[ CHAPTER 5]

$VVHVVLQJ3HVWLFLGH5LVNVWR
Human Health
Under California law (Statutes of 1969, Chapter 1169), the Department of
3HVWLFLGH5HJXODWLRQ '35 PXVW³HOLPLQDWHIURPXVH´DQ\SHVWLFLGHWKDW³HQGDQJHUVWKHDJULFXOWXUDORUQRQDJULFXOWXUDOHQYLURQPHQWLVQRWEHQH¿FLDOIRUWKH
purposes for which it is sold, or is misrepresented.” To do this, the law requires
WKHGHSDUWPHQWWRKDYH³DQRUGHUO\SURJUDPIRUWKHFRQWLQXRXVHYDOXDWLRQ´RI
registered pesticides. DPR uses various tools to evaluate pesticide products to
GHWHUPLQHZKDWULVNVWKH\SRVHDQGZKHWKHUFKDQJHVWRWKHXVHRUSURSRVHGXVH
are necessary.
$KXPDQKHDOWKULVNDVVHVVPHQWLVKRZ'35HVWLPDWHVWKHQDWXUHDQGOLNHOLhood of adverse health effects in humans who may be exposed to pesticides,
now or in the future. Exposures may be in air, water or food, at homes or in the
ZRUNSODFH7KHVHVFLHQWL¿FHYDOXDWLRQVSURYLGHKHDOWKSURWHFWLYHHVWLPDWHVRI
ULVNWRGH¿QHGSRSXODWLRQVH[SRVHGXQGHUGH¿QHGH[SRVXUHFRQGLWLRQV5LVN
assessments are often the driving force behind new regulations or other use
restrictions. If satisfactory controls cannot be put into place to avoid harmful
exposures, DPR will not register the pesticide or, if it is already registered, can
cancel its use.
$SHVWLFLGHULVNDVVHVVPHQWDGGUHVVHVTXHVWLRQVVXFKDV
• What type of health problems may be caused by exposure to pesticides?
• What is the chance that people will experience health problems from exposure?
• ,VWKHUHDQH[SRVXUHOHYHOEHORZZKLFKDQ\ULVNWRKHDOWKLVQHJOLJLEOH"
• What pesticides are people exposed to, at what levels and for how long?
• $UHVRPHSHRSOHPRUHOLNHO\WREHVXVFHSWLEOHWRKDUPEHFDXVHRIDJHJHQHWics, pre-existing health conditions, ethnic practices, gender or other factors?
• $UHVRPHSHRSOHPRUHOLNHO\WREHH[SRVHGEHFDXVHRIZKHUHWKH\ZRUN
ZKHUHWKH\SOD\ZKDWWKH\OLNHWRHDWRURWKHUIDFWRUV"

Toxic effects in a biological system
are not produced by a chemical
agent unless that agent or its
metabolic breakdown products
reach appropriate sites in the body
at a concentration and for a length
RIWLPHVXI¿FLHQWWRSURGXFHD
toxic manifestation ….Thus,
whether a toxic response occurs
is dependent on the chemical and
physical properties of the agent,
the exposure situation, how the
agent is metabolized by the system,
and the overall susceptibility of the
biological system or subject.
— Casarett & Doull’s Toxicology:
The Basic Science of Poisons

7KHGHSDUWPHQWKDVDIRUPDOSURFHVVWRSULRULWL]HSHVWLFLGHVIRUULVNDVVHVVPHQWIRFXVLQJRQSHVWLFLGHVWKDWSRVHWKHJUHDWHVWSRWHQWLDOULVN,QDGGLWLRQ
'35PD\GHFLGHWREHJLQDULVNDVVHVVPHQWIRURWKHUUHDVRQV)RUH[DPSOH'35
scientists may identify possible adverse health effects when they review toxicolRJ\GDWDZKLFKFDQWULJJHUDULVNDVVHVVPHQWEHIRUHDGHFLVLRQLVPDGHWRUHJister a product. After registration, new toxicology studies or reports of adverse
HIIHFWVFDQDOVRSURPSWDULVNDVVHVVPHQW'35PD\LQLWLDWHDULVNDVVHVVPHQW
ZKHQDLUPRQLWRULQJE\WKHGHSDUWPHQWRURWKHUDJHQFLHV¿QGVFRQFHQWUDWLRQVRI
concern in community air. Another trigger might be anticipated changes in use
patterns, such as when a product is intended as a replacement for another widely
used pesticide.

RISK ASSESSMENT PROCESS
7KHGHSDUWPHQW¶VFDSDELOLW\WRFRQGXFWIRUPDOULVNDVVHVVPHQWVFDPHDIWHUWKH
1984 passage of the Birth Defect Prevention Act (BDPA; see Page 43). This law
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Proposition 65
In 1986, California voters passed a ballot initiative called
7KH6DIH'ULQNLQJ:DWHUDQG7R[LF(QIRUFHPHQW$FWPRUH
IDPLOLDUO\NQRZQE\LWVEDOORWSRVLWLRQ³3URSRVLWLRQ´,WLV
EDVHGRQWKHSUHPLVHWKDWWKHSXEOLFDQGZRUNHUVKDYHDULJKW
to be informed about exposures to chemicals that can cause
cancer, birth defects or other reproductive harm. Among other
mandates, it requires the state to publish a list of chemicals
NQRZQWRWKHVWDWHWRFDXVHFDQFHURUUHSURGXFWLYHKDUPDQG
to update this list at least once a year.
Chemicals can be added to the Proposition 65 list in one
of four ways:
•

6WDWHH[SHUWVFRQFOXGHWKDWVFLHQWL¿FDOO\YDOLGWHVWLQJ
shows the chemical clearly may cause cancer, birth
defects or other reproductive harm.

•

$Q DXWKRULWDWLYH ERG\ KDV IRUPDOO\ LGHQWL¿HG LW DV
causing cancer, birth defects or other reproductive
harm. Authoritative bodies include the U.S. Environmental Protection Agency, U.S. Food and Drug
Administration, National Institute for Occupational
Safety and Health, National Toxicology Program and
International Agency for Research on Cancer.

•

If an agency of the state or federal government has
IRUPDOO\UHTXLUHGLWWREHLGHQWL¿HGRUODEHOHGDVFDXVing cancer or reproductive harm.

•

,I FKHPLFDOVPHHWFHUWDLQVFLHQWL¿F FULWHULDDQG DUH
LGHQWL¿HG LQ WKH &DOLIRUQLD /DERU &RGH DV FDXVLQJ
cancer or birth defects or other reproductive harm.

Proposition 65 requires businesses to notify Californians
DERXWVLJQL¿FDQWDPRXQWVRIFKHPLFDOVLQWKHSURGXFWVWKH\
EX\XVHLQWKHLUKRPHVRUZRUNSODFHVRUWKDWDUHUHOHDVHG
into the environment. Proposition 65 also prohibits California
EXVLQHVVHVIURPNQRZLQJO\GLVFKDUJLQJVLJQL¿FDQWDPRXQWV
RIOLVWHGFKHPLFDOVLQWRVRXUFHVRIGULQNLQJZDWHU
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&DO(3$¶V2I¿FHRI(QYLURQPHQWDO+HDOWK+D]DUG$VVHVVment (OEHHA) administers the Proposition 65 program.
2(++$ DOVR HYDOXDWHV DYDLODEOH VFLHQWL¿F LQIRUPDWLRQ RQ
substances being considered for placement on the Proposition
OLVW7KH'HSDUWPHQWRI3HVWLFLGH5HJXODWLRQ '35 ZRUNV
with OEHHA in evaluating pesticides.
DPR’s hazard communication regulations (which govern
SHVWLFLGH DQG ZRUNHU VDIHW\ UHTXLUHPHQWV  DOVR SURYLGH D
foundation for employers to meet the Proposition 65 warnLQJUHTXLUHPHQWVIRUHPSOR\HHVLQWKHSHVWLFLGHZRUNSODFH
Proposition 65 regulations also allow warnings to be provided in the same manner stated in the federal hazard comPXQLFDWLRQSURJUDPUHJXODWLRQVIRUZRUNSODFHH[SRVXUHV
California’s hazard communication program requires that
ZKHQHYHUHPSOR\HHVDUHZRUNLQJLQWUHDWHG¿HOGVRUKDQGOLQJ
SHVWLFLGHVWKHHPSOR\HUPXVWGLVSOD\FHUWDLQOHDÀHWVLQWKH
Pesticide Safety Information Series produced by DPR’s
:RUNHU+HDOWKDQG6DIHW\%UDQFK7KHOHDÀHWVDUHDYDLODEOH
in English, Spanish and Punjabi and must be read on request
WRDQ\HPSOR\HH,QDGGLWLRQVSHFL¿FLQIRUPDWLRQDERXWHDFK
pesticide application must be displayed at a central location
when the operator of the property receives notice of the
completion of an application and before any employees are
DOORZHGWRHQWHUWKHWUHDWHG¿HOG7KHVSHFL¿FLQIRUPDWLRQ
must remain displayed for 30 days or until employees are
no longer present, whichever occurs earlier.
For exposures to the public, the warning may be given by
various means, such as labeling a consumer product, posting
signs in affected areas, sending notices to affected residents
or publishing notices in a newspaper. For instance, signs can
be found on most gas pumps and some utility companies
include warning notices in their billings. In some instances,
the companies comply with Proposition 65 by removing
listed chemicals from their products.
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Birth Defect Prevention Act
In 1984, the Legislature passed the Birth Defect Prevention Act (BDPA, Chapter 669 , SB 950). The law mandated
that registrants of pesticides registered before 1984 bring
KHDOWKHIIHFWVGDWDRQWKHLUFKHPLFDOVXSWRFXUUHQWVFLHQWL¿F
standards. It also required that the Department of Pesticide
Regulation (DPR) not register new active ingredients without
a full complement of health effects studies. The required
studies (primarily done on experimental animals) were
chronic toxicity, mutagenicity, neurotoxicity, oncogenicity,
reproductive effects and teratology. The BDPA required
DPR to use these and other data to determine if a pesticide
would cause human health problems. If continued use of a
SHVWLFLGHSUHVHQWVDVLJQL¿FDQWKHDOWKKD]DUGWKDWFDQQRWEH
adequately mitigated, DPR is required to cancel the registration of products containing that active ingredient.
The BDPA mandated that DPR begin by developing a
OLVWRIDFWLYHLQJUHGLHQWVWKDWZRXOGEHWKH¿UVWIRFXVRI
HQIRUFHPHQW7KHVHZHUHFKHPLFDOVZLWKWKHPRVWVLJQL¿cant data gaps, widespread use, and which were suspected
of being of greater health concern. (A data gap means that
'35ODFNVDGHTXDWHKHDOWKHIIHFWVVWXGLHVLQDQ\RQHRIWKH
required categories noted above.)
,Q-DQXDU\'35QRWL¿HGUHJLVWUDQWVRIGDWDJDSVIRU
pesticide products containing any of the 200 priority active
ingredients. DPR found that much of the data submitted in
response to the data call-in notice did not meet U.S. Environmental Protection Agency guidelines. Because these
studies had been performed years earlier, many registrants
were unable to get the data necessary to upgrade the studies
IURPWKHODERUDWRULHVWKDWGLGWKHRULJLQDOZRUN$OWKRXJK
registrants contracted with laboratories for new studies,
most failed to complete and submit new chronic health effects studies within the time frames set by law. The BDPA

required submission of data on priority-list pesticides by
March 1991, a deadline the Legislature later extended to
March 1996 (Chapter 1228, Statutes of 1991, SB 550). Later
legislation (Chapter 1, Statutes of 1995-1996, SB 1XXX)
extended until December 1997 the deadline for submisVLRQRI¿QDOVWXGLHVRQWZRSHVWLFLGHVPHWK\OEURPLGHDQG
pentachlorophenol.
,Q'35SUHVHQWHGLWV¿QDOUHSRUWWRWKH/HJLVODWXUH
on the status of the chronic health effects studies required
by the BDPA. The department reported that of the priority
200 active ingredients, 143 remained subject to the data
call-in and no data gaps existed for any of these compounds,
including methyl bromide and pentachlorophenol. DPR
had granted exemptions for products containing two active
ingredients. (Under the BDPA, a pesticide may be exempted
from the data requirements if it is determined the chemical
KDVRQO\OLPLWHGXVHDQGWKHUHLVLQVLJQL¿FDQWH[SRVXUHWR
ZRUNHUVRUWKHSXEOLF 2IWKHUHPDLQLQJSULRULW\SHVWLFLGHV
 KDG EHHQ ZLWKGUDZQ IURP WKH PDUNHW E\ WKHLU PDQXfacturers and DPR had suspended 8 for failure to submit
required data. Product registrations are suspended if data
for any active ingredient cannot be upgraded with additional
information or if data were not submitted. Once a pesticide
registration is suspended, registrants must halt all sales. Retail dealers may continue selling affected products for two
years and consumers may continue to use products on hand.
In 1992, DPR began calling in data for the 703 registered active ingredients that were not on the priority list,
as required by 1991 legislation (Chapter 1227, AB 1742).
As of late 2016, there remain only 57 active ingredients
IRUZKLFK'35LVPDNLQJGHWHUPLQDWLRQVLIPRUHVWXGLHV
are needed to close data gaps.
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required the state to bring the toxicological database on pesticides up to current
VFLHQWL¿FVWDQGDUGVDQGFROOHFWWKHGDWDQHHGHGWR¿QGRXWLIDGYHUVHKHDOWKHIIHFWVZHUHSRVVLEOH'HSDUWPHQWVFLHQWLVWVZHUHWKHQWRDVVHVVWKHULVNVWRGHFLGH
LIWKRVHKHDOWKHIIHFWVZHUHVLJQL¿FDQW7KHVHPDQGDWHVSURPSWHGWKHFUHDWLRQRI
the Medical Toxicology Branch in 1985 to evaluate toxicological data and manDJHKXPDQKHDOWKULVNDVVHVVPHQWV([SRVXUHDVVHVVPHQWVZHUHFRQGXFWHGE\
VFLHQWLVWVLQWKH:RUNHU+HDOWKDQG6DIHW\EUDQFKDWWKDWWLPH,QWKHGHpartment created the Human Health Assessment Branch where scientists conduct
ERWKWKHULVNDQGH[SRVXUHDVVHVVPHQWVDQGFRQWLQXHWRHYDOXDWHWR[LFRORJLFDO
studies for pesticide registration.
7RIXO¿OOWKH%'3$PDQGDWHLQWKHODWHV'35VHWXSDSURFHGXUHWRFODVVLI\SHVWLFLGHVDVKLJKPRGHUDWHRUORZSULRULW\IRUULVNDVVHVVPHQW&KHPLFDOV
UHJLVWHUHGEHIRUHWKHSDVVDJHRIWKH%'3$ZHUHRQDGLIIHUHQWULVNDVVHVVPHQW
WUDFNWKDQQHZDFWLYHLQJUHGLHQWVQRW\HWUHJLVWHUHG3ROLF\GLFWDWHGWKDWWKHODWter, if assigned high-priority status, could not be registered without a complete
ULVNDVVHVVPHQW5HTXLULQJULVNDVVHVVPHQWVIRUQHZFRPSRXQGVSRVWSRQHGWKHLU
HQWU\LQWRWKHPDUNHWSODFH0RUHRYHUVWDIIUHVRXUFHVGHYRWHGWRULVNDVVHVVPHQWV
RQQHZHUFRPSRXQGV ZKLFKRIWHQSRVHGORZHUULVNV PHDQWGHOD\VLQHYDOXDWLQJ
ROGHUSHVWLFLGHVUHJLVWHUHGGHFDGHVEHIRUHZKHQOLWWOHRUQRVFLHQWL¿FHYDOXDWLRQ
was done.
Risk assessments have many
uses, but a major one is to assist
decision makers with the complex
choices regarding the options
in managing or reducing the
potential human health risks
associated with a substance or
product. … Using experience and
judgment, the (risk) manager must
determine a level of risk that is
acceptable.
— Risk assessment, risk
evaluation, and risk
management, C.J. Henry (in
Food Safety and Toxicity)

,Q'35FKDQJHGWKLVSROLF\WRPDNHPRUHHI¿FLHQWXVHRIUHVRXUFHVDQG
WRFRQFHQWUDWHRQWKHJUHDWHVWULVNV3URYLGHGDOOUHTXLUHGWR[LFRORJ\DQGRWKHU
GDWDKDGEHHQVXEPLWWHGQHZDFWLYHLQJUHGLHQWVFODVVL¿HGDVKLJKSULRULW\IRU
ULVNDVVHVVPHQWFRXOGEHUHJLVWHUHGDIWHUDUHYLHZRIGDWDDQGDVFUHHQLQJHYDOXDWLRQEXWZLWKRXWDIXOOULVNDVVHVVPHQW'35UHWDLQVWKHRSWLRQRIFRQGXFWLQJ
DIXOOULVNDVVHVVPHQWEHIRUHUHJLVWUDWLRQ 7KH86(QYLURQPHQWDO3URWHFWLRQ
Agency typically conducts a comprehensive review of new pesticide active
ingredients before federal registration.)
$WWKHVDPHWLPH'35LQWHJUDWHGLWVULVNDVVHVVPHQWWUDFNVLQWRDVLQJOHSULRUity list. The priority status of active ingredients was determined by a panel made
XSRIVFLHQWLVWVIURP'35DQG&DO(3$¶V2I¿FHRI(QYLURQPHQWDO+HDOWK+D]DUG
$VVHVVPHQW 2(++$ ,Q'35FKDQJHGLWVSULRULW\VHWWLQJWRPDNHLW
PRUHFRQVLVWHQWDQGWUDQVSDUHQW'35IRUPHGWKH5LVN$VVHVVPHQW3ULRULWL]DWLRQ:RUN*URXSRIVHQLRUVFLHQWLVWVIURP'35¶V0HGLFDO7R[LFRORJ\%UDQFK
QRZ+XPDQ+HDOWK$VVHVVPHQW :RUNHU+HDOWKDQG6DIHW\DQG(QYLURQPHQWDO
Monitoring branches, as well as a senior scientist from both the Air Resources
%RDUG $5% DQG2(++$)URPDODUJHUSULRULW\OLVWWKHZRUNJURXSGHYHORSV
DUDQNHGOLVWRIKLJKSULRULW\FRPSRXQGVIRUULVNDVVHVVPHQWLQLWLDWLRQ3ULRULtization is based on the nature and number of the potential adverse health effects
LGHQWL¿HGLQWR[LFLW\VWXGLHVQXPEHURIVSHFLHVDIIHFWHGSRWHQWLDOIRUKXPDQ
exposure and information from DPR’s Pesticide Illness Surveillance Program.
Other considerations include physical-chemical characteristics (such as volatility), use patterns, amount of pesticide used and U.S. EPA evaluations.
7KHZRUNJURXS¶VOLVWDQGGHWDLOHG¿QGLQJVDUHSRVWHGRQOLQHIRUSXEOLFFRPment. They are also presented to DPR’s Pesticide Registration and Evaluation
&RPPLWWHHIRUIXUWKHUGLVFXVVLRQEHIRUHEHLQJ¿QDOL]HGE\'357KHZRUN
group reviews the list periodically, in part to add new chemicals to replace those
GHOHWHGDIWHUULVNDVVHVVPHQWFRPSOHWLRQ%DVHGRQQHZLQIRUPDWLRQ²VXFKDV
new toxicology or exposure data, or recent regulatory actions by DPR or other
VWDWHRUIHGHUDODJHQFLHV²WKH\PD\DOVRUHYLVHWKHUDQNLQJV7KHGHSDUWPHQW
DOVRSXEOLVKHVDSXEOLFQRWLFHHDFKWLPHLWEHJLQVDULVNDVVHVVPHQW
,Q'35DVNHGWKH1DWLRQDO$FDGHP\RI6FLHQFHV 1$6 WRFRQGXFWDQ
LQGHSHQGHQWSHHUUHYLHZRI'35¶VULVNDVVHVVPHQWSUDFWLFHVWRHQVXUHWKDW'35¶V
ULVNDVVHVVPHQWSURFHVVXVHVWKHEHVWVFLHQWL¿FLQIRUPDWLRQDQGFXUUHQWPHWKRGV
The National Research Council (NRC), of the NAS, completed its review and
LVVXHGLWVUHSRUWLQFOXGLQJUHFRPPHQGDWLRQVWRLPSURYH'35¶VULVNDVVHVVPHQW
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process and reports in April 2015. The chart and text on Page 50 describe the
UHYLVHG'35ULVNDVVHVVPHQWSURFHVVEDVHGRQWKH15&UHFRPPHQGDWLRQV

HAZARD AND RISK
+D]DUGDQGULVNDUHWZRGLVWLQFWEXWLQWHUUHODWHGFRQFHSWV²WKH¿UVWDUHÀHFWLRQ
RISRWHQWLDOHIIHFWDQGWKHVHFRQGRIOLNHOLKRRGLWZLOORFFXU
Toxicity is an inherent property of all substances. That is, all chemical substances can produce harmful health effects at some level of exposure. A hazardous
substance has the potential to harm health if it is present in the environment and
if people are exposed to it. Fortunately, many hazards can be either contained or
DYRLGHGVRQRWHYHU\SRWHQWLDOKD]DUGSRVHVDKHDOWKULVN$ULVNLQWXUQLVGH¿QHG
DVWKHOLNHOLKRRGRIWKHKD]DUGRFFXUULQJLQDJLYHQVLWXDWLRQ
6FLHQWLVWVGHWHUPLQHWKHSRWHQWLDOULVNLQWZRZD\V6RPHULVNVFDQEHPHDVXUHG
directly by exposing humans to a toxin or by observing past and present disease
LQFLGHQFHSDWWHUQVLQWKHKXPDQSRSXODWLRQ5LVNVFDQDOVREHFDOFXODWHGLQGLUHFWO\
by estimating the theoretical level of human exposure and the potential severity of
KHDOWKHIIHFWVDVSUHGLFWHGE\H[SHULPHQWDOVWXGLHV7KHKHDOWKULVNVIURPORZOHYHO
exposure to environmental hazards such as pesticides are commonly determined
by the indirect method. This is because there is not enough consistent and reliable
evidence of measurable health effects in human populations exposed to low levels
RIKD]DUGRXVHQYLURQPHQWDODJHQWV$VDUHVXOWWKHH[SUHVVHGULVNVIURPORZOHYHO
HQYLURQPHQWDOH[SRVXUHDUHWKHSURGXFWRIVFLHQWL¿FHYDOXDWLRQDQGDQDO\VLVQRW
observed facts.

ASSESSING PESTICIDE RISK
%HIRUHUHJLVWUDWLRQ'35FRQGXFWVDSUHPDUNHWHYDOXDWLRQRISHVWLFLGHSURGXFWV
based on standards used by U.S. EPA and studies required by California statutes
to decide if the product can be used safely. These evaluations may prompt DPR to
deny registration, propose registration conditional on receipt of additional data, or
SURSRVHUHJLVWUDWLRQZLWKDGGLWLRQDORYHUVLJKWSURYLGHGE\PDNLQJWKHSHVWLFLGHD
restricted material. Restricted materials require a permit and are subject to site-speFL¿FUHVWULFWLRQV7KHGHSDUWPHQWPD\UHIXVHWRUHJLVWHUWKHSURGXFWXQGHUWKH86
EPA-approved label, giving the registrant the option of obtaining approval from
U.S. EPA of a revised label that incorporates additional protections satisfactory
to DPR. (Label changes must be approved by U.S. EPA, which has sole authority
over label language.)
3UHPDUNHWHYDOXDWLRQVDOVRKHOSSRLQWRXWLIDPRUHFRPSUHKHQVLYHULVNDVVHVVment is needed before the pesticide is registered. Pesticides already in use are also
VXEMHFWWRSHULRGLFUHYLHZWRDVVHVVULVNVDVVRFLDWHGZLWKXVHWKDWPD\QRWKDYH
EHHQSUHGLFWHGRUULVNVWKDWPD\QRORQJHUEHDFFHSWDEOHLQOLJKWRIFXUUHQWVFLHQWL¿FVWDQGDUGV(YLGHQFHRIVLJQL¿FDQWKD]DUGWRKHDOWKRUWKHHQYLURQPHQWFDQ
trigger reevaluation and possible regulatory action. (See Chapter 4 for a discussion
of reevaluation.)

Conservation of human wellbeing
is of utmost importance. The
commercialization of an
insecticide poison often is
attempted as soon as the new
toxicant has emerged from the
laboratory, frequently with little or
no pharmacological information.
Before there is commercial
exploitation and introduction
into homes for intimate contact
with unsuspecting users, more
data as to acute or chronic
intoxication should be available.
The determination of toxicities of
pesticides is imperative.
— 1943 California Department of
Agriculture annual report

%RWKSUHPDUNHWHYDOXDWLRQVDQGIXOOULVNDVVHVVPHQWVDUHEDVHGRQDSUHVFULEHG
VHWRIVFLHQWL¿FGDWDSURYLGHGE\UHJLVWUDQWVDVZHOODVLQIRUPDWLRQIURPDYDLODEOHVFLHQWL¿FOLWHUDWXUHDQGRWKHUVRXUFHV7KHVHLQFOXGHH[SRVXUHPRQLWRULQJ
VWXGLHVFRQGXFWHGE\'35¶V:RUNHU+HDOWKDQG6DIHW\%UDQFKDQGDLUDQGZDWHU
monitoring studies conducted by the Environmental Monitoring Branch. The application for product registration must provide all information needed to support
the different uses proposed. (See Chapter 3 for more information on the registration process.) Only products with a database that includes all required studies are
allowed to progress through evaluation. In limited instances, some chronic health
effects data may be waived in consultation with OEHHA.
California Department
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If toxicologists decide more data are needed and the pesticide is not yet registered in California, the department can require applicants to submit more data. If
the pesticide is already registered and concerns of either environmental or public
health issues are received from reports, DPR may conduct its own studies to validate those concerns or request the data from registrants through a formal reevaluation process.

CONDUCTING A HEALTH RISK ASSESSMENT
,IVFLHQWLVWVODXQFKDIXOOULVNDVVHVVPHQWWKH\EHJLQZLWKDSODQQLQJDQGVFRSing stage to decide the purpose and scope. The next phases can be divided conceptually into four elements:
• +D]DUGLGHQWL¿FDWLRQ:KDWWR[LFHIIHFWVDUHFDXVHGE\WKHSHVWLFLGH"
• Dose-response assessment. At what dose levels do these effects occur?
• Exposure assessment. How much of the pesticide are people exposed to during
DVSHFL¿FSHULRG ORQJWHUPVKRUWWHUP DQGLQZKDWVLWXDWLRQV ZRUNKRPH
SOD\ "$OVRZKRLVPRVWYXOQHUDEOH IRUH[DPSOHIDUPZRUNHUVFKLOGUHQ
women of childbearing age)?
The concept of a poison is
considered by many people to be
an all-or-none phenomenon; a
chemical is either a poison or it
is not, with no shades of gray in
between. Nothing could be further
from the truth. Such simplistic
reasoning is counterproductive to
an understanding of how and why
chemicals cause harm.
— The Dose Makes the Poison:
A Plain Language Guide
to Toxicology, by M. Alice
Ottoboni

• 5LVNFKDUDFWHUL]DWLRQ:KDWDUHWKHVLJQL¿FDQWXQFHUWDLQWLHVLQKHUHQWLQWKH
nature (animal studies) and quality of the data on which the analysis relied? At
ZKDWH[SRVXUHOHYHOVDUHKDUPIXOHIIHFWVQRWOLNHO\WRRFFXU"

Hazard identification
+D]DUGLGHQWL¿FDWLRQGHWHUPLQHVWKHYDULRXVWR[LFHIIHFWVDVVRFLDWHGZLWKWKH
chemical. Adverse effects may be acute (arising from short-term exposure), subchronic (exposures longer than a few days but less than a year), or chronic (the
UHVXOWRIH[SRVXUHRID\HDURUPRUHLQFOXGLQJOLIHWLPH 5LVNDVVHVVPHQWVFRPmonly examine certain critical effects, including:
• Carcinogenic (cancer).
• Genotoxic (heritable traits or impacts).
• Developmental (birth defects and miscarriages).
• Reproductive (male and female fertility).
• Endocrine (hormonal function).
• Neurological (brain and nervous system disorders).
• Immunological (resistance to infectious diseases; occurrence of hypersensitivity
disorders and autoimmune diseases).
&RQWUROOHGFOLQLFDOVWXGLHVRQKXPDQVFDQSURYLGHWKHEHVWHYLGHQFHOLQNLQJD
chemical to a resulting effect. However, data from poorly conducted human studies
can be inferior to other available data. Moreover, human studies are usually not
DYDLODEOHVLQFHWKHUHDUHVLJQL¿FDQWHWKLFDOFRQFHUQVDVVRFLDWHGZLWKKXPDQWHVWLQJ
of environmental hazards.
Epidemiological studies involve a statistical evaluation of human populations
to examine whether there is an association between exposure to a chemical and a
human health effect. The advantage of these studies is that they involve humans.
However, these studies typically do not have accurate exposure information. It is
DOVRGLI¿FXOWWRWHDVHRXWWKHHIIHFWVRIH[SRVXUHWRRQHSHVWLFLGHIURPWKHHIIHFWV
of exposures to the many chemicals of daily life.
The main source of information for identifying pesticide hazards and the relationship between dose and response are animal toxicity studies, which are considered well-understood predictors of toxicity in humans. Scientists rely on data from
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laboratory animals (for example, rats, mice or rabbits) to draw conclusions about
the potential hazard to humans.
Although effects seen in animals can also occur in humans, there may be subtle
RUHYHQVLJQL¿FDQWGLIIHUHQFHVLQWKHZD\VKXPDQVDQGH[SHULPHQWDODQLPDOVUHDFW
to a chemical. When relying on animal studies, scientists decide whether a chemiFDO¶VKHDOWKHIIHFWVLQKXPDQVDUHOLNHO\WREHVLPLODUWRWKRVHLQWKHDQLPDOVWHVWHG
Evaluation may also involve characterizing behavior of a chemical within the human body and chemical interactions within organs, cells or even parts of cells.

Dose-response assessment
7KHGRVHUHVSRQVHDVVHVVPHQW RIWHQFRPELQHGZLWKKD]DUGLGHQWL¿FDWLRQLQ
a single step) documents the quantitative relationship between dose and toxic
effect. Scientists consider the toxic properties of a chemical and determine the
lowest dose of the chemical that results in a harmful effect. The dose-response
UHODWLRQVKLSFDQEHGH¿QHGLQWR[LFLW\VWXGLHVE\DGPLQLVWHULQJLQFUHDVLQJGRVHVWR
groups of animals and measuring the percentage of animals exhibiting pathological changes or disease symptoms at each dose level, and the severity of the effects.
State and federal guidelines require that laboratory animals receive high enough
doses to produce toxic effects, including doses that may be much higher than those
WRZKLFKSHRSOHPLJKWEHH[SRVHG7KHUHVXOWVRIVXFKVWXGLHVGH¿QHVWKHGRVH
response relationship across a wide range of dose levels, from high doses where
pathological changes are frequent to low doses where changes are infrequent or
absent.
Dose-response relationships seen in animal studies must be adjusted to account
for differences in dose from typical human exposures, and to predict how the
responses seen in animals relate to what humans might experience. These extrapolations, among others, introduce uncertainty into the dose-response analysis. Scientists apply several uncertainty factors to compensate for the variation of responses
within animal species and between humans and animals.
Uncertainty factors are mathematical adjustments used when scientists have
incomplete information. The uncertainty factors differ depending on the chemical, on the quality of the studies evaluated, and on the severity of the effects seen
LQWKRVHVWXGLHV$VWKH\UHYLHZGDWDIRUDULVNDVVHVVPHQWVFLHQWLVWVFRQWLQXDOO\
PDNHMXGJPHQWFDOOVRQWKHFRPSOHWHQHVVRIWKHLQIRUPDWLRQDQGLWVDSSOLFDELOLW\
to human beings. These uncertainty factors consider:
• Known differences between laboratory animals and humans, and the uncertainty introduced by extrapolating from animal data to humans. Humans are much
more diverse than the inbred strains of laboratory animals used in studies, so
varied susceptibility among humans must be considered.
• The strength of the evidence that the chemical presents a hazard to human
health.

Risk assessment entails the
evaluation of information
on the hazardous properties
of substances, on the extent
of human exposure to them,
and on the characterization
of the resulting risk. Risk
DVVHVVPHQWLVQRWDVLQJOH¿[HG
method of analysis. Rather,
it is a systematic approach
to organizing and analyzing
VFLHQWL¿FNQRZOHGJHDQG
information for potentially
hazardous activities or for
substances that might pose risks
XQGHUVSHFL¿HGFRQGLWLRQV
— Science and Judgement
in Risk Assessment, National
Academy of Sciences

• 7KHNLQGRISRWHQWLDOKHDOWKHIIHFWVVHHQLQWKHVWXGLHVDQGWKHLUVHYHULW\
• The potency of the toxic agent.
• 4XDOLW\RIWKHH[SHULPHQWDOGDWDDQGNQRZQGLIIHUHQFHVEHWZHHQH[SHULPHQWDO
conditions and realistic exposures.
8VXDOO\WKHGRVHUHVSRQVHUHODWLRQVKLSXVHGIRUULVNDVVHVVPHQWVZLOOEHEDVHG
on data collected from the most sensitive species of test animal available, an exDPSOHRIWKHKHDOWKSURWHFWLYHDSSURDFKWDNHQLQUHJXODWRU\ULVNDVVHVVPHQW

Exposure assessment
([SRVXUHLVDFULWLFDOFRQQHFWLRQEHWZHHQSRWHQWLDOO\KDUPIXOVXEVWDQFHVOLNH
SHVWLFLGHVDQGKXPDQKHDOWKHIIHFWV([SRVXUHDVVHVVPHQWH[DPLQHVZKDWLVNQRZQ
about the duration, frequency (continuous or intermittent), and level of contact
California Department
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'LHWDU\5LVN$VVHVVPHQW
Dietary exposure is a function of the type and amount
of food consumed and the pesticide residues in or on
that food.
7KHUHDUHWKUHHHOHPHQWVWRFDOFXODWLQJGLHWDU\ULVN
from pesticide exposure:
• Estimating the toxicity of a pesticide (see discussion
RIKD]DUGLGHQWL¿FDWLRQ&KDSWHU).
• Estimating the amount of pesticide residues that
PLJKWEHLQRURQIRRGDQGLQGULQNLQJZDWHU
• Finding out how much food might be eaten by various subpopulation groups (considers cultural dietary
practices).
Scientists in the DPR’s Human Health Assessment
Branch use available data, standard analytical methods and predictive models, together with assumptions
designed to be protective of public health, to produce
separate exposure estimates for each exposed subgroup
of the general population.
Estimating how much residue might be in or on food
DQGLQGULQNLQJZDWHULQYROYHVVHYHUDOWKLQJV,IWKH
SHVWLFLGHLVXVHGRQIRRGFURSV¿HOGWULDOVDUHDOZD\V
done to determine the maximum legal residue (tolerance) that could result from maximum permissible use
of the pesticide, that is, the maximum application rate
as close as possible to harvest. Because this data may
overestimate typical residues, the U.S. Food and Drug
Administration (FDA), U.S. Department of Agriculture
(USDA) and DPR all have programs in which they
test random samples of fresh produce for residues. The
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)'$DQG86'$DOVRWHVWIRUUHVLGXHVLQFRRNHGDQG
processed foods. Because these samples are analyzed
closer to the point of consumption, the resulting data
can characterize pesticide residues in food to more
closely approximate real-world exposures. NonetheOHVV'35PD\UHO\RQ¿HOGWULDOGDWDZKHQVFLHQWLVWV
believe the information will provide more accurate
exposure estimates.
USDA conducts nationwide surveys every several
\HDUVWRHVWLPDWHWKHNLQGVDQGDPRXQWRIIRRGWKDW
people eat. Food consumption is reported for people of
different racial and ethnic groups, age groups, genders,
geographical regions and seasons. The consumption
rate is expressed in terms of body weight and accounts
IRUDSRWHQWLDOO\KLJKHULQWDNHE\FKLOGUHQDVFRPSDUHG
to adults, per pound of body weight.
Dietary exposure to a pesticide is based on the estimated food consumption coupled with the estimated
pesticide residue levels on the food. These dietary
exposure estimates are combined with the toxicity data
WRDVVHVVWKHULVNWRYDULRXVSRSXODWLRQVXEJURXSV
including infants and children, from the exposure to
pesticide residues in food. Both chronic and acute
dietary exposures are generally considered. Chronic
exposure occurs over a long period; therefore, it is calculated using average consumption and residue values.
In contrast, acute exposure considers the highest single
(acute) exposure. It is calculated using individual
consumption data. The resulting information on dietary
ULVNLVWKHQLQFOXGHGLQDQRYHUDOODVVHVVPHQWRIWKH
ULVNSRVHGE\WKHSHVWLFLGHIRUDOOXVHV
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ZLWKDSHVWLFLGH,QWKLVSKDVHRIULVNDVVHVVPHQWVFLHQWLVWVH[DPLQHSRWHQWLDO
H[SRVXUHWRDSHVWLFLGHDWZRUNDWKRPHLQDLUDQGIURPGLHWDU\IRRGDQGZDWHU
Scientists then calculate a numerical estimate of exposure or dose.
Toxicologists determine who might be exposed and then evaluate subpopulations by occupation, age, gender, ethnicity and other factors. Subpopulation groups
PLJKWLQFOXGHSHVWLFLGHKDQGOHUVIDUPZRUNHUVRWKHUSHVWLFLGHXVHUV IRUH[DPSOH
people using home-and-garden products), bystanders (people near treated areas),
and others who may be exposed (for example, by entering treated areas or eating treated food). The intent is to characterize exposure to the most vulnerable
or highly exposed populations. For example, for some (but not all) substances,
FKLOGUHQPD\EHPRUHDWULVNWKDQDGXOWV7KLVFDQEHEHFDXVHWKH\HDWGULQNDQG
breathe more in proportion to their body size. Their bodies are still developing and
may process the pesticide differently. They also behave differently—for example,
crawling and hand-to-mouth activity can expose them more to chemicals. DPR,
OLNHRWKHUUHJXODWRU\DJHQFLHVPDNHVLWDKLJKSULRULW\WRLGHQWLI\DQGDVVHVVHQYLURQPHQWDOKHDOWKULVNVWKDWPD\GLVSURSRUWLRQDWHO\DIIHFWFKLOGUHQ
Exposure assessments begin with an evaluation of the physical and chemical
FKDUDFWHULVWLFVRIDSHVWLFLGH6FLHQWLVWVHYDOXDWHZKHWKHUSHVWLFLGHEUHDNGRZQ
products occur, the half-lives of the chemical in various media (for example, air or
water), and other properties. To better understand exposure, scientists review huPDQH[SRVXUHVWXGLHVSHVWLFLGHSURGXFWODEHOLQJZRUNHUDFWLYLW\LQIRUPDWLRQDQG
pesticide use data to identify every situation where a pesticide is used. Scientists
also review pesticide illness and injury data to identify potential health problems
caused by exposure to the pesticide. To evaluate dietary exposure, scientists review
GDWDWR¿QGRXWSRWHQWLDOUHVLGXHVRQDQGLQIRRGDQGGULQNLQJZDWHU See Page 48
for more information on dietary risk assessment.)

Risk assessment is a set of tools,
not an end in itself.
— Science and Judgment in Risk
Assessment, National Academy
of Sciences

6FLHQWLVWVSUHIHUWRXVHFKHPLFDOVSHFL¿FDQGDFWLYLW\VSHFL¿FH[SRVXUHGDWD
WRGHULYHH[SRVXUHHVWLPDWHVIRUWKHULVNDVVHVVPHQW+RZHYHUZKHQVXFKGDWD
are unavailable (which is often the case), they may use a surrogate approach.
Surrogate data are substitute data or measurements on one substance (or population) used to estimate analogous or corresponding values for another substance
(or population). Scientists can use data from surrogate studies or from generic
databases such as the Pesticide Handlers Exposure Database (PHED) developed by
Health Canada, U.S. EPA and the pesticide industry. PHED is a generic (multiple
SURGXFWVDQGVWXGLHVDVRSSRVHGWRDFWLYLW\DQGSURGXFWVSHFL¿F SHVWLFLGHZRUNHU
exposure database containing measured values of dermal and inhalation exposures
IURPGR]HQVRI¿HOGVWXGLHV
7RLPSURYHWKHDFFXUDF\RIH[SRVXUHLQIRUPDWLRQ'35VFLHQWLVWVFRQGXFW¿HOG
studies to monitor human exposure, using surveys, measurements of residues in
VRLOLQDLULQZDWHULQIRRGDQGRQSODQWVVNLQDQGFORWKLQJDVZHOODVEORRGDQG
urine analyses. (See Chapter 8 for more information on exposure monitoring studies.)
Exposure assessment considers both the exposure pathway (the course a pesWLFLGHWDNHVIURPLWVVRXUFHWRWKHSHUVRQ DVZHOODVWKHH[SRVXUHURXWH KRZWKH
SHVWLFLGHHQWHUVWKHERG\ '35¶VULVNDVVHVVRUVFRQVLGHUDOOOLNHO\H[SRVXUHURXWHV
LQKDODWLRQ EUHDWKLQJ GHUPDO VNLQRUH\HV DQGRUDO GLHWDU\IRRGDQGZDWHU 
7KH\DOVRORRNDWDOOH[SRVXUHVFHQDULRVLQFOXGLQJRFFXSDWLRQDOUHVLGHQWLDOLQGXVtrial, institutional, environmental and bystander (exposure to off-target drift).
/LNHO\URXWHVRIH[SRVXUHDUHFKLHÀ\LQKDODWLRQRIDLUFRQWDLQLQJGXVWVDQG
YDSRUVVNLQFRQWDFWHLWKHUZLWKWKHSHVWLFLGHVSLOOHGRQVNLQRUE\FRQWDFWZLWK
treated foliage, soil or other surfaces (for example, carpets), and eating foods and
GULQNLQJZDWHUZLWKSHVWLFLGHUHVLGXHV'HSHQGLQJRQWKHFKHPLFDODQGSK\VLFDO
properties of the substance, a particular exposure might not be considered sigQL¿FDQW)RUH[DPSOHDJLYHQFKHPLFDOPLJKWQRWEHDEVRUEHGE\WKHERG\ZKHQ
VSLOOHGRQWKHVNLQ EHFDXVHRIDORZGHUPDODEVRUSWLRQUDWH EXWPD\EHDEVRUEHG
California Department
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Developing a Risk Characterization Document

1. Outreach

2. Gather and summarize
available data

4. Public presentation of
scoping conclusions

5. DPR drafts risk assessment
and exposure assessment
to develop draft RCD

7. External review of RCD

8. RCD finalized

3. Managers and staff meet to
discuss problem formulation
of Risk Characterization
Document (RCD)

6. DPR internal review of RCD

9. DPR develops risk
management directive

ZKHQSUHVHQWLQGULQNLQJZDWHU2QWKHRWKHUKDQGZLWKVRPHFKHPLFDOVVXFKDV
WKRVHWKDWFDXVHVLJQL¿FDQWLUULWDWLQJHIIHFWV IRUH[DPSOHH\HRUEUHDWKLQJLUULWDtion), and those with rapid entry into the body, exposure may be the driving factor
in an exposure assessment. Exposure to a chemical, therefore, is not necessarily
V\QRQ\PRXVZLWKKRZPXFKFKHPLFDOLVDEVRUEHGE\ERG\ÀXLGVDQGWLVVXHV
,QDOOKHDOWKULVNDVVHVVPHQWVVFLHQWLVWVPXVWPDNHDVVXPSWLRQVWRHVWLPDWH
human exposure to a chemical. To avoid underestimating human exposure to
DFKHPLFDOVFLHQWLVWVW\SLFDOO\ORRNDWWKHUDQJHRISRVVLEOHH[SRVXUHV6RPH
individuals may have a high degree of contact for an extended time (for example,
agricultural applicators). Other individuals may have a lower degree of contact for
a shorter time (for example, people using home-and-garden products).

RISK CHARACTERIZATION
$ULVNFKDUDFWHUL]DWLRQSUHVHQWVTXDOLWDWLYHRUTXDQWLWDWLYHHVWLPDWHVRIWKHOLNHOLhood that any of the hazards associated with the pesticide will occur in exposed
people. It examines how well the data support conclusions about the nature and
SUHVHQFHRUDEVHQFHRIULVNVDQGGHVFULEHVKRZWKHULVNZDVDVVHVVHGDQGZKHUH
assumptions and uncertainties exist.
,QSUDFWLFHHDFKSDUWRIWKHULVNDVVHVVPHQW²KD]DUGLGHQWL¿FDWLRQGRVH
UHVSRQVHDVVHVVPHQWDQGH[SRVXUHDVVHVVPHQW²KDVDQLQGLYLGXDOULVNDSSUDLVDO
GHVFULELQJNH\¿QGLQJVDVVXPSWLRQVOLPLWDWLRQVDQGXQFHUWDLQWLHV7KHVHULVN
DSSUDLVDOVSURYLGHWKHEDVLVIRUDQLQWHJUDWLYHULVNFKDUDFWHUL]DWLRQGRFXPHQW
5&' 7KH5&'LQIRUPVULVNPDQDJHUVDQGRWKHUVDERXWWKHUDWLRQDOHEHKLQGWKH
VFLHQWLVWV¶DSSURDFKWRWKHULVNDVVHVVPHQW²ZK\WKHDVVHVVRUVGLGZKDWWKH\GLGWR
DVVHVVWKHULVN
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$OWKRXJKVFLHQWLVWVFDQHVWLPDWHULVNVFDXVHGE\WR[LQVLQDQLPDOVH[SRVHG
experimentally or in humans who have unusual exposures, extrapolating these
HVWLPDWHVWRWKRVHH[SHFWHGLQSHRSOHXQGHUDZLGHUDQJHRIFRQGLWLRQVLVGLI¿FXOWDQGFRPSOH[%\WKHLUQDWXUHULVNHVWLPDWHVUHO\RQWKHXQGHUO\LQJGDWDDQG
assumptions and may not be completely accurate. Scientists seldom have enough
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information on actual exposure and on how toxins harm human cells. The exposure
assessment often draws its conclusions from multiple sources that include physical
chemical properties, monitoring data and computer models. To convert results of
animal experiments at high doses to human exposures at low doses, dose-response
relationships often rely on assumptions about the effects of toxins on cells.
:KHQGDWDDUHODFNLQJRUXQFHUWDLQULVNDVVHVVRUVPXVWXVHDFRPELQDWLRQRI
VFLHQWL¿FLQIRUPDWLRQDQGWKHLUEHVWMXGJPHQWWRFKDUDFWHUL]HULVNV5LVNDQDO\VWV
JHQHUDOO\PDNHKHDOWKSURWHFWLYHDVVXPSWLRQVWKDWWHQGWRSUHYHQWWKHPIURPXQGHUHVWLPDWLQJWKHSRWHQWLDOULVN²WKDWLVWKH\HUURQWKHVLGHRIVDIHW\WREHWWHUSUHYHQW
harmful effects.
After review by DPR scientists, draft RCDs undergo external peer review by
scientists at OEHHA. DPR also sends each RCD to U.S. EPA for review and may
FDOORQRWKHUVFLHQWL¿FH[SHUWVIRUH[WHUQDOUHYLHZ,QDGGLWLRQVWDWHODZUHTXLUHV
draft RCDs for pesticides that are potential toxic air contaminants to be evaluated by
DVFLHQWL¿FUHYLHZSDQHO3HHUUHYLHZLVLQWHQGHGWRXQFRYHUDQ\WHFKQLFDOSUREOHPV
RUXQUHVROYHGLVVXHVLQDGUDIWZRUNSURGXFWWKURXJKWKHXVHRILQGHSHQGHQWH[SHUWV
DPR scientists use the information provided by reviewers to revise the draft as necHVVDU\VRWKH¿QDOZRUNSURGXFWUHÀHFWVVRXQGVFLHQWL¿FLQIRUPDWLRQDQGDQDO\VHV
3HHUUHYLHZLVGHVLJQHGWRVWUHQJWKHQDVFLHQWL¿FZRUNSURGXFWVRWKDWWKHGHFLVLRQRU
SRVLWLRQWDNHQE\'35EDVHGRQWKDWSURGXFWKDVDVRXQGFUHGLEOHEDVLV
OEHHA scientists perform
external peer reviews on
DPR's risk characterization
documents.
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