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California approves new ozone-level limits

By Gillian Flaccus
ASSOCIATED PRESS

LOS ANGELES - The state Air Resources Board unanimously adopted a new hmlt oh ozone levels Thursday that gives Cahfomla the
toughest guidelines in the nation -- a standard that critics argue is largely symbolic, )

Supporters estlmate that, if fully effective, the new standard could save Callformans millions of dollars each year in medical costs and
productivity iosses linked to smog-induced iliness. :

They insist that while it may take years for the state to meet the new standard, its existence will force individual air quality districts to
implement long-term strategies to reduce poliution. :

"It's deﬁnltely a goal that the air district will strive for," said Luna Salaver, spokeswoman for the Bay Area Air Quality Management District.
The maJority of the state currently doesn't meet the less-stringent federa!l standard.

The eight-membeér board met for nearly 21/2 hours before approving the new limit. Caiifornia has no authority to impose sanctions for.
violations of the rules.

Several board members said they supported the change but expressed concerns about the as-yet-unknown cost of implementing it
st=tewide. '

inie Holmes-Gen, spokeswoman for the American Lung Association of Caiifornla, said the new ozone standard is based on the latest
vesearch. ) :

New evidence suggests poliution can cause a host of illnesses -- heart and lung disease, asthma, premature death -- and can exacerbate
the symptoms of diabetes, she said. . :

Before the vote, she stressed to board members that they should only consider public health -- not expense -- when considering the new
guideline. .

"Today your job is to determine the level at which public health is protected,” she said. "We should not settie for anything less."

Ozone poliution occurs when hydrocarbons and nitrogen oxides ~- released as fossil fuels burn or chemicals evaporate -- combine with
heat and sunlight.

Clean-air advocacy groups hope the upgraded California standard will influence new ozone standards currently under review at the federal
leval. . . . )

California is the only state that's allowed to have Its own air poliution standards because it had emissions requirements in place before the
federal Clean Air Act was passed in 1971, said Sonya Lunder, spokeswoman for the Environmenta! Worklng Group..

Other states can choose to follow the federal standards or California's tougher standards, she said.

The new standard passed Thursday calls for an'average ozone level that doesn't exceed .07 parts per million over an enght-hour perlod
The federal eight-hour standard is .08 parts per million

€  nty percent of California counties didn't meet the federal eight-hour standard between 2000-2003, said Lunder, and an estimated 92
:nt of counties would fall the state standard, If impiemented. The state already has a one-hour standard for ozone that is stricter than
federal rule

The Env'ironmental Protection Agency can withhold federal transportation funds from states that don't meet their ozone standards, but
most states have untill 2021 to fully comply, state officials said. : :

A coalition of'groups representing the interests of the automobile and technology industries had opposed the new state eight-hour
ittp://Awww.contracostatimes.com/mld/cctimes/living/science/1 1521 1 82 himPtemnlatemrnmtamtMMadnlaci,  A/M0ANAAE
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guideline.

Bruce Magnani, .legislative advocate for the Callfornia Chamber of Commerce, sald the proposed standard is so restrictive, it approaches
limiting the amount of ozone poliution to what occurs naturally in the air -- .04 parts per miltion. N

"I think It could only have negative impacts on the economy, because it's so strict. No one knows how they're gaing to implement this,
Magnani said. .

Steven Douglas of the Alliance of Automobile'M’anufa_cturers said he'was worried about a lack of information on the cost associated with
the new standard. He aiso said he wanted to know how much the state would have to reduce ozone emissions to reach the new target.

"The very essence of good public policy is trying to find the balance between the costs and the beneflts," Douglas said. "There isn't any
discussion of the cost (here)." _

Staff scientists said évaluating that cost would likely take at least until 2007 and possibly longer for areas around Los Angeles.

@ 2005 ContraCostaTitnes.com and wire service sources, ‘All Rights Reserved.
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Abbreviations and Definitions

abscission

AOT40
AQDA
ARB
AVG
BSA
ca*

canopy

CEC
-CFR
COs
COPD
d
edaphic
ESPACE
-FACE

- FEF25-75%

FEM
FEV1
fine roots
foliar

_ FRM
“full-sib

FvC

g
GBVAB
gaw
GIS

the normal separation, involving a layer of specialized cells, of

- flowers, fruits and leaves of plants

accumulated exposure over threshold of 40 ppb ozone
air quality data action | '

Air Resources Board

aminoethoxyviny! glycine _

Bfoader Sacramento Area

calcium ion

a cover of foliage that forms when the leaves on the branches
trees in a forest overlap during the growing season

controlied environment chamber _

Code of Federal Regulations

carbon dioxide

chronic obstructive pulmonary disease
day

. the physical, chemical, and biological characteristics of soil

European Stress Phyéiology and Climate Experiment

Free Air Carbon Enrichment system, a chamber-free, open-air
fumigation design

forced expiratory flow rate between 25 and 75% of forced vital
capacity

federal equivalent method (for air monitofin_g)
forced expiratory volume in one second
roots with a diameter between 0.5 to 3 mm
of or referring to a plant leaf _
federal reference method (for air monitoring)

seediings that have the same parents, but not necéssarily from
seed produced in the same year '

' forced vital capacity
- gram

Great Basin Valleys Air Basin
gram dry weig_ht
geographic information system



- m

gfw

hr

ha

half-sib

hm

HNO3
homeostasis

H&SC

IPM

Jeffrey pine
k

K
kg
km
L
LCAB
-LST
LTAB
m

2
MCAB
MDAB

mesophyll cells

mixed conifer

montane
mRNA
mycorrhizae

-mycorrhizal trees

gram fresh weight

hour .

hectare (= 10,000 mz; an area that is 100 m x 100 m)
seedlings that have one parent in common

hourly mean

- hitric acid

the tendenby toward maintaining physiological stability within
an organism (plant or animal)

“Health and Safety Code

Integrated Pest Management.
Pinus jeffreyi Grev. and Balf.

allometric growth coefficient describing the distribution of dry
weight gain between competing plant parts, defined as the ratio
of the relative growth rates of the competing plant parts -

potassium ion

kilogram (= 1,000 g = 2.205 pounds)
kilometer (= 1,000 m = 0.6214 miles)
liter

Lake County Air Basin

local standard time

. Lake Tahoe Air Basin

meter (= 3.28 feet)

square meter, an area thatis1 mx1m
Mountain Counties Air Basin

Mojave Desert Air Basin

the internal celis of a leaf, distinct from cells at the leaf surface
or from cell layers immediately adjacent to the leaf surface

forests with a tree-layer dominated by a mixture of conifer
species S

of or relating to a mountain or mountainous area
messenger RNA (ribonucleic acid) '

a biological association of a fungus (e.g., Pisolithus tinctorius)
with the root cells of a plant (e.g., ponderosa pine tree)

trees with roots associated a mycorrhizae fungus



n
NARSTO

NCAB
NCCAB'
NCLAN

NEPAB
ng
NH4N3
-nL

nm

NO

NO,
-NOx
ns

Os

- Ol
OoTC .
PAR
phioem

photosynfheéis

Pisolithus tinci‘orius'

Ppb
ppb-hr -

ppm
ppm-hr

sample size

a public/private partnership to coordinate research in Canada,
Mexico and the United States on tropospheric air pollution
(formerly the North American Research Strategy for
Tropospheric Ozone)

North Coast Air Basin
North Central Coast Air Basin.
National Crop Loss Assessment Network, a national study of

- 0zone impacts on crops, undertaken during the 1980s

Northeast Plateau Air Basin
nanogram (= 0.000000001 g = 10 g)
ammonium nitrate

nanoliter (10° L)

nanometer, or one billionth of a meter

nitric oxide, the primary mtrogen-contalnlng by ~-product of
combustion

nitrogen dioxide

nitrogen .oxides (or oxides of nitrogen)

nbt statistically significant at p =D.05

ozone; triatomic oxygen

ozone injury index |

open fop field exposure chamber |
photosynthetically active radiation (400 — 700 nnﬁ)

the plant tissue through which sugars and other organic
materials are transferred to different parts of the plant

- the production by green plants of organic compounds from

water and carbon ledee usmg energy absorbed from sunlight

a mycorrhlzae-formlng fungus that forms root-associations with
a wxde variety of pine and other tree species

parts per billion by volume

parts per billion hours (i.e., sum of concentra’uon times
duratlon) a measure of exposure to ozone

parts per million by volume
parts per million hours (i.e., sum of concentration times

duration), a measure of exposure to ozone
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process rates

QAS
R:S
RGR

RH
RuBisCO
RuBP
SCCAB
SCOIAS

- SDAB
senescence

SFBAAB
shoot

sieve cells
SIP
SJVAB
SoCAB -
SSAB
sucrose

(sucrose) translocation

SUMO8B

ferrain-effect winds

TREEGRO

the degree or amount at which specific actions or activities
oceur (e.g., water vapor loss from leaves of plants)

Quality Assurance Section (of ARB)
ratio of root biomass (dry weight) to shoot biomass

relative growth rate, defined as the difference in the dry weight
of a plant or plant part over a time period, divided by the initial
dry weight and the length of:the time period

relative humidity .

ribulose bisphosphate cérbdxylase—oxygenase
ribuiose bisphosphate

South Central Coast Air Basin

Sierra Cooperative Ozone Impact Assessment Study
San Diego Air Basin '

the onset of aging -- a phase in plant development from

maturity to the complete loss of organization and function in
plants ‘

San Francisco Bay Area Air Basin
the aboveground portion of the plant (e.g., leaves, stems, _

- flowers, and fruits)

the primary type of cell found in the phloem of plants
State Implementation Plan '

‘San Joaguin Valley Air Basin

South Coast Air Basin
Salton Sea Air Basin

a disaccharide (with 12 carbon atoms) commonly found in
plants

the movement of sucrose (or other soluble organic food

materials) through plant tissues — most commonly from leaves
to stems/roots -

an ozone exposure metric involving concentration weighting,
defined as the sum of all hourly mean ozone concentrations
equal to or greater than 70 ppb

air currents influenced by the geographic feafures of the land
that it passes over -

a physiologically based computer simulation model of tree
growth and development
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Ulmus americana
UN-ECE

usD

USDA

usDI

USEPA

usv

Vg

VPD

whorl

wk
yr

Hg
Hm

the scientific name for “American Elm”

United Nations Economic Commission for Europe
United States dollars

United States Department of Agriculture

United States Department of the Interior

United States Environmental Protection Agency

Upper Sacramento Valley

deposition velocity, defined as deposition flux of ozone divided
by its concentration in air (usually in cm/s or m/s)

~ vapor pressure deficit, a measure of evaporative demand of air

the arrangei‘nent of leaves, petals, etc., at about the same
place on a stem :

week
year

zonal application system, a chamber-free, open-air exposure
system -

rhicrogram (= 0.000001 g = 10 g)
micrometer or micron (= 0.000001 m = 10°® m)



1 Executive Summary

The California Health and Safety Code in section 39608, requires the Air
Resources Board to adopt ambient air quality standards at levels that adequately
“protect the health of the public, inciuding infants and children, with an adequate
margin of safety. Ambient air quality standards are the legal definition of clean
air. In December 2000, as a requirement of the Children’s Environmental Health
Protection Act (Senate Bill 25, Escutia, Stats. 1999, Health and Safety Code
39606 (d)(1)), the Air Resources Board (ARB or Board), approved a report,
“Adequacy of California Ambient Air Quality Standards” (ARB and OEHHA, 2000)
that contained a brief review of all of the existing health-based California ambient
air quality standards. : : -

Following this review, the standard for ozone, currently set at 0.09 parts per
million (ppm) for one hour, was prioritized to undergo full review after review of
the standards for particulate matter and stilfates. Staff from ARB and the Office
of Environmental Health Hazard Assessment (OEHHA) have reviewed the -
scientific literature on public exposure, atmospheric chemistry, health effects of
exposure to ozone, and welfare effects. This Staff Report or Initial Statement of
Reasons (Staff Report) presents the findings of the review and the staff.
recommendations to revise the ozone standard in order to adequately protect
public health. The proposed amendments to the ambient air quality standard for
ozone are based on the health effects review contained in Volume Il of this

Report and the recommendation of OEHHA, as required by Health and Safety
Code section 39606(a)(2). - :

1.1 Summary of the Staff Report/Initial Stafement of Reas_ons
1.1.1 Health Effects of Ozone |

‘Scientific studies show that exposure to ozone can result in reduced lung
function, increased respiratory symptoms, increased airway hyperreactivity, and
increased airway inflammation. Exposure to ozone is also associated with
premature death, hospitalization for cardiopulmonary causes, emergency room
visits for asthma, and restrictions in activity. '

in controlled human exposure studies (see Chapter 9), exercising individuals
exposed for 1 hour (hr) to an ozone concentration as low as 0.12 parts per million
(ppm) or for 6.6 hours to a concentration as low as 0.08 ppm experienced fung
function decrements and symptoms of respiratory irritation such as cough,
wheeze, and pain upon deep inhalation. The lowest ozone concentrations at
which airway hyperreactivity (an increase in the tendency of the airways to
constrict in reaction to exposure fo irritants) has been reported are 0.18 ppm
ozone following . 2-hour exposure in exercising subjects, 0.40 ppm following 2-
hour exposure in resting subjects, and 0.08 ppm ozone in subjects exercising for
8.6 hr. Airway inflammation has been reported following 2-hour exposures to
0.20 ppm ozone and following 6.6-hour exposure to 0.08 ppm ozone.
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Additional support for the exposure/response relationship for ozone health effects
is derived from animal toxicological studies, which have shown that chronic
0zone exposure can induce morphological (tissue) changes throughout the
respiratory tract, particularly at the junction of the conducting airways and the gas
exchange zone in the deep lung. In addition, the magnitude of .0zone-induced
effects is related to the inhaled dose (ozone concentration times breathing rate
times exposure duration). Of these three factors 0zone concentration is the most
significant in predicting the magnitude of observed effects, followed by ventilation
rate. Exposure duration has the least influence of the three factors.

Epidemiological studies (see Chapter 10) have shown positive associations
between ozone levels and several health effects, including decreased lung
function, respiratory symptoms, hospitalizations for cardiopulmonary causes,
emergency room visits for asthma, and premature death. Children may be more
affected by ozone than the general population due to effects on the developing
lung and to relatively higher exposure than adults. There is litile information-
available on the effects of ozone exposure on infants. Also, asthmatics may
represent a sensitive sub-population for-ozone. Since most California residents
are exposed to levels at or above the current State ozone standard during some
parts of the year, the statewide potential for significant health impacts associated
. with ozone exposure is large and wide-ranging.

1.1.2 Summary of Non-health Issues

- The Staff Report contains reviews and discussions of non-health topics to
provide a context for the health review and the staff recommendations for the
State ozone standard. Aimost all of the ozone in California’s atmosphere resuilts
from reactions between substances emitted from " sources including motor
vehicles and other mobile sources, power plants, industrial plants, and consumer
products. These reactions involve volatile organic compounds (VOC) and oxides
of nitrogen (NOx) in the presence of sunlight. (Chapter 3). Ozone is a regional
. pollutant, as the reactions forming it take place over time, and downwind from the.
sources of the emissions. As a photochemical poliutant, ozone is formed ohly
during daylight hours ‘under appropriate conditions, but is destroyed throughout
the day and night. Thus, ozone concentrations vary depending upon both the
time of day and the location. Even in pristine areas there is some ambient ozone
that forms from natural emissions that are not controllable (Chapter 4). This is
termed “background” ozone. The average “background” ozone concentrations

near sea level are in the range of 0.015 to 0.035 ppm, with a maximum of about
0.04 ppm. -

The Staff Report includes an overview of statewide 0ZOne precursor emissions
that are involved in the formation of ozone (Chapter 5). The Staff Report also
includes a discussion of the current ulfraviolet photometry monitoring method,
and a listing of approved samplers (Chapter 8). Although there are two
measurement methods for ozone approved for use in the U.S. by the US.
Environmental Protection Agency (USEPA), the ‘method based on ultraviolet
photometry is aimost universally used in practice and is approved for use in -
California for state air quality standards. .

1-2



The Staff Report includes a summary of current air quality in California, as well
as long-term trends in statewide ozone concentrations (Chapter 7). Ozone is
monitored continuously at approximately 175 sites in California. The highest
number of exceedance days for both the State and federal 1-hour standards
occurred in the San Joaquin Valley Air Basin and the South Coast Air Basin.
Both areas had more than 115 State standard exceedance days and 31 or more
federal standard exceedance days during each of the three years from 2001
through 2003. The Sacramento Metro Area, Mojave Desert Air Basin, and Salton
Sea Air Basin all averaged more than 50 State standard exceedance days and
averaged 8 or more federal standard exceedance days during 2001 through
2003. The remaining five areas (Mountain Counties Air Basin, San Diego Air
Basin, San Francisco Bay Area Air Basin, South Central Coast Air Basin, and the
Upper Sacramento Valley) averaged from 12 to 45 State standard exceedance
days. The Upper Sacramento Valley area had no exceedances of the federal
standard while the Mountain Counties Air Basin, SanDiego Air Basin,
San Francisco Bay Area AirBasin, and South Central Coast Air Basin each
averaged 1 to 2 federal standard exceedance days for the three-year period.

The range of the measured maximum 1-hour concentrations tends to follow a
similar pattern. The South Coast Air Basin showed the highest values, with
measured concentrations of 0.169 ppm or higher during 2001 through 2003. The
next highest 1-hour ozone concentrations occurred in the Salion Sea Air Basin
and San Joaquin Valley Air Basin, which had concentrations of 0.149 ppm or
higher during all three years. During 2001 through 2003, neither the State nor
. federal 1-hour standard was exceeded in the Lake County Air Basin, North Coast
Air Basin, or Northeast Plateau Air Basin. -Data for four additional areas, Great
Basin Valleys Air Basin, Lake Tahoe Air Basin, North Central Coast Air Basin,
and the Upper Sacramento Valley show exceedances of the State standard, but
not the federal 1-hour standard (as described eariier, representative data for the
Northeast Plateau Air Basin and Great Basin Valleys Air Basin are available for
2002 and 2003 only). Both the State and federal ‘1-hour standards were
exceeded during at least two of the three years in all other areas. '

Californians’ indoor and personal exposures to ozone are largely determined by
the outdoor ozone .concentrations in their community. Nonetheless, some
‘Californians experience a substantial exposure to ozone indoors, due to the
increasing use of certain types of appliances and equipment that emit ozone.
Children and those who are employed in outdoor occupations or exercise heavily
outdoors, experience substantially greater exposures to ozone than the rest of
the population, because they spend time outdoors during peak ozone periods.

A review of welfare effects, including effects of ozone on forest trees, agriculiural
crops, and materials is also discussed in this report (Chapter B). Elevated
concentrations of ozone can cause adverse effects on agricultural crops, forest
trees and materials at current ambient levels, and the proposed health-based
“ozone standards should also provide protection to crops, forests and materials.
in broad terms, impacts to crops are generally.-more severe than for forest frees
- owing to their inherently more vigorous rates of growth. Discussed in the

1-3



subsection on crops and the methods used to expose plants to ozone. This is
followed by an examination of the physiological basis of ozone damage {o plants,
with special emphasis on carbon metabolism and the resulting impacts on crop
growth and yield. Data collected since the 1950s on mixed conifer forests in the
San Bernardino Mountains and the Sierra Nevada indicate that increasing
numbers of ponderosa and Jeffrey pines exhibit ozone-specific needle damage
due to the pollutant's cumulative effects. Also discussed are the impacts of ozone
on materials, including building materials, rubber, paint, and fabrics. Although the
proposed ozone standards are based on human health effects, progress toward
attaining the proposed standards will provide welfare benefits. '

1.2 Staff Recommendations for the Ozone Standard

‘California ambient air quality standards are defined in the Health and Safety
Code section 39014, and 17 Cal. Code Regs. section 70101, and comprise four
elements: (1) a definition of the air pollutant, (2) an averaging time, (3) a poliutant
concentration, and (4) a monitoring method o determine attainment of the
standard. The current California ambient air quality standard for ozone is 0.09.
ppm averaged over one hour and was set by the Board in 1988. The data
indicate that the current standard alone is not sufficiently protective of human
health. Based on the review of the scientific literature and recommendations by
OEHHA, the staff recommends that the following revisions be made to the
California ambient air quality standard for ozone: ' ' '

1. Ozone will continue to be the pollutant addressed by the standard.

2. Ozone 1-hour-average Standard - retain the current 1-hour-average
standard for ozone at 0.09 ppm, not to be exceeded. :

3. Ozone 8-hour-average Standard — establish a new 8-hour-average standard
for ozone at 0.070 ppm, not to be exceeded.

4. Ozone Monitoring Method: retain the current monitoring method for ozone
which uses ‘the uliraviolet (UV). photometry method for determining
compliance with the State ambient air quality standard for ozone.
Incorporate by reference (17 Cal. Code Regs. section 70101) all federally
approved UV methods (i.e., samplers) for ozone as "California Approved
Samplers”. This will result in no change in air monitoring equipment
practices, but will align state monitoring requirements with federal
requirements. '

These recommendations are based on the following findings:

a. Reduced lung function and increased respiratory or ventilatory symptoms
foliowing 1-hour exposure to 0.12 ppm ozone with moderate to heavy
exercise,

b. Increased airway hyperreactivity following 2-hour exposure fo 0.18 ppm in
exercising subjects. '

c. Airway inflammation following 2-hour exposure to 0.20 ppm ozone in
exercising subjects :



d. Reduced lung function, increaséd respiratory and ventilatory symptoms,
increased airway hyperreactivity, and increased airway inflammation
following 6.6 to 8-hour exposure to 0.08 ppm ozone. :

e. Evidence from epidemiological studies of several héalfh endpoints
including premature death, hospitalization, respiratory symptoms, and
restrictions in activity and lung function.

f. Evidence from ‘epidemiological studies of emergency room visits for -
asthma suggesting a possible threshold concentration between 0.075 and
0.11 ppm from analyses based on a 1-hour averaging time, and a possible

- threshold concentration between 0.070 and 0.10 ppm from analyses
based on an 8-hour averaging time. - '

g. There is no evidence that children and infants respond. to lower ozone
concentrations than adults. Their risk is primarily related to their greater
ventilation rate and greater exposure-_duration.

" h. The dose-rate of ozone inhalation influences the magnitude of observed
effects. -

1.3 Other Recommendations

In light of the_adverse_héalt_h' effects observed at current ambient concentrations -
and the lack of a demonstrated effect threshold for the population as a whole,
staff makes the following comments: '

1. Fund additional research investigating the responseé of human subjects to
multi-hour exposures to ozone concentrations between 0.04 and 0.08
ppm. ' - _

2. The sfandards should be revisited within five years, in order to ,ré-ev'aluate
the evidence regarding the health effects associated with ozone exposure.

3. In any air basin in California that currently attains the ambient air quality
standards for ozone, air quality should not be degraded from present .
levels. - :

1.4 Estimated Health Benefits

Staff estimates that attainment of thé proposed ozone standards throughout

California would avoid a significant number of adverse health effects each year,
specifically: ' i

580 (290 ~ 870, probable range) premature deaths for all ages.

« 3,800 (2,200 - 5,400, 95% confidence interval (CI)) hospitalizations due to
respiratory diseases for all ages.

e 600 (380 — 850, 95% Cl) emergency room Visi’_cs for asthma for children under
18 years of age. :

3.3 million (430,000 - 6,100,000, 95% Cl) school absences for children 5 t0 17
years of age. -
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e 2.8 million (1.2 million - 46 million, 25% Cl) minor restricted activity days for
adults above 18 years of age. '

As discussed in Appendix B, there are a several important assumptions and
uncertainties in this analysis. Some have to do with study design, stafistical
methods, and choice of epidemiological studies used to develop the
concentration-response (CR) functions used in the analysis. Few studies have
investigated the shape of the CR function, or whether there is a population
response threshold for health endpoints other than emergency room visits for
asthma. Further uncertainty is added by assumptions in the statewide exposure
assessment. It should also be noted that since several health effects related to.
acute exposure, and effects of chronic ozone exposure, are not included in the
estimates, the health benefits associated with lowering ozone exposure are likely
underestimated. | : '

1.5 Public and Peer Review of the Staff Recommendafions

The draft version of this Staff Report was released to the public on June 21, 2004
and presented for review and comment at public workshops during 2004 on July
14 in Sacramento, July 15 in El Monte, July-18 in Fresno, and August 25 in
Sacramento. - : -

The draft Staff Report was peer reviewed by the Air Quality Advisory Committee:
(AQAC). AQAC is a scientific peer review committee, appointed by the University
of California, to independently evaluate the scientific basis of staff findings and.
recommendations in the draft Staff Report for revising the California ambient air
quality standard for ozone. The AQAC held a public meeting to discuss its review
of the draft Staff Report, comments submitted by the public, and staff responses
to those comments. AQAC concluded that the report was well written and
researched, and that the proposed revision to the State ozone standard was
adequately supported. AQAC findings, public comments, and staff responses can
be found in Appendices C-E. Following the meeting of the Air Quality Advisory
Committee (AQAC), staff revised the draft Staff Report based on comments
received from AQAC and the public.

1.6 Environmental and Economic Impacts

' The proposed ambient air quality standards will in and of themselves have no
‘environmental or economic impacts. Standards simply define clean air. Once
adopted, local air poliution control or air quality management districts are
responsible for the adoption of rules and regulations to control emissions from
stationary sources to assure their achievement and maintenance. The ARB is
responsible for adoption of emission standards for mobile sources and consumer
products. A number of different implementation measures are possible, and each
could have its own environmental or economic impact. These impacts must be
evaiuated when the control measure is proposed. Any environmental or
economic impacts associated with the imposition of future measures will be
considered if and when specific measures are proposed.



1.7 Environmental Justice Considerations

State law defines environmental justice as the fair treatment of people of all
races, cultures, and incomes with respect {o the development, adoption,
implementation, and enforcement of environmental laws, regulations, and
policies. The available literature suggests there appears to be no special
vuinerability related to race, ethnicity or income level, although there may be
higher exposure. Ambient air quality standards define clean air; therefore, all of
California’s communities will benefit from the proposed health-based standards.

1.8 Comment Period and Board Hearing

Release of this Staff Report opens the official 45-day public comment period
required by the Administrative Procedure Act prior to the public meeting of the Air
Resources Board to consider the staffs recommendations. Please direct all
comments to either the following postal or electronic mail address:

Clerk of the Board

‘Air Resources Board -

1001 “I" Street, 23rd Floor
Sacramento, California 95814
ozonel5@listserve.arb.ca.qov

To be considered by the Board, written submissions not physically submitted at
the hearing must be received at the ARB no later than 12:00 noon, April 27,
2005. Public workshops will be scheduled for April 2005 to present the final staff
recommendations and receive public input on the Staff Report. Information on
~ these workshops, as well as summaries of the presentations from past
workshops and meetings are available by calling 1-916-445-0753 or at the
following ARB website: S B
http://www.arb.ca.gov/research/aags/ozone-rs/ozone-rs.htm.

An oral report summarizing the staff recommendations for revising the ozone
standard will be presented to the Board at a public hearing scheduled for April
28, 2005. - ' ‘ :

The staff recommends that the Board adopt the proposed amendments to the
ambient air quality standards for ozone as stated above. The proposed amendments
and their basis are described in detail in this Staff Report, which contains the
findings of ARB and OEHHA staffs full review of the public health, scientific
literature, and exposure pattern data for ozone in California. Due to the exterisive
nature of the literature review and the hundreds of studies reviewed, the Staff
- Report is divided into four volumes. Volume | contains the Executive Summary,
Overview and Staff Recommendations, and Appendix A, the proposed
amendments to the California Code of Regulations (amended regulatory text).
~ Volumes Il through IV present more detailed discussions of the material that is
summarized in Volume |. Volume Il includes background material on non-health
- topics, including chemistry of ozone formation and deposition, ozone precursor
sources and emissions, ozone exposure and background levels, measurement
methods, and welfare effects of ozone exposure. Volume il contains a summary
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of ozone health effects and an in-depth discussion of the basis for the staff
‘ recommendation. Volume 1V includes several appendices, including an analysis
of the estimated health benefits associated with attainment of the proposed
standards, summaries of Air Quality Advisory Committee and public comments
and staff responses, and supplemental animal toxicologic data.
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2 Overview and Staff Recommendations

Ozone (Oz) can damage human cells upon contact, and has been implicated in a variety
of adverse health effects. Scientific studies show that exposure to ozone can result in
reduced Ilung function, increased respiratory symptoms, increased airway
hyperreactivity, and airway inflammation. Exposure to ozone is also associated with
premature death, hospitalization for cardiopuimonary causes, emergency room visits for
asthma, and restrictions in activity. Ozone forms in the atmosphere as the result of
reactions involving sunlight and two classes of directly emitted precursors. One class of
precursors includes nitric oxide (NO) and nitrogen dioxide (NO,), coliectively referred to
as nitrogen oxides or NOx. The other class of precursors includes volatile organic
compounds (VOCs, also called reactive organic gases or ROG), such as hydrocarbons.
Ozone forms in greater quantities on hot, sunny, calm days. in mefropolitan areas of
California and areas downwind, ozone concentrations frequently exceed existing health-
protective standards in the summertime. The current California ambient air quality
standard for ozone is 0.09 ppm for one hour. :

The sources of ozone precursor emissions within California have been grouped into
three major categories: point sources, which are distinct facilities such as power plants
and factories; mobile sources, which includes cars, trucks, and off-road mobile

- equipment; and area-wide sources, which include agricultural and construction
activities, and consumer products. VOCs are emitted from vehicles, factories, fossil
fuels combustion, evaporation of paints, and many other sources. NOy is emitted from

high-temperature combustion processes, such as at power plants or in motor vehicle
exhaust . ' '

The concentrations of ozone measured in the air vary both regionally and seasonally

throughout California. For example, the Los Angeles area and the San Joaquin Valley

~ experience highest ozone levels in the state. Ozone concentrations are typically higher
during the summer months than the winter months. '

To help understand which sources contribute to high ozone levels, the ARB has
developed and maintains detailed facility and source specific estimates of the overall
estimated ozone precursor emissions. Only the precursor gases are estimated. As a
complement to emission inventory and routinely collected air quality monitoring data,
the ARB conducts atmospheric modeling, using these precursor emission inventories
and other appropriate information, to estimate ozone levels : :

- 21 Setting California Ambient Air Quality Standards

Ambient air quality standards (AAQS) represent the legal definition of clean air. They
- specify concentrations and durations of exposure to air poliutants that reflect the
relationships between the intensities and composition of air poliution: and undesirable
effects (Health and Safety Code section 39014). The objective of an AAQS is o provide

a basis for preventing or abating adverse health or welfare effects of air pollution (17
Cal. Code Regs. section 70101). :

Health and Safety'Code section 39606(a)(2) authorizes the Air Resources Board
(Board) to adopt standards for ambient air quality "in consideration of public health,
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safety, and welfare, including, but not limited to, .health, iliness, irritation to the senses,
aesthetic value, interference with visibility, and effects on the economy." Standards
represent the highest poliutant concentration for a given averaging time that is
estimated fo be without adverse effects for most people. Standards are set to ensure
that sensitive population sub-groups are protected from exposure to levels of poliutants
that may cause adverse health effects. A margin of safety is added to account for
possible deficiencies in the data and measuring methodology. Health-based standards
are based on the recommendation of the Office of Environmental Health Hazard Health
Assessment (OEHHA). o ‘ ‘

Recent legislation requires that infants and children be given special consideration
when ambient air quality standards are adopted. As part of its recommendation to the
ARB, the statute requires OEHHA to use current principles, practices, and methods
used by public health professionals to assess the following considerations for infants
and children: '

1. Exposure patterns among infants and children that are likely to result in
disproportionately high exposure to ambient air poliutants in comparison fo the
- general population. '

2. Special susceptibility of infants and children to ambient air pollutants in comparison
to the general population.. o

3. The effects on infants and children of exposure to ambient air pollutants and other
substances that have a common mechanism of toxicity. '

4. The interaction of multiple air p'ollutants‘on infants and children, including the

interaction between criteria air pollutants and toxic air contaminants.

The law also requires that the scientific basis or the scientific portion of the method used
to assess these considerations be peer reviewed (Health and Safety Code section.
39606(c)). The draft Staff recommendations and their bases; including OEHHA's
assessment and recommendation, is peer reviewed by the Air Quality Advisory
Committee (AQAC). AQAC is an external peer review committee established in
accordance with section 57004 of the Health and Safety Code and appointed by the
President of the University of California a University of California. The AQAC meets 1o
independently evaluate the scientific basis of draft recommendations for revising the
California ambient air quality standards. :

Ambient air quality standards should not be interpreted as permiting, encouraging, or
condoning degradation of present air quality that is superior to that stipulated in the
standards. Rather, they represent the minimum acceptable air quality. An AAQS
adopted by the Board is implemented, achieved, and maintained by numerous rules and
regulations that limit pollution from specific sources of ozone precursors. These rules
and regulations are primarily, though not exclusively, emission limitations established by
the regional and local air poliution control and air quality management districts for
stationary sources, and by the Board for vehicular sources and consumer products (see
generally, Health and Safety Code sections 39002, 40000, and 40001)



2.2 Current California Ambient Air Quality Standard for Ozone

The current California ambient air quality standard for ozone, established in 1988, is
0.09 ppm (180 pg/m®) for a one-hour average. This value is not to be exceeded. This
standard was established based on the following most relevant effects, which are listed
in the table of standards (17 Cal. Code Regs. section 70200):

a. Short-term exposures: '

(1) Pulmonary function decrements and localized lung edema in humans and
animals. -

(2) Risk to public health implied by élterationé in pulmonary morphology and host
defence in animals. : _

b. Long-term exposures: Risk to public health implied by altered pulmonary morphology

in animals after long-term exposures and pulmonary function decrements in chronically
exposed humans. - , :

c. Welfare effects:

(1) Yield loss in important crops and predicted economic I'_oss to growers and,
consumers. ' :

(2) Injury and damage'to native plants and poténtial changes in species diversity and
number.

(3) Damage to rubber and elastomers and to paints, fabric, dyes, pigments, and
plastics. B o o

The US EPA has set national ambient air quality standards, as noted in the table below.
The federal one-hour standard will be phased out beginning in June 2005. The Federal -
Clean Air Act gives California authority to set its own ambient air quality standards in
- consideration of statewide concerns. California has the largest number of exceedances
of the Federal 8-hour ozone standard in the United States, supporting California’s need

to address a signiﬁcant statewide public health._issue.

Current Ambient Air Quality Standards for Ozone

- Averaging Time California Standard Federal Standard
1 Hour 0.09 ppm (180 ug/m®) 0.12 ppm (235 pg/m®)
B Hour ‘ - 0.08 ppm (157 pgim®)

2.3 History of Ozone/Oxidant Standards

The first state oxidant standard was set in December 1959 by the state Department of
Public Health (DPH), which had the responsibility for setting air poliution standards
before the creation of the ARB. This standard was set at 0.15 ppm, averaged for one
hour. The standard was for oxidant, rather than ozone, because the monitoring method
available at that time, the potassium iodide (KI) method, measured all ambient oxidant
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gases, including ozone and other oxidants such as peroxyabetyl nitrate (PAN) nitrogen
dioxide, photochemical aerosols, and other unknown oxidants.

In 19869, the newly-created ARB reviewed the oxidant standard set by DPH and revised
the standard to a concentration of 0.10 ppm, averaged over one hour, not to be equaled
or exceeded. The information considered by the Board in 1969 included adverse effects
upon: (1) the health of humans and animals; (2) vegetation; (3) materials; and (4)
visibility. Eye irritation was listed as the most relevant effect of oxidant.

In 1974, the Board introduced ultraviolet photometry as the monitoring method for the

- standard.  However, since ultraviolet photometry measures only ozone, the Board
changed the designation of the standard from ‘oxidant” to “oxidant (as ozone).”
Because only ozone was to be measured, the Board changed the most relevant effect
from: “eye irritation” (which is caused primarily by peroxyacyl nitrates or PANs) to
“aggravation of respiratory disease” (which is caused primarily by ozone).

In 1988, the Board changed the designation of the standard from “oxidant (as ozone)” to
"ozone", and revised the standard to a concentration of 0.09 ppm, averaged over one
hour, to reflect that the listed relevant effects were related to ozone exposure, rather
. than to oxidants in general.

For comparison, in 2000, the'World ‘Health Organization established a g'uideline value

for ozone in ambient air of 120 pg/m? (0.061. ppm) for a maximum period of 8 hours per
day (WHO 2000). ‘ ' .

2.4 Review of the California Ambient Air Quality Standards

The Children's Environmental Health Protection Act (Senate Bill 25, Escutia, Stats.
1899, ch. 731) required the ARB, in consultation with the OEHHA, to evaluate all health-
based standards by December 31, 2000, to determine whether the standards were
- adequately protective of the health of the public, including infants and children (Health
and Safety Code section 39606 (d)). At its December 7, 2000 meeting, the Board
approved a report, “Adequacy of California Ambient Air'Quality Standards: Children's
Environmental Health Protection Act” (ARB, et al., 2000), prepared by ARB and OEHHA
staffs. The Adequacy Report concluded that ‘health effects may occur in infants and
children and other potentially susceptible subgroups exposed to ozone at or near levels
corresponding to the current standard. The report identified the standard for ozone as
- having the second highest priority for further detailed review and possible revision. The
standard for PM10 (including sulfates) had the highest priority and was reviewed and
revised in 2002, including establishment of a new standard for PM2.5.

2.5 Findings of the Standard Review
~ 2,51 Chemistry and Physiés_

Most of the ozone in California’s air results from reactions between substances emitted -
from sources including motor vehicles, power plants, industrial plants, consumer
products, and vegetation. These reactions involve volatile organic compounds (VOCs,
which the ARB also refers to as reactive organic gases or ROG) and oxides of nitrogen
(NOx) in the presence of sunlight. Ozone is a regional poliutant, as the reactions
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forming it take place over time, and downwind from the precursor sources. As a

photochemical pollutant, ozone is formed only during daylight hours under appropriate

conditions, but is destroyed throughout the day and night. Thus, ozone concentrations

vary depending upon both the time of day and the location. Ozone concentrations are

higher on hot, sunny, calm days. In metropolitan and downwind areas of California,
~ ozone concentrations frequently exceed regulatory standards during the summer.

2.5.2 Ozone Background

Even in pnstme areas there is some ambient ozone that forms ‘from natural emissions
that are not controllable. This is termed “background” ozone. Overall, it appears that
“background” ozone in California is dominated by natural tropospheric and stratospheric
processes. The effects of -occasional very large biomass fires and anthropogenic
emissions are secondary factors. The foregoing discussion indicates that average
“natural background” ozone near sea level is in the range of 0.015 to 0.035 ppm, with a
maximum of about 0.04 ppm. Exogenous enhancements to “natural’ levels generally
are small (about 0.005 ppm), and are unlikely to alter peak concentrations. _

At altitudes above 2 km stratospheric intrusions can push peak ambient concentrations
to 0.045 to 0.050 ppm. The timing, spatial extent, and chemical characteristics of
stratospheric air mass intrusions makes these events recognizable in air quality records,
providing that the affected region has a fairly extensive monitoring network and that
multiple air quality parameters (CO, VOC, PM, RH) are being measured as well.

Intermittent episodes of “natural” ozone from very large biomass fires in boreal forests
{(Alaska, Canada, Siberia) can produce short-lived pulses of ozone up to 0.020 ppm that
may arrive during the North American ozone season. Present understanding suggests
that these are infrequent events at latitudes below about 50N. There are no data _
documenting such an event in California. Long range transport of anthropogenic ozone
may- grow as Asian energy consumption increases the continent's NOx emissions.
Model studies indicate that the Asian ozone increment in North America could double
over the next few decades. Assumlng the temporal pattern of transport remains
unchanged, such an impact could increase mean ozone concentrations by 0.002 to
0.008 ppm. The potential effect on peak transport events is unknown at this fime.

2.5.3 Ozone Precursor Emissions

- Ozone is an oxidant gas that forms photochemically in the atmosphere when nitrogen
oxides (NOx) and reactive organic gases (ROG) are present under appropriate
atmospheric conditions (see Chapter 5). Carbon monoxide (CO) is also an ozone
~ precursor. Both ROG and NOyx are emitted from mobile sources, point sources, and
area-wide sources. ROG emissions from anthropogenic sources result primarily from
incomplete fuel combustion, and from the evaporation of solvents and fuels, while NOx
and CO emissions result aimost entirely from combustion processes.

2.5.4 Monitoring Method

Two measurement methods for ozone are approved for use in the U.S. by the USEPA:
" one is based on the chemiluminescence that occurs when ozone and ethylene react,
and the other on the attenuation of ultraviolet (UV) radiation by ozone. The method
~ based on UV spectrometry is almost universally used in practice. Specifications and
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criteria for both methods exist in federal regulation. The UV photometry-based method
is approved for use in California for state air quality standards. Both state and federal

requirements are applied directly by the ARB and the ajr districts in the ozone
monitoring network in California. '

2.5.5 Exposure

During 2001 through 2003, neither the State nor federal 1-hour standard was exceeded -
in the Lake County Air Basin, North Coast Air Basin, or Northeast Plateau Air Basin.
Data for four additional areas, Great Basin Valleys Air Basin, Lake Tahoe Air Basin,
North Central Coast Air Basin, and the Upper Sacramento Valley show exceedances of
the State standard; but not the federal 1-hour standard (as described earlier,
representative data for the Northeast Plateau Air Basin and Great Basin Valleys Air
Basin are available for 2002 and 2003 only). Both the State and federal 1-hour
standards were exceeded during at least two of the three years in all other areas.

The highest 8-hour average values were found in the South Coast Air Basin and San
Joaquin Valley Air Basin. Maximum 8-hour concentrations in the South Coast Air Basin-
ranged from 0.144 ppm to 0.153 ppm during 2001 through 2003, while maximum 8-hour
concentrations in the San Joaquin Valley ranged from 0.120 ppm to 0.132 ppm during
the same three-year period. Three other areas, the Mojave Desert Air Basin, the
Sacramento Metro Area, and the Salton Sea Air Basin aiso had a maximum 8-hour
concentration above 0.120 ppm during at least one of the three years.

With respect to the federal 8-hour ozone standard, Lake County Air Basin and North
Coast Air Basin showed no exceedance days during 2001 through 2003. One area, the
Lake Tahoe Air Basin, averaged only one exceedance day for the three-year period,
while the North Central Coast Air Basin averaged three 8-hour exceedance days. In

The remaining four areas averaged between 7 and 25 federal 8-hour exceedance days
during the three-year period. ' ' '

Californians’ indoor and personal éxposures to ozone are largely determined by the
- outdoor ozone concentrations in their community. Nonetheless, some Californians
_experience a substantial exposure to ozone indoors, due to the increasing use of certain
types of appliances and equipment that emit ozone. Others, such as many children and

2.5.6 Welfare Effects

A review of welfare effects, including effects of ozone on forest trees, agricultural crops,
and materials is also discussed in this report (Chapter 8). Elevated concentrations of
0zZone can cause adverse effects on agricultural crops, forest trees and materials at
current ambient levels, and the proposed health-based ozone standards should also
provide protection to crops, forests and materials. In broad terms, impacts to crops are
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generally. more severe than for forest trees owing to their inherently more vigorous rates
of growth. Discussed in the subsection on crops and the methods used to expose plants
to ozone. This is followed by an examination of the physiological basis of ozone
damage to plants, with special emphasis on carbon metabolism and the resulting
impacts on crop growth and yield. Data collected since the 1950s on mixed conifer
forests in the San Bernardino Mountains and the Sierra Nevada indicate that increasing
numbers of ponderosa and Jeffrey pines exhibit ozone-specific needle damage due to
the pollutant's cumulative effects. Also discussed are the impacts of ozone on materials,
including building materials, rubber, paint, and fabrics. Although the proposed ozone
standards are based on human health effects, progress toward attaining the proposed
standards will provide welfare benefits. .

2.5.7 Health Effects

Review of the controlled human exposure, animal toxicology and epidemiologic
literature led to the following conclusions as to the health effects of ozone exposure:

1. The lowest ozone concentration at which reduced lung function and increased
respiratory and ventilatory symptoms have beeri observed following 1-hour expostire
is 0.12 ppm with moderate to heavy exercise. .

2. The lowest ozone concentration at which increased airway hyperreactivity following
2-hour exposure has been reported is 0.18 ppm in exercising subjects.

3. The lowest ozone concentration at which airway inflammation following 2-hour
exposure has been reported is 0.20 ppm ozone in exercising subjects

4. Reduced lung function, increased respiratory and ventilatory symptoms, increased
airway hyperreactivity, and increased airway inflammation have been reported
following 6.6- to 8-hour exposure to 0.08 ppm ozone. S

5. Evidence from epidemiological studies of several health endpoints including

premature death, hospitaiization, respiratory symptoms, and restrictions in activity
and lung function. C :

8. Evidence from epidemiological studies of emergency room visits for asthma
suggests a possible threshold concentration between 0.075 and 0.11 ppm from -
analyses based on a 1-hour averaging time, and a possible threshold concentration
between 0.070 and 0.10 ppm from analyses based on an 8-hour averaging time.

7. There is no evidence that children and infants respond to lower ozone
concentrations than adults. Their risk is primarily related to their greater ventilation
rate and greater exposure duration. '

8. The dose-rate of ozone inhalation influences the magnitude of observed effects.
2.6 Summary of Recommendations

Following a detailed review of the scientific literature on the health and welfare effects of
ozone, staff is proposing to revise the ambient air quality standard for ozone. The
recommended ozone standards are based on scientific information about the health
impacts associated with ozone exposure, recognizing the uncertainties in these data.
The definition of California ambient air quality standards assumes a threshold below
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which effects do not occur. However, the extremely wide range of individual
responsiveness to ozone makes identification of a threshold on a population level
somewhat problematic. In addition, the Children's Environmental Health Protection Act
[Senate Bill 25, Escutia; Stats. 1999, Ch. 731, H&SC section 39606(d)(2)] requires a
standard that “adequately protects the health -of the public, including infants and
children, with an adequate margin of safety.” Recognizing the uncertainties in the
database, staff makes the following recommendations.

1. Ozone will continue to be the poliutant addressed by the standard.

2. One-hour ambient air guality standard: staff recommends retaining the current
- 1-hour ozone standard at a concentration of 0.09 pPpm, not to be exceeded, based
on several factors. First, at 0.12 ppm, in several studies 10 - 25% of the subjects
experienced a decline of 10% of more in FEV1. In one study, these lung function
changes were accompanied by increases in cough. At 0.24 ppm, increases were
also observed in shortness of breath and pain on deep breath. These jung function
and symptom outcomes have been demonstrated and replicated in several carefully
controlled human exposure studies. The population at risk for these effects includes
children and adults engaged in active outdoor exercise and workers engaged in
Pphysical labor outdoors. Thus, a margin of safety is necessary to account for
variability in human responses. In addition, the chamber studies, by -design, do not
include potentially vuinerable populations (e.g., people with moderate to severe
asthma, Chronic Obstructive Pulmonary Disease or COPD, and heart disease) who
may be incorporated in the epidemiologic studies. ' '

Second, chamber studies indicate that bronchial responsiveness and pulmonary
inflammation occur with 1-hour exposure to 0.18 to 0.20 ppm. Bronchial
responsiveness can aggravate pre-existing chronic respiratory disease. The ultimate
impact of the inflammatory response is unclear but repeated exposures to high
ozone levels may result in restructuring of the airways, fibrosis, ‘and possibly
permanent respiratory injury. These latter outcomes are supported by animal
toxicology ‘studies, which also suggest the possibility of decreases in lung defense
mechanisms. - : L

Third, epidemiological studies completed over the last 10 years indicate the potential
for severe adverse health outcomes including premature death, hospitalizations, and
emergency room visits. These studies include concentrations to which the public is
currently being exposed. It is possible that some of these associations are due to
relatively shori-term exposures, for example less than two hours, since people at risk-
of experiencing these endpoints are unlikely to be engaged in multi-hour periods of
moderate or heavy work or exercise outdoors. However, since there is high temporal
correlation between 1-, 8-, and 24-hour average ozons concentrations, the
averaging time of concern cannot be discerned from these studies.

Viewing all of the evidence, staff recommends retention of the 1-hour standard of
0.09 ppm, not to be exceeded, as being protective of public health with an adequate
margin of safety. _ : :

3. Eight-hour ambient air guality standard: We recommend establishing a new 8-hour -
average standard of 0.070 ppm, not to be exceeded. Our recommendation for the 8-
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hour standard is based primarily on the chamber studies that have been conducted
over the last 15 years, supported by the important health outcomes reported in many
of the epidemiologic studies. With exposure for 6.6-to 8-hours to an ozone
concentration of 0.08 ppm, several studies have reported statistically significant
group effects on iung function changes, ventilatory and respiratory symptoms,
airway hyperresponsiveness, and airway inflammation in healthy, exercising
individuals. A substantial fraction of subjects in these studies exhibited particularly
- marked responses in lung function and symptoms. Consequently, a concentration .of
0.08 ppm ozone for an 8-hour averaging time can not be considered adequately
protective of public health, and does not include any margin of safety, based on the
definitions put forth in State law. The one published multi-hour study investigating a
concentration below 0.08 ppm showed no statistically significant group mean
decrement in lung function or symptoms at 0:04-ppm compared to a baseline of
clear air. In addition, all individual subjects had changes in FEV1 of less than 10%.
One unpublished mulfi-hour study at 0.06 ppm (Adams 1998) reported no
statistically significant group mean changes, relative to clean air, in either lung
function or symptoms including pain_on deep inhalation and total symptom score.
- Therefore, staff has recommended an 8-hour concentration of 0.070 ppm. Many of
the ‘studies, and issues and concerns associated with the epidemiological studies
listed above concerning the 1-hour standard are also relevant to the 8-hour
- standard. As discussed above, it may be that the health effects, often correlated with
1-hour exposures in the epidemiologic studies, are actually associated with 8-hour
(or other) average exposures. Therefore, these epidemiologic findings were factored
into the margin of safety for the 8-hour average.

It should be noted that the recommended 8-hour average concentration has three
rather than two decimal places. Staff initially considered selection of 0.07 ppm.
. However, rounding conventions applied to air quality data (see Section 7.1.4) are
such that any measured value up to and including 0.074 ppm would round down to
0.07 ppm. The available data suggested that selection of 0.07 ppm would not

include an adequate margin of safety, as required by State law. The one available -

study at 0.06 ppm did not find a group mean effect. Staff is recommending that the 8
hour average standard-have three decimal places, 0.070 ppm, to ensure an
adequate margin of safety. Section 6.3 discusses issues related to precision and
accuracy of the monitored data. ' '

. Monitoring method for ozone: Staff recommends retention of the current monitoring
method for ozone which uses the ultraviolet (UV) absorption method for determining
compliance with the state Ambient Air Quality Standard for ozone. Incorporate by
. reference all federally approved UV methods for ozone as California Approved
Samplers for ozone. This will not change current air monitoring practices, but will
align state monitoring requirements with federal requirements.

2.6.1 Consideratio.n of Infants and Children.

The Children’s Enviro,nmentaI'Health Protection Act [Health and Safety Code section
39606 (b)] requires that air poliution effects on children and infants be specifically
considered in selection of ambient air quality standards. Chiidren have -a higher

ventilation rate relative to body weight at rest and during activity than adults, Children
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also tend to spend more time outside and be more active than aduits. Conseguently,
virtue of their higher ventilation rates and outdoor behavior patterns, they are likely to
inhale larger total doses of ozone than the general population. However, the chamber
studies of exercising children suggest that they have responses generally similar to.
adults, pointing to a similar degree of responsiveness. Epidemiologic studies that have
examined both children and adults do not show clear evidence for greater sensitivity in
children. Studies in animals at high exposure concentrations (0.5 ppm and higher, 8
hrs/day for several consecutive days) indicate that developing lungs of infant animals.
are adversely affected by ozone. The recommended standards are well below that level
of exposure. Two studies have shown evidence of lower lung function in young adults
raised in high ozone areas (Kunzli et al. 1897, Galizia and Kinney 1999). The study by
Kunzli et al. (1997) suggested that éxposure to ozone prior to age 6 was associated
with lower attained lung function. Examination of data for the Los Angeles basin from
the early 1980s, show summer averages of the 1-hour maximum to be above 0.10 ppm.
This is considerably above present levels and above the recommended 1-hour
standard. There is also evidence that children who play three or more sports are at
higher risk of developing asthma if they also live in high ozone communities in Southern
California. This study needs fo be repeated before the effect can be attributed to ozone
exposure with greater certainty, but the finding is of concern. The warm season daily 8-
hour maximum concentrations of ozone measured in these high ozone areas, over the
four years of study, was 0.084 ppm. The proposed 8-hour standard of 0.070 ppm,
therefore, should protect most children from asthma induction that may be associated
with ozone exposure. Collectively, this body of evidence suggests that although children
appear to be similarly responsive to a given dose of ozone as adults, they are at greater
risk than adults of experiencing adverse responses to ozone by virtue of their higher
. level of outdoor activity, and consequently greater total exposure.

2.7 Estimated Health Benefits

s estimated that attainment of the proposed ozone standérds‘throughout- California
would avoid a significant number of adverse health effects each year, specifically: -

» 580 (290 - 870, probable range) premature deaths for all ages.

e 3,800 (2,200 — 5,400, 95% confidence interval (Cl))'hospitalizations due to respiratory
diseases for all ages. )

~* 600 (360 - 850, 95% CI) 'emergency' room visits for asthma for children under 18
years of age. o : ‘ -

e 3.3 million-(430,000'— 6,100,000, 85% CI) school absenceé for children 5 to 17 years
of age. S

e 2.8 million (1.2 million - 4.6 million, 95% Cl) minor restricted activity days for adults
above 18 years of age. ' - . :

As discussed in Appendix B, there are a several important. assumptions and
uncertainties in this analysis. Some concern the study design, statistical methods, and
choice of epidemiological studies used to develop the concentration-response (CR)
functions used in the analysis. Few studies have investigated the shape of the CR
function, or whether there is a population response threshold for health endpoints other
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than emergency room visits for asthma. Further uncertainty is added by assumptions in
the statewide exposure assessment. It should also be noted that since several health

effects related to acute exposure, and effects of chronic ozone exposure, are not
included in the estimates noted above, the health benefits associated with lowering
ozone exposure are likely underestimated.

2.8 Public Outreach and Review

A draft Staff Report containing staff's preliminary findings was released fo the public on
June 21, 2004 fitled, “Review of California Ambient Air Quality Standard for Ozone".
Public outreach for the standard review involved dissemination of information through
various outlets to include the public in the regulatory process. In an ongoing effort to
include the public in the review of the ozone standard, the ARB and OEHHA integrated
outreach into public meetings, workshop presentations, electronic “list serve” notification
systems, and various web pages. Notification of release of the Staff Report, the
schedule for public meetings and workshops, and invitations to submit comments on the
Staff Report were made through the “list serve” notification system. Public workshops
on the proposed ozone standard were held on July 14 — 16, 2004 in Sacramento, El
Monte, and Fresno. An additional public workshop was held on August 24, 2004 in
Sacramento.

Individuals or parties lnterested in signing. up for an electronic e-mall “list serve”
notification on the PM standards, as well as any air quality-related issue, may self-enroll
at the following location: www. arb ca.govl/listserv/aags/aags.him. Additional information
on the standards review process is also available at the ozone standards review
schedule website at: www.arb.ca. gov/research/aaqs/ozone-rslozone -Ts. htm. -

. 2.9 Air Quality Advisory Committee Review

The Air Quality Advisory Committee, an. external scientific peer review committee that
was appomted by the President of the University of California, met January 11 and 12,
2005, in Berkeley, California to review the initial Staff Report and public comments, and
. to ensure that the scientific basis of the recommendations for the ozone standard are
based upon sound scientific knowledge, methods, and practices. The AQAC held a
pubhc meeting, which provided time for oral public comments, and discussed their
review of the draft Staff Report and the draft recommendations, and provided comments
- for improving the draft Staff Report. Final findings were received on February 24, 2005.

The AQAC determined that the staff recommendations were well founded on the
scientific literature, and voted to endorse them. The Committee made suggestions for
minor changes to the draft Staff Report to increase clarity, requested more detailed
discussion of several topics, and inclusion of several additional scientific papers. The
AQAC findings is included in thls Initial - Statement of Reasons as Appendix C, in
Volume IV,

2.10 Enwronmentél and Economic Impacts -

The proposed ambient air quality standards are sciéntific in nature, and will in and of
themselves have no environmental or economic impacts. Standards simply define clean
air. Once adopted, local air poliution control or air quality management districts are
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responsible for the adoption of rules and regulations to control emissions from
stationary sources to assure their achievement and maintenance, The Board is
responsible for adoption of emission standards for mobile sources. A number of
different implementation measures are possible, and each could have its own
environmental and/or economic impact. These impacts must be evaluated when the -
control measure is proposed. Any environmental or economic impacts associated with
the imposition of future measures will be considered if and when specific measures are
proposed.

2.11Environmental Justice

State law defines environmental justice as the fair treatment of people of all races,
cultures, and incomes with respect to the development, adoption, implementation, and
enforcement of environmental laws, regulations, and policies (Senate Bill 115,. Solis:
-Stats 1999, Ch. 890; Government Code §65040.12(c)). The Board established a
framework for incorporating environmental justice into the ARB's programs consistent
with the directives of State law (ARB, 2001). The policies developed apply to all
communities in California, but recognize that environmental justice issues have been
raised more in the context of low-income: and minority communities, which sometimes
experience higher exposures to some pollutants as a result of the cumulative impacts of.
air poliution from multiple mobile, commercial, industrial, areawide, and other sources.

Because ambient air quality standards simply define clean air, all of. California’s
communities will benefit from the proposed health-based standards, as progress is
made to attain the standards. Over the past twenty years, the ARB, Iocal air districts,
and federal air poliution control programs have made substantial progress towards
improving the .air quality in California. However, some communities continue to
experience higher exposures than others as a result of the cumulative impacts of air
poliution from multiple mobile and stationary sources and thus may suffer a
- disproportionate level of adverse health effects. Since the same ambient air quality

standards apply to all regions of the State, these communities will benefit by a wider
margin and receive a greater degree of health improvement from the revised standards
than less affected communities, as.progress is made to attain the standards. Moreover,
just as all communities would benefit from new, stricter standards, alternatives to the
proposed recommendations, such as not ‘proposing an eight-hour ozone standard,
would adversely affect many communities. '

While it is possible that residents in environmental justice -communities may be
particularly sensitive to ozone, only one study investigated whether socioeconomic
status (SES) alters responses to ozone exposure, and those results were difficult to.
explain. Hence, the study did not allow inferences as to whether socioeconomic status
impacts on sensitivity to ozone. Moreover, other controlled studies investigating whether
gender, ethnicity or environmental factors contribute to the responses to ozone
exposure could not convincingly demonstrate a link with responsiveness. Therefore, the
database is insufficient to conclude whether differences in ozone susceptibility exist in

environmental justice communities.  These studies are discussed in more detail in
Section 9.6.8. '

Once ambient air quality standards aré adopted, the ARB and the local air districts will
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propose '-emission standards and other control measures designed to result in a
reduction of ambient ozone levels. The environmental justice aspects of each proposed
control measure will be evaluated in a public forum at this time.

As additional relevant scientific -evidence becomes available, the ozone standards will
be reviewed again to make certain that the health of the public is protected with an
adequate margin of safety. _
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Appendix A
PROPOSED AMENDMENTS TO
CALIFORNIA CODE OF REGULATIONS

~ AND
AIR MONITORING QUALITY ASSURANCE
'MANUAL VoLUME IV, PARTS A, B, & C

(DOCUMENT INCORPORATED BY
REFERENCE)



[PROPOSED] REGULATION ORDER

Section 70100. Definitions

(gk) Carbon Monoxide ...

(h#) Sulfur Dioxide ...

(i) Suspended Particulate Matter (PM10). Suspended particulate matter
(PM10) refers to atmospheric particles, solid and liquid, except uncombined
water as measured by a (PM10) sampler which collects 50 percent of all particles
of 10 mm aerodynamic diameter and which collects a deciining fraction of
particies as their diameter increases and an increasing fraction of particles as
their diameter decreases, reflecting the characteristics of lung deposition.

(k) Fine Suspended Particulate Matter (PM2.5). Fine suspended
particulate matter (PM2.5) refers to suspended atmospheric particles solid and
liquid, except uncombined water as measured by a PM2.5 sampler which collects
50 percent of all particles of 2.5 mm aerodynamic diameter and which collects a
declining fraction of particles as their diameter increases and an increasing
fraction of particles as their diameter decreases, reflecting the characteristics of
lung deposition. Fi -particula AW
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(@) Visibility Reducing Particlés :
(Im) Hydrogen Sulfide ...
(mn) Nitrogen Dioxide ...
(ne) Lead (particulate) ...
(gp) Sulfét'es =
(pg) Vinyl Chlpride
(ar) Czoﬁe
(rs) ExtinctionVCQ-efﬁci_ent -
Section 70100.1. Methods, Samplers, and Instruments for Meas»uring Pollufanfs.

a) PM10 Methods. The method for determining compliance with the PM10
ambient air guality standard shall be the Federal Reference Method for the
Determination of Particulate Matter as PM10 in the Atmosphere (40 CFR,
Chapter 1, part 50, Appendix M, as published in 62 Fed. Reg., 38753, July 18,
1887). California Approved Samplers_for PM10 are set forth in "Air Monitoring
Quality Assurance Manual Volume [V, Part A: Monitoring Methods for PM10".
adopted [insert date]. which is incorporated by reference herein. Samplers. -
methods, or instruments determined in writing by the Air Resources Board or the
Executive Officer to produce eguivalent results for PM10 shall also be California ‘
Approved Samplers for PM10. These include those continuous samplers that
have been demonstrated fo the safisfaction of the Air Resources Board to produce
measurements eguivalent fo the Federal Reference Method :

..
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b) PM2.5 Methods. The method for determining} complién_ce with _the PM2.5

ambient air guality standard shall be the Federal Reference Method for the
Determination of Particulate Matter as PM2.5 in -the Atmosphere, 40 CFR,
Chapter 1, part 50, Appendix L, as published in 62 Fed. Reg., 38714, July 18,
1997 and as amended in 64 Fed. Reg., 19717, April 22, 1998. The samplers
listed in the Federal Reference Method must use either the WINS impactor or the
U.S. EPA-approved very sharp cut cyclone (67 Fed. Reg., 15566, April 2, 2002)
1o separate PM2.5 from PM10. California Approved Sam lers for PM2.5 are set
forth in "Air Monitoring Quality Assurance Manual Volume IV, Part B: Monitoring
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Methods for PM2.5". adopted [insert date]l. which is incorporated by reference
herein. Samplers. methods. or_instruments determined in writing by the Air
Resources Board or the Executive Officer to produce equivalent results -for
PM2.5. shall also be California_Approved Samplers for PM2.5. These include
those continuous samplers that have been demonstrated to the satisfaction of the
Air _Resources Board io produce measurements equivalent to the Federal
Reference Method.. i inst
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(c) Ozone Methods. The method for determining compliance with the ozone
ambient air quality_standard shall be the Federal Eguivalent Method for the
Determination of Ozone in the Atmosphere (40 CFR. part 53). California
- Approved Samplers for ozone are set forth in “Air Monitoring Quality Assurance
Manual Volume IV, Part C: Monitoring Methods for Ozone", as adopted [insert
~ date]. Samplers, methods. or instruments determined in writing by the Air
Resources Board or the Executive Officer to produce eguivalent results for ozone
shall also be California Approved Samplers for ozone.

NoTE

Authority cited: Sections 39600, 39601 and 39606, Health and Safety Code.

Reference: Sections 39014, 39608, 39701 and 39703(f), Health and Safety
Code. _



Section 70200. Table of Standards ***

Duration of )
Concentration and Averaging -
Substance Methods* Periods Most Relevant Effects Comments
Ozone 0.09 ppm** : 1 hour Shart-term exposures: a. The standard is intended o
: (1) Pulmerar-funclion prevent adverse human
0.070 pom** 8 hour decroments-andlosalized health effects.

uliraviolet photometry
Approved Sampler as

. set forth in section

70100.1 (c

“irmitafion such as cough,

{urgedema-in-humans
and-arimals- One-hour
and multi-hour

exposures: lung function

decrements, and

symptoms of respiratory

The standard, when
achieved, will not prevent
all injury to crops and other
types of vegeitation, but is
. intended 1o place an
- acceptable upper limit on

: n the.amount of yieid and
(2) Multi-hour exposurres; economic loss, as well as

airway hyperreactivity on adverse environmental
and airway inflammation. impacts,
_;_EE‘: e T —

-- '- I I I l- i
puimonan-merphelogy
and-host-defance-in
animals:

(3) excess deaths
hospitalization

emergency room visits

asthma exacerbation,

respiratory symptoms
and restrictions in activity

Long-term exposures:

wheeze, and pain upon
deep inhalation.

expesed-humans._ .
Ozone can induce fissue
changes in the
respiratory tract, and is
associated with
decreased lung funcfion

and emergency room
visits for asthma.

Welfare effects:

(1) Yield loss in
important crops and
predicted economic loss
to growers and
consumers. .

(2) Injury and damage
to forests-native-planic
and-poiariial-changasin



Suspended 50 pg/m® PM10** 24'hour sample
Particulate 3 .
Matter (PM10) 20 pg/m® PM10= 24 hour
. e samples,
using California annual
Approved Sampler as arithmetic
set forth in section mean

70100.1(a)

Prevention of excess deaths,
iliness and restrictions in
activity from short-and long-
term exposures. lliness
outcomes include, but are not
limited to, respiratory
symptoms, bronchitis, asthma
exacerbation, emergency
room visits and hospital
admissions for cardiac and
respiratory diseases, Sensitive
subpopulations include
children, the elderly, and
individuals with pre-existing
cardiopulmonary disease.

This standard applies to
suspended mater as measured
by PM10 sampler, which coliects
50% of all particles of 10 pm
aerodynamic diameter and
collects a declining fraction of
particies as their diameter .
increases, reflecting the
characteristics of lung
deposition.

* The list_of Cal

Monitofing and Labora
which can be shown to the safisfacion of the
the level of the air quality standard may be used,_

fornia_Approved Sam Iers-mé be obtained from the Air Resources Board
og DIVISI;DH P.O. Box 2815, Sacramenio, CA B5R14. Any equivalent procedure

r Resources Board to give equivalent results at-or near

** These standards are violated when concentrations exceed those set forth in the body of the

regulation. All other standards are violated w

body of the regulation.

*** Applicabie statewide unless otherwise noted.

***These standards are violated when
to exceed those set forth in the regulations.

NOTE

hen concentrations equal or exceed those set forth in the

particle concentrations cause measured light extinction values

Authority cited: Sections 39800, 38601(a) and 39608, Health and Safety Code. Ré_ference:
Sections 39014, 38606, 39701 and 39703(f), Health and Safety Code; and Western Oil and Gas
Ass'n v. Air Ressources Bd. (1984) 37 Cal.3d 502.

H

HisTORY

1. Amendment filed 9-18-89; operative 10-18-89 (Register 89, No. 39). Fbr prior history, see

Register 88, No. 27.

2. Amendment filed 6-20-82; operative 7-20-92 (Register 92, No. 27).
3. Amendment filed 6-5-2003; operative 7-5-2003 (Register 2003, No. 23).
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Air Monitoring Quality Assurance Manual
‘ Volume IV
Part A: Monitoring Methods for PM10

(1) The method for determining compliance with the State PM10 ambient air
quality standard shall be the Federal Reference Method (FRM) for the
Determination of Particulate Matter as PM10 in the Atmosphere (40 CFR,
Chapter 1, part 50, Appendix M, as.published in 62 Fed. Reg., 38753, July

18, 1997). When employed according to the FRM, the following are
California Approved Samplers: '

(A)  Andersen Model RAAS10-100 PM10 Single Channel PM10 Sampler,
U.S. EPA Manual Reference Method RFPS-0699-130, as published in
64.Fed. Reg., 33481, June 23, 1999,

(B) Andersen Model RAAS10-200 PM10 Single. Channel PM10 Audit
Sampler, U.S. EPA Manual Reference Méthod RFPS-0699-131, as
published in 64 Fed. Reg., 33481, June 23, 1999, '

(C) Andersen Model RAAS10-300 PM10 Multi Channel PM10 Sampler,
U.S. EPA Manual Reference Method RFPS-0669-132, as published in
84 Fed. Reg., 33481, June 23, 1999. :

(D) Sierra (currently known as Graseby) Andersen/GMW Model 1200
High-Volume Air Sampler, U.S. EPA Manual Reference Method RFPS-
1287-083, as published in 52 Fed. Reg., 45684, December 1, 1987
and in 53 Fed. Reg., 1062, January 15, 1988. ‘ '

(E) Sierra (currently known as Graseby) Andersen/GMW Model 321B
High-Volume Air Sampler, U.S. EPA Manual Reference Method RFPS-
1287-064, as published in 52 Fed. Reg., 45684, December 1, 1987 -
and in 53 Fed. Reg., 1062, January 15, 1988.

(F) Sierra (currently known as Graseby) Andersen/GMW Model 321-C.
. High-Volume Air Sampler, U.S. EPA Manual Reference Method RFPS-
1287-065, as published in 52 Fed. Reg., 45684, December 1,.1987.

(G) BGI Incorporated, Model PQ100 Air Sampler, U.S. EPA Manual.
Reference Method RFPS-1298-124, as published in 63 Fed. Reg.,
69624, December 17, 1998.

(H) BGI Incorporated Model PQ200 Air Sampler, U.S. EPA Manual
Reference Method RFPS-1298-125, as published in 63 Fed. Reg.,
89624, December 17, 1998. - - '

(1) Rupprecht & Patashnick Partisol Model 2000 Air Sampler, U.S. EPA
Manual Reference Method RFPS-0694-098, as published in 58 Fed.
Reg., 35338, July 11, 1994, :

(J)  Rupprecht & Patashnick Partisol-FRM Model 2000 PM10 Air Sampler,
U.S. EPA Manual Reference Method RFPS-1288-128, as published in
83 Fed. Reg., 69625, December 17, 1998. :
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(K) Rupprecht & Patashnick Partisol-Plus Model 2025 PM10 Sequential

(L)

Air Sampler, U.S. EPA Manual Refererice Method RFPS-1288-127, as
published in 83 Fed. Reg., 69625, December 17, 1998.

Tisch Environmental Model TE-6070 PM10 High-Volume Air Sampler,
U.S. EPA Manual Reference Method RFPS-0202-141, as published in
67 Fed. Reg., 15566, April 2, 2002.

(2) The following continuous Californian Approved Samplers have been
demonstrated to the satisfaction of the Air Resources Board to produce
measurements equivalent to the _FRM:

(A)

(C)

Andersen Beta Attenuation Monitor Model FH 62 C14 equipped with
the following components: louvered PM10 inlet, volumetric flow
controller, automatic filter change mechanism, automatic zero check,
and calibration control foils kit*. '

Met One Beta Attenuation Monitor Model 1020 equipped with the
following components: louvered PM10 size selective inlet, volumetric
flow controller, automatic filter change mechanism, automatic heating
system, automatic zero and span check capability*. :

Rupprecht & Patashnick Series 8500 Filter Dynamics Measurement
System equipped with the following components: louvered PM10 size
selective inlet, volumetric flow conirol, flow splitter (3 liter/min sample
flow), sample equilibration- system (SES) dryer, TEOM sensor unit,
TEOM control unit, -switching valve, purge filter conditioning unit, and
pallifiex TX40, 13 mm effective diameter cartridge*. '

*Instrument shall be operated in accordance with the vendor's instrument
operation manual that adheres fo the principles and practices -of quality control
and quality assurance as specified in Volume | of the “Air Monitoring Quality
Assurance Manual’, as printed on April 17, 2002, and available from the
California Air Resources Board, Monitoring and Laboratory Division, P.O. Box
2815, Sacramento CA 95814, incorporated by reference herein,
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Air Monitoring Quality Assurance Manual
Volume IV
Part B: Monitoring Methods for PM2.5

(1) The method for determining compliance with the State PM2.5 ambient air
quality standard shall be the Federal Reference Method (FRM) for the
Determination of Particulate Matter as PM2.5 in the Atmosphere, 40 CFR,
part 50, Appendix L, as published in 62 Fed. Reg., 38714, July 18, 1997 and
as amended in 64 Fed. Reg., 19717, April 22, 1999. These must use either
the WINS impactor or the U.S. EPA-approved very sharp cut cyclone (87 Fed.

Reg.,

15566, April 2, 2002) to separate PM2.5 from PM10. When employed

according to the FRM, the following are California Approved Samplers:

(A)

(B)

(E)

(F)

~(H)
(1)

()

Andersen Model RAAS 2.5-200 PM2.5 Ambient Audit Air Sampler,
U.S. EPA Manual Reference Method RFPS-0299-1 28, as pubilished in
64 Fed. Reg., 12167, March 11, 1999, '

Graseby Andersen Model RAAS 2.5-100 PM2.5 Ambient Air Sampler,
U.S. EPA Manual Reference Method RFPS-0598-119, as published in

63 Fed. Reg., 31991, June 11, 1998.

Graseby Andersen Model RAAS 2.5-300 PM2.5 Seque‘ntial Ambient
Air Sampler, U.S. EPA Manual Reference Method RFPS-0598-120, as

_published in 63 Fed. Reg., 31991, June 11, 1998.

BGI Inc. Models PQ200 and PQ200A PM2.5 Ambient Fine Particle
Sampler, U.S. EPA Manual Reference Method RFPS-0488-116, as
published in 63 Fed. Reg., 18911, April 16, 1998. -

Rupprecht & Patashnick Partisol-FRM Model 2000 Air Sampler, U.S.

EPA Manual Reference Method ‘RFPS-0498-117, as published in 63

Fed. Reg., 18911, April 16, 1998,

Rupprecht & Patashnick Partisol Model.ZDDO PM-2.5 Audit Sampler,
as described in U.S. EPA Manual Reference Method RFPS-0499-129,
as published in 64 Fed. Reg., 19153, April 18, 1999,

Rupprecht & Patashnick Partisol-Plus Model 2025 PM-2.5 Sequential
Air Sampler, U.S. EPA Manual Reference Method RFPS-0498-118, as
published in 63 Fed. Reg., 18911, April 16, 1998. '

“Thermo Environmental Instruments, Incorporated Model 605 "CAPS”

Sampler, U.S. EPA Manual Reference Method RFPS-1098-123, as
published in 63 Fed. Reg., 58036, October 29, 1998. :

URG-MASS100 Single PM2.5 FRM Sampler, U.S. EPA Manual
Reference Method RFPS-0400-135, as published in 65 Fed. Reg.,
26603, May 8, 2000. ‘ . '

URG-MASS300 Sequential PM2.5 FRM Sampler, U.S. EPA Manual
Reference Method RFPS-0400-136, as published in 65 Fed. Reg.,
26603, May 8, 2000. -
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(2

(M)
Ny

(O)

BG! Inc. Model PQ200-VSCC PM2.5 Sampler, U.S. EPA Manual
Equivalent Method EQPM-0202-142, as published in 67 Fed. Reg.,
18567, April 2, 2002. ' '

BGI Inc. Model PQ200A-VSCC PM2.5 Sampler, U.S. EPA Manual
Equivalent Method EQPM-0202-142, as published in 67 Fed. Reg.,
16567, April 2, 2002. S .

‘Rupprecht & Patashnick Partisol-FRM Model 2000 PM2.5 FEM :Air

Sampler, U.S. EPA Manual Equivalent Method EQPM-0202-143, as’
published in 67 Fed. Reg., 15567, April 2, 2002, '

Rupprecht & Patashnick Partisol ‘Model 2000 PM2.5 FEM Audit
Sampler, U.S. EPA Manual Equivalent Method EQPM-0202-144, as
published in 67 Fed. Reg., 15567, April 2, 2002.

Ruppreéht &. Patéshnick.Partisol-Plus Model 2025 PM-2.5 FEM
Sequential Sampler, U.S. EPA Manual Equivalent Method EQPM-
0202-145, as published in 67 Fed. Reg., 15567, Aprit 2, 2002. -

The following continuous samplers have been démonstra‘ted to the
satisfaction of the Air Resources Board to produce measurements

equivalent to the FRM:

(A)

(B)

\®);

Andersen Beta Attenuation Monitor Model FH 62 C14 equipped with
the following components: louvered PM10 size selective inlet, very

-sharp cut or sharp cut cyclone, volumetric flow controller, automatic

filter change mechanism, automatic zero check, and calibration control
foils kit*. ' : ‘ '

‘Met One Beta Attenuation Monitor Model 1020 equipped with the

following components: louvered PM10 size selective inlet, very sharp
cut or sharp cut cyclone, volumetric flow controller, automatic filter

- change mechanism; automatic heating system, and automatic zero

and span check capability*.

Rupprecht & Patashnick Series 8500 Filter Dynamics Measurement
System equipped with the following components: louvered PM10 size
selective inlet, very sharp cut or sharp cut cycione, volumetric flow
control, flow spiitter (3 liter/min sample flow), sample equilibration
system (SES) dryer, TEOM sensor unit, TEOM control unit, switching
valve, purge filter conditioning unit, and pallifiex TX40, 13 mm effective

~ diameter cartridge*.

*Instrument shall be operated in accordance with the -vehdor‘s instrument

operation manual that adheres to the principles and practices of quality control
and quality assurance as specified in Volume | of the “Air Monitoring Quality
Assurance Manual’, as printed on April 17, 2002, and . available from the
California Air Resources Board, Monitoring and Laboratory Division, P.O. Box
2815, Sacramento CA 85814, incorporated by reference herein.
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Air Monitoring Quality Assurance Manual
Volume IV
Part C: Monitoring Methods for Ozone

The method for determining compliance with the State ozone ambient air quality
standard shall be the Federal Equivalent Method (FEM) for the Determination of
Ozone in the Atmosphere (40 CFR, part 53). The FEM (ultraviolet photometry) is
considered equivalent to the Federal Reference Method (chemiluminescence) as
described in 40 CFR, Chapter 1, Part 50, Appendix D as published in FR 62,
38895, July 18, 1997. When employed according to the FEM (40 CFR, part 53),
the following are California Approved Samplers: .

(A) Dasibi Models 1003-AH, 1003-PC, or 1003-RS Ozone Analyzers,
USEPA Automated Equivalent Method EQOA-0577-019, as published
in FR 42, 28571, June 03, 1977. :

(B) Dasibi Models 1008-AH, 1008-PC, or 1008-RS Ozone Analyzers,
USEPA Automated Equivalent Method EQOA-0383-056, as published
in FR 48, 10126, March 10, 1983. . _

{C) DKK-TOA - Corp.' Model GUX-113E Ozone Analyzer, USEPA
Automated -Equivalent Method EQOA-0200-134, as published in FR
65, 11308, March 02, 2000. ’

(D) Environics Series 300 Ozone Analyzér, USEPA Automated Equivalent
Method EQOA-0990-078, as published in FR 55, 38386, September
18, 1990. : ' ' ' '

(E) Environhemént S.A. Model Os41M UV Ozone Analyze-r, USEPA
Automated Equivalent Method EQOA-0895-105, as published in FR
60, 39382, August 02, 1995,

(F) Environnement S.A. Model Oi42M UV Ozone Analyzer, USEPA
Automated Equivalent Method EQOA-0206-148, as published in FR
67, 42557, June 24, 2002 : :

(G) Environnement S.A. SANOCA Multig;as Ldngpath Monitoring System,
USEPA Automated Equivalent Method EQOA-0400-137, as published
in FR 65, 26603, May 08, 2000.

(H) Horiba Instruments Models APOA-380 and APOA-380-CE Ozone

Monitor, USEPA Automated Equivalent Method EQOA-0196-112, as
published in FR 61, 11404, March 20, 1996. B

() Monitor Labs/Lear Siegler Model_ 8810 Ozone "Analyzer, USEPA
Automated Equivalent Method EQOA-0881-053, as published in FR
46, 52224, October 26, 1981.

(J) Monitor Labs/Lear Siegler Models ML9810, MLE811, or MLSB12,
Monitors Labs Model ML9810B, or Wedding & Associates Model 1010
Ozone Analyzers, USEPA Automated Equivalent Method EQOA-0183-
081, as published in FR 58, 6964, February 03, 1993, ‘
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(K)

Opsis Model AR 500 and System 300 Open Path Ambient Air
Monitoring Systems for Ozone, USEPA Automated Equivalent Method
EQOA-0485-103, as published in FR 60, 21518, May 02, 1995.

PCl Ozone Corporation Model LC-12 Ozone Analyzer, USEPA
Automated Equivalent Method EQOA-0382-055, as published in FR
47, 13572, March 31, 1982.

Philips PW8771 O3 Analyzer, USEPA Automated Equivalent Method
EQOA-0777-023, as published in FR 42, 38831, August 01, 1977;: FR
42, 57156, November 01, 1977.

Teledyne-Advanced Pollution Instrumentation, Inc. Model 400E Ozone
Analyzer, Advanced Poliution Instrumentation, Inc. Model 400/400A
Ozone Analyzer, USEPA Automated Equivalent Method EQOA-0992-
087, as published in FR 57, 44565, September 28: 1892, FR 83,
31892, June 11, 1998; FR 67, 57811, September 12, 2002.

Thermo Electron/Thermo Environmental Instruments Models 49, 49C,
USEPA Automated Equivaient Method EQOA-0880-047, as published
in FR 45, 57168, August 27, 1980 )
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TABLE OF C,ONTENTS

Proposition 65 Safe Harbor Levels Development e w1 |

A. No Slumﬁcant Risk Levels mSRLs) Adopted \
mRetfulatmnforCarcmogens............................'.._._ ........ SO 2

B. Maximum Allowable Dose Levels. (MADLS) Adopted - S
'in Reﬂulaﬁon'for'Chemicals Causing Reprodnctwe Tomelty ...... e

C Prwnty L:st for the Development of N SRLs for Caremouens. S 2

D. Prlonty List for the Development of MA_DLs for C‘hemma]s W
Causing Reproductive Toxicity..........o..... o2 T, ..;:"._.:: e 1S



Proposition 65 Safe Harbor Levels Development

The Office of Environmental Health Hazard Assessment (OFHHA) of the California
Environmental Protection Agency is the lead agency for the implementation of the Safe
Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65 or the Act). Inthat
- role, OBHHA has.developed Proposition 65 safe harbor Jevels -- no significant risk levels
(NSRLs) for carcinogens and maximum allowable dose levels (MADLs) for chemicals
that cause reproductive toxicity, The NSRL is the daily intake level calculated to result
in one excess case of cancer in an exposed population of 100,000, assuming lifetime (70-
year) exposure &t the level in question. The MADL is the leve] af which the chemical
would have no observable adverse reproductive effect assuming exposure at 1,000 times
that level. The NSRLs and MADL g are promulgated in Title 22, Califomia Code of
Regnlations, (CCR) Sections 12703 and 12805 respectively to essist interssted parties in
determining whether warnings are required for exposures to listed chemicals, and
whether discharges to sources of drinking water are prohibited.

Safe harbor levels may be based on risk assessments conducted outside OEHHA, as
provided for in 22 CCR 12705(b), 12705(c), and 12805. In some cases, this can expedite
safe harbor development. However, it showld be noted that the process of review and .
consideration of existing risk assessments can be & lengthy one, and will depend on the
complexity of the scientific information underlying the assessment, as well 25 on
available resources. ' ' X o

This document provides the status of the development and adoption of intake levels _
‘calenlated for all chemicals on the Proposition 65 list. In nmits of micrograms per day
(nrg/day), Part A reports NSRLs adopted in regulation for carcinogens and Part B reports
' MADLS adopted in regulation for chemicals that cause reproductive toxicity.

Parts C and D of this document give priority levels for development of dose response”
‘assessments for chemicals that canse cancer and reproductive toxicity, respectively.
Interested parties are invited to recommend changes in priority levels. OEFEA retzing
- the right to change priorities in response to the nature and availability of scientific
information, and resources available, and reguests from the public and the Atiomey
General’s office. _ ' ' - -

Parts C and D also give draft levels, some-of which have been available since the early
1590°s and others of which have been updated recently. OEHHA will continne to review
the basis for draft numbers and update analyses as needed, before proposing or finalizing
levels for formal adoption in regulation. ' . '

This stetus report will be updated on a regular basis. |



- A. No Significant Risk Levels (NSRLs) Adopted in Regulation

for Carcinogens

The teble below lists NSRLs for Proposition 65 carcinogens in regulation
These levels are intended to provide “safe harbors™
use of alternative levels that can be demonstrated b

A thres-Hered procedure for development of NSRLs is currantl
de novo dose response essessment condneted o reviewed by OEHIA
condueted by enother state or federal egency (22 CCR §12705(c)),
OEHHA (22 CCR §12705(d)). The last column of the table below
used to develop the NSRL for each chemical, NSRLs represent the
& cancer risk of one excess case of cancer in 100,000 individuals g

(22 CCR §12705 and §12709),
or persons subject to the Act, and do not preclude the
y their users as being scientifically valid,

y in'place, NSRLs may be based on e

(22 CCR §12705(b)), an assessment

or &n expedited process conducted by
indicates which of these PIDCEEEES Was
Orily intake leve] ciloulated to resnlt in

xposed over & 70-year Lifetime,

NSRL; for Ehemicals in underline have besp adopted since the last Statns 'Réport. Ar chemicals are removz.:d
from the Proposition 65 list, the regulatory process to remove the safe harbor.level from regulation will be

Proposition 65 Bafe Harbor Lev

initiated.
Carcinogen Level (pgfdzy) 22CCR

' Section
A-alphe-C (Z-Amino-QH-pyﬁdo[Z,B-b]indole) 2. 12705(8):

- Acetaldehyde © - 50 (inhalation) 12705(c)
Acetmmide” . 10 12705(d)
2-Acetylaminofinorene 0.2 12705(d)
Atrylamide : 0.2 12705(c)
Acrylonitrile 07 . . 12705(k)
Actinomycin D, o 0.00008 12705(4)
AF2; [2-(2-fuzy1)-3(5_-ni_h-o—-2-:ﬁaryl)acrylamid:] 3 12705(d)

_ Aldrin ‘ 0.04 12705(b)
2-Aminoanthraguinone 20 ©12705(d)
o-Amincazotolnene 0.2 12705(d)
4-Aminobipheny] - 0.03 12705(d)
3-Amino-O-gthylearbazole hydrochloride o 12705(d) -
1-Amino-2-methylanthraquinone 5 12705(dy
2-Amino-5-(5-nitro-2-faryl)-1,3,4-thiadiaznle 0.04 - 12705(d)
Amifrole : 07 12705(d)

. Aniline 100 12705(c)
o-Anisidine , 5 12705(g)
o-Amnisidine hydrochloride 7 12705(d)
Aramits 20 12705(4)-.
Artsenie 0.06 (inh) 12705(b)

10 (except inh) © 12700
Asbestng , 100 fibers/day (inh) 12705(b) |
NSRL for fibers & 5 micrometers (znm) long end 0.3 wide; with = -
length/width ratic > 3:1 s measured by phase contrast microseopy.
Auramine, , , - 0.8 - 12705(d)
Status Report : OEHHA
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Proposition 65 Safe Harbor Levels

Carcinogen Level (pg/day) 22 CCR
- - Secion
Azaserine 0.06 12705(d)
Azathipprine 0.4 12705(d)
Azpbenzene 6 - _ 12705(c)
Benzene 7 12705(b)
Benzidine 0.001 12705(p)
Benzofuran 1l 12705(b)
- Benzo[a]pyrene 0.06 12705(c)
Benzy] chlonde 4 12705(c)
Benzyl violet 4B 30 .12705(d)
Beryliinm 0.1 © 12708
Berylium oxide 0.1 12705(c)
Benyllinm sulfate 0.0002 12705(c)
Bis(2-chioroethyl)ether 0.3 12705(b)
Bis(chloromethyl)ether 0. 02 12705(b)
Bromodichioromeathane 5 12705(c)
1,3-Butadiene 0.4 12765(c)
Butylated hydroxyanisole 4000 12705(b)
bete-Butyrolactone 0.7 12705(d)
‘Cadmium 0.05 (inh) 12705(b)
Captefo] 5 12705(d)
Captan 300 12705(d)
Carbazole 4.1 12705(d)
Carbon tetrachloride 5 12705(b)
'N—Carboxymethyl-N—mtnsourea 0.70 -, 12705(b)
Chlorambuzil - -0.002 12705(d)
Chlordane 0.5 12705(c)
-Chlordecone (Kepone) 0.04 - 12705(d).
" Chlorepdic acid g 12705(d)
Chilorinated paraffins (Ave chain lenEth Cl2; : .
* &pprox. 60% chlorine by weight) . B 12705(d)
Chlorosthane (Bthyl chlonds) 150 12705(b)
Chloroform . 20 (oral) 12705(c)
' 40 (inh) 12705(c)
Chioromethyl methyl ether (techmcal grade) 0.3 12705(9
3-Chioro-2-methylpropene 5 12705(d)
‘4-Chloro-orthe-phenylenediamine 40 12705(d).
Chlorothalonil 200 12705(d)
p-Chioro-orthe-tolmidine 3 12705(d)
p-Chioro-o-toluidine, hydrochlonde 33 12705(d)
Chilorozotocin . . 0.003 12705(d)
"Chromium (hexavalent) 0.001 (inh) 12705(b)
C.IL BesicRed 5 monohydrochloride 3 ' -12705(d)
Cimnamy] anthranilate : 200 12705(d)
Coke oven emissions - .03 12705¢c)
p-Cresidine 5 12705(d)
Cupferron o 3 12705(d)
Cyclophosphemide (enhydrous) 1 12705(8)
-Cyclophosphamide (hydrated) 1 12705(8)
Btatus Report OEHHA
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Proposition €5 Szfe Harbor Leveils

Carcinogsp Level (ng/day) 2 CCR-
: Section
D&C Red No. 6 100° 12705(d)
Dacarbazine 0.01 12705(d)
_ Daminozids 40 12705(d)
Dantron (Chrysazin; 1,8-Dihydroxyanthraquinone) 9 12705(d)
DDT, DDE, DDD (in combination) : 2 12705(b)
DDVP (Dichlorvos) 2 12705(c)
2,4-Dizminpanisole 30 12705(d)
2,4-Dieminpanisole sulfate 50 12705(d)
4,4'-Disminodipheny] ether (4,4 -Oxydianiling) 5 12705(d)
24-Digminotoluspe =~ 0.2 12705(8)
Dibenz[a hlanthracene 0.2 12705(8)
1,2-Dibromo-3-chloropropane 0.1 12705(b)
p-Dichlorobenzene 20 12703(b)
3,3"-Dichlorobenzidine 0.6 12705(b)
1,1-Dichloroethane o 100 12705(d)
1,2-Dichloroethane (Bthylens dichloride) 10 12705(b)
Dichloromethane (Methylene chioride) 200 (inl) 12705(b)
' - -50 - 12705(c)
Dieldrin - 0,04 .12705(b)
Di(2-ethylhexyl)phthalate (DEHP) 310 -12705(b)
Diethylstilbestsrol _ : 0.002 12705(d)
Diglycidyl résorcine] ether (DGRE, 0.4 12705(d)
Dihydrosafrole ' 20 12705(d)
3,3'-Dimethoxybenzidine (o-Diznisidine) 0.1 12705(b)
3,3'-Dimethoxybenzidine ditydrochloride 0.19 12705(b)
4-Dimethylaminoaznbenzens 0.2 12705(d)
uians-Z-[(Dimethylamino)ﬁnethylimjnD]-S-

[2-(5-nitro-2-furyl)vinyl)-1,3,4-0xadiszole 2 . 12705(d)
7,12-Dimethylbenz(a)anthracene 0.003 12705(d)
3,3-Dimsthylbenzidine (o-Toluidine) 0.044 12705(b)

© 3,3'-Dimethylbenzidine dihydrochloride .0.059 12705(b)’
Dimethylearbamoy] chioride ' 0.05 12705(d)
1.2-Dimethyhydrazine 0.001 12705(d)
Dimethyivinylchlorids 20 12705(d)
2,4-Dinitrotoluene 2 12705(c)
1,4-Dioxane 30 12705(b)
Direct Black 38 (technical grade) 0.09 12705(d)
Direct Blue 6 (technical grade) 0.09 12705(d)
Direct Brown 95 (technical grade) 0.1 12705(d)
Disperse Blne 1 ' 200 12705(d)
Epichiorohydrin 9 " 12705(b)
Esiradio] 17b : 0.02 " 12705(d)
Bthyl-4,4'dichlorobenzilate (Chlorobenzilate) 7 . ' 12705(d)
Ethylene dibromide 0.2 (oral) 12705(b)

. ' 3(nh) - 12705(b)
Ethylene oxide 2 12705(b)
Bthylene thioures 20 12705(8)
Ethyleneimine 0.01 12705(8)
Folpet - 200 12705(c)
Status Report ‘OEHHA
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" Level (pg/day)

Proposition 65 Safe Harbor Levels

Carcinpgen 22 CCR
' ' Section
Formaldehyde (gas) 40 12705(c)
2-(2-Formylhydrazine)-4-(S-nitro-2-firyl)thiazole 03 12705(d)
Furmeeyclox 20 12705(c)
Glu-P-1 (2-Amino-6-methyldipyrido[1,2-2:3 \2'-djimidazole) 0.1 12705(d)
Clo-P-2 (Z-Anﬁnodipyrido[l,Q-a:B‘,2‘-d]-imidazole) 0.5 12705(d)
Gyromitrin (Acetaldehyde methylfonmylhydrazone) 0.07 12705(d)
HC Bilne ] 10 12705(q)
Heptachlor 0.2 12705(c)
Heptachior epoxide 0.08 12705(c)
Hexachlorobenzene 04 12705(b)
Hexachlorocyclohexane , .
elpha isomer 03 -12705(c)
bete isomer 0.5 12705(c)
gemma ispmer 0.6 12705(c)
technical grade = 0.2 12705(b)
Hexachlorodibenzodioxin 0.0002 12705(b)
Hexachloroethane: 20 - 12705(d)"
Hydrazing a 0.04 12705(c)
Hydrazine sulfate . 0.2 12705(c) .
Hydrazobenzene (1,2-Diphenylhydrazine) 0.8 12705(d)
1Q (2-Amino-3-methylimidezo[4,5-flquinolins) 0.5 12705(d)
Isobutyl] nitrite ' 74 12705(d)
Lasiocerpine . 0.09 12705(d)
Lead 15 (oml) 12705(b)
.Lead acetate 23 {oral) 12705(b)
Lead phosphate - 58 (oral) 12705(b)
Lead subacetate _ 41 (oml) . 12703(b)
Me-A-glphs-C (2-Amiho—S-meﬂ1y1-93—pyrido[2,3-b]indole) 0.6 12705(d)
MelQ (2-aminp-3 ;A4-gimethylimidazo-[4,5-flquincline) 046 12705(d)
MelIQx (2-Amino—3,8-dﬁnethyﬁmidzzo[4,5;7‘_]qujnoxa]jne) 041 - 12705(4)
Melphatan , ' . 0.005 12705(d)
2-Methylaziridine (Propylensimine) 0.028 12705(b)
Methy! carbamate 160 12705(d)
3-Methylcholenthrene 0.03 12705(d)
'4,4'-Methylene bis(2 ~chloroaniline) 0.5 12705(d)
4,4'-Methylene bis(N,N-dimethy])benzeneamine 20 12705(c)
4,4'-Methylene bis(2-methylaniline) 0.8 12705(d)
4,4'-Methylenedieniline . 0.4 12705(d)
4,4'-Methylenedianiline dibydrochloride 0.6 12705(d)
Methylhydrazine 0.038 (oral) 12705(b)
0.050 (inhalation) 12705(b)
Methylhydrazine sulfate 0.18 12705(6)
Methyl methanesnlfonate ) 7 12705(d)
2-Methyl-1 -hitroanthraquinone (of uncertain purity) 0.2 12705(d)
N-Methyl-N'-nitro-N-nitrosoguanidine . 0.08 12705(8)
Methylthinuracil . 2 12705(4)
Status Report . i 5 CEHHA
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Proposition 65 Safe Harbor Levels

Carcinngan Level (ng/day) 22 CCR
Section
Michler's ketone: - 08 - 12705(d)
Mirex 0.04 12705(d)
Mitomyzin C 0.00005 12705(4)
Monocrotaline 0.07 12705(8)
5~(Morpholinometiyl)- -3=[(5-nitrofurfirylidene)- -2I0iN0) :
-2-axazolidinons 0.18 12705(b)
MY (B-chloro-d,-(dmhloromathyl)-S-hydroxy-z(SH)-furanuns 0.11 12705(b)
Nalidixic acid 28 12705(4)
2-Naphthylamine 04 12705(ad)
Nicke! refinery dngt 0.8 12705(c)
Nicke] subsnlfide - 04 - 12705(c)
Nitrilotriacetie acid : 100 12705(d)
Nitrilottiacetic acid, trisodium salt monohydrate 70 . 12705(9)
5-Nitroecensphthene ) 12705(8)
5-Nitro-o-anisidine 10 12705(d)
Nitrofen (technical grade) g 12705(d)
Nitrofirazone 0.5 - 12705(d)
1-[(5 *-Nm'omrfmyhdene)-ammo]—Z-Jmldazohdmone 0.4 12705(d)
N-[4-(5-N11:ro-’>-nnyl)-Z-th;a.zolyl]acemmds 0.5 12705(d)
- N-Nitrosodi-n-butylamine 0.06 12705(b)
N-Nitrosodiethanolamine 0.3 12705(c)
N-Nitrosodisthylermine 0.02 12705(b)
N-Nitrosodimethylamine 0.04 12705(b)
 -p-Nitrosodiphenylamine 30 -12705(d)
- N-Nitrosodiphenylatmine 80 12705(b)
" N-Nitrosodi-n-propylamine 0.1 12705(b)
N-Nitroso-N-ethyhires 0.02 12705(b)
4-(N-Nitrosomethylaming)- 1-(3-pvndy1}-1 -butanpne 0.014 12705(d)
N-Nitrosomethylethylamine 0.03 12705(c)
N-Nitroso-N-methyinrea 0.006 12705(b)
N-Nitroso-N-methylurethane 0.006 12705(g)
N-Nitrosomerpholine 0.1 - 12705(a)
N-Nitrosonomicotine 0.5 12705(d)
N-Nitrosepiperidine 0.07 12705(d)
N-Nitrosopyrrolidine 03 . 12705(c)
Pentachlorophenol 40 12705(c)
Phenacetin . 300 - 12705(d)
Phenazopyridine 4 12705(d)
Phenezopyridine hydrochloride ) 12705(d)
Phenesterin 0.005. 12705(d)
Fhenobarbital 2 12705(d)
- Phenoxybenzamine 0.2 12705(d)
Phenoxybenzamine hydrochlonide 0.3 12705(8)
o-Fhenylepediamine - 26 12705(d)
o-Phenylenediamine dlhydrochlonde ' 44 12705(d)
Phenyl glycidy! ether 50 12705(b)
Phenylhydrazine 1.0 12705(b)
Phenylhydrezine hvdmchlnndﬁ 14 12705(b)
o-Phenyiphenate, sodium 200 12705(4)
Statur Report 6 OEHHA
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Propuosition 65 Safe Harbor Levels

Carcinogen Level (pp/day) 22 CCR
: Section
Polybrominated biphenyls 0.02 . 12705(b)
Polychlonnated'b1phanyls 0.08 12705(c)
Polygeenan 1200 12705(b)
Poncern MX 200 12705(d)
- Ponceau 3R 40 12705(d)
Potassium bromate 1 12705(d)
Procarbazine Q.05 12705(d)
Procarbezine hydrochloride 0.06 12705(d)
1.3-Propane sultone 0.3 12705(d)
beta-Propiolactone 0.05 12705(d)
Propyithiouraril 0.7 . 12705(d)
Reserpine 0.06 12705(8)
Safrole 3 12705(d)
Sterigmatocystin 0.02 *12705(d)
Streptozotocin . 0.006 - 12705(d)
Styrene oxide 4 12705(d)
Sulfallate - 4 12705(d)
Tetrachlorodibenzo-p-dioxin -0.000005 - ~12705(b)
1,1,2,2-Tetrachioroethane 3 12705(d)
Tetrachioroethylene . 14 12705(c)
Tetranitromethane 0.059 12705(b)
Thioacetamide 0.1 12705(d)
4,4"-Thiodianiline - 0.05 12705(d)
- Thioures 10 - 12705(d)
Toluene diisocyanate .20 12705(d)
ortho-Toluidine 4 12705(d)
ortho-Toluidine bydrochloride 5 12705(d)
Toxaphene - 06 12705(b)
Trichloroethylene . 50 (oral) 12705(b)
: - BO. (inh) 12705(b)
2.4,6-Trichlorophenol © 10 12705(b)
Trimethy! phosphate 24 12705(d)
Tris(1-aziridinyl)phosphine su]:uds (Thioteps) 0.06 12705(d)
Tris(2,3-dibromopropyljphosphate 03 - 12705(8)
Trp-P-1 (Tryptophan-P-1) 0.03 12705(d)
Trp-P-2 (Tryptophan-P-2) 0.2 12705(d)
Uretbane (Bthyl-cerbamate) 0.7 12705(b)
me] chloride 3 12705(b)
Vinyl trichloride (1,1 2-Tnchloroethane) 10 12705(d)
2,6-Xylidine 110  12705(b)
Statns Repurt OEHHA
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B. Maximum ATowable Dose Levels Ls) Adopted in Regulation
~ for Chemicals Caunsing Reproductive Toxicity

The following table is & compilaion of MAADLs in regulation (22 CCR §12805) for Proposition 63
chemicals that cavse reproductive toxicity. These levels represent the no observabls effect level (INOEL)
for the chemical, divided by 1,000. NOELs are set in accordance with procedures specified in

22 CCR §12803. MADLS for chemicals in underline have been adopted since the last Statas Report.

Chemica] Listed as Causing Reprodnctive Toxicity Level (ng/day)
Benzene _ _ . 24 (oral)
' ' 45 (inhalation)

Cadminm - o _ 4.1 (ordl)

2.4-DB (2 4-dichlorophenoxvbutvric acid 510

m-Dinitrobenzene ' ' 38
_Bthylene oxide E ' 20 -
‘Hydramefhvinon S : - 120 (oral) S
Lead : ’ 0.3 o P
Linuron o 460 :
N-Methvipvrrolidone : ' ’ 3200 (inhalation)

. . 17000(dermal)

Quizalofop-gfhyl - ) 580

Toluene ' . 7000%

Elevel répfesants absorbed dose (rounded from 6,525 pg/dey). Since 100% of ingested toluene is

absorbed, oral dose is equivalent to admimistersd dose, It is Bssumed that roughly 50% of the dose

administered by the inhalation routs i absorbed. Therefore the MADL for inhaled tolnene i 13,000

pg/day (rounded from 13,050 pg/day), comresponding to an absorbed dose of 6,525 pg/day.
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C. Priority List for the Development of NSRLs for Proposiﬁoh 65
Carcinogens .

OEHHA has devéloped the following prority Bsf, which classifies into four pricrties carcinogens for
which dose-response essessments have not been completed. Priority levels reflect the aveilability and
quality of scientific date for-dose-response Bssessments, potential for exposure, resources available to
perform the essessment, commitments mede in setflement of the case of AFL-CIO v. Deukmeiien
(Secramento Supedor Court No. 3481295) and input from the public and Attomey General's office.
OEHEHA anticipates proposing NSRLs for the majority of chemicals in the first priority group within the
Dnext two ‘years, and for second priority chemicels within the next two to four years, It s unlikely that
NSRLs for third and fourth priority chemicals would be released within the next three years, ' S

Any interested party may submit recommendations to OEHHA for revising the priority assignment for any
of the chemicals Hsted. Recommendations should be accompanied by appropriate documentation
supporting the alternative priority assignment snggested. OEHEA expects changes in priorities resulting
from the availability of scientific information and Tesources, and requests from the public and Atiorney
General's office, ' = o o

A three-tiered procednre for development of NSRLs iz currently in place. NSRLs may be based on 2
de novo dose response assessrnent conducted or reviewsd by OEHEA (22 CCR §12705(b)), an sesessment
conducted by enother state or federal agency (22 CCR §12705(c)), or an expedited process conducted by
OEHHA (22 CCR §12705(d)). The tzble below lists draft NSRLs rnd fheir vear of relerse, along with the
subsection of 12705 indicating the procedurs nsed to develop the valve. OEHHA will review the basis for
raft umbers and update andlyses as needed, before proposing or finalizing levels for formal adoption in
reguistion. Chemicals in bold font have been added 1o the Proposition 65 Hist or changed in priority status
since the last Status Report. : .

1. First Proritv for NSRL Development

Acetochlor + (1992 draft NSRL: 70 pg/dey [12705(c)])
Acifinorfen . (1992 draft NSRL: 20 pg/day [12705(8)])
Alachipr o (1992 draft NSRL: © pg/day [12705(c)]) .
1-Amino-2 4-dibromoenthraquinone _ ) ' '

Aniline hydrochloride ' ‘ '

Antimony oxide

Azacitidine : . .
Benz[a)anthracene . (2003 draft oral NSRL: 0.033 pg/day [12705(5)])
_ Benzo[b)finoranthene ' (2003 draft oral NSRL: 0.096 pg/dey [12705()]
Benzo[j]fiuoranthene (2003 draft oral NSRL: 0.]] ng/day [12705(B)])
Benzo[k]finoranthene

Benzotrichloride ' (1993 draft oral NSRL: 0.05 pg/day [12705(0)])

. : (1993 draft NSRL.: 0.0002 pg/day [12705(b)])
2.2-Bis(bromomethyl)-1,3-propanedial . :

Bromate

Bromoform . (2003 draft NSRL: 64 ugiday [12705(b)])
Chlordimeform (1952 draft NSRL: 0.5 pg/day [12705(c)])
p-Chioroaniline

p-Chloroeniline hydrochloride ,

Chrysene (2003 draft oral NSRL: 0.35 pg/dey [1270505)])

C. L AcidRed 114
1 Dirept Blue 15

C.I Direct Bine 218

Status Report S 5 - o . OEHEA
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C.L Solvent Yeliow 14
Dibenz[e hjacridine
Dibenz[a jjacridine .
7H-Dibenzo[c,g)carbazole
Dibenzo[a,e]pyrane
Dibenzo[a,hjpyrene
Dibenzo[z.ijpyrene
Dibenzo[e ljpyrene

3,3"Dichlorobenzidine diydrochloride ©

1,2-Dichloropropane
1,3-Dichloropropene

Diepoxybutane

Diethy! sulfate

Dimethy] sulfate - .
1,1-Dimethylhydrazine (UDMEH)
1,6-Dinitropyrene = -
1,8-Dinitropyrene
2,6-Dinitrotoinene

Estragole

~ Bthinylestradinl

- Furen

Glycidol
Griseofulvin
Hexamethylphosphoramide
Indenol1,2,3-cd]pyrene
Isoprene

Lactofen
5-Methylchrysene

~ Methylengenol ‘
Methylmercury compounds”™
N-Methylolacrylamide
Metronidazple

Nafenopin

Nephthalene

Nicke] carbonyl

 o-Nitroanisole
Nifrobenzepe .
4-Nitrobiphenyl
6-Nitrochrysene
2-Nitrofinorene
2-Nitropropane
1-Nitropyrene
4-Nitropyrene
N-Nitrosomethylvinylamine
\-Nitrogosarcosine -
Ochratoxin A
Oxezepam
o-Phenylpheno}
PhiP :

Progesterone
Pronamide

(2003 draft oral NSRL: 0.0030 pg/day [12705(5)])

(2003 dreft oral NSRL: 0.0054 pgldzy [12705(5)])

(2003 draft oral NSRL: 0.0050 pg/day [12705(b)])

(1993 draft oral NSRL: 4 pg/day [1270505)]

(1993 draft inbalation NSRL: 20 pg/day [12705(c)])

(1993 draft NSRL: 0.7 pg/day [12705(b))

(1993 draft NSRL: 0.05 pg/day [12705(5)])

(1992 draft NSRL: 0.3 pg/dey [12703(b)]
(1993 draft NSRL: 0.02 pg/day [12705(5)])
(1993 draft NSRL: 0.01 pglday [12705(5))

(1992 draft NSRL: 0.4 pg/dey [12705(5)])
(1992 draft NSRL: 50 pg/day [12705(b)])
(1992 draft NSRL: 0.01 pg/day [12705(5)])

(1992 draft NSRL: 4 pg/day [12705(c)])

(2003 draft oral NSRL: 0.0084 pgiday [12705(b)])

(1952 draft NSRL: 2 pgfday [12705(5)])
(1992 diraft NSRL: 4 pg/day [12705(b)])

(1993 draft NSRL: 0.002 kg/day [12705(b)])
(1993 draft NSRL: 0.09 pg/day [12705()])
(1993 draft inbalation NSRL: 30 pg/dey [12705(b)])
(1993 draft NSRL: 0.6 pg/dey [12705(b)])

(1993 draft NSRL: 0.03 pg/day [12705(b)])

(1993 dreft NSRL: 0.004 pg/day [12705()])

(1993 draft NSRL: 5 pg/dey [12705(b)])

(1952 draft NSRL: 0.03 pg/day [12705()]

* For explanation of pricrity levels see discussion gbove.,
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Pyridine

Selenium snlfide
1,2,3-Trichloropropane
Tris(2-chioroethyl)phosphate

Vinyl bromide . (1992 draft oral NSRL: 1 pg/day [12705(b)])

4V inylcyclohexene

(1992 draft inhalation NSRL: 4 pgldey [12705(5)])

It is anticipated that chenges to NSRLs currently in regulation will be proposed or adopted during the next

year for the following chernicels:

Acrylamide

Benzene | (2003 draft oral NSRL: 6.4 pg/day [ 12705 (b)])

Chrominm VD

Bthylene thioures
o-Phenylphenate, sodinm
Fentachlorophenol
Safrole
 Tetrachloroethylene

2. Second Prioritv for NSRL Development

(2003 draft ishalation NSRL: 13 pg/day [12705 (5)])

Aflatoxins _ (1992 dref NSRL 0.02 p.g/dzy [197050:)])

p-Aminoazobenzene
Bis(2-chloro-1-methylethyl)ether, technical grade
Bromoethane
Cacodylic acid
Catechol
Ceramic fibers (eirbome pa:rhcles of respu'able EIZB)
1-Chloro-4-nitrobenzene :

Chloroprene
3-Chloro-o-toluidine and its sirong acid salts

- Cobalt metal powder
Cobalt [TI] oxide
Cobalt sulfate heptehydrate
Dizminotoluene (mixed)
2,3-Dibromo-1-propano]
Dichloroacetic acid
1.4-Dichlorg-2-butene
Diese! engine exhanst
Di-p-propyl isocinchomeronate (MG Repe]lent 326)
Dimron
Ethoprop
Fenoxycarb
Indium phosphide
Iprodione

" Isoxafiumiole
Isosafrole
Methem sodinm
Methyl iodide
1-Naphthylamine
Nickel and certain nickel compounds
Nitromethane
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o-Nifrotoluepe

Oxadiazon

Oxythioguinox .
Polychlorinated dibenzo-p-diaxins
Primidone

Propachlor

Quinoline and its strong arid salts
Radionuelides
Salicylezosulfapyridine

Silice, crystalline (eirbomne particles of respirable size)
Testosterone and its esters '
p-g,3,8-Tetrachlorotolnepe
.Tetrafluorpethylene
2.4,5-Trimethylaniline and its strong acid selts
Triphenyltin hydroxide :
Trypan blue (commercial grade)
4-Vinyl-1-cyclobexene diepoxide

3. Third Poority for NSRL Development
~41re Pnonty for NSRL Development

" Adriamy6in (Doxorubicin hydrochloride)
Benzidine-based dyes ) '
N,N-Bis(Q-ch]oroethyD-Z-naphthylamjne :
Bischloroethyl nitrosourea (BCNU) (Carmusting)
1,4-Butenedio] dimethanesnlfonate (Busulfan)

Carbon bleck (rirborne, mnbound particles of respirable size) -
-Chloramphenico} '
1-(Z-Chlqroeﬂnyl)-S-,cyclDhexyl-l -nitrosourea (CCNLT)
1-(2-Chioro ethyl)-3-(4-methylcyc] ohexyl)-1-nitrosomren
Chiorotrianisene

Ciclosporin (Cyelosporin A; Cyclosporine)

Cidofovir E :

Cisplatin

Clofibrate

Dannomyrin

N,N'-Dincetylbenzidine
3,3'-Dichloro-4,4'-diaminodipheny] ether

Dienestrol

1,2-Diethylhydrazine .

Diisopropy! sulfate

2,4-/2 6-Dinitrotoluene mixture -

Diphenylhydantoin (Phenytoin) T
Diphenylhydentoin (Phenytoin), sodium salt

Erirone . : .

Estropipate

Ethy! acryliate

Furazolidone

Fusarin C

Ganciclovir sodinm .

Gesoline engine exhaust (condensates/ exiracts)

Gemfibrozil
Glasswop] fibers (airborne particles of respirable size)
Glycidaldehyds :
Mancozeb
Status Report . 12 OFHHA
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Maneb
Medroxyprogesterone acetate
Merphalan
Mestranol
Metiram
Mustard Gas
Niridazple
Nitrogen mustard (Mechlorethamine)
Nitrogen mustard hydrochloride (Mechlorethamme HCI)
Norethisterone (N oreﬂ:mdrone)
Oxymetholone :
Panfuran §
Polychlorinated dibenzofurans
Procymidone -
Propargite
Propylene oxide (1551 draft oral NSRL: 3 ig/day[12705(c)]) _
. (1991 draft inhalation NSRL: 60 pg/day [12705(c)])
Spironolactone ' .. :
Stanozala] .
' Birong inorganic acid mists containing sulfuric acid
Tamoxifen and its salts
Terrazole
Thiodicarb
Thorium dioxide
Treosulfan ' ' o
Trichlomnethine (Tnmustne hydrochlonde) -
Uracil mustard '
Vinclozolin
Vinyl finoride
Zileuton

Fﬁu:rth PI_'ioritv for NSRL Development

Alcoholic beverages
2-Aminofinorene
4-Amino-2-pitropheno]
Analgesic mixtures containing phenacetin
Betzl guid with fobacco

Bitumens, extracts of steam-renned
Bracken fern

Caffeic acid
-Carbon-black extracts :
Certain combined chemotherapy for lymphormas
Citrns Eed No. 2

Conjugated estrogens

Creosotes

Cyocasin

Cytembena .

D&C Orange Ne. 17

DA&C Red No. 8
"D&C Red No. 16
3,7-Dinitroflunrenthene
3,0-Dinitrofinoranthene

Erionite
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. Bthyl methanesulfonate
Iron dextran complex
Lymnestreno} :
8-Methoxypsoralen with ultraviolet A therapy
5-Methoxypsoralen with nltravinle: A therapy
Methylazoxymethann] :
Methylazoxymethano) acatate
Nitrogen mustard N-oxide
Nitrogen mustard N-oxide hydrochloride
3-(N-Nitrosomethylamino)propionitrile
Norsthynodre] -
0Oil Orange S8
Oral contraceptives, combined
Oral contraceptives, sequential
Palygorskite fibers
Phenolphthalein -
Regidual (heavy) fnel bils

~ Shale-oils -
Soots, tars, and miners] oils
Talc containing asbestiform Hbers
Tobaceo, oral use of smokeless products
Tobaceo smoke . o
Tﬁs(aziﬁd.inyl)-.para-benzoqujnone (Triaziguone)
Unleaded gasoline (wholly vaporized) -

Status Report o 14 OEHEA
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D. Priority List for the Development of MADLs for Chemicals Causing
-Reproductive Toxicity ' : ,

OEHEHA has developed. the following priority list, which divides chenicals cansing reprodnctive toxicity
for which dose-response essessments have not been completed into three priorities. Priority levels reflect
the availability and quality of scientific data for dose-response assessments, potential for exposure,
resources available to perform the assessment, and input from the public and the Attorney General's office,
OEHEHA enticipates proposing MADLs for the majority of chemicals in the first priority group within the
next two years, and for several chemicals in the second priority within the next two to four years, Ii is

unlikely that MADLs for chemicals in the third priority group would be relersed within the next thres
years. _ , .

Any interested party may submit recommiendations to OEEHA op revising the priority assignment for any
of the chemicals listed. Recommendations should be accompenied by eppropriate documentation
supporting the alternative priority assignment snggested. OEHHA expects changes in priorities resulting

. from the availability of scientific information end resources and requests from the public and Attorney -
General’s office.. : : '

Also given below are draft levels available and year of release. ORHEA will feviev&r the basis for draft
numbers end update analyses s needed, before proposing or finalizing levels for formal edoption in

regulation. Chemiicals in bold font have been sdded to the Proposition 65 list or changed in priority status
since the last Statng Report.

1. First Pdoritv for MADI, Development _
Arsenic (inorganic oxides) . (2003 draft oral MADL: 0.10 pg/iay)
Cerbon disulfhde - ) (1954 draft oral MADL: 600 pg/day)

, (1954 draft inhalation MADL: 1000 pg/day)
1,2-Dibromo-3-chioropropane (DBCP) (1954 draft MADL: 5 pg/day)
Ethylene glycol monoethy] ether
Bthylene glycol monbmethy] ether
EBthylene glycol monosthy! ether acetate
Bihylene glycol monomethy] efher acetate
Mercury and mereury compounds*
Methem podinm | : .
Methy] bromide a5 a struchiral fomigant (1994 draft MADL: 1000 LLe/day)
Methyl mermry* - (1954 draft MADL.: 0.3 pg/day)
Nicotine . T
Thiophanate-methyl
Tripheny] tin hydroxide

- Vinclozokn

2. Seccnlnd Prority for MADT Development

Amitraz

Bromacil Iithinm salt

Bromoxynil

Bromoxynil octanoate
Chinomethionat (Oxythioguinox)
Chlorsulfuron

Cocrine

* For explanetion of priority levels see discussion above.
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Cycloate
Dichlorophene
Diclofop methyl
Disodium cyanodithiomidocarbonate
Ethy] dipropylthiocarbamste
Ethylens thionreg
Fenoxaprop ethy)
Fluazifop buty]
Fluvalinatz .
Methazole
Metiram
Myclobutanil
Nabam .
Niirapyrin
Oxedirzon
Oxydemeton methyl
Potassium dimethyldithiocerbamate
Propargite
" Resmethrin .
Sodinm dimethyldithiocarbemate
* Sodium flvoroacetate
Terbacil _
2,3,7,8-Tetrachiorodibenzo-para-dioxin (TCDD)
Triadimefon :
- Tributyltin methacrylate
Triforine

3, Third Priority for MADL Develonment

Acetazolamide

Acetohydroxamic acid

Actinonmyein D

All-trams retinoic acid

Alprazolam

Alfretarmine

Amantadine hydrochloride -

Amikacin sulfate

Aminoglutethimide

Aminoglycosides

Amingpterin

" Amiodarone hydrochlonde

Aquapms

Anebolic sieroids

Angiotensin converl:mcr enzyme (ACE) inhibitors

Anisindione

Aspirin _
Atenpolol -
Auranofm : : '
Azathioprine

Berbiturates

Beclomethasone dipropionate

Benamy]

Benzphetamine hydrochloride

. Benzodiazepines

Status Report 16 , . ORHHA
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Blschluroethyl nitrosouree (BCNU) (Carmusting)
Buirbarbital sodium

" 1,4-Butanedip) dimethanesnlfonate (Busulfan)
Carbamazepine
Carbon monoxide
Carboplain
Chenodiol
Chlorembuei]

Chloreyclizine hydrochloride
Chlordecone (Kepone)
Chlordiazepoxide
Chlordirzepoxide hydrochloride
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosoursa (CCNU) (Lomustme)
Cidofovir .
Cladribine
Clarithromyein
Clobeteso! propionate

. Clomiphene citrate
Clorazepate dipotassium
Codeine phosphate
Colchicine
Conjugated esirogens .

. Cyanazine
Cycloheximide
Cyclophosphamide (anhydrous)

: &rclophosphamde (hydrated)
Cyhexatin
Cytarsbine

" Dacarbezine
Danazp]
" Daunorubicin lrydrochlonde _
o,p '-DDT.
o '-DDT
Demeclocychne hydrochloride (internal use)
Diazepam
Diazoxide _
Dichlophenamide
Dicumaro]
Diethylstilbestral (DES)
Diflunisal
Dihydroergotamine megylate
Diltinzem hydrochioride
o-Dinitrobenzene

" p-Dinitrobenzene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dinitrotolnene (tech:m cal grede)
Dinocap .
Dinoseb
Diphenylhydantoin (Phenytoin)

- Doxorubicin hydrochloride
Doxycycline (intemnal use)
Doxyeycline caleium (internal nse)
Doxyoycline byclate (internal use)

Btatus Report 17 - _ ' OEHHA
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Daoxycycline monohydrate (internal use)
Endrin
Epichlorohydrin
Ergotamine tartrate
Estropipate
Ethionamide
Ethy] alcohol in sleoholic beverawes
EBthylene dibromide
Etodolac
Etoposide
Efretinate
Filgrastim
Flunisolide
Finorouraci]
Fluoxymesterone
Flurezepam hydrochloride
Flarbiprofen .
Flutamide
Fluticasone propioznate
Ganciclovir sodinm
Gemfibrozil
Goserelin acetate
Halezepam

- Halobetaso! propionate
Haloperidol
Halothane
Heptachlor ‘
‘Hexachlorobenzene :
Hexamethylphosphoramide
Hiptrelin acetate
Hydroxymres
Idarnbicin hydrochlond.e
Tfosfamide
Ipdine~131

" Isotrefingin .
Leuprolide acetate
Levodopa
Levonorpestré] implants
Lithium carbonate
Lithinm citrate
Larazepam
Lovastetin
Mebendazole
Medroxyprogesterone acetate
Megestrol acetate
Melphelan
Menotroping
Meprobamate
Mercaptopurine
Methacycline hyd:ochlonde
Methimazole \
Methotrexate
Methotrezate sodium
Methyl chloride
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Methyltestosterone _
Midezolem hydrochloride
Minocycline hydrachlande (internal use)
Migoprosto]
Mitoxantrone hydrochloride
Nafarelin acetate
Neomycin snlfate (internal use)
Netilmicin sulfate
" Nicke] carbonyl
. Nifedipine
Nimodipine
Nitrofurantoin
Nitrogen mustard (Mechiorethamine)
Nitrogen mustard hydrochloride (Mechlorethamine hydrochloride)
Norethisterone (Norethindrone)
Norethisterone ecetate (Norethindrone acetate)
Norethisterone . (Norethindrone)/Bthiny] estradic]
Norethisterone (Norethmdrone)/lviest-anol
Norgestrel
Oxazepam
Oxymetholone
Oxytetracycline (internal 1se)
Oxytetracycline hydrochloride (internal use)
Paclitaxe] .
Paramethadione
Penicillamine
Pentobarbital sodinm
" Pentostatin
~ Phenacemide
Phenprocoumon
Pimozide
Pipobroman
Plicamycin
Polybrominated b1ph=nyls
_ Polychiorinated biphenyls
.. Pravastatin sodinm
~ Prednisnlone sodium phosphate
Procarbazine hydrochleride
FPropylihiouracil
* Pyrimethamine
Quazepam
Retinol/retiny] esters, when in daily dosages in
excess of 10,000 IU, or 3,000 retinol equivelents.
Ribavirin '
Rifampin
Secobarbital sodium
Sermorelin acetate.
Streptomycin sulfate -
Streptozocin (streptozotocin)
Sulfasalazine
Sulindac
Temoxifen citrate
Temezepam
Teniposide
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Testosterone cypionate
Testosterone enanthate °
Tetracycline (internal nss)
Tetracyclinss (internal use)

Tetracyeline hydrochlorids (internal nss)

Thalidomide :
Thicguanine :

. Tobacco smoke (primary)
Tobramycin sulfate
Triazplam
Trientine hydrochloride
Trilostane :
Trimethedione
Trimetrexate glucuronate
Uracl mnstard
Urethane
Urofollitropin
Valproate (Valproic aci d)
Vinblastine snlfate
Vincristine sulfate
Warfarin
Zileuton
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Eroposition 65 Safe Harbor Levels

.Seﬁ

QEHE A
tember 2003



ATSDR - Public Health Statement: Benzene

AGEH‘L‘-Y FOR TORC SUﬁS TANG

=
)
—
@
o
(1]
3
N
o
3
®
-,

________ 2 How might | be -
exposed io benzeneg?

1.3 How can benzene

enter and leave my body?

3.4 How can benzene
affect my heaith?

1:5-What levels of

exposure have resulted in
harmful health effects?

1.8 Is there a medical test

to determine whether |
have been exposed to
benzene7

_____ T What
recommendations has the
federal government made

to protect human health?

'1?1.&"?"{'2{; FEGOURDES

ToxFAQ™ 47k |
ToxFAQ™ en o=
Espafiol Bone _
Public Health =
Statement 1 75k
Toxicological rE
Profils Blo.oup
MMG Bssr
HF BEDEY
ABCDE
EGHIJK
LMNOP
QRSITU
YWXYZ
LTSN RESDURDES
ToxFAQs™

ToxFAQs™ en Espafol .
 Public Health Statements
Toxicological Profiles
Minimum Risk Levels
MMGs

MHMIs

interaction Profiles

55
D TISESSE REGISTRY

"Page 1of 8

Search |Index | Home | Glossary | Contact Us

September 1897

Public Health Statement
_for
Benzene

CAS# 71 -43 2

Thls Pubhc Health Statement is the summary chapter from ﬂle
Toxieological Profile for benzene. It is one in a series of Public
Health Statements about hazardous substances and their
health effects. A shorter version, the TogFA Qs is also
available. This information is important because this
substance may harm you. The effects of exposure to any
hazardous substance depend on the dose, the duration, how
you are exposed, personal traits and habits, and whether other
chemicals are present. For more information, call the ATSDR
Informatlon Center at 1 888-422-8737

This public health statement tells you about benzene and the
effects of exposure.

The Environmental Protection Agency (EPA) identifies the most
serious hazardous waste sites in the nation. These sites make up
the National Priorities List (NPL) and are the sites targeted for.
long-term federal cleanup. Benzene has been found in at least 816
of the 1,428 current or former NPL sites. However, it's unknown
how many NPL sites have been evaluated for this substance. As
more sites are evaluated, the sites with benzene may increase.
This information is important because exposure to this substance
may harm you and because these sites may be sources. of exposure.

When a substance is released from a large area, such as an
industrial plant, or from a container, such as a drum or bottle, it
enters the environment. This release does not glways lead to
exposure. You are exposed to a substance only when you'come m
contact with it. 'You may be exposed by breathing, eating, or
drinking the substance or by skin contact.

If you are exposed to benzene, many factors determine whether
you'll be harmed. These factors include the dose (how much), the
duration (how long), and how you come in contact with it. You
must also consider the other chemicals you're exposed to and your
age 8€X, d1et family traits, lifestyle, and state of health.

1.1 What is benzene?
Benzene, also known as benzol, is a colorless Liquid with a sweet
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Priority List of Hazardous
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Division of Toxicology

odor. Benzene evaporates into air very quickly and dissolves
slightly in water. Benzene is highly flammable. Most people can
begin to smell benzene in air at 1.5-4.7 parts of benzene per

-~ million parts of air (ppm) and smell benzene in water at 2 PpmL

Most people can begin to taste benzene in water at 0.5—4.5 Ppm.
Benzene is found in air, water, and soil. ' '

Benzene found in the environment is from both human activities
and natural processes. Benzene was first discovered and isolated
from coal tar in the 1800s. Today, benzene is made mostly from
petroleum sources. Because.of its wide use, benzene ranks in the
top 20 in production volume for chemicals produced in the United
States. Various industries use benzene to make other chemicals,
such as styrene (for Styrofoam® and other plastics), cumene (for
various resins), and cyclohexane (for nylon and synthetic fibers).
Benzene is also used for the manufacturing of some types of
rubbers, lubricants, dyes, detergents, drugs, and pesticides.
Natural sources of benzene, which include volcanoes and forest
fires, also contribute to the presence of benzene in the
environment. Benzene is also a natural part of crude oil and
gasoline and cigarette smoke. -

1.2 How might I be exposed to benzene? :

Benzene is commonly found in the environment. Industrial
processes are the main sources of benzene in the environment.
Benzene levels in the air can increase from emissions from ,
bumning coal and oil, benzene waste and storage operations, motor
vehicle exhanst, and evaporation from gasoline service stations.
Since tobacco contains high levels of benzene, tobacco smoke is
another source of benzene in air. Industrial discharge, disposal of
products containing benzene, and gasoline leaks from underground
storage tanks can release benzene into water and soil.

Benzene can pass into air from water and soil surfaces. Once in
the air, benzene reacts with other chemicals and breaks down
within a few days. Benzene in the air can attach to rain or snow
and be carried back down to the ground. -

Benzene in water and soil breaks down more slowly. Benzene is

‘slightly soluble in water and can pass through the soil into

underground water. Benzene in the environment does not build up
m plants or animals.

1.3 How can benzene enter and leave my body?

Most people are exposed to a small amount of benzene on a daily
basis. You can be exposed to benzene in the outdoor environment,
in the workplace, and in the home. Exposure of the general
population to benzene is mainly through breathing air that contains.
benzene. The major sources of benzene exposure are tobacco

hitn: /lwww. atedr.cde. caovhaxnrofilee/nhe2 html ) £iAmAne
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smoke, automobile service stations, exhaust from motor vehicles,
and industrial emissions. Vapors (or gases) from products that
contain benzene, such as glues, paints, furniture wax, and
detergents can also be a source of exposure. Auto exhanst and
industrial emissions account for about 20% of the total nationwide
exposure to benzene. About 50% of the entire nationwide
exposure to benzene results from smoking tobacco or from
exposure to tobacco smoke. The average smoker (32 cigarettes
per day) takes in about 1.8 milligrams (mg) of benzene per day.
This is about 10 times the average daily intake of nonsmokers.

Measured levels of benzene in outdoor air have ranged from 0.02
to 34 parts of benzene per billion parts of air (ppb) (1 ppb is 1,000
times less than 1 ppm). People living in cities or industrial areas
are generally exposed to higher levels of benzene in air than those
living in rural areas. Benzene levels in the home are usually
higher than outdoor levels. People living around hazardous waste
sites, petroleum refining operations, petrochemical manufacturing
sites, or gas stations may be exposed to higher levels of benzene in

For most people, the level of exposure to benzene through food,
beverages, or drinking water is not as high as through air. Typical
drinking water contains less than 0.1 ppb benzene. Benzene has

- been detected in some bottled water, liguor, and food. Leakage
from underground gasoline storage tanks or from landfills and
hazardous waste sites containing benzene can result in benzene
contamination of well water. People with benzene-contaminated
tap water can be exposed from drinking the water or eating foods
prepared with the water. . In addition, exposure can result from
breathing in benzene while showering, bathing, or cooking with
contaminated water. . ' -

Individuals employed in industries that make or use benzene may
‘be exposed to the highest levels of benzene. Asmany as 238,000
people may be occupationally exposed to benzene in the United
- States. These industries include benzene production '
(petrochemicals, petroleum refining, and coke-and coal chemical -
manufacturing), rubber tire manufacturing, and storage or
transport of benzene and petroleum products containing benzene.
Other workers who may be exposed to benzene because of their
occupations include steel workers, printers, rubber workers, shoe
makers, laboratory technicians, firefighters, and gas station
employees. : '

1.4 How can benzene affect my health?

Benzene can enter your body through your lungs when you
breathe contaminated air. It can also enter through your stomach
and intestines when you eat food or drink water that contains
benzene. Benzene can enter your body through skin contact with
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benzene-containing products such as gasoline.

When you are exposed to high levels of benzene in air, about half
of the benzene you breathe in leaves your body when you breathe
out.. The other half passes through the lining of your hmgs and
enters your bloodstream. Animal studies show that benzene taken
in by eating or drinking contaminated foods behaves simnilarly in

- the body to benzene that enters through the lungs. A small amount

will enter your body by passing through your skm and into your
bloodstream during skin contact with benzene or benzene-
containing products. Once in the bloodstream, benzene travels
throughout your body and can be temporarily stored in the bone
marrow and fat. Benzene is converted to products, called
metabolites, in the liver and bone marrow. Some of the harmful
effects of benzene exposure are believed to be caused by these
metabolites. Most of the metabolites of benzene leave the body in
the urine within 48 hours after exposure.
. bavk fo fop

1.5 What levels of exposure have resnlted in harmful health
effects?

To protect the public from the harmful effects of toxic chemlcals
and to find ways to treat people who have been harmed, scientists

use many tests.

One way to see if a chem1ca1 will hurt people is to learn how the
chemical is absorbed, used, and released by the body; for some
chemicals, animal testing may be necessary. Animal testing may
also be used to identify health effects such as cancer or birth
defects. Without laboratory animals, scientists would lose a basic
method to get information needed to make wise decisions to
protect public health. Scientists have the responsibility to treat
research animals with care and compassion. Laws today protect
the welfare of research animals, and scientists must comply with
strict animal care gl.udehnes

After exposure to benzene, several factors determine whether
harmful health effects will occur and if they do, what the type and
severity of these health effects might be. These factors include the
amount of benzene to which you are exposed and the length of
time of the exposure. Most data involving effects of long-term
exposure to benzene are from studies of workers employed in
industries that make or use benzene. These workers were exposed

- to'levels of benzene in air far greater than the levels normally

encountered by the general population. Current levels of benzene
m workplace air are much lower than in the past. Because of this
reduction, and the availability of protective equipment such as

respirators, fewer workers have symptorns of benzene poisoning,

Brief exposure (5-10 minutes) to very high levels of benzene in air
(10,000-20,000 ppm) can result in death. Lower levels (700—

f P o PR S, WP, B, S |
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3,000 ppm) can cause drowsiness, dizziness, rapid heart rate,
headaches, tremors, confusion, and unconsciousness. In most
-cases, people will stop feeling these effects when they stop being
exposed and begin to breathe fresh air.

Eating foods or drinking liquids containing high levels of benzene
cam cause vomiting, irritation of the stomach, dizziness, sleepiness,
convulsions, rapid heart rate, coma, and death. The health effects
that may result from eating foods or drinking liquids containing
lower levels of benzene are not known. If you spill benzene on
your gkin, it may cause redness and sores. Benzene in your eyes
may cause general irritation and damage to your cornea.

- Benzene causes problems in the blood. People who breathe
. benzene for long periods may experience harmful effects in the

tissues that form blood cells, especially the bone marrow. These
effects can disrupt normal blood production and cause a decrease
in important blood components. A decrease in red blood cells can
lead to anemia. Reduction in other components in the blood can
cause excessive bleeding. Blood production may return to normal
after exposure to benzene stops. Excessive exposure to benzene
can be harmful to the immune system, increasing the chance for
infection and perhaps lowering the body's defense against cancer.

Benzene can cause cancer of the blood-forming organs. The
Department of Health and Human Services (DHHS) has
determined that benzene is a known carcinogen. The International
Agency for Cancer Research (IARC) has determined that benzene
is carcinogenic to humans, and the EPA has determined that
benzene is a human carcinogen. Long-term exposure to relatively

. high levels of benzene in the air can cause cancer of the blood-
forming organs. This condition is called leukemia. Exposure to
benzene has been associated with development of a particular type
of Jeukemia called acute myeloid leukemia (AML).

Exposure to benzene may be harmful to the reproductive organs.
Some women workers who breathed high levels of benzene for
many months had irregular menstrual periods. When examined,
these women showed a decrease in the size of their ovaries.
However, exact exposure levels were unknown, and the studies of
these women did not prove that benzene caused these effects. It is
not known what effects exposure t0 benzene might have on the
developing fetus in pregnant women or on fertility in men.
Studies with pregnant animals show that breathing benzene has
harmful effects on the developing fetus. These effects include low
birth weight, delayed bone formation, and bone marrow damage.

- The health effects that might occur in humans following long-term
exposure to food and water contaminated with benzene are not
known. In animals, exposure to food or water contaminated with
benzene can damage the blood and the immune system and can
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€Ven cause cancer.

........................

exposed to benzene? _ ‘
Several tests can show if you have been exposed to benzene.
Some of these tests may be available at your doctor's office. All of
these tests are limited in what they can tell you. The test for
measuring benzene in your breath must be done shortly after
-exposure. This test is not very helpful for detecting very low
levels of benzene in your body. Benzene can be measured in your
blood. However, since benzene disappears rapidly from the blood,
measurements may be-accurate only for recent exposures. In the
body, benzene is converted to products called metabolites. Certain
metabolites of benzene, such as phenol, muconic acid, and S-
Phenyl-N-acetyl cysteine (PhAC) can be measured in the urine,
‘The amount of phenol in urine has been used to check for benzene
exposure in workers. The test is useful only when you are exposed
to benzene in air at levels of 10 ppm or greater. However, this test
must also be done shortly after exposure, and it is not a reliable
indicator of how much benzene you have been exposed to, since
phenol is present in the urine from other sources (diet,
environment). Measurement of muconic acid or PhAC in the urine
is a more sensitive and reliable indicator of benzene EXPOSuTe.
The measurement of benzene in blood or of metabolites in urine '
cannot be used for making predictions about whether you will
experience any harmful health effects. Measurement of all parts of
the blood and measurement of bone marrow are used to find
‘benzene exposure and its health effects. - '

For people exposed to relatively high levels of benzene, complete
blood analyses can be used to monitor possible changes related to
exposure. However, blood analyses are not useful when exposure
levels are Jow. ' o

back 1o top

1.7 What recommendations has the federal government made
to protect human health? ' :
The federal government develops regulations and
recommendations to protect public health. Regulations can be
enforced by law. Federal agencies that develop regulations for
toxic substances include the Environmental Protection Agency
(EPA), the Occupational Safety and Health Administration
(OSHA), and the Food and Drug Administration (FDA).
Recommendations provide valuable guidelines to protect public
health but cannot be enforced by law. Federal organizations that
develop recommendations for toxic substances include the Agency

- for Toxic Substances and Disease Registry (ATSDR) and the
National Institute for Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-

htto://www.atsdr.cde.oov/toxorofiles/nhe? html : . , ' £14 mnnr
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exceed levels in air, water, soil, or food that are usually based on
levels that affect animals, then they are adjusted to help protect
people. Sometimes these not-to-exceed levels differ among
federal organizations because of different exposure times (an 8-
‘hour workday or a 24-hour day), the use of different animal
studies, or other factors.

Recommendations and regulations are also periodically updated as
more information becomes available. For the most current
information, check with the federal agency or organization that
provides it. Some regulations and recommendations for berizene
include the following:

EPA has set the maximum permissible level of benzene in
drinking water at 5 parts per billion (ppb). Because benzene can
cause leukemia, EPA has set a goal of O ppb for benzene in
drinking water and in water such as rivers and lakes. EPA
estimates that 10 ppb benzene in drinking water that is consumed
regularly or exposure to 0.4 ppb benzene in air over a lifetime
‘could cause a risk of one additional cancer case for every 100,000
exposed persons. EPA recommends a maximum permissible level
of benzene in water of 200 ppb for short-term exposures (10 days)
for children.

EPA requires that the. National Response Center be notified
following a discharge or spill into the environment of 10 pounds or
more of benzene.

The Occupational Safety and Health Administration (OSHA)
regulates levels of benzene in the workplace. The maximum
allowable amount of benzene in workroom air during an 8-hour
workday, 40-hour workweek is 1 part per million (ppm). Since
benzene can cause cancer, the National Institute for Occupational
Safety and Health (NIOSH) recommends that all workers likely to
be exposed to benzene wear special breathing equipment

.....................&‘

1.8 Where can I get more information?

If you have any more questions or concerns, please contact
your community or state health or environmental quality
department or:

Agency for Toxic Substances and Dlsease Registry -
Division of Toxicology

1600 Clifton Road NE, Mailstop F-32

Atlanta, GA 30333

Information line and technical assistance:

Phone: 888-422-8737
FAX: (770)-488-4178
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ATSDR can also tell you the location of occupational and
environmental health clinics. These clinics specialize in
recognizing, evaluating, and treating illnesses resulting from
exposure to hazardous substances.

To order toxicological profiles, contact:

~ National Technical Information Service
5285 Port Royal Road
Spﬁilgﬁeld, VA 22161
Phone: 800-553-6847 or 703-605-6000

References _
Agency for Toxic Substances and Disease Registry (ATSDR).

1997. Toxicological profile for benzene, Atlanta, GA: U.S.
Department of Health and Human Services, Public Health Service.
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Public Health Statement
- for-
Ethylbenzene

CAS# 100-41-4

This Pubhc Health Statement is the summary chapter from the
Toxicological Profile for ethylbenzene. It is one in a series of
Public Health Statements about hazardous substances and
their health effects. A shorter version, the ToxFAQs™, is also
available. This information is important because this
substance may harm you. The effects of exposure to any
hazardous substance depend on the dose, the duration, how
you are exposed, personal traits and hahits, and whether other
chemicals are present. For more lnformatmn, call the ATSDR
Informatlon Center at 1 888 422-8737

~ This public health statement tells you about ethylbenzene and the

effects of exposure.

The Environmental Protection Agency (EPA) identifies the most
serious hazardous waste sites in the nation. These sites make up
the National Priorities List (NPL) and are the sites targeted for
long-term federal cleanup activifies. Ethylbenzene has been found
in at least 720 of the 1,467 current or former NPL sites. However,
the total number of NPL sites evaluated for this substance is not
known. As more sites are evaluated, the sites at which
ethylbenzene is found may increase. This information is important
because exposure to this substance may harm you and because
these sites may be sources of exposure.

‘When a substance is released from a large area, such as an-
industrial plant, or from a container, such as a drum or bottle, it
enters the environment. This release does not always lead to
exposure. You are exposed to a substance only when you come in
contact with it. 'You may be exposed by breathing, eating, or
drinking the substance or by skin contact.

. If you are exposed to ethylbenzene, many factors determine

whether you'll be harmed. These factors include the dose (how
much), the duration (how long), and how you come in contact with
it. You must also consider the other chemicals you're exposed to
and your age, sex, diet, family traits, lifestyle, and state of health.
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1.1 What is ethylbenzene?

Ethylbenzene is a colorless hund that smells like gasoline. You N

can smell ethylbenzene in the air at concentrations as low as 2
parts of ethylbenzene per million parts. of air by volume (ppm). It
evaporates at room temperature and burns easily. Bthylbenzene
occurs naturally in coal tar and petroleum. It is also found in
many products, including paints, inks, and insecticides. Gasoline
contains about 2% (by weight) ethylbenzene. Ethylbenzene is
used primarily in the production of styrene. Itis also used as a
solvent, a component of asphalt and naphtha, and in fuels. In the

. chemical industry, it is used in the manufacture of acetophenone,

cellulose acetate, diethylbenzene, ethyl enthraguinone, A
ethylbenzene sulfonic acids, propylene oxide, and -methylbenzyl
alcohol. Consumer products containing ethylbenzene include-
pesticides, carpet glnes; varnishes and paints, and tobacco
products. In 1994, approximately 12 billion pounds of
ethylbenzene were produced in the United States.

1.2 What happens to ethylbenzene when it enters the
environment?

Ethylbenzene is most commonly found as a vapor in the air. This
is because ethylbenzene moves easily into the air from water and
soil. Once in the air, other chemicals help break down
ethylbenzene into chemicals found in smog. This breakdown
happens in less than 3 days with the aid of sunlight. In surface
water such as rivers and harbors, ethylbenzene breaks down by
reacting with other compounds naturally present in the water. In
soil, the majority of ethylbenzene is broken down by soil
bacteria. Since ethylbenzene binds only moderately to soil, it can
also move downward through soil to contaminate grouudwater
Near hazardous waste sites, the levels of ethylbenzene in the air,

water, and soﬂ could be much higher than in other areas.
- back 1o Lo

1 3 HOW mxght Ibe exposed to ethylbenzene" |
There are a variety of ways you may be exposed to this chemical. .
If you live in a highly populated area or near many factories or

heavily traveled highways, you may be exposed to ethylbenzene in

the air. Releases of ethylbenzene into these areas occur from
burning oil, gas, and coal and from discharges vf ethylbenzene

from some types of factories. The median level of ethylbenzene in
~ city and suburban air is about .62 parts of ethylbenzene per

billion parts (ppb) of air. In contrast, the median level of
ethylbenzene measured in air in country locations is about 0.01
ppb. Indoor air has a higher median concentration of ethylbenzene
(about 1 ppb) than outdoor air. This is because ethylbenzene
builds up after you use household products such as cleamncr
products or pamts

Ethylbenzene was foxmd in only one of ten Us. rivers and

http://'www.atsdr.cdc.gov/toxprofiles/phs1 10.html
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streams tested in 1982 and 1983. The average level measured was
less than 5.0 ppb. Ethylbenzene gets into water from factory
releases, boat fuel, and poor disposal of waste. Background levels
in soils have not been reported. Ethylbenzene may get into the soil

by gasoline or other fuel spills and poor disposal of industrial and -
household wastes.

Some people are exposed to ethylbenzene in the workplace. Gas

and oil workers may be exposed to ethylbenzene either through

skin contact or by breathing ethylbenzene vapors. Varnish

workers, spray painters, and people involved in gluing operations

may also be expo'sed to high levels of ethylbenzene. Exposure

may also occur in factories that use ethylbenzene to produce other
. chemicals.

You may be exposed to ethylbenzene if you live near hazardous
waste sites containing ethylbenzene or areas where ethylbenzene
spills have occurred. Higher-than-background levels of
ethylbenzene were detected in groundwater near a landfill and near
an area where a fuel spill had occurred: No specific information

on human exposure to eﬂlylbenzene near hazardous waste sites is
available. :

Youmay also be exposed to ethylbenzene from the use of many
consumer products. Gasoline is a common source of ethylbenzene
exposure. Other sources of ethylbenzene exposure come from the
use of this chemical as a solvent in pesticides, carpet glues,
~vamnishes and paints, and from the use of tobacco products.
Ethylbenzene does not generally build up in food. However, some
- vegetables may contain very small amounts of it. -

1 4 How can ethylbenzene enter and leave my body?
When you breathe air containing ethylbenzene vapor, it enters
your body rapidly and almost completely through your lungs.
Ethylbenzene in food or water can also rapidly and almost
completely enter your body through the digestive tract. It may
enter through your skin when you come into contact with hquids
containing ethylbenzene. Ethylbenzene vapors do not enter
through your skin to any large degree. People-living in urban
areas or in areas near hazardous waste sites may be exposed by
breathing air or by drinking water contaminated with
ethylbenzene. Once in your body, ethylbenzene is broken down
mmto other chemicals. Most of it leaves in the urine within 2 days.
Small amounts can also leave through the Iungs and in feces.
Liquid ethylbenzene that enters through your skin is also broken
down. Ethylbenzene in high levels is broken down slower in your
body than low levels of ethylbenzene. Similarly, ethylbenzene -
mixed with other solvents is also broken down more slowly than
ethylbenzene alone. This slower breakdown will increase the time
it takes for ethylbenzene to leave your body.
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1.5 How can ethylbenzene affect my health?
To protect the public from the harmful effects of toxic chemicals

- and to find ways to treat people who have been harmed, scientists
use many tests. ’

One way to see if a chemical will hurt people is to learn how the
chemical is absorbed, used, and released by the body; for some
chemicals, animal testing may be necessary. Animal testing may
also be used to identify health effects such as cancer or birth
defects. Without laboratory animals, scientists would lose a basic
method to get information needed to make wise decisions to
protect public health. Scientists have the responsibility to treat
research animals with care and compassion. Laws today protect
the welfare of research animals, and scientists must comply with
strict animal care guidelines. - ' ‘

At certain levels, exposure to ethylbenzene can harm your health.
People exposed to high levels of ethylbenzene in the air for short
periods have complained of eye and throat irritation. Persons
exposed to higher levels have shown signs of more severe effects
such as decreased movement and dizziness: ‘No studies have
reported death in humans following exposure to ethylbenzene
alone. However, evidence from animal studies suggests that it can
cause death at very high concentrations in the air (about 2 million
times the usual level in urban air). Whether or not long-term
exposure to ethylbenzene affects human health is not known
Jbecause little information is available. Short-term exposure of
laboratory animals to high concentrations of ethylbenzene in air
may cause liver and kidney damage, nervous system changes, and
. blood changes. The link between these health effects and
exposure to ethylbenzene is not clear because of conflicting results
and weaknesses in many of the studies. Also, there isno clear
evidence that the ability to get pregnant is affected by breathing air
or drinking water containing ethylbenzene, or coming into direct
contact with ethylbenzene through the skin. Two long-term
studies in animals suggest that ethylbenzene may cause tumors.
One study had many weaknesses, and no conclusions could be
-drawn about possible cancer effects in humans. The other, a
recently completed study, was mote convincing, and provided
clear evidence that ethylbenzene causes cancer in one species after
exposure in the air to concentrations greater than 740 ppm that
were approximately 1 million tiines the levels found in urban air.
At present, the federal government has not identified ethylbenzene
as a chemical that may canse cancer in humans. However, this
may change after consideration of the new data,

There are no reliable data on the effects in humans after eating or

drinking ethylbenzene or following direct exposure to the skin.
For this reason, levels of exposure that may affect your health after

httn:/fwww.atsdr.ede. covitoxnrofiles/mhal 10 htmi . : L IA INAAE
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eating, drinking, or getting ethylbenzene on your skin are
estimated from animal stundies. There are only two reports of eye
or skin exposure to ethylbenzene. In these studies, liquid
ethylbenzene caused eye damage and skin irritation in rabbits.
More animal studies are available that describe the effects of
breathing air or drinking water containing ethylbenzene.

Lack I lon

1.6 How can ethylbenzene affect children?

* This section discusses potential health effects from exposures
during the period from conception to maturity at 18 years of age in
humans. Potential effects on children resulting from exposures of
the parents are also considered.

Since ethylbenzene is contained in many consumer products
(including gasoline, paints, inks, pesticides, and carpet glue), it is
possible for children to be exposed to ethylbenzene, especially by
mhalation. Children might also be exposed to ethylbcnzene from

* hazardous waste. Ethylbenzene vapors are heavier than air, and

" children generally spend more time on the floor or ground than do
adults: We do not know whether children would be different than
‘adults in their weight-adjusted intake of ethylbenzene.

No data describe the effect of exposure to ethylbenzene on
children or immature animals. It is likely that children would
show the same health effects as adults. Respiratory and eye
irritation and dizziness are the most prevalent signs of exposure to

~ high levels of ethylbenzene in adults, and children would probably
also exhibit these effects. We do not know whether children
differ in their susceptibility to the effects of ethylbenzene. We do
not know whether ethylbenzene causes birth defects in people.
Minor birth defects have occurred in newborn animals whose
mothers were exposed by breathing air contammated with
eﬂlylbenzene :

- Wedo not know whether ethylbenzene can cross the placenta to an

unborn child or accumulate significantly in breast milk.
' ) ‘ back o top

1.7 How can famlhes reduce the nsk of eXposure to
ethylbenzene?

Ethylbenzene is found in the blood, urine, breath, and some body
tissues of exposed people. Urine is most commonly tested to
determine exposure to ethylbenzene. The test measures the
presence of substances formed following an exposure to
ethylbenzene. These substances are formed by the breakdown of
ethylbenzene. You should have this test done within a few hours
after exposure occurs because these substances leave the body
very quickly. Although this test can prove your exposure to
ethylbenzene, it cannot yet predict the kind of health effects that
might develop from that exposure.
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1.8 Is there a medical test to determine whether I have
ben exposed to ethylbenzene?

- If your doctor finds that you have been exposed to significant
amounts of ethylbenzene, ask your doctor if children may also be
exposed. When necessary your doctor may need to ask your state
pubhc heath department to investigate.,

Bthylbenzene is found in consumer products including gasoline,
pesticides, carpet glues, varnishes, paints, and tobacco products.
Exposure to ethylbenzene vapors from household products and
newly installed carpeting can be minimized by using adequate
ventilation. Household chemicals should be stored out of reach of
young children to prevent accidental poisonings. Always store
household chemicals in their original 1abeled containers; never
store household chemicals in containers children would find
attractive to eat or drink from, such as old soda bottles. Gasoline

~ ‘should be stored in a gasoline can with a locked cap. Keep your
Poison Control Center's number by the phone. To minimize
exposure, children should be kept out of areas where products that
contain ethylbenzene are being used. Sometimes older children
sniff household chemicals in an attempt to-get high. Your children
may be exposed to ethylbenzene by inhaling products containing
it, such as paints, varnishes, or gasoline. TaJk with your children
about the dangers of smffmg chemicals.

Al SRISR AL

1.9 What recommendations has the federal aovernment
made to protect human health?
The federal government develops regulations and
recommendations to protect public health. Regulations can be
enforced by law. Federal agencies that develop regulatiors for
toxic substances include the Environmental Protection Agency
(EPA), the Occupational Safety and Health Administration
(OSHA), and the Food and Drug Administration (FDA).
Recommendations provide valuable guidelines to protect public

- health but cannot be enforced by law. Federal organizations that
develop recommendations for toxic substances include the Agency
for Toxic Substances and Disease Registry (ATSDR) and the
National Institute for Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-

- exceed levels in air, water, soil, or food that are usually based on
levels that affect animals; then they are-adjusted to help protect
people. Sometimes these not-to-exceed levels differ among
federal organizations because of different exposure times (an 8-
hour workday or a 24-hour day), the use of different animal
studies, or other factors

Recommendations and regulations are also periodically updated as
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more information becomes available. For the most current
information, check with the federal agency or organization that
provides it. Some regulations and recommendations for
ethylbenzene include the following:

The federal government has developed regulatory standards and
guidelines to protect you from possible health effects of
ethylbenzene in the environment. EPA's Office of Drinking Water
(ODW) set 700 ppb (this equals 0.7 milligrams ethylbenzene per
liter of water or mg/L) as the acceptable exposure concentration of
ethylbenzene in drinking water for an average weight adult. This
value is for lifetime exposure and is set at a level thatis expected
not to increase the chance of having (noncancer) adverse health
effects. The same EPA office (ODW) set higher acceptable levels
of ethylbenzene in water for shorter periods (20 ppm or 20 mg/L
for 1 day, 3 ppm or 3 mg/L for 10 days). EPA has determined that
exposures at or below these levels are acceptable for small
children. If you eat fish and drink water from a body of water, the
water should contain no more than 1.4 mg ethylbenzene per liter.

EPA requires that a release of 1,000 pdu:nds or more of
ethylbenzene be reported to the federal government's Natlonal
Response Center in Washington, D.C.

OSHA set a legal limit of 100 ppm ethylbenzene in air. This is for
exposure at work for 8 hours per day.

NIOSH also recommends an exposure limit for ethylbenzene of
100 ppm. This is for exposure to ethylbenzene in air at work for
up to 10 hours per day in a 40-hour work week. NIOSH also set a
limit of 125 ppm for a 15-minute period.

1 10 Where can I get more mformatlon"

- If you have any more questions or concerns, please contact
your community or state health or environmental quality
department or:

ack to w0p

Agency for Toxic Substances and Dlseasc Reg1stry
Division of Toxicology

1600 Clifton Road NE, Mailstop F- 32

Atlanta, GA 30333

Information line and technical assistance:

Phone: 888-422-8737
FAX: (770)-488-4178

ATSDR can also tell you the location of occupational and
environmental health clinics. These clinics specialize in :
recognizing, evaluating, and treating illnesses resulting from
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exposure to hazardous substances.
To order toxicological profiles, contact:

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22161 .
Phone: 800-553-6847 or 703-605-6000

hack o fun
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‘ Th1s Pubhc Health Statement is the summary chapter from the

Tosicolegical Profile for xylene. It is one in a series of Public
Health Statements about hazardous substances and their

health effects. A shorter version, the ToxFA Qs™, is also
available. This information is important because this
substance may harm you. The effects of exposure to any
hazardous substance depend on the dose, the duration, how
you are exposed, personal traits and habits, and whether other
chemicals are present. For more mformatlon, call the ATSDR
Informatmn Center at 1-888 422 8737

This Statement was prepared to give you information about xylene
and to emphasize the human health effects that may result from
exposure to it. The Environmental Protection Agency (EPA) has
identified 1,408 hazardous waste sites as the most serious in the
nation. These sites comprise the "National Priorities List" (NPL):
those sites which are targeted for long-term federal cleanup

activities. Xylene has been found in at least 658 of the sites on the

NPL. However, the number of NPL sites evaluated for xylene is
not known. As EPA evaluates more sites, the number of sites at
which xylene is found may increase. This information is important
because exposure to xylene may cause harmful health effects and
because these sites are potentlal or actual sources.of human
exposure to xylene.

When a substance is released from a large area, such as an
industrial plant, or from a container, such as a drum or bottle, it
enters the environment. This release does not always lead to
exposure. You can be exposed to a substance only when you come
in contact with it. You may be exposed by breathing, eating, or

drinking substances containing the substance or by skin contact
with it. :

If you are exposed to a substance such as xylene, many factors will

- determine whether harmful health effects will occur and what the

type and severity of those health effects will be. These factors
include the dose (how much), the duration (how long), the route or
pathway by which you are exposed (breathing, eating, drinking, or

| Index | Home | Glossary | Contact Us
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Briority List of Hazardous  skin contact), the other chemicals to which you are exposed, and

Substances your individual characteristics such as age, gender, nutritional
Division of Toxicolo status, family traits, life-style, and state of health.
1.1 What is xylene?

In this report, the terms xylene, xylenes, and total xylenes will be

- used interchangeably. There are three forms of xylene in which the
methy] groups vary on the benzene ring: meta-xylene, ortho-
xylene, and para-xylene (m-, 0-, and D-xylene). These different
forms are referred to as isomers. The term total xylenes refers to

- all three isomers of xylene-(m-, 0-, and P-xylene). Mixed xylene is
a mixture of the three isomers and usually also contains 6—15%
ethylbenzene. Xylene is also known as xylol or dimethylbenzene.
Xylene is primarily a synthetic chemical. Chemical industries
produce xylene from petroleum. Xylene also occurs naturally in-
petroleum and coal tar and is formed during forest fires. It isa
colorless, flamrable liquid with a sweet odor.

Xylene is one of the top 30 chemicals produced in the United
States in terms of volume. It is used as a solvent (a liquid that can
dissolve other substances) in the printing, rubber, and-leather
industries. Along with other solvents, xylene is also used as a
cleaning agent, a thinner for paint, and in varnishes. It is found in
small amounts in airplane fue] and gasoline. Xylene isused as a
material in the chemical, plastics, and synthetic fiber industries

* and as an ingredient in the coating of fabrics and papers. Isomers
of xylene are used in the manufacture of certain polymers
‘(chemical compounds), such as plastics.

Xylene evaporates and burns easily. Xylene does not mix well
with water; however, it does mix with alcohol and many other
chemicals. Most people begin to smell xylene in air at 0.08-3.7
parts of xylene per million parts of air (ppm) and begin to taste it
in water at 0.53-1.8 ppm. '
- ~ back xc top

1.2 What happens to xylene when it enters the
. environment? ' .

~ Xyleneis a liquid, and it can leak into soil, surface water (creeks,
streams, rivers), or groundwater, where it may remain for months
or more before it breaks down into other chemicals. However,
becanse it evaporates easily, most xylene (if not trapped deep
underground) goes into the air, where it stays for several days. In
the air, the xylene is broken down by sunlight into other less '
harmful chemicals. :

Xylene can enter the environment when it is made, packaged,
shipped,.or used. Most xylene that is accidentally released
evaporates into the air, although some is released into rivers or
lakes. Xylene can also enter soil, water, Or air in large amounts
after an accidental spill or as a result of an environmental leak

http://www.atsdr.cde.cov/toxnrafiles/nhe71 html A A
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during storage or burial at a waste site.

Xylené very quickly evaporates into the air from surface soil and
water. Xylene stays in the air for several days until it is broken
down by sunlight into other less harmful chemicals.

Most xylene in surface water evaporates into the air in less than a
day. The rest of it is slowly broken down into other chemicals by
small living organisms in the water. Only very small amounts are
taken up by plants, fish, and birds. We do not know exactly how
long xylene stays in water, but we do know that it stays longer in
underground water than in lakes and rivers, probably because it
can evaporate from the latter.

Xylene evaporates from soil surfaces. Xylene below the soil
surface stays there for several days and may travel down through
the soil and enter underground water (groundwater). Small living
organisms in soil and groundwater may transform it into other less
harmful compounds, although this happens slowly. It is not clear

. how long xylene remains trapped deep underground in soil or
groundwater, but it may be months or years. Xylene stays longer
in wet soil than in dry soil. If a large amount of xylene enters soil
from an accidental spill, a hazardous waste site, or a landfill, it
may travel through the soil and contaminate drinking water wells.
Only a small amount of xylene is absorbed by animals that live in
water contaminated with xylene.

AEe S LN

1.3 How might I be exposed to xylene? =~

You may be exposed to xylene because of its distribution in the.
environment. Xylene is primarily released from industrial sources,
in automobile exhaust, and during its use as a solvent. Hazardous
waste disposal sites and spills of xylene into the environment are
also possible sources of exposure. You are most likely to be
exposed to xylene by breathing it in contaminated air. Levels of
xylene measured in the air of industrial areas and cities of the
United States range from 1 to 88 parts of xylene per billion parts
of air (a part per billion [ppb] is one thousandth of a part per

" million [ppm]; one ppm equals 1,000 ppb). Xylene is sometimes
released into water and soil as a result of the use, storage, and
transport of petroleum products. Surface water generally contains
less than 1 ppb, although the level may be higher in industrial
areas. You can also be exposed to xylene by drinking or eating
xylene-contaminated water or food. Levels of xyléne in public
drinking water supplies have been reported to range from 0 to 750
ppb. Little information exists about the amount of xylene in food.
Xylene levels ranging from 50 to 120 ppb have been found in
some fish samples. Xylene has been found in chicken eggs and in
the polystyrene packaging in which they are sold.

You may also come in contact with xylene from a variety of
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consumer products, including cigarette smoke, gasoline, paint,
varnish, shellac, and rust préventives. Breathing vapors from these
types of products can expose you to xylene. Indoor levels of
xylene can be higher than outdoor levels, especially in buildings
with poor ventilation. Skin contact with products containing
xylene, such as solvents, lacquers, paint thinners and TEMOVeETS,
and pesticides may also expose you to xylene.

Besides painters and paint industry workers, others who may be
exposed to xylene include biomedical laboratory workers,
distillers of xylene, wood processing plant workers, automobile

- garage workers, metal workers, and furniture refinishers also may
be exposed to xylene. Workers who routinely come in contact with
xylene-contaminated solvents in the workplace are the population
most likely to be exposed to high levels of xylene.

back io ton

......................

1.4 How can xylene enter and leave my body?
Xylene is most likely to enter your body when you breathe xylene
vapors. Less often, xylene enters the body through the skin
following direct contact. It is rapidly absorbed by your lungs after
you breathe air containing it. Exposure to xylene may also take
place if you eat or drink xylene-contaminated food or water, The
amount of xylene retained ranges from 50% to 75% of the amount
of xylene that you inhale. Physical exercise increases the amount
of xylene absorbed by the lungs. Absorption.of xylene after eating
food or drinking water containing it is both rapid and complete.
Absorption of xylene through the skin glso occurs rapidly
following direct contact with xylene. Absorption of xylene vapor -
through the skin is lower than absorption of Xylene vapor by the
lungs. However, it is not known how much of the Xylene is
absorbed through the skin. At hazardous waste sites, breathing

- xylene vapors, drinking well water contaminated with Xylene, and
direct contact of the skin with xylene are the most likely ways you
can be exposed. Xylene passes into the blood soon after entering
the body. ' '

In people and laboratory animals, xylene is broken down into other
chemicals especially in the liver. This process changes most of the
xylene that is breathed in or swallowed into a different form. Once
xylene breaks down, the breakdown products rapidly leave the
body, mainly in urine, but some unchanged xylene also.leaves in
the breath from the lungs. One of the breakdown products of
xylene, methylbenzaldehyde, is harmful to the lungs of some
‘animals. This chemical has not been found in people exposed to
xylene. Small amounts of breakdown products of xylene have
appeared in the urine of people as soon as 2 hours after breathing
air containing xylene. Usually, most of the xylene that is taken in
leaves the body within 18 hours after exposure ends. Storage of

xylene in fat or muscle may prolong the time needed for Xylene to
leave the body. -

http://www. atsdr. cdé.gov/toxvrofﬂeslnhs7 1. htmi © EIAMANEG
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1 5 How can xylene affect my health”

Short-term exposure of people to high levels of xylene can cause
irritation of the skin, eyes, nose, and throat; difficulty in breathing;
impaired function of the lungs; delayed response to a visual
stimulus; impaired memory; stomach discomfort; and possible
changes in the liver and kidneys. Both short- and long-term
exposure to high concentrations of xylene can also cause a number
“of effects on the nervous system, such as headaches, lack of
muscle coordination, dizziness, confusion; and changes in one's
sense of balance. People exposed to very high levels of xylene for
a short period of time have died. Most of the information on long-
term exposure to Xylene is from studies of workers employed in
industries that make or use xylene. Those workers were exposed to
levels of xylene in air far greater than the levels normally
encountered by the general population. Many of the effects seen
after their exposure to xylene could have been caused by exposure
to other chemicals that were in the air with xylene.

Results of studies of animals indicate that large amounts of xylene
can cause changes in the liver and harmful effects on the kidneys,
lungs, heart, and nervous system. Short-term exposure to very high
concentrations of xylene causes death in animals, as well as
muscular spasms, incoordination, hearing loss, changes in

" behavior, changes in organ weights, and changes in enzyme
activity. Long-term exposure of animals to low concentrauons of
Xylene has not been well studied.

Information from enimal studies is not adequate to determine
whether or not xylene causes cancer in humans. Both the
International Agency for Research on Cancer (IARC) and EPA
‘have found that there is insufficient information to determine
whether or not xylene is carcinogenic and consider xylene not
claSSJ.ﬁable as to 1ts human carcinogenicity.

Exposure of pregnant women to high levels of xylene may cause
harmful effects to the fetus, Studies of unborn animals indicate
that high concentrations of xylene may cause increased numbers of
deaths, decreased weight, skeletal changes, and delayed skeletal
development In many instances, these same concentrations also
"canse damage to the mothers. The higher the exposure and the
longer the exposure to xylene, the greater the chance of harmful
health-effects. Lower concentrations of xylene are not so harmful.

LU AL A

1 6 Is there a medical test to determme Whether I have
been exposed to xylene?

Medical tests are available to determine if you have been exposed
to xylene at higher-than-normal levels. Confirmation of xylene
exposure is determined by measuring sorne of its breakdown
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products eliminated from the body in the urine. These urinary
measurements will determine if you have been exposed to xylene.
There is a high degree of agreement between exposure to xylene
and the levels of xylene breakdown products in the urine.
However, a urine sample must be provided very soon after
exposure ends because xylene quickly leaves the body. Alcohol or
aspirin may produce false positive test results. Medical tests have
been developed to measure levels of xylene in blood by the.
National Center for Environmental Health Laboratory and in -
exhaled breath by EPA's Total Exposure A ssessment
Methodology. These tests may be available in certain doctors'
offices. Available tests can only indicate exposure to xylene; they
cannot be used to predict which health effects, if any, will
develop. ' :

hack 1o tom
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1.7 What recommendations has the federal government
made to protect human health?

EPA estimates that, for an adult of average weight, exposure to 10
milligrams of xylene per liter (mg/L or Ppm) of water each day for
a lifetime (70 years) is unlikely to result in harmful noncancerous
health effects. For a long-term but less-than-lifetime exposure
(about 7 years), 27.3 ppm is estimated to be a level unlikely to
result in harmful health effects in an adult. :

Exposure to 12 ppm- xylene in water for 1 day orto 7.8 ppm of
- Xylene in water for 10 days or longer is unlikely to present a health
risk to a small child. EPA has proposed a recommended maximum

level of 10 ppm xylene i drinking water.

To protect people from the potential harmful health effects of
xylene, EPA regulates xylene in the environment. EPA has set a
legally enforceable maximum level of 10 mg/L (equal to 10 ppm)
of xylene in water that is delivered to any user of a public water
system. The Occupational Safety and Health Administration
(OSHA) has set an occupational exposure limit of 100 ppm of
xylene in air averaged over an 8-hour workday and a 15-minute
exposure limit of 150 ppm. These regulations also match
recommendations (not legally enforceable) of the American
Conference of Governmental Industrial Hygienists. The National
Institute for Occupational Safety and Health (NIOSH) has
recommended an exposure limit (not legally enforceable) of 100
ppm of xylene averaged over a workday up to 10 hours longina.
40-hour workweek. NIOSH has also recommended that exposure
to xylene not exceed 150 ppm for longer than 15 minutes. NIOSH
has classified xylene exposures of 10,000 ppm as immediately
dangerous to life or health.

EPA and the Food and Di'ug Administration (FDA) specify
conditions under which xylene may be used as a part of herbicides
pesticides, or articles used in contact with food. The EPA has a

http://www.atsdr.cdc.gov/toxprofiles/phs7 1. html . o Z 14 MAne
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chronic drinking water health advisory of 27.3 ppm for an adult
and 7.8 ppm for a 10-kilogram child.

EPA regulatioﬁs reéujre that a spill of 1,000 pounds or more of
Xylene or used xylene solvents be reported to the Federal -
- Government National Response Center.

1 8 Where can I get more mformatlon"

If you have any more questions or concerns, please contact
your community or state health or environmental quality
department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, Mzulstop F-32

Atlanta, GA 30333 :

 Information line and technical assistance:

" Phone: 888-422-8737
FAX: (770)-488-4178

ATSDR can also tell you the location of occupational and
environmental health clinics. These clinics specialize in
recognizing, evaluating, and treating illnesses resulting from
exposure to hazardous substances.

To order toxicological profiles, contact:

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Phone: 800- 553 6847 or 703-605-6000

hack 1o w0
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family.

It you think your home might
have lead hazards, read on
to learn about isad ang
some simple steps to protect
your family, :

Health Effects of Lead |

4 fhe United States, about 800,000 childran 8pes 1 1o 5 have & biood-lzad
level above the jeve| of concern,* :

*Even ch_lldren who appear healthy can have déng'erOUS levels of isad in their
bodies.* » ‘ ' :

* People can gat lsad in thair body if they: '
© Put their hands or other objects covered with jead dust in thair -
mouths. L : . :
- © Eat paint chips or sof that contains Jead, , g
‘o Breathe In Isad dust (especially during renovations that disturb
-painted surfaces), ' - ' '
Lead is even more dangerous 1o children than adults because:;
o Babies and young children often put their hands and other

- objects in their mouths, These objects can have lead dust on
them,

© Children's growing bodies absorb more jead.

- * o Children's brains angd NBIVOUS systems are more sensitive o the
* damaging sffects of lead,

1f not detected early, chiidren with high léve!s, of iead in their bodies can
suffer from: . _ o : '
© Damage io the brain and Nervous. sysiem

Behavior and learmning probiems (such as hyperactivity)
Slowed growih :

Hearing probiems
: Headaches _
Lead is also harmful io adults. Adults can suffer from:
Difficuliies during pregnancy

o Other reproductive probiems (in both men .and'women)
High blood pressure - : ” ' ‘
© Digestive problems

© Nerve disorders o

° Memory and concentration probiems

Muscle and joint pain

N\

[ J
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o

o

Back to Top -

Wheres Lead is Found

*in general, the older your home, the more likely it hés iead-bésed paint. *

» Paint. Many homes bujjt before’ 1578 have lead-based paint. The
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federal government banned lead-based paint from housing in 1878,
Some states stopped Its use even sarlier. . Lead can be found:
° in homesin the city, country, or suburbs.
© In apariments, single~family homes, and both private and public
housing. - _
° inside and ouiside of the house.

.In soll around & home. (Soll can pick up lead fram extarior paint, or

other sources such as past use of isaded gas in cars.)
Household dust. (Dust can pick up lead from deteriorating lead-based
paint or from soll tracked into a home.) '

-Drinking water. Your homs might have plumbing with lzad or lead

solder. Call your local health department or water supplier to Tind out
aboutt testing your water. You cannot see, smell, or taste.isad, and
boliing vour watsr will not get rid of lsad. If you think your plumbing
might have lead in it ' -

o Use only cold water for drinking and cooking.

-o Run water for 15 to 30 s=conds before drinking It, espacially if

. you have not used your water for & few hours.

The job. If you work with Jsad, you could bring it home on your hands or

‘ciothes. Shower and change clothes before coming home. Launger

your work clothes separatsly from the rest of vour family's clothes.
Old painted toys and furniture. . :

Food and liquids stored in Isad crystal or lead-glazed pottery or
porcelain, : '

Lead smelters or other industr"_ies that releass lead inio the air.

» Hobbies that use Isad, such a5 making pottery or staihed glass, or

refinishing furniture,

- Folk remedies that contain lead, su_ch as "greté“ and "szarcon™used {o

ireat an upset siomach.

. Backio Top

Where Lead is Likely to be a Hazard

*Lead from paint chips, which you can see, and lsad dusf, Which you san't
always see, can be serious hazards* = = -

Note;

Pesling, chipping, chalking, or cracking lead-besed paint js & hazard

and needs immediate atiention.

.Lead-based paint may also be & Kazard when found on surfaces that

children can chaw or that pet 2 lot of wear-and-isar, These areas
inciude: _ ' S

 © Windows and'window sills.

Doors and door frames.

Stairs, rallings, and banisters.

Porches and fences.

o

O 0 o

Lead-based paint that is in good condition is usually not 2 hazard:

Lesad dust can form when Ised-bessd paint is dry scrzped, dry sanded,
or heated. Dust also forms ‘when pairted surfzces bump or rub

' topether.Lead chips and dust can get on surfaces and objects that

people touch. Settled lead dust can re-snter the air when peopie
vacuum, sweep, or walk ‘through It
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* Lsad in soll can be & hazarg when children play in bare soll or when
people bring soll into the house on their shoes, Contact the National

Lead Information Center (NLIC) to fing out about testing soil for Isad,

Back to Top

Checking Your Family and Home for Lead

*Get your children and.homs tested if you.think your hame has high levels of
lead.* - '

' fJust-anMng that  home has lsad-based paint may not tellyu i there is.a

ha_za;d.*

To reducs youi' child’s expesure tp lzad, get vour chilg checked, have your
home tested {especially if your home has paint in poor condiion and was built

before 1878), and fix any hazards you may have,

* Your #amily .

= Children at ages Tand 2. ,
= Children and other family membars who have been
exposed 1o high levels of jead, _ .
= Childrerrwho shsuid be testegy ‘under your state or Jocal
health scresning plan. - .
o Your docior can explain what the test resulis mean and if hore
testing will be nesdad, ' :
* Your Home . . '
- ® You can gef vour home chacked in one of two ways, or both;
= A paint inspaction talls you the lead sontent of evary
different type of painted surface in your homne. It won* tal]
you whethar the paintis 2 hazard or how you should deal
with jt. - , e
= Arisk 2ssessment tslis you if-there are any sources of
serious lsad exposure (such as peeling paint and lead
dust). 1t also tells you what actions to take to address
these hazards, ‘ -

° -Have gualified professionals do the work, There are standards
in place jor ceriifying lsad-based paint professionals 1o ensure
the work is done safely, reliably, and effediively. Contact the

- National Lead Information Center (NLIC) for & list of contasts in
your area, ' :

. © Trained professionals use a range of methods when checking -
your home, Including: ' , T

Visual inspection of paint condition and location,

A portabie x-ray fluorescence (XRF) mathine,

Lab tests of paint samples,

Surface dust tests, .

Note: Homs test kits for jead are evaliable, but studies Suggest thai they are
not aiways accuraie. Consumers shouid not rely on these tests before doing-
renovations or to 2ssure safety. . .

Back.io Top



- —————— - — g

' A/OPPT/Lead: B_asid Information . ' http/Awww.epe.gov/iesileadinge, in:

What You Can do to Protect Your Family

« If you suspect that your house has lead ‘hazards, youcan take soms
immediate steps 1o reduce your family's risk:
- o If you rent, notify your landiord of pesiing or chipping paint.

o Clean‘up paint chips immediately,

o Clean fioors, window frames, window sills, and other surfaces
weekly. Use 2 mop, sponge, or paper towe| with warm water
and a general all-purpose cleaner or & cleansrmade specifically
for lead. REMEMBER: NEVER MIX AMMONIAAND BLEACH
'PRODUCTS TOGETHER SINCE THEY CAN FORM A
DANGEROUS GAS, ‘

o Thoroughly rinsz sponges and mop heads after cleaning dirty or
dustyarees, . :

.© Wash children's hands often, especially before they eat and
before nap time and bed time.. ' . -

o Keep play areas dlean, Wash botties, pacifiers, ioys, and stuffied
animals regularly. ' -

s Keep children from chewing window silis or other painted
surfaces. L

. Clean or remove shoes before entaring your home o avoid:
fracking in lead from soll. =~ :

o Make sure children sat nutritious, iow-fat maals high in iron and
caicium, such as spinach and dairy products. Children with
good dists absorb less lead, '

* in addition io day-te-day cleaning and pood nutrition:
- o You can temporarily reduce isad hazards by taking acfions such
*  as repairing damaged painted surfaces and planting grass to
. cover soll with high lzad levels. These actions (called "interim
controls™) are not permanent solutions and will need ongoing
atiention. - . - ' ‘

© “To permanently remove lead hazards, you must hire & certified
lead "abaternent” contractor. Abaternent (or permanent hazard
elimination) mathods inciude removing, sealing, or enciosing
lead-based paint with spacial materials. Just painting over the

. hazard with regular paint is:not enough. ,
© Always hire 5 parson with special training for corecting lead
" problems—someone who knows how fo do this work safely and

- has the proper equipment to clean up thoroughly. Certified

* contractors will employ qualified workers and follow strict safety
rules set by their state or the federal government. .

o Caontact the National Lead information Certer(NLIC) for help
with locating ceriified contractors in your arez and to see if
financial assistance is available.

Babk fo To

Are You Planning to Buy or Rent a Home Built
Before 18787 '
Many houses and apértmants bullt bafore 1878 have pairt that contains lemd

(called isad-based paint). Lead from paint, chips, and dust can pose serious
health hazards If not taken care of properly. ' -

Federal law requires that individuals receive certain information befare renting
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or buying & pre-1878 housing:

* Residential Lead-Based Paint Disciosure Program

o LANDLORDS have 1o disciose known information on
lead-based paint and lead-bzsed paint hazards bafore lzzses
take effect. Leases must include & disclosure form abouit
lead-basad paint, . o

o SELLERS have 1o disciose known information on lead-based

 paint and lead-based paint hazards before selling & house,
Sales contracts must include 2 disciosure form about
lead-based paint, Buyers have.up 1o 10 days fo chack for lead
hazards. ' :

o Mare in_forn‘iaﬁon on the disclosure program.

Back to Top

Remodeling or Renovating a Home with
Lead-Based Paint -

*If not conducted properly, certain fypes of renovations can relezse lead from
paint and dust info the air.* : . :

Many hdusés and apariments built befors 1578 have paint that contains lead
(calied lead-based paint). Lead from paint, chips, and dust can pose serious
health hazards if not faken care of properly. - .. - C

* Federal law requires that contractors provide lead information io
residents before renovating a pre-1978 housing:
© Pre-Renovafion Education Program (PRE)
o om RENOVATORS have fo give YOU & pamphist titled
“Protect Your Family fromLead in Your Home", before
starting work, : I
= More information on the Pre-Renovation Education
o . Program, : _ _

* Take precautions before Your sontracior or you bagin remodeling or
renovations that disturb paintad surfaces (such as scraping off paint or
tearing out walls):. ‘

o Have the ares tested for lead-based paint, B
..© Donotusea beli-sander, propane torch, heat gun, dry scraper,
or dry sandpaper 1o remove lead-based paint. These actions
crazte large amounis of lead dust and fumes. C
o. Lead dust can remain in your home long after the wark is done,
o Temporarlly move your famlly {especially-children and pregnant
women) out of the apartment or housg unt]l the work is done
" andthe area is properly cleaned, If You can't move your family,
at least completely seal off the work area, '
© Foliow other safety measures 1o reduce lsad hazards. Yau can
find out about other safety measures in the EPA brochure fitied *
"Reducing L ead Hazards When Remodelin Your Home". This
brochure explains what to do before,.du.ring, angd zfter
renovetfions, - o ' ,
> [f you have already compieted renovations or remodeling that
could have releesed lead-based paint or dusi, get your yoLung
children testsd and foliow the steps outlined io protzct your
- family. - : . ’

Back to Top
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Add:tlonal Resources

» Documents and Brochures : _

o Lead in Your Home: A Pareni's Reference Guide .
Testing Your Home for Lead in Paint. Dust, and Soll
Finding 2 Qualified Lead Professional for Your Home
Lead Poisoning and Your Children (Enalish)
Lead Poisoning and Your Children (En Espafiol)
Protect Your Family From Lead in Your Home (English)
Protect Your Familv From Lead in Your Home (En Espafiol)
Reduting Lead Hazards When Remodeling Your Home

(Enuhsh}
o Reducing Lead Hazards When Remodehnu Your Home {En

Espafiol) :
o Ten Tips o Protect Children from Pesticide and Lead
Poisonings around the Home
- o The Lesd-Based Paint Pre-Renovation Education Rule: A
’ Handbook for Contractors Propertv Manoers, and Maintenance
Personngl
o Lead Paint Safety: A Field Guide for Painting. Home
: Mainienance, and Renovation Work v
» Other L ead Resources

o 0O 0O O O D O
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ABSTRACT

- This gwidance describes 2 mathematical model for estimating blood lead concentration
resulting from contact with lead-contaminated environmental media. A lead concentration -
of concern of ten micrograms per deciliter of whole blood s established. A  distibutional
-approach is used, allowing estimation of varions percentiles of blood lead concentration
associated with 2 given set of inputs, The method has been adapted to a computer
spreadshest, o :

Princip] Writer : James Carlisle, D.V.M., M.Sc.
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Assessment of Health Risks
From Inorganic Lead in Sojl

1 INTRODUCTION
11  Purpose

The purpose of this guidanee is to provide a methodology for t=:v.’:1.'[119.1:i31;;r
exposwre and the potential for adverse health effects resulting from.
exposure 10 lead in the environment, . :

12 Application

Since most humsan health - effects data are based on blood lead ( Pb)
comcentration, this guidance presents a blood Pb concentration of coneem

Pb concentrations in children and adults based on & multi-pathway analysis.
13  Limitations

It is anficipated that this emidance will be periodicaily revised to reflect the
changing state of the science. , '

2 PR]NCIPLES .
Z.i Blood Lead Concentration Of Concern

The Pb comcentration of conecern in chﬂﬁren and adults is ten micTograms
(ug) per deciliter (dl) of whole blood. The point of departure for risk
management is 2 0.01 nigk of exceeding this valpe, '

22 Lead Exposure Pathwayé-—Blood Lead Calcﬁl‘aﬁon

This method can be used to estimate blood lead concentrafions resulting
from exposure via the five pathways listed below. Each pathway is
represented by an equation relating incrementa] blood lead increase 1o a
conceniration in & medinm, using contact rates and empirically determined
ratios. The contributions via the five pathways are added to errive at ap
estimate of median blood lead concentration . resulting from the
mnltipathway exposirre, Ninetieth, ninety-fifth, minety-eighth. and ninety-
ninth percentile concentrations are. estimated from the median by assuming
& log-norme] distribution with & geomietric standard deviation (GSD) of
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142, The method has been adapted 1o a computer si_:readsheet.

METHODS

”Generah'.zed equations describing uptake via the five exposure pathways are as
follows: ' : '

where:

“where:

where:

Dietary Intﬁke'Eguation |
- Pbb = dietary Pb * contact rate * dietary constant.

dﬁeta:q: Pb (ug Pb/kg diet) = (0.45 + 0,025 * mg Pb/kg soil) *
contact rate, adults = 2.2 kg diet/day * ' :
contact rate, children = 1.3 kg dist/day > '

- dietary constant, children = 0.16 ( ng Pb/dl blood)/(ug Pb/dzy)

distary constant, adults = 0.04 ( ug Pb/dl blood)/(ng Pbiiry)*
| Drinking Water Intake Eguation . -
' Pbb = water Pb * Eontact rate ¥ dietary constant
driﬂdng water Pb (ug Pb/l Water)_'is a site-specific, measwred vaine 5

contact rate, adnlts = 1.4 | water/day ¢
contact rate, children = 0.4 {'water/day ¢

dietary constant, children=0.16 ( ug Pb/dl bleod)/( ng Phiday)?
distary constant, adults = 0.04 ( ug Pb/dl blood)/( ug Pbidzy)*

Soil and Dust Ingcestion Intake Eguation

Pbb = s0il Pb * contact rate * soil constant

soil Pb (ﬁg/g) is & site-specific, measured value 23
contact rate, children = 0.035 g/day ’

. contact rate, adults = 0.025 g/day ®

" where:

soil constant, children = 0,07 ( ug Pb/d! blood)/( ug ingested Phiday)?
soil constant, adults = 0,018 ( ug Pb/dl blood)/( ug ingested Ph/day)”

Inhalation Tntake Equation
Pbb = atmospheric Pb * inhalation constant |
atmospheric Pb = local or regional ambient Pb (ng/m3) + (aitbome dust *

soil Pb)10 _ -
inhalation constant, children = 1.92 ( ug/dh/(ug/m3)11

. inhalation constant, adults = 1.64 ( ng/dl)/(ug/m2)1 1

airborne dust (g/m3) is & site-specific, measured value with 2 defanlt value
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5

Angust 1097




O8A GUIDANCE
Chapter %: LEAD

£ 0.00005.

Dermal Contact Intak e Equation

Pbb =s0il Pb * contact rate * soil constant

where: : - S
soll Pb (ug Pb/gm soil) is & site-specific, measured valne
contact rate, children = 1.4 gm sofl/day 12
contact rate, adnlts = 1,85 gm soil/day- 1 o
soil constant = 0.0001 ( ug Pb/dl blood)/( ng dermal Pb/day)

1 Derived as follows: (0.945 * 10 ug/kg) + (0.055 * 0.00045 * soil Phin mg/kg *
1000 ng/mg). Assumes that 5.5% of the diet consists of home-grown produce with the
other 94.5% supplied by & homogeneous souree with & lead content of 10 wugkg Iffood
production on the site can be ruled out, use 10 ug/kg for dietary lead (EPA, 1989b, Bolger,
et.al., 1990), Home-grown produce is assurmed 1o contain 0.045% of the lead level in the
soil, : ; : ‘ :

2 Based on a report by Pennington (1983), For this method, a one-year-old child
shall represent all children, based on the assumption that protecting the one-yexr-old child
will protect all children. . ' _ : ‘

3 Based on & stndy by Ry, et.al, (1983)

4 Based on areport by FDA (1890 )

5> . Pbconcentrations in local water supplies as consumed, If site-specific data are
unavailable, 2 vaiue of 15 ug/l may be nsed. » ' -

6 EPA (1989b) . N K
7 Based on Calabrese (1990). Deliberate soil ingestion (soil pica) is Tepresented as
- 0.00079 kg soil/day everage. o 5 . '

B For residentia] exposures and most occupational exposures, based on Calabrese
(1990). Oceupations with a high potential for soil ingestion (such as construction) should
be represented as 0 ,00003 kg soil/day average, . ' o

S - These values are 44% of tha t for lead ingested with food ‘or water, based on 2 study
in rats which compared the bicavailability of lead acetate mixed with the diet o that of
soil-bound lead ( Chaney etal., 1990), : . .

10 - The ambient air Pb concentration data are zvailshle from the California Ajr
Resources Board, Technica) Support Division. Data for fhe most recent year for the

nearest monitoring station should be used, If monitoring dats collected within the same air
basin are unavailable, 2 value 0f 0,18 ug/m3 may be used, or consult with the DTSC

project manager: Respirable airbarne dust is assumed to be 0.00005 g/m3 unless site-
specific data.are available,

11 Based on EPA (1986) _ ) '

12 Based on & 50l adherence of 5 g/m?2 znd 0.28 m? of exposed skin (EPA, 1989b).

13 Based on 2 soil adhere nee of 5 g/m?2 and-0.37 m?2 of exposed skin (EPA, 1980h).

INTERIM FINAL
6

August 1992




0SA GUIDANCE
Cheprer 7: LEAD

14 This value is derived by multiplying the Pb ingestion :blood concentration ratio for
adults (0.018 ug/dl per ng/day) by the ratio of dermal absorption [0.06% (Moore, et. al.,
1980)] to oral absorption [11% (ATSDR, 1990)]. B
15 Developed according to Chapter 2 of this Guidance.
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4  COMMENTS |
4.1  Blood Lead Concerntration Of Concern

The traditional reference dose approach to toxic chemicals {5 not applied to
Pb because most humsan health effects data are based on blood, Pb
concentrations rather than external dose.. Blood Pb concentration is an
integrated measure of internal dose, reflecting total exposwe from site-
related and background sources. A clear no-observed-effect concentration
has not been established for such Pb-relatad endpoints as birth weight,
gestation period, heme synthesis and neurobehavioral development in
children and fetuses, and blood pressure in middle-aged men. Dose-
response curves for these endpoints appear to extend down io 10 ug Pb/dl or
less (ATSDR, 1950), '

4.2  Estimafing Blood Lead Concentrations From Environmental
Concentrations

Total Pb is generally used as the measare of Pb in varions media, even
though the disposition of Pb may differ according to its form. Insufficient

data are available to justify differential treatment of differant forms .of

inorganic Pb. However, if the lead at 2 particular site has besn shown, in

studies acceptable to DTSC, to be less bioavailable than the assumed
values, lower bioavailability factors may be substituted for the defamlt

factors. Organic Pb is more readily absorbed through the skin and other

membranes than inorganic Pb, and it must therefore be treated separately.
Since it is Jess stable in the environment, it is usnally a minor source of

exposure, '

In the absence of specific information about the population of interest,
backgronnd exposures are estimated using norms developed from survey
- data, ' '

4.3 Derivéxﬁoh Of Model Parameters .

Unless the potential for on-site gardening can be ruled out, if is assumed
that 5.5% of the diet consists of home-grown produge, based on EPA
guidance (USEPA. 1951). Pb concemiration in home-grown produce is-
calculated 25 0.045% of that in the soil, based on plant uptake smdies
(Chaney, etal., 1982). Backeround dietary Pb concentration (10 ug/kg) is
baged on 2 1990 report based on FDA dats ( Bolger, etal, 1990). The
default drinking water Pb concentration is based on the federal action
concentration of 15 ug/l at the tap (USEPA, 1991b), :

The distribution of blood Pb concentrations for a given set of environmental
inputs is a critical factor in protecting sensitive members of the population.
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Based on a teview of data from NHANES II and from several published
studies of blood Pb concentrations in children living neer point sources of
lead, EPA conclnded that blood Pb was generally log-nommally distributed,
that the geometric standard deviation (GSD) for children was betwesn 1.3
and 1.53, and that 1.42 was a representative value for the GSD (USEPA,
1980c). Adult GSDs ranged from 1.34 to.1.40, which we do not consider 10
be sufficiently different from the range for children to justify using 2
different value for adults. The model assumes 2 log-normal distribution
- with & GSD- of 1.42 and uses this information to estimate the fiftieth,
ninetieth, ninety-fifth, ninsty-eighth, and ninety-ninth percentile blood  Pb

- concentration for & set of inpwis. Since this distibution reflects the
physiologic and behavioral varizbles including soil consumpfion, nsing
upper . bound values for contact rates would distort the percentiles
corresponding to blood Pb concentrations. : '

The zvailability of Pb ingested with sofl is based on 2 stdy which

- compared the absorption of soil Pb and Pb acetate incorporated into the diet
of rats (Chaney, et.al., 1990). While the authors fonnd a direct relationship
between the Pb concentration in the soil and Pb bicavailability, the data did
* not define the shape of the concentration/ bioavailability curve sufficiently
to allow extrapolation beyond the range studied.- The highest observed
‘bicavailability for soil lead concentrations less than 1000 - ppmm was 44% of
that observed for Pb acetate, and this guideline adopts this value as a
comservative estimate of " bioavailability. To accurately assess the matrix
effect, a variety of variables, inclnding lead species, particle size, and soil
type would have to be systematically examined at varions Pb concentrations
in soil. ' -

The daity soil adherence to skin of 5 g/m?2 (0.5 mg/em?) is based on Driver
et.al (1985). The dermal absorption factor of 0.0001 g Pb/dl blood per ng
dermal Pb/day was developed by mmiltiplying the Pb ingestion:blood
concentration ratio for adults (0.018 ug/d] per ung/day) by the ratio of dermal
absorption [0.06% (Moore, et al, 1980)] to oral zbsorption [(11%
(ATSDR, 1990)]. Based on data in the Exposure. Factors Handbook
(USEPA, 1980b), the median skin area of arms, hands, feet, and legs of 1-
year-old boys is estimated to be 0.28 m2, and the median skin ares of arms
and hands of men is estimated to be 0.37 m2. '

The ratio of 0.16 uvg/dl per ng/day ingested by children is 2 valne derived
from.studies in infants by Ryu etal (1983). The ratio of 0.04 ug/dl per
ug/day ingested by adults is an  empirically-determined value recommended
by EPA (1986) and FDA. (1990). The defanlt value for inadvertent soil/dust
ingestion by children, 55 mg/day, is based on tracer stdies reviewed by
Calabrese, et.al, (1991). Arult soil consumption is 25 mg/day, based on
EPA (1991a). DTSC uses soil consumption rates of 200 and 100 mg/day in
calculating a reasonsble meximum exposure for children znd aduilts,
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respectively. However, reasonable maximum inputs are not recommended
for use with the -lead mode] becanse the mode] already considers the
distribution of blood lead, which reflects variation in soi] ingestion along
with other variables, ~Soil consuinption Tepresenting pica is 0.70 g/day,
based on estimates by Calabrese et.al (1991)., -

The slopes of 1.92 and 1.64 ug/dl of blood per ug/m3 of continuonsly-
breathed air at atmospheric Pb concentrations <5 ng/m3 are based on results
of experimental exposures and epidemiological studies which adjusted for
airborne lead contributions to pathways other than inhalation. These smdies
found slopes ranging fom 1.52 10 2.46 ug/dl per ug/m3 in children and 1.25
10 2.14 in adults (USEPA, 1986). . The default airborne lead concentration is
the highest monthly mean 24-hour value recorded in California in 1990,

Using This Guidance

This gnidance may be implemented using a computer spreadsheét, which.

may be obtained fom DTSC, .. The spreadshest is based on DTSC

Guidance, " Volume 4, Chapter 1, which should be consulted for more
general aspects of spreadsheet application.  For this ‘spreadsheet, soil
concentration in mg/kg ( ppm W/w) is entered in cell E7. The spreadshest
uses it in each calenlation that is affected by soil ' Pb. Atmospheric Pb is
entered in cell. B6. Drinking-water Pb is entered in cell BR, I ommission of
the site-grown produce pathway can be justified, a "0" is entered in cell ES.
Alrborne dust level is entered in cell E10. The remaingdss of the cells are
protected and should not be altered without approval of DTSC. Any such
changes will require sufficient justification and st be documented.

Other Standards And Guidance

USEPA (1991c) considers lead o be & class B-2 carcinogen, with sufficient
evidence in animals and inadequate evidence in humans, A carcinogenic
potency has not been assigned. The federal MCL is 15 ng/l maximum at the
tap with 2 maximum of 5 g/l as a system-wide average (USEPA, 19911b),
The Centers for Disezse Contro] has stated that prevention activities should
be directed at redncing children's blood  Pb concentrations at least to below
10 ng/dl (CDC, 1991). The EPA has get 1.5 ug/m3 asthe Pbconcentration
limit for ambient air (quarterly average) (USEPA, 19 78). California's
standard is also 1.5 ng/m3, but is based on 2 monthly average. = The

threshold Yimit value is 50 ug/m3 for workplace air (ACGIH, 1989).

FDA (1990) considers the Lowest Observehle Adverse Effect Leve]
(LOAEL) to be 10 ug/dl in children and fetnses, and 30 ug/dl in adults. _
They use empirically-derived ratios of 0.16-and 0.04 ug/dl per ng/day
ingested "to ‘predict concentrations inm young children and adults,

.Iegpectively. Applying an uncerteinty factor of ten rasnlts in provisional
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tolerable intake levels of 6 ug/day for children six or less, 15 wmp/day for
children over six, 25 ug/day for pregnant women, and 75 ng/day for men.
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E General information WHAT ARE THE SOURCES?
' : The main sources are petrol and paint, The maim
Lead: h ealth pathway of children's exposure s ingestion of
) ‘contaminated dust and soil via normal
effects and hand-to-mouth activity.
sources of TRANSPORT SOURCES |
exp osure Lead functions as an ottane enhancer and valve

lubricant for pre-1986 petrol vehicles It is also used
in lead acid batteries and some zviation fuels,
The use of leaded petrol has contributad to
approximately 90% of lead in air pollution
worldwide. In Australia, emissions from motor
vehicle exhansts remain 2 major source of exposure
for young children and the major source of chromic
(long-term mild to moderate) lead poisoning
through contamination of dust, soil and, 10 a lesser.
extent, water and food. | '
PAINT SOURCES . _
Because of renovation involving lead-containing
paint, contaminated homes and yards are the major -
source of acute (short-term high-dose) lead
poisoning. All old (pre-1970s) paints (including on
- metal surfaces) shounld be assumed to contain Jead
unless tests prove otherwise.
INDUSTRY o
Lead mining, smelting and to 2 lesser extent,
. manufacturing industries, are other major sources of
- acute poisoning for those in the nearby commumity.

Problems inciude atmospheric fallgut and
contamina_ted effinent and sewage sludge.’

FOOD SOURCES

Contamination can oceur in eggs, and fruit and
vegetables grown near traffic or smelting or mining
activity; and lead-soldered Hinmed acidic foods and
ham. The average two-year old gets 60% of their
food lead from whole grain foods, possibly due 1o

theuse of lead-contaminated fertilisers.

DRINKING WATER .
Atmospheric input to surface waters can contribute
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about 15% of the lead in drinking water. Water
which is acidic and Jow in dissolved salts can leach

 Substantial quantities in the first five years from
PVC pipes, brass or bronze fittings or (illegal) lead
solder. Lead-lined holding tanks in water coolars
and other containers are further sources of
contamination, '

OTHER SOURCES ,

These include contaminated soi] from previous nse
oflead arsenic pesticides; lead crystal; exposure to
fumes in glassmaking or lead lighting; swallowing
of fishing sinkers, lead shot, bullets or small
electronic parts; herbal remedies containing lead,
and cosmetics; emissions and ash from incinerators
or crematoria; burning lead-painted wood or coal;
and sespage from landfl] siteg,

WHAT ARE THE HEALTH EFFRCTS?.

The most sensitive parts of the body are the kidneys,
the blood and the central nervous system, Becanse
children are developing, they are more susceptible
to the effeots of even low levels, once thonght to be
safe. These effects include birth defects, reduced IQ,
leamning disabilities, stunted Srowth, hearing loss
.and behaviour problems, '

LEAD AND CHILDREN =~

Children absorb lead efficiently - up to 50% of
ingested lead, which compares to 10-15% in adults
(therest is excreted), Even a moderate amount can
confribute significantly to a child's lead uptake.
Children are most at rigk between the ages of one
and for when hand-to-mouth activity is greatest,

The US definition of childhood lead poisoning is a
blood lead level over 10 micrograms per decilitre
(10 vg/dL). If your blood lead resultisin
micromoles per litre (umol/L) multiply the number
by 20.7 to convert it to ng/dL. In 1993 the National
Health and Medical Research Coungcil (NE&EMRC)
of Australia set the goal of 2 blood level of less than
10 ug/d] for every Australian, .

An American research team foung On average that
for each three microgram drop there was a
corresponding one-point Improvement in the
children's performance on IQ tests,
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Blood lead levels in children from rural areas are
lower than in urban areas. A 1094 NSW Health
Department study estimates that around 70,000
'NSW children aged between Oand 4 years sufrar
Trom lead pozso::uncr

Symptoms of lonig-term exposure in adults and
children include lower IQ, difficulties with visual

- motor finctions and reaction times, psychological
impairment, tiredness, inability to concentrate and
low overall functioning. Because these symptoms
may only become evident years after the child has
been lead poisoned, regular checks on young
children's blood lead levels and due careare the
only way to monitor lead poisoning and take
avoidance action.

HOW LEAD POISONING OCCURS

It can be inhaled, ingested or absorbed through skin
- which is wet with sweat or saliva. The main sources

for young children are leaded petrol fallout and

paint, via ingestion of dust.and soil. |

Children in homes undergoing renovation are
between 2 and 12 times more likely to have blood
lead levels over 15 ug/dL. When leaded paintis -
removed from houses, bridges or cars by dry-
removal techniques, it disperses into the atmosphere
as flakes, dust, ash or fumes. However in urban
areas, up 10 90% of lead in the air is dueto leaded
petrol exhaust fumes. Fallout from leaded petrol is a
major source of contamination in house dusts and
soil. ' ' '

[Back to Details]
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ABSTRACT |

The California Depariment of Toxic Substantes Coniral hes revised and updated Its iead risk ansessment spreadshest mpdel
(LeadSpread) for predicting distributions of bicod lead for adulis and for children 1-2 years old, inputs o LesdSpread are cenira)
tendency values: putput is convared o g Ibgnormal disiribution viz 2N Essumed peometric standarg deviation. We increased
this peometric standarg deviation to 1.60, according fo White et z|, (1B8BB). We decressed fong sonsumption to 1.1 kg/day for
children and 1.8 ko/day for adults (Boiger, 18B8) and tecreasad pyr estimats of lead in the distio 2.B po/kp of food for shildren
and 1.8 pp/kg of food for edults {USFDA, 1888-87). Basac on EPA guidance (USEPA, 1887), we increased soll ingestion rates
to 100 mg/day for children and 50 mo/day for adults, dscreesed the ventilation rate for children 1o 8.5 m’/day, and changed
exposed skin surface to 2,900 sm? for children and 5,800 cm? for adults. Using recent guidance on derma| risk assessment
{USEPA, 1888), we decragsed soll-to-skin edherance from 1 mg/om” for chiidren and adults to 0.5 mglem® for ehildren and £.07

mg/l:m2 for aduilts, Using dats from Callfomia Air Resouree Board (CARB 1288), we decreassd our estimates of Isad in air to

lll, Phese 2 (NHANES 1ll; USDHHS, 1888) found the geometric mean biod lead concentratian in the Western U,2. to be 2.0
for chiidren 1-8 years oig and 2.5 in children -2 years ojd. Restricting the data from NHANES Il to chidren Tiving in posi-1873
housing, peometric mean bisod Izad concentration decreessd to 1.7 and 1.8 Rg/dL for children -6 ang 4.2 vears old,
respesiively, Thus, LeadSpraad with its revised inputs agress wal) with NHANES Il data for children efther 12 or 1-5 vaars olg

in posi-1973 housing, We alss predicted biood leag boncenfrations using LerdSpread with various tombinations of possible
site-spectiic inputs. . o : T

LEADSPREAD REVISIONS

The California Depertment of Toxic Bubstances Control maintaing & lead risk assessment spreadsheat mogdel {LeadSpread)
ior predicting distributions of biaad lead concentration in adults and in childran 1-2 years oig, Inpute to LesdSpresd are central
endensy values; outpurt is converted ip & lopnormal distribution vie an assumed gaometric standard deviation. The Department
has recantly revisad the mode] by reformatiing the Spreacsheat and by replacing several getaul input paramnsters 1o reflect more
recent information. The revised modal paramsters are shown below. . '

' DE.FAU'LT INPUT PARAMETER VALUES

at £ars 5 IS Previois - =8 R Pre
Geometric Std. Deviation Unttiess - C .42 1.B0 White gial.,1888
- Background zirborne isag ug/m’ 0.1B 0.028 CARR.1988
| Source-spechic airbome dust ugim® 50 1.5 Cowherd, 1985
- | Lead in drinking water . pa/l 15 15 - MCL ]
% Diet home-arown (resident) % 5.5 7 LUSEPA 1887
% Dlst home-nrown {worker) . % 0 D - -
. O Parameie IS PreviD T i kefpe
Dally food consumption ka/day 1.3 1.1 . Bolger, 1886
Distary lead : uolkg 1D 2.8 ] USFDA, 1206-57
Soll ingestion ) mp/day 55 10D USEPA, 1887
| Soll ingestion, pica child mg/day 780 . 200 USEPA 1887
Ventilation rate m°/day 10 __6.B USEPA 1857
osed skin area __om* 2,800 2,800 USEPA 1887
Soil-to-skin adherence mg/cm* 1 0.2 LISEP. 1888
Refernce
Deily food consumption . Bolger, 1856
Distary isad 1.8 USFDA, 1986-B7
Soll inpesiion . mo/day 25 50 ] USEPA, 1887
[ Exposad skin srea. resi. cm” 3,700 5,800 USEPA 1957
Soll-{c-skin adherencs - ma/cm* 1 0.07 - USEPA 18D8



RESULTS UBING REVISED MODEL

We ran LeadSpread with various combinations of possible slte-specific inputs 16 fliustrate Its responses to chenges in key
variables. The following tabies lliustrate some of these prediciions. In each table, the non-defzult mods! inputs are highlighted.
Poster 342 shows model response to stepwise chanpes in key input parameters. ’ :

TYPICAL CHILD 4

- .' »
. 0 Eau AIrDhD E [ ] [ D DN 'I D 1D pold
D YD ajnle » 0 nn an
11} oo d [ » : K i - ) £
20 | 7% 15 po28 | 1.5 3.B 5.2 247 148
SRpEEE % 15 0.028 1,5 30.8 42.3 947 146
20 R ] 15 0.02B 1.5 3.8 5.0 435 255
20 7% ey 0.028 1.5 24 3.3 288 187
20 7% 15 - lienhe 1.5 4.0 - 55 24D 138
20 [ 7% 18 | 0028 TEHEDE 3B 5.2 248 145
PICA CHILD
o & HMEE R
S P Eal A1hD = .l.llu ; : ‘ll-l l- t .l :
1]
20 7% . 15 D.028B 1.5 44 5.7 158 be.
7 T% 15 0.028 1.5 45,8 B3.3 158 B4
] 20 i 15 0.028 1.5 2.8 5.4 218 128
20 7% =3 0.028 15" 2.4 - 3.3 191 126
] 20 7% 15 15 | 43 5.5 154 BD
~ 20 7% 15 | 0.02B : 4.9 B.7 158 04

AITIT
Eab D . AThD - - .'I.l- i : 'l' d » ‘- 3 Il ‘l.
20 7% 15 D.028 1.5 2.5 3.5 1082 B76
0 % 15 0.02B 1.5 8.5 13.2 1082 B78
2D ] 15 0.02B 1.5 2.5 3.4 3783 | 2407
20 7% 0.02B 1.5 1.3 1.8 1230 B44
20 7% 15 1.5 2.8 3.B 1028 540
20 % 15 0.028 [EEws 2.5 3.5 - 1037 BB
ADULT {OCCUPATIONAL EXPDOSURE)
- a—
Blood I D 0 e D g a
[} [y AIrbD el P /o D Dpng aio 1D /0]
B0 s 0 ol Olm 5 3N nrU Dy
20 . 13 0.02B 1.5 2.4 3.3 5452 3,468
fDEuRE 15 ] D.028 1.5 _3.8 5.2 5452 3,488
20 R ; 0.D2B 1.5 1.2 1.7 £,320 4,335
20 15 T 1.5 . 2.6 2.6 - 5329 3,837
20 - 15 i 0.028 z 5 2.4 3.3 5011 3.187




* VALIDATION

We comparad the revised LeadBpread predictions under basellne sonditiong (20 mp Pbrkg soll; 15 pp PhIL drinking water) with

Naztiona! Heaith and Nutrition Examination Survey (NHANES [[)) repional survey dats {USDHHE, 1988). The resulte, shown baiow,
indicate reasonabie apreement betwean LeadSpread predictions ang NHANES 1l data for childran -2 or 1-B years of ape living in

Post-1873 housing in the Western United States,

LeadSoread with 20 mg Pbikn soll and 15 pp P/l drinking watsr 4.7
NHANES !li dats forthe Westarn United Sigtes: : I
Children 1-6 vaars : 2.2
Chlidran 1-2 vears - N 2.8
Chiidren 1-6 living in posi-1873 housing . ] 1.7
Chifidren 1-2 living In post-1673 housing . 1.8
CONCLUSIONS

The California DTSC hes ravised its lsad risk essessment spreadehest moda| (LeadSpresd) for predicting distributions of biood
lsad concantration in adults and in children 45 ysars old. The revissd modal predicts slightly lower blood lead concentrations
with all paramaters set at defaulf vajues. Biond iead predictions using the revised version of LeadBpread agrae reasonably wall
with NHANES Ill date for chifidran 1-2 or -8 years of ape living in pesi~1873 housing in the Western United States,
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SAMPLE SPREADSHEETS

Although the besit equations-ramain essentially the same, version 7 of the spreadsheet, empioys new formatting and layout. .
- i also collapsss muliiple terms into "pathway exposurs factors” (PEF), and removes embedded faciors iiom eguations, making
them visible in dedicaies cells. The two versions of the spreatisheet are compared below.

Leadspread Versian 8

LEAD RISK ABBESSEMENT SPREADSHEET
CALIFDR Ki+ PEFARTMENT OF TDXIZ BUEETANEEE CONTRDL

I INF DY ] BUTPUY
MEDIUK LEVEL Defcentlies PREG-80IPRG-B5
LEAD IV &IE lupimes) At 1 I Boir BEIGh_ GAIh GAtr lup/p il bpis
LEAD N EDIL (upip) 400.0 1BLODD Pr. ADULT tusioh X5 &L B B.E £.< Ta% $4 6.4 1264.0
LEAD IF WATEFR (upll) 3 JaLDBD PL, EHILD fupldi} T.D 0. 16,6 V4.2 1L, 123.1 2543
PLARY UBRTAKE? 1% ¥EE bw ki 1 BLDDE M. PIEL EHILD iup/gh 27,7 45« 4i,2 Et.E Bz.o L.8 k.5
[FEEFRs T o DB T 0prE"a] 129 lunnn Bb. IHADETRIAL (up/8l Y] T [ N TN Y L T Y TR T LR

EXPOEURE PARAMETERS
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Iw aipt inbegiion | Jigny ] DI [N 0. | s.e |
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SDILINGEETIDN: . [} i E% 4 BRIE
INHALATIDN: - A% - 1% B. upimaz
WATER INGEETIDN : N 275 = g unil N
FEDDD INGEETIDN: is bdw - L% As.& vt Pbikp Hiel 1

PATHWAYS,EHILBREN

Ty nicnl { with pize ) )
Blune Pb eereunl 'Blunﬂ [ u-r:-nl"l Eanzsniration I
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EOILCONTALCT: . hKC [ AT 4 upip
E0ILWNGBEETION: : 22% Buw 4 spie
IRHALATIO N: . &% 1k L. vpimaa
WATER INGEETIDN: : A4k - 3% voll
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. ~N
LeadSpread Verslon 7
LEAD RIBK ASEESSMENT SPREADSHEET
CALIFORNIA DEFARTMENT OF TOXIC SUESTANCES CONTROL
USER'S GUIDE to version? .
INPUT ' BUTPLT ]
0 1
_MEDIUM LEVEL | ercenite Ectimare o Biner Bt fuo/dh |PRO-B3IPRG-B5]
Lezd inAlr (po/m’) D.02B EDth _‘BDth  BSth  EBth  BSth | (pom) | (uaip)
" JCend in SolDuEL (0glg) © 20,0 {Btocs Ph, anull 22 27 25 &1 25 | gg | mes
Lead in Watar {up/l} 18 {Biood Pb, chilg W 32 3B 4f B2 | a4 | =7
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iRespirlbla Dust {ugim®) 135 {Binod Ph, ceoupationgl peul 11 2D 24 ZF L. 88 ags| 5484
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L INTRODUCTION

The purpose of this document is to present the Pro gram In Arsenic I—Iealth Bffects Research based
at the University of California, Berkeley These research activities began nearly ten years ago
with a risk asséssment for arsenic in' drinking water. The realization that potentta.'l risks were high
led to a program of arsenic research, including epidemiolo gic studies of various designs which
are being undertaken among exposed populations in several countries.

. MAJOR ACCOMPLISHMENTS

e Provided deﬁmttve evnienoe (from studies condnected in Aruen‘ona and Chile) that aTSenic is
a potent canse of human bladder cancer. : :

e  Provided definitive evidence (ﬁ'om studies conducted in Argentma and Chlle) that arsemic is
a potent canse of human lung cancer, ‘

® Demonstrated results which mdlcate that epidemiolo gwal and experimental human data do
not support the methylahon ]:Lyp othesis, : :

e Showed that 'Wl'th exposure to water containing around 600 ng/L, 1 in 10 adult -cancer deaths
" may be due 10 arseme—caused cancers, the highest environmental cancer nsk ever reported.

o Identified a dose-response relahonshlp between arsenic exposure and bladder cell
micronuclei, 2 genotoxic marker of effect.

* Idenfified prehmmmy dose—response relatlonshlp between arsenic concentration in well
water in India and the occurrence of keratoses and hyperplsmentabon

- & . Stndies currently underway in India, Chile and the US, will allow pro_) ecion of cancer nsLs
. with mdlwdual exposure data.

1. COLLABORAT]N G INSTITUTIONS AND RESEARCH SCIEN TISTS

United States _
University of Washington, Seattle. Professor David A: Kalman, Director, Env::ronmenta.l Health
Laboratory and Trace Orgamics Analys.1s Center, Department of Envronmental Health.

University of California, San Francisco., Professor Frederic Waldman Department of
Leboratory Medicine, Division of Molecular Cytomeiry, a.nd Professor John K. Wiencke,
Department of Epidemmology and .Blostansnes S :



_ Universi’fy of Colorado, Denver. FProfessor Michae] J Kosner, Divigion of Clinical
Phammacology and Toxicology, Health Sciences Center. - :

Chile : : - ‘ ,
Instituto de Salud Piblica, Santiago, Chile. Ing. Nellg Marchetsi, Depto. de Salud Ocupacional y -
Contaminacién Ambiental (currently at the Comisién Nacional del Medio Ambiente),

Dra, Catterina Ferreceio, Universidad Catolica, Santiago, Chile,

- Servicio de Salud Antofagasta, Chile, Dr. Mario Goyeolea CZapam‘o and Dr. Alex Arroyo
Meneses (currently Secretario Regional del Ministerio de Salud in Region I

Argeﬁﬁné ' .
Universidad Catélica de Cérdoba, Professor Ruben Sambuelli, Dean Esteban T rakal.

Dr. Omar Rey, Pathologist, Villa Maria; Dr. Luis Sotelo, Pathologist, Bell Ville; Ing. Celia
Loza, Soil Chemist, Belle Ville, Cordoba, Argentina, S : '

Dr. Analin Fuchs, Centro de Investigaciones Epidemioldgicas, Academia Naciona) de Medicina,
Buenos Aires; Dr. Remo Bergoglio, Universidad Nacional de Cordoba and Academia de
Ciencias Médicas de Cérdoba, Cérdoba; Dr, Enrigue E. Tello, Universidad Nacional de

- Cdrdoba, Facnltad de Cisncas Medicas, Cérdoba; Dr- Hugo Nicolli, Institito de Geoguimica,
BuenosAires o : -

India S : -
Institute of Post. Graduate Medical Bdneation and Research, Caleuita, India, Dr. D.N. Guha
Mazumder, Dr. Nilima Gosh, Dr, Binoy K. De, Dr. Amal Santra. :
IV. FUNDING SOURCES

The main source of funding, which initiated the research program, has been the Naﬁoﬁal Institnte -

projects in Nevada and Chile and is currently funding the | gentina projects, No. P42-BS04705.

Seed finding for several projects has been provided throngh the NIEHS C»:ﬁter'at Barkeiey
(Professor Bruce Ames, Director). No. P30-ES01896. o

The mmal risk assessment project was supported by the Caﬁfomia’Deparhmnt of Health
Services (Now the California Environmental Protection Agency or Cal/EPA). .

The Nevada/Californiz bladder cancer casefconu-dl study is finded by NIEHS Grant Neo:
ES074509, : - , L
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The planning of low axposure cp1d=nno]omca1 studies was funded by the Amanca.n Water Works
Assoclah on Research Foundation (AWWARF). -

The collabora’nve work with the Post Graduate Medical Institute in analys1s of the cross-sectional
study of arsenic-cansed skin lesions was supported in part by the U.S. anmnmsmal Protection
Agency (EPA) National Center for Enwronmantal Assessment.

The Dose-Response Study of Arsenic-Caused Skin Lesions in West Bangal India, is funded by
the U.S. EPA, No. R—826137 -01-0.

The first planning of the Nevada/California bladder cancer case-control study was funded by 2
grant from the U.S. EPA. :

Support for several students who worked on these projects was recewed from the Hea1ﬂ1 Effects
Component of the Umversrfy of California Tomc Substances Teaching and Research Program.

Dr. Lee Moore has been supported by a research fe]lowshlp from the National Instifte of Health
'(NIED) and the American Cancer Socwty

The Centcr for Occupahonal and Env:ronmental I—Iea.lth (COEH), Umvers1ty of Ca.hforma

Berkeley, provides salary support for Professors Allan Smith and Martyn Smith.-COEH has also
prowdad seed funding for early projects. :

IV. CURRENT RESEARCH PROJECTS
1. Bladder cancer case-control study in Cérdoba, Argentina

This study is in progress with an office and staff based in Villa Marfa, Cérdoba. The study is
defined by 3 major components; 1) Arsenic and bladder cancer dose-response: : Bladder cancer
cases and age-sex matched population controls from the County of Unidn are being interviewed -
in detail including lifelong residential histories, sources of drinking water and smoking histories.
‘Water samples are being collected from both the current residences and previous residences
where possible. Historical data on arsenic measurements in public water supplies are also being
collected. We will condnet dose-response analyses incorporating individnal exposure data, nd
examnine the possible synergistic effect of cigarstte smoking, 2) Metabolism: First-moming urine
samples are being collected from cases and controls. Analysis of i morganic arsenic and its
methlyated metabolites will be conducted in the laboratory of Professor David Kalman,

- University of Washington. Cases and controls will be compared-to see if they differ in arsenic’
methylation patterns. 3) Molecular epidemiology: Tumor DNA is being analyzed for genetic
alterations using a three-tiered approach: First, screening of the entire genome for gains and -
losses nsing comparative genomic hybridization (CGH); Second, specific anatyses of '
chromiosomes 9 and 17p for loss of heterozygosity nsing PCR-based methods; Third, analysis Cu '
the p53 gene for mutations using polymerase chain reaction-singie-strand conformation (PCR-
SSCP). The frequency and pattern of these genetic alterations in bladder tamors of arsenic




exposed and unexposed cases is being compared, and the potential synergisic action of arsenic
on genotoxic effects of cigaretie smoking is being assessed, In addition, susceptibility
differences between cases and controls is being investigated by identifying the presence or
absence of the glutathione S-transferases GSTM1 and GSTT] null genotypss in buceal cells and
by comparing urinary arsenic methylation pattems, ' : '

2. Bladder caneer case-control studjr in Nevada and California

The California/Nevada bladder cancer study is 2 population-based, case-contro] study that will
examine the hypothesis that bladder cancer i caused by ingestion of arsenic in drinking water at
relatively low concentrations. ' The study population inclndes residents of Kings County in
California, and six comnties in Nevada (Churchill, Mineral, Lyon, Douglas, Storey and Carson).
These counties were chosen becanse they inclnde water supplies containing close to 100 pg/L of
arsenic, the highest level of argenic found in major water supplies in the U.S.. Other water
supplies in the study region contain less than 10 pg/L and thus provide a marked contrast in.
exposure. 'Two hundred bladder cancer cases diagnosed between 1994 and 2000 wil] be
identified from the California and Nevada Tumor Registries. Random digit dial (RDD) will be
used to identify 400 controls who will be frequency matched to cases-by sex and 5-year age
groups. Structured personal telephone interviews will be administered to obtain lifetime
residential history and detailed information on current and past water consumption pattems. _
Information will also be obtained regarding cigarette emoking (which may be synergistic with
arsenic in cansing bladder cancer), chlormation of dririking water, diet, and occupational history,
Althongh carcinogenicity of arsenic at 100 ug/L is uncertain, this study has over 90% statistical
power to detect a relative risk of 2.0 which was predicted by linear extrapolefion of datz from =
studies in Taiwan. ' - Lo o

© 3. Argentina mortality stndy

Mortality fom intemal cancers was identified in areas of the Province of Cérdoba, Argenting,
which in the past-had high levels of arsenic in drinking water, The results concerning bladder
cancer have been published (see publication 15). The analyses concerning mortality from other
cancers is completed and a manuscript describing the results has been published (see publication

26). Increased rates of kidney and lung cancer were Tound in the exposed areas, a5 were the |
already reported increases in bladder cancer, o : :

4. Dosé—response stndy-of irsehic-_caﬁsed gkin Jesions in West Bergal, India

Research is being conducted in collaboration with Professor DN, Guha Mazumder and his
research team at the Institute of Post Graduate Edneation and Research (IPGMER) in Caleutta, -

- India. Our group collaborated with the analysis of data from a large cross-sectional survey of
about 7000 people in an arsenic-exposed region in Wegt Bengal. The dose-response analysis
linking cases of skin keratoses and byperpigmentation to arsemic water levels has been recently
published (see publication 27): The next phase is a case-control study nested in the same survey,
which focuses on participants with gldn lesions who had drinldng water arsenic levels of less
than 500 pg/L. Detaiied interviews concerning water sources and finid consumption, diet,



smoking and medical history are being completed for each participant. Water samples are
obtained from all drinking water sources, Each participant receives 2 physical examination for
skin lesions and other signs, portable spirometry, and blood and urine samples are obtained to
assess micronuirients and arsemic metabolism. The study is funded by the U.S. EPA.

V. RESEARCH PUBLICATIONS WITH SUMMARIES OF KEY FINDINGS

1. Frost F, Harter L, Mitham S, Royce R, Smith AH, Hartley J, Enterfine P. Lung cancer
among women residing close to an arsenic-emitting copper smelter. Arch Env Health
42:148-52,1987.

Lung cancer mortality, This project was conducted with the Chronic Disease Epidemiology ,
Sectior of the Washington State Division of Health, Overall lung cancer mortality rates were not
increased among women living near the smelter. Howsver, case-contro] analysis using zn index
of exposure based on distance of residence from the smelter showed increasing Iung cancer odds
ratios from 1 up to 1.6 for those in the highest quintile of potential exposure. The results are
-consistent with a small elevated lung cancer risk for women who resided close 1o the smelter for

a period of over 20 years. (Note: There is an error in Table 6 - the lines for cases and controls are
transposed). : '

2, Heftz-Picciotto I, Smith AH, Holzman D, ‘Lipsett M, Alexeef G. Synergism between
occupational arsenic exposure and smoking in the induction of Jung cancer. Epidemiol
3:23-31, 1992, _ - : : ' o

~ Synm ell'g'y.l_Data wére_aésembled from epidemiolo gical studies concerning inhalation of inorgamic
arsenic and cigarette smoking. Tt was concinded that the evidence for synergism between the two

exposures was compelling. Varions potential mechanisrs for synergy were discussed. - '

3.'Smith AH, prenhayn-Rich' C, Bates MN, Goeﬁen HM, Hertz-Picciotto I, Duggan HM,
Wood R, Smith MT, Kosnett MJ. Cancer risks from arsenic in drinking water. Env Health
Persp 97:259-67, 1992, ' o : '

Risk assessment, Bvidence that ingestion of inorganic arsenic in drinking water might canse -
bladder, kKidney, limg and liver cancer was examined, and potential cancer risks were calculated
for various levels of exposure. It was estimated that at the current standard of S0pg/L, the
lifetime risk of dying from one of these cancers cotld be as high a5 13 per 1000 persons. It was
noted that existing studies did not support 2 threshold based on arsenic methylation. It was
concluded that although further research was needed to validate the findings of the risk
assessment, measures should be taken to rednce arsenic levels in drin king water.



- 4. Bates MN, Smith AH, Hopenhayn-Rich C, Arsenic 'ingestion and internal c.'ancers: a
review, Am J Epidemiol 135:462-76, 1992,

Internal cancers. A detailed review of epidemiological studies concerning arsenic ingestion and
internal cancers was presented. The most informative stmdies were from Taiwan and it was
concliuded that these and other studies strongly suggest that ingested norganic arsenic does canse
cancers of the bladder, kidney, lung and Iiver, and possibly other sites,

S, Hop‘enhayh-Rich C, Smith AH, Goeden H. Human studies do not support the .
methylation threshold hypothesis for the toxicity of inorganic arsenic, Env Res 60:161-77,
1993. - ' '

Metabolism, The validity of the methylation threshold hypothesis was examined on the basis of |
published studies. The resnlts indicated that epidemiological and experimental human data does
not support the inorganic arsenic methylation threghold hypothesis, Regardless of the absorbed

dose of inorganic arsenic, there was always some unmethylated inorganic arsemic present in the

6. Hertz-Picciotto I, Smith AH. -Observations on the dese-response curve for arsenic
exposure and lung cancer. Seand J Work Env Health 19: 217-26, 1993,

Lung cancer dose-response. Information from published studies eonceming arsenic inhalation
and lung cancer risks was analyzed. It was found that all of the studies with quantitative data
were consistent with a supralinear dose-response relationship. Various factors which might be
distorting the tme biclogical dose-response were assessed, These inclnded the fact that the

- workers thonght to be most highly exposed might actually have had lower exposures than :
previously quantified by air sampling as a result of non-random sampling and the possible use of
respirators when air levels were highest. It was noted that there was a linear dose-response |
relationship in one study, which used urine ATSeniC measurements 1o assess eXpOSITE.

- 7. Smith AH, Hopenhayn-Rich C, Warner M, Biggs ML, Moore L, Smith MT. Rationale
for selecting exfoliated bladder cells micronuclef as potential biomarkers for arsenic
genotoxicity. J Toxzicol Env Health 40: 223-34, 1963, i

Molecular epidemiology. Biolo gical markers of effect of toxic human exposures have the

- potential to allow exploration of dose-response relationships at levels of exposure lower than
those which can be assessed by traditional epidemiological studies involving the nltimate disease
end-point. In this paper we give reasons. for proposing that exfoliated bladder cell micronuclel
might be a good marker for carcinogenic effects of ingestion of inorganic argemic, Based on
studies in Taiwan, it was noted that the highest internal cancer relative risks involved bladder



cancer. Bladder cells can be collected from urine, and originate from 2 targst organ of particular
importance for arsenic effects. We described several smdies from our group, which nsed bladder
cell micromuclei as biomarkers, noting the important potential contribution of intervention
stadies incorporating cessation of exXposure.

8. Wanier M, Mbore L, Smith MT, Kalman D, Fannirg E, Smith AH. Increased
micronuclei in exfoliated bladder cells of persons who chronically ingest arsenic
contaminated water in Nevada, Cancer Epidemiol Biom & Prev 3:583.90, 1994,

Molecular epidemiology. This study involved 18 subjects in Nevada whose well water
contained on average 1312 pg/L of arsenic, and 18 age and sex matched controls whose well
water averaged 16 pg/l., Exposed subjects had a 1.8 fold increase in ‘bladder cell micromclei, buf
the differences were largely confined to males. The zbsence of findings for females was thonght
to be due fo the fact that women exfoliate large numbers of cells into urine, while men exfoliate

- predominantly transitional cells, which are the cells involved in bladdsr cancer. No increase was

found in buccal cell micronnclei among the arsenic exposed group.

9. Engel RR, Hopenhayn-Rich C, Receveur O, Smith AH. Vascnlar effects of chronic’
arsenic exposure: a review. Epidemiol Rev 16:184-209, 1994, ' : '
‘Vascular disease. Existing literature concerning vascular effects from chromc exposure 1o _
inorganic a:éen'_ic was reviewed in this publication containing 177 citations, It was concluded that-
there was good epidemiologic evidence indicating that chromic arsenic consumption at high
levels is a cause of severe peripheral vascular disease with resulting gangrene -and amputations of
the limbs, We hypothesized that marginal zinc status might explain the differential ocourrence of
these conditions in populations ingesting large doses of arsenic. Tt was also concluded that i was
 plansible, though epidemiologic evidence is limited, that arsenic might cause inereases in
vascular mortality beyond that found in patients with severe peripheral vaseular disease.

10. Engel RR Smith AH. Arsenic in drinking water and mortality from vascrlar disease:
an ecologic analysis in 30 U.S. counties. Arch Environ Hith 49; 418-27,1994."

Vascular disease, An investigation was made of the ecological relationship between arsenic ;
concentrations in drinking water and mortality from circulatory disease in 30 TU.S. counties from
. 1968 to 1984. Mean arsenic levels ranged from 5.4 10 91.5 pg/L. The standardized mortality
ratios (SMRs) for diseases of arteries, artericles, and capillaries for counties excesding 20 pg/L
were 1.9 (90% CI 1.7-2.1) for females and 1.6 (CI 1.5-1.8) for men. The SMRs for congenital
anomalies of the heart and circulatory system were also elevated. Possible problems with the
ecological study design and explanations for potentially spurious results were discussed It was
concluded that further investigation of vascular effects of arsenic exposure was waranted.
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11. Smith AH, Hopenhayn-Rich C, Biggs ML, Moore L, Dale J » Warner M, Bates M, Engel
R. Epidemiological stndy designs to address potential high bladder cancer risks from
arsenic in drinking water. Inm: Chappell WR, Abernathy CO, Cothern CR, eds. Arsenic:
Exposure and Health, Northwood: Science and Technology Letters, 109-1 7, 1954,

Epidemiological study designs. Varions study designs were described which could be used to
further investigate effects of arsenic.ingsstion from drinking water, including ecological studies,
cohort studies, and biomarker studies. Tt was noted that small biomarker studies could be
conducted relatively rapidly, and that the effect of interventions could be assessed for biomarkers
in cells with short half-lives, However, interpretation of biomarker stmdies is. difficult,
consequently, traditional epidemiological stndy designs have an important role, It was soncluded
that the potential risks of bladder cancer fiom ingesting inorganic arsenic in drinldine water

o
warranted a concerted spidemiological approach using a variety of different study designs,

12. Bates MN, Smith AH, Cantor KP. Case-control study of bladder cancer and arsenic in
drinking water. Am J Epidermiol 141: 523-30, 1995, B

Bladder cancer. Cases and controls from the National Bladder Cancer Study were used in this
project, which was condncted in collsboration with Dr. Ken Cantor of the National Cancer -
Institute. Information concerning arsenic levels in drinking water was added to this dataset for
respondents from Utah. Water levels ranged from 0.5 to 160 pg/L, but onlythree towns wers
served with water containing over 20 pg/L of arsenic. There was no overall association of
inorganic arsenic with the risk of bladder cancer at these levels of exposure, However, among
cigarette smokers, time window analysis yielded some evidence for a dose-response relationship
for exposnre to arsenic in drinking water 10-39 years prior to diagnosis with bladder cancer. The
possibility was raised that smoking potentiates the effect of arsenic in cansing bladder cancer,
However, the discrepancy between these findings at such low exposure levels, and predictions
based on studies in Taiwan and England, also raised the Ppossibility of bias in the data, It was
concluded that further carefully conducted studies in exposed populations were nesded.

13. Smith AH, 'Hopehhayn-Rich C, Biggs ML, Kalman D.- Re: Arsenic risk assessment
(letter). Env Health Persp 103:13-15, 1995, ' - ‘

Risk assessment, Heather Carlson-Lynch, Barbara Beck and Pamelz Boardman of McLaren/Hart
Environmental Engineering Corporation and Gradient Corporation wrote a letter which was
highly crifical of two of our published studies (Hopenhayn-Rich et al, 1993, and Smith et al,

1952, gbove). In the letter to the editor, we demonstrated that none of the criticisme raised was
valid,
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14. Moore L, Smith AH, Hopenhayn-Rich C, Biggs ML, Warner ML, Kalman D, Smith
MT. Increased bladder cell micronuclei found in two populations enwronmenta]ly exposed
to arsenicin drinking water. Clin Chem 41:1915-17, 1995,

Molecular epidemiology. Summary findings from the Nevada bladder cell micronuclens study,
with preliminary results from the Chile study, were reported. It was concluded that resnlts from
both the North and South American studies provided evidence that arsenic is genotoxic to human
bladder epithelinm. Further details are gwen in Warner et al, 1994 (pubhcahon 13) and Moore et
al. 1997 (pubhcahon 15).

15, Hopenhayn-R.lch C Biggs ML Fuchs A, Beroocrho R, Tello E, Nicoll H, Smlth AH
Bladder cancer mortality associated with arsemc m drinking water in Argentina.
Epidemiol. 7:117-124, 1996.

Bladder cancer, Bladder cancer mortality for the years 1986-1991 was investigated in Cérdoba,
Argentina in an ecological stndy eompanng counties categorized as previously-having high, -
medium and low water levels of arsenic. The average water arsenic level inthe two high
exposure counties for arsenic contaminated water sources was 178 pg/L. Clear trends in bladder
cancer mortality were shown up to standardized mortality ratios (SMRs) 012. 14 for-men (95% CI
1.78-2.53) and 1.82 for women (95% CI 1.19-2.64) in the two high exposure counties. The clear
- trends found in a population Wwith a different sthnic composition and a high protein diet support
the evidence from Tatwan that arsenic in drinking water is a canse of humzan bladder cancer,
While it was made clear that exposure was not uniform within counties, it was noted the findings
were roughly consistent with risks which mi =ht be predlcted from the Taiwan stndies.

16. Hopenhayn—Rich C, Biggs ML, Fuchs A, Bergoglio R, Tello E, Nicolli H, Smith AH.
Arsenic and bladder cancer mortahty The Anthors Reply Epidemio}l 7:557- 58 1996.

Bladder cancer. Kemneth G. Brown and Barbara D. Beck wrote a letter cn‘ucal of the above
study in which we were accused of making incorrect assumptions, errors and mmwarranted

- conclusions, In this reply, we noted that we were surprised by their accusations of errors that did
not, indeed, exist. However, we agreed with their statement, “the. stndy does affirm the
association of high concentrations of inorganic arsemic with increased 'mortality from bladder
cancer, in this instance among the ethnically mixed Cérdoba population, inthe absence of
numhonal deficiency or evideénce of other substances snch as hurnic or ﬂuorescent substances

17. Moore L, Warner ML, Smith AH, Kalman D, Smith MT. Use of the fluorescent
micronucleus assay to detect the genotoxic effects of radiation and arsenic in human
exfoliated epithelial cells. Env and Molecular Mutagen 27:176-84, 1996,

Molecular epidemiology. A new rapid method was used, which involives finorescent in sitn
hybridization (FISH) to determine the mechanism of micronuclens formation in epithelial tissues



exposed to carcinogenic agents (as previously described in Titenko-Holland N, Moore LE, Smith
MT. Mezsurement and characterization of micronunelei in exfoliated human cells by finorescence
in situ hybridization with 2 centromeric probe. Mutat Res 271:69-77, 1992)) The findings
concerning micronuecle; in exfoliated bladder cells obtained from arsenic-exposed subjects in
Nevada suggested that arsenic may have both clastogenic and weak anenploidogenic propertiss,

18. Hopenhayn-Rich C, Biggs ML, Smith AH, Kalman D, Moore LE. Methlyation study in
2 population environmentally exposed to high arsenic water, Env Health Persp 104:620-28,
1996. ' ' .

Metabolism. Arseni¢ methylation pattems were investigated in this cross-sectional stody of two
towns in Chile. One hundred and twenty two people exposed 1o high levels of arsenic were
compared to 98 people iri a neighboring town with low levels of arseriic. Amenic levels in.
drinking water were 600 ng/L and 15ug/L, respectively, The corresponding mesn urinary arsenic
levels were 580 pg/L and 60 ng/L, of which 18.4% and 14.9% were Inorganic arsenic
respectively, The main differences were foungd in the monomethyarsonate MMA)Yto
dimethylarsinate (DMA) ratio; high exposure, smoking, and being male were associated with
higher MMA/DMA, while longer residence in the exposed town, Atacameno ethnicify, and being
female were associated with lower MMA/DMA. Overall, there wag no evidence of a threshold
for methylation capacity, even at very high exposures, This study, which is the largest study
condnoted involving metabolites of arsenic to date, confirmed conclusions made in our earlier -
publications that the methylation threshold hypothesis was not valid. ' '

-Metabolism. Presented are the results of an intervention study of 73 participants (from the above -
crosé-secti_onal study in Chile), who were provided with water of lower arsenic content (43 pg/L)
for two months, Total urinary arsenic levels fell from am average of 636 ng/L to 166 pg/L, There..
was & small decrease from 17.8% to 14.6% in the percent of urinary arsenic in Inorganic form
consistent with what might be predicted from the cross-sectional study, Other factors'such as .
smoking, gender, age, years of residence, and ethnicity were associated mainly with changes in
the MMA/DMA ratio. The main difference was fonnd for smokers, where practically all of the
smokers showed 2 decrease-in the MIMA/DMA ratio, while much more vaniability was seen for
non-smokers. It was noted that the changes in the observed percent inorganic arsenic and in the
MMA/DMA ratio did not SUpport an exposure based threshold for arsenic methylation in -
bumans, The last two studies (cross-sectional and intervention) also indicate that most.of the
inter-individnal variability in the distdbution of urinary metabolites remains unexplained.
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20, Wright C, Lopipero P, Smith AH. Meta-analysis ahd.Risk Aséessment In: Topics in-
Environmental Epidemiology. Eds. Steenland K and Savitz DA, Oxford University Press,
1996. ‘ . '

Risk assessment. Although arsenic is not discussed in this chapter, it is pertinent here becanse it
includes issues and methods concerning the use of epidemiologic studies to estimate population
risks at low levels of exposure, It was noted that apparent nonlinearity at low exposure points in
studies can be fitted with statistical models that have a profound impact onrisk extrapolations to
Jower doses. However, the empirical evidence for nonlinearity may be extremely weak, and there
are often no good biological reasons for rejecting linearity. For these and other reasons, we stated
that it would be preferable to use the linear relative risk model for quantitative risk assessment
using epidemiologic data, unless there are good reasons to reject it (Le. clear evidence of
nonlinearity), - : ' :

21, Moore LE, Smith AH, Hopenhayn-Rich C, Biggs ML, Kalman DA, Smith MT. o
Micronuclef in exfoliated bladder cells among individuals chi-onically exposed to arsenic in
drinking water. Cancer Epidemiol Biom & Prev 6:31-6, 1997, ' '

Molecular epidemiology. Using the same towns as the methylation study in Chile described in

. the previous publication summary, this cross-sectional study was confined fo male participants in
view of the extensive exfoliation of squamons cells as well as transitional bladder cells which

. occurs in females. There were 70 high-exposure participants (average urinary arsenic 616. ng/l)
and 55 low-exposure participants (average urinary arsenic 66 pg/L). The prevalence of
micronnclei increased three-fold (93 % CI 1.9-4.6) from the lowest exposure quintile (less than
53.8 pg/L arsenic in urine) 4o those in the second highest exposure quintile (414-729 pg/L
urinary arsemic). Surprisingly, those in the highest exposure quintile (more than 729 pg/L utnary
arsenic) did not have any intrease in micronnclens prevalence, This findingisnot fully
explained, but could be due to cytostasis or cytotoxicity at these hi gh exposure levels. The
cenfromeric probe classification of micromuiclel suggested that chromosome breakage was the
major canse of micronuclens formation. It is noteworthy that the prevalence of micronucle; in
bladder cells was elevated even in the second to lowest quintile of exposure (urinary arsenic
levels between 53.9 and 137.3 pg/L, prevalence ratio 2.1, 95% CI 1.4-3.4), which raises the

possibility that arsenic has genotoxic effects on bladder cells at relatively low levels of exposure.

22, Biggs ML, Kalman DA, Moofe LE, Hopenhzyn-Rich C, Smith MT, Smith AH. -
Relationship of urinary arsexic to intake estimates and a biomarker of effect, bladder cell
micronuclel, Mut Res 386:185-95, 1997. | |

Exposure assessment. The primary purpose of this study was to investigate methods for
ascertaining arsenic exposure for nse in biomarker studies. The study population was the same as
 the population in the metabolism and bladder cell micronuclens study conducted in Chile.
Exposures were assessed by an interviewer-administered questionnaire conceming volumes and
sources of flmd intake. Urinary inorganic arsenic measurements including methylated species



Were measured in first-morning samples. Creatinine was measured 1o allow for adjustment for
overly concentrated urine, As expected, creatinine adjusted urinary.arsenic concentrations had a
stronger relationghip with the questionnaire-based estimates of arsenic intake than the unadjnsted
urinary concentrations. Interestingly, the unadjusted urinary arsenic measures had the stronger
relationship with bladder cell micronnclens prevalence, This finding is plausible since the .
unadjusted urinary arsenic concentrations may better reflent target site dose to the bladder, which
is exposed to the actual concentration of arsenic in urine,

23."Aposhian HV, Arroyo A, Cebrian M, Del Razo LM, Hurlbut KM, Dart RC, Gonzalez- |
Ramirez D, Kreppel H, Speiske H, Smith AH, et al. DMPS-Arsenic Challenge Test: I-
Increased Urinary Excretion of Monomethylarsonic Acid in Humans Given
Dimercaptopropane Sulfonate. J Pharm Exp Ther 282:192-200, 1997,

Chelation study. Directed by Professor Vasken Aposhian of the University of Atizona, this
stndy involved a small subset of participants from our stadies i Chile: 13 fom the high-
exposire town and 11 from the low-exposure town, Each participant was given 300 mg of the
chelating agent 2,3-dimercaptone- 1 -sulfonic acid (DMPS). As expected, urinary arsenic
concenirations increased in the 24-hour period after taking DMPS. Interestingly, the increase was
considerably more pronounced for MMA than for inorgamic arsenic and DMA_ In our view, itis
difficult to.interpret these findings, since the tissue binding strengths of the various arsenic
species may vary, and they may have different affinities for the chelating agent, For these and :
other reasons, nrinary arsenic levels in chronically exposed persons remain the best indicators of
body dose. S . : ' o

24, Moore, LE; Smith AH, Hopenhayn-Rich C, Biggs ML, Kalman DA, Smith MT: .
Decrease in bladder cell micronnelens prevalence after intervention to lower the ,
concentration of arsenic in drinking water, Cancer Epidemiol Biomark and Prev 6:1 051-6,
1997, . o : ' : . '

Molecular ep'idémiology. Water low in arsenic content (45 ;.Lg/L) was provided 1o 34 hi;,ghly
exposed participants in the cross-sectional studyin Chile (publication 21 gbove), Mean urinary
arsenic levels in this sub-group decreased from 74210 225 pg/L during the :intervenﬁo_n. Bladder

. [~
subcytotoxic urinary arsenic levels (<700 pg/L), the change between pre- and post-intervention
MNC wes more pronounced: from 3.54 1o 1.47/100 cells respectively (p=0.002). The primary
changes oceurred among smokers, suggesting that smoker’s bladder cells conld be INOTS
- susceptible to genotoxic damage caused by arsenic. The reduction in bladder cell MNC

prevalence with reduction in inorganic arsemic intake provides further evidence that arsemic is
genotoxic to bladder eslls.. : ' : ' '
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25. Smith AH, Goycolea M, Haque R, Biggé ML. Marked increase in biadder and Inng
cancer mortality in 2 region of Northern Chile due to arsenic in drinking water, Am J
Epidemiol, 147:660-69, 1998,

Cancer mortality. Studies in Taiwan and Argentina suggest that ingestion of inorganic arsemic
from drinking water results in increased risks of internal cancers, in particular bladder and hung
cancer. The authors investigated cancer mortality in & population of around 400,000 people in a
region of Northern Chile (Region IT) exposed to high arsenic levels in drinking water in past -
years. - Arsenic concentrations from 1950 to the present were obtained. ‘Population-weighted
average arsenic levels reached 570 pg/L between 1955 to 1569, and decreased 1o Jess than 100
pg/L by 1980. Standardized mortality ratios (SMRs) were calculated for the years 1989 to 1993,
Increased mortality was found for bladder, lung, kidney and skin cancer, Bladder cancer
mortality was markedly elevated with an SMR of 6.0.[95% confidence interval 4.8-7.4) for men,
and 8.2 [6.3-10.5] for women. Lung cancer SMRs were 3.8 [3.5-4.1] for men, and 3.1 [2.7-3.7]
for women. Smoking survey data and mortality rates from chronic obstructive pulmonary-
disease provided evidence that smoking did not contribute to the increased mortality from these
cancers. The findings provide additional evidence that ingestion of inorganic arsenic in drinking
water is indeed 'a canse of bladder and Iurig cancer. Tt was estimated that arsemic might account
for 7% of all deaths among those aged 30 and over, If so, the impact of arsenic on the population -
mortality in Region I of Chile is greater than any reported 10 date from environments! exposure
‘1o & carcinogen in a major population. _ '

26, Hopenhayn-Rich C,.Biggs ML, Smith AH. Lung and Kidney cancer mortality _
associated with arsenic in drinking water in Cordoba, Argentina. Int J Epidemiol 27: 561-
69, 1998, ' : _ : . '

Bladder cancer, Studies in Taiwan have found dose-response relations between arsemic
ingestion from drinking water and cancers of the skin, bladder, lumg, kidney and liver. To
investigate these associations in another population, we conducted a stndy in Cordoba,
Argenting, which has 4 well-documented history of arsemic exposure from drinking water.
-Mortality from lung, kidney, liver and skin cancers during the period 1986-1991 in Cordoba's 26
counties was investigated, expanding the zuthors' previous enalysis of bladder cancer in the
province, Counties were grouped 2 priori info low, medium and high arsenic exposure categories
based on available data, Standardized mortality ratios (SMRs) were calculated nsing all of
Argentina as the reference population. We found increasing trends for Kidney and lung cancer
mortality with arsenic exposure, with the following SMRs, for men and women respectively:
kadney cancer, 0.87,1.33, 1.57 and 1.00, 1.36, 1.81; lung cancer, 0.92,1.54,1.77 and 1.24, 1.34,
2.16 (in all cases, p<0.001 in trend tests), similar 1o the previously reported bladder cancer results
(0.80, 1.28, 2.14 for men, 1.22, 1.39, 1.81, for women). There was a small pesitive trend for Hver
cancer but mortality was increased in 2l three exposure groups. Skin cancer mortality was
elevated for women in the high-exposure group, while men showed a puzzling increase in the
low-exposure group. The results adad to the evidence that arsenic ingestion increases the risk of
lung and kidney cancers. In this study, the associadon bgtween arsenic end mortality from iiver'
and skin cancers was not clear. :

L]
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27. Guha Mézumder DN, Haqﬁe R, Gosh N, De BK, Santra A, Chakraborqv D, Smith AH,
Arsenic levels in drinking water and the prevalence of skin lesions in West Bengal, India,
Int J Epidemiol 27:871-77, 1998, '

Water concentrations ranged up to 3400 ug/L of arsenic but over 80% of participants were
consuming water containing less than 500 ug/L. The prevalence of keratoses was strongly related
to water arsenic levels rising to 8.5 per 100 for famales, and 10.7 per 100 for men, drinking water
containing over 800 ug/L. However 12 cases with keratoses (2 females and 10 males) were
drinking water containing less than 100 ug/L of arsenic. Findings were similar for _
hyperpigmentation with strong dose-response relationships, and with 29 cases drinking water
containing less than 100ug/L. Calculation by dose per body weight showed that men had roughly
two 1o three times the prevalence of both keratoses and hyperpigmentation compared to women
ingesting the same dose of arsenic from drinking water, Subjects who were below 80% of the
standard body weight for their age and sex had 1.6 fold increase in prevalence of keratoses, and 2
1.2 fold increase in prevalence of hyperpigmentation suggesting that malnuirition mi ght play a
small role in increasing susceptibility, The surprising findings coneerning cases with apparently
low exposure need to be confirmed in studieg with more detailed €XpOsure assessment. Further
research is also needed concerning susceptibility factors which might be present in the exposed
population. ‘ _

28. Steinmans C, Moore LE, Hopenhayn-Rich C, Biggs ML, Smith AH, Arsenic in drinking

veater and bladder cancer. Cancer Invest. In press 1998, .

Millions of people throughout the world are drinking water containing inorgariic arsenic.
Althongh initially confroversial, the association between high EXposures to ingested arsenic and
bladder cancer is now well established. Unfortumate} , the dose-resp‘onse-relaﬁonship, especially
at low 1o moderate doses such as those found in the T.S., remains unclear. Attsmpts to define
these risks and establish new drinking water regnlations have been confroversial, primarily due to
questions regarding the risk assessment process used to establish these standards, . |
Epidemiological studies involving low- to moderate- dose exposures will help to define these
risks and aid in the establishment of appropriate drinking water regulations. In addition, genetic
biomarker studies may provide information on the mechanistic and susceptibility issues of
arsenic indnced carcinogenesis, and thus may also help elncidate dose-response relationships at
low doses. However, unfil 2 new arsenic drinking water standard is implemented, most evidence
- suggests that populations currently exposed to arsenic in drinking water will confinue to have
substantially elevated cancer risks. Waiting for more precise data before 2 new standard is
applied will only prolong these risks, Therefore, until further research can be completed, an
interim drinking water arsenic standard similar to the World Health Organization
recommendation of 10 pg/L, may be appropriate.
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