold exposure 
l eve l  for  benzene below which no s i g n i f i c a n t  adverse e f f e c t s  
would be expected? 

3. I f  no threshold exposure l e v e l  can be i d e n t i f i e d ,  whaz i s  t he  
range o f  r i s k  t o  humans due t o  cu r ren t  o r  an t i c ipa ted  exposures 
t o  benzene? 

The Department f i nds  there i s  s u f f i c i e n t  evidence t h a t  benzene meets the  
d e f i n i t i o n  o f  a t o x i c  a i r  contaminant. I n  pa r t i cu la r ,  they are i n  agreement 
w i t h  the In te rna t iona l  Agency f o r  Research on Cancer (IARC) t h a t  there i s  
su f f i c i en t  evidence t o  consider benzene a human carcinogen. The Department 
does n o t  f i n d  there i s  s u f f i c i e n t  p o s i t i v e  evidence t o  i d e n t i f y  a threshold 
l e v e l  f o r  the  carcinogenic e f f e c t s  o f  benzene i n  humans. Nei ther does the  
Department f i n d  t h a t  there i s s u f f i c i e n t  evidence t o  d e f i n i t i v e l y  prove t h a t  

\v no threshold ex is ts .  Therefore, as a mat ter  o f  science p o l i c y  and cons is tent  
w i t h  the pos i t ions  o f  the  EPA and IARC, they recommend t h a t  benzene should be 
t rea ted  as a substance wi thout  a threshold f o r  carcinogenesis. Based upon t h e  
ava i lab le  evidence they recommend the  use o f  those quan t i t a t i ve  dose-response 
curves f o r  benzene's carcinogenic e f f e c t  which a r e  bounded above by the  animal 
t e s t  data and below by the  human epidemiologic data. The upper bound curve i s  
based upon the  upper 95 percent confidence l i m i t  f o r  the  mu1 t i s t a g e  model 
using the most sens i t i ve  s i t e  i n  mice, the  p reput ia l  gland, which y i e l d s  a 
value o f  170 x 10-6/1 ppb benzene. The lower bound curve i s  based upon 
ext rapolat ions o f  human epidemiologic data c a r r i e d  o u t  by t he  Carcinogen 
Assessment Group o f  EPA, and y i e l d s  a value o f  about 22 x 10-6/1 ppb 
benzene. 



FIGURE 8 

1981 BENZENE EXPOSURE FOR SOCAB 



FIGURE 9 

1982 BENZENE EXPOSURE FOR SOCAB 



M e r n o a a n d ~ n  

I, : Science Reviev Panel 

Subid: Part  B Health 
Effects  of Benzene 

Epidemiological Studies Section 
2151 Berkeley Way, Room 515 
Berkeley 
8/571-2669 

Enc losed  i s  the  Benzene Document, revised according t o  comm?nts which we have. 
received frcm you and the public. The executive summary, c h a n t e r  one a n d  
c h a p t e r  s i x  d e a l i n g  w i t h  r i sk  a s s e s s m e n t  have heen completelv redone 
emphasizing the  epidemiology-based risk assessment h u t  in the context of  t h e  
animal  r i s k  a s se s smen t .  The r e s u l t s  from several d i f fe ren t  modtls are 
presented. O u r  assumptions and the rationale fo r  them a r e  more e x a l  i  c i  t l  v 
s t a t e d  a s  you requested.  Whilethe executive sumary.and chapter six does 
contain i n t ac t  material from t h e  e a r l i e r  d r a f t  t h e r e  h a s  been s o  much 
r e o r g a n i z a t i o n  t h a t  we e l e c t e d  n o t  t o  c lu t t e r  the inargiils w i t h  &tai led 
d e j c r i ~ t i o n s  of previous locations. Please t r e a t  chapter one and t + e s e  two 
s e c t i o n s  a s  i f  t h e y  were completely new. Chapters 111, IV, VII, and tire 
a;pendices are unchanged. ' In response t o  cornqents a nuliber o f  f a i  r l  y mi n o r  
chang;s have been made for  c lar i f ica t ion in c h s o t ~ r s  I 1  and V and to  certai'n 
sentences !n chapter VI. We discovered t h a t  our word nrocessar does not allow 
a d e l e t e d  ahrese t o  be lined through. T h i s  mans we were not able t3 f0110.4 
the convention upon which we had originally agreed. 

:,ns tead: , 

I I f  a to ta l ly  new sentence or  paragraph has been .added, you will f ind a 
v e r t i c a l  l i n e  i n  t h e  l e f t  margin, similar t o  the one i?ext t o  t h i s  
sentence here. 

1 f e x i  s t i  nq material has heen reworded a .marginal vertfcal l ine  w i t h  

* I an an asterick will apear, ( a s  i n  the l e f t  margin of t h i s  sentence 
h e r e )  a n d  you may r e f e r  t o  t h e  e n c l o s e d  "chanqe  sheet" which 
references the tlovemher and July pagination alnd g i v e s  t h e  o r e v i  011s 
wording with additions under1 ined and 'deletions type in i t a l i c s ,  

I'f .a sentence or  paragraph ha; been comnletely deleted, y o u  w f  11 s e e  
- ' a n  asterick in the l e f t  margin (as  we have done here). If  voti wSsh t.o 

* see what was deleted check the "chanqe sheet" which will con t a i  n t h e  
d e l e t e d  s e n t e n c e  o r  paragraph  i n  < t ~ Z i c s  n e x t  t o  the !!overther 
document's page nu~ber .  



Science Review Panel -2- Novenlher 14, 1954 

U e  b e l i e v e  t h a t  t h e  e a r l i e r  convent ion  rrould have oroducnd a terriblv 
confusing docunent aiven a'ii the c!ianqes which have been made. Derhans a n  
even better systen then this  can he develoned. 

~a\&nd EleuRa, M . D . ,  Dr.? . H .  
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O n  t h e  o t h e r  h a n d ,  t h e  
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shop  . for  t he  day. I n  t h i s  

caae the stope estimated by 

CAC woutd be h i g h e r  than 

actual. 

Change line 15-16, 1, 



t h e  case of the I n f a n t e  

study wepe it is argued that 

CAC' (r use of the prevai Zing 
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limit Here i t  i s  argued t h a t  

'exposure level used. for.the - 
assessment 
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new material to q4 p 82. 

delete entire page 
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add table .VI-6. 
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