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Objectives

At the conclusion of the session, participants
will be able to:

= Summarize the scientific literature on the
impacts of environmental contaminants on
reproductive health in adolescents, men,
and women.

Objectives (cont)

At the conclusion of the session, participants
will be able to:

= |dentify and implement use of tools that can
assist patients in making informed
decisions about avoiding common
environmental contaminants.

Objectives (cont)

At the conclusion of the session, participants
will be able to:

= Propose clinical care recommendations
related to environmental contaminants that
have the potential to improve reproductive
health.

Background

Pesticide Usage in the U.S. (2001)

* Other includes nematicides, fumigants,
rodenticides, molluscicides, aquatic and
fishybird pesticides, other miscellaneous
conventional pesticides, plus other chemicals

used as pesticides (e.g., sulfur and petroleum

Pesticides are chemicals intended to be toxic to living organisms
Classified by “target” organism and chemical class --- i.e., insecticide and organophosphate
Over 1.2 billion pounds of pesticides used in U.S. in 2001

Source: Pesticides Industry Sales and Usage 2000 and 2001 Market Estimates By Timothy Kiely David Donaldson Arthur Grube,
Ph.D. USEPA (2004). hitp:/iww.epa.govioppbeadi/pestsales!
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Besearch | Arficle . Pesticides are formulated from
mixtures of “active” and “inert”

. Over 1300 active ingredients with
dissimilar structures and diverse
toxicities that may act through
different mechanisms

. “Inert” is a functional designation,
NOT a measure of health risk.
®  Inerts can increase the ability of
pesticide formulations to affect
significant toxicologic end points,
including developmental
v neurotoxicity, genotoxicity, and
The dilution of glyphosate (the active ingredient) in disruption of hormone function
Roundup (with inerts) may multiply glyphosate’s
endocrine effect

Saurces: Cox C, and Surgan M. Undenthed esicides: implicatons
1803-1806. Richard 5. Mosiemi 5, Sipahutar H, Benachour N, Serlln G-
Perspect. 2005:113:716-720, Pesicide Action Network, Norih America, PAN Pestcile Database. List of
ystom, U.S. EPA, June 26, 2005, e ngredents, Cal

205t

HealEnvion Health Perspect. 2006 Decerber. 114(12):
Envron Health

d Acive Ingredients, From Pestcide
Regulaton, January 28, 2005.

Exposure

= Ubiquitous
B Innearly every home, business, farm, school, hospital and park in
the U.S.
B The USEPA estimates almost three of four U.S. households use
pesticides

B Every child conceived today in the Northern hemisphere is
exposed to pesticides from conception throughout gestation and
lactation regardless of where it is born

= Disparities

B Most vulnerable populations are fetus, infants, children and
exposed workers

Sources: Kiely T, Donaldson D, Grube A. Pesticide Industry Sales and Usage. 2000 and 2001 Market Usage. USEPA May 2004.
Colborn T. A Case for Revisiting the Safety of Pesticides: A Closer Look at Neurodevelopment. Environmental Health Perspectives
Vol. 114. No. 1. January 2006. USEPA hitp: p: htm

Pesticide Exposure: Disparities

= Women in a largely
agricultural cohort in
the Salinas Valley of
California had median
postpartum urinary
DAP metabolite levels
that were 2.5 times
higher than those for
NHANES women.

Pesticides in Food

B3 Puotcxs Dta Frogmm

Pesticide Residues in Samples of:

62.1 % Fruits & Vegetables (N=6101/9818)
30% Peanut Butter  (N= 223/739)
19% Bottled Water (N=70/367)

Number of Pesticides In Food
Samples (N=12,921 samples)

5355

os

04

- 262%
Pesticide residue data on commodities most 0
frequently consumed by infants and children o
Samples collected close to the point of o
consumption and prepared emulating 31 32
consumer practices - washed, peeled, etc. Number of Pesticides Detected

‘Source: USDA Pestcide Data Program
D v amS, sl QOWAMS Y1 O/ams fech TemplateData do?templ
alefiNav=Soenceandl aboratoiesépage=PestcideDalaProgramaresutType=

Pesticides in Food

Average food ingestion
exposures for the U.S.
population exceeds
“benchmark”
concentrations for
arsenic, chlordane, DDT,
dieldrin and dioxins

Lhetary L sposur=s io | 0od Lantaminants acoss e Unied e

A benchmark concentration
represents a daily
concentration below which
there is a high probability of
no adverse health effect

o Hervek Hot, 5. Reer . Pamacos L eiad OA, Wood T3 Envrormeral
Research Secton & B4, 170 165 (2000

Pesticides in Water

Environmental Effects of Pesticide
Runoff

. Millions of birds, fish and smaller
aquatic animals that fish depend on
for food die every year from
exposure to pesticides

. Major contamination of waterways

. Population declines in animals and
plants by destroying habitats and
reducing food supplies

. Impairment of normal reproduction

= Destruction of both pest and
beneficial organisms
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Pesticides at Home Reproductive Health Outcomes

* Lawn application of 2,4-D
Pre-application exposure
1.94 mcg/d

Every chemical class of pesticides
has at least one agent capable of
affecting a reproductive or
developmental endpoint in
laboratory animals or people

+ Post-Application — 8.87
mcg/d
Two Weeks After Application

* 2,4-D pesticide tracked in
by family dog and home
owner (applicator)

‘Source:Nishioka M, Levis RG, Binnan MC, Burkholder HM, Hines CE, Menkediok J, 2001 Distasion of 2.4 i s and o surfaces nside Frazier LM. Reproductive disorders associated with pesticide exposure. J Agromedicine.
e i st 2400kt Fraier LWl R
Potential effects of pesticides on female Preconception and Prenatal
reproduction EXposures (valeand Female)

Preconception, prenatal, and/or pesticide exposure via lactation
has been linked to:

= Delayed conception

= Spontaneous abortion

= Stillbirth

= Preterm birth

= Fetal growth deficit

= Birth defects

= Childhood and adult cancer

= Delayed developmental milestones
= New-onset childhood asthma

=  Childhood lung and middle ear infections, allergies, and impacts on
postnatal growth in height

) . y Source: Wigle DT, Arbuckle CITE, Tumer MC et al. Epidemiologic Evidence of Relationships Between Reproductive and Child Health
Source: Bretveld RW. et al. Pesticide exposure: the hormonal function of the female reproductive system Sou e PRt i o O AU

disrupted? Reprod Biol Endocrinol. 2006 May 31;4:30,

Preconception and Prenatal Pesticides Known to Cause Reproductive
EXpOSUfeS (Male and Female) Toxicity

Strongest available human evidence*

Cal-EPA’s list of

=  Adverse impacts to fetal growth and survival and prenatal exposure

to DDT/DDE; chemicals known
= Spontaneous abortion and prenatal exposure to ethylene oxide; and to h ave
= Childhood cancers (leukemia, lymphoma, brain and bone) and rep rOd u Ctive
prenatal and paternal exposure to a variety of pesticides tOXi c | ty | n Cl u d es
* Based on relationships for which several epidemiologic studies, including at 42 p esticides

least one case control or cohort study, found fairly consistent associations and
evidence of exposure-risk relationships after control for potential confounders

Source: Wigle DT, Arbuckle OTE, Turner MC et al. Epidemiologic Evidence of Relationships Between Reproductive and Child Health
o “Chemical Cont . Journal of Toxicology and Environmental Health, Part B, 11:3733517, 2008. Sources: Solomon G. Pesticides and Health. A Resource for }.—{ea\lh.Care Professionals (2000). Physicians for Social
Responsibility and Californians for Pesticide Reform; California Environmental Protection Agency
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Prevention - What Can Clinicians Do?

Prevent Harm - Health care
providers can be extremely effective
in addressing pesticide exposures
in the lives of their patients and in
their communities. The do not need
to become experts in order to fill an
important and crucial role (NEETF,
2002).

Intervene Early - By the first
prenatal care visit, disruptions of
organogenesis may have already
occurred (Frazier, 2007)

Natianal Strategies for Heath Core P
Pesticides Initiotive

Sources: The National Environmental Educaltion & Training Foundation. National Strategies for Health Care Providers: Pesticides Infiative.
March 2002 hitp:wwww. neefusa.or/pdfimplementationPidt
Frazier LM. Reproductve disorders associated with pestcide exposure. J Agromedicine. 2007;12(1)27-37,

Clinical Setting

Recognize, Diagnose and Report

= Take an environmental and occupational history
= Consider pesticide exposure in differential diagnosis

= Call upon an appropriate specialist or expert for assistance in

challenging cases

= Have ready access to a recommended referral list of resources

and contacts

= Report exposure incidents to the proper health authorities -
California health care providers are required to report pesticide-

related illness

‘Source: The National Environmental Education & Training Foundation National Strategies for Health Care Providers: Pesticides|
I

Initiative. March 2002 hitp/lwww.neefusa.org/pdi/implementationPid

Clinical Setting
Provide Anticipatory Guidance to Patients

Prevent Exposure At Work

Do not enter treated areas until it is safe
Do ot bring food into a treated areas
Keep pesticides off your skin

Use respiratory protection when required
Wash hands before eating

Don’t Take The Workplace Home

Do not use water in drainage ditches for
drinking, bathing, swimming o fishing
Change clothes and shower if possible
before entering house and or/playing with
your children

Never take pesticide containers home

Keep pesticides out of your home

Store and wash clothes separately

Know Your Rights

Workers in agriculture and structural pest control
are at risk

Clinical Setting

Provide Anticipatory Guidance to Patients

Prevent Exposure At Home

= Prevent a pest problem
before it happens

=  Fixleaks
=  Putfood in tightly sealed
containers

=  Seal cracks and holes in walls,
floors and baseboards

=  Keep floors and surfaces clean
at all imes

= Use alternatives
pesticide.

htp: html#
alternatives

MANAGING FLESS WITHOUT Poistns

Clinical Setting
Provide Anticipatory Guidance to Patients

1

MDA daily concentration gL}

Prevent Exposure From Food

Organic diet

]
i
:
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Organic diet
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23 children monitored for metabolites before/after organic diet
Levels of urinary metabolites for chlorpyrifos and malathion reduced to non-

detectable

Again elevated on re-introduction of conventional diet

Source: Lu C et al. 2006,

Environ Health Perspect. 2006 Feb;114(2):260-3.

Clinical Setting

Provide Anticipatory Guidance to Patients

Prevent Exposure From Food

= Grow your own organic
vegetables (test the soil for lead

SHOPPER'S GUIDE TO

PEST!
in PRODUCE
DIRTY DOZEN

=
CIDES:

first!) iy Thesa Organic (¢ \ Pestlcide
Peaches. Onions
= Buy organic food Aoples Avocade 3
Sweet Bell Peppers | Swiet Com Frosent
. . [ P
= Your patients can lower their o neapgles
T Mectaries Mango
pesticide exposure by almost 90 [y St Peas Fratent
percent by avoiding the top Chamies~ - Asparagus
twelve most contaminated fruits ethxe Kiwd
and vegetables and eating the Grapes Orperted Dananas
least contaminated instead Pears Caoboge
Spmach Broccol
Patatoes Fouplan
Source: Environmental Work Group http://www. s josdnessey
=
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Policy Arena

Advocate for Healthy Food Systems

= Global Health and

1 arm
- Safety Initiative

A sector-wide

designs, builds and

well as the products

Farm‘ers Market those facilities

Kaiser Hospital, Richmond, CA

collaboration to transform
the way that healthcare

operates its facilities as

healthcare uses within

Source: The Global Health and Safety Initiative http: 2flash=about_us

Policy Arena
Advocate for Improved Public Policy

California Medical Association Pesticide Exposure Prevention Policies

*  IMPROVING HEALTH THROUGH SUSTAINABLE FOOD PURCHASING (2007)
Encourage hospitals to adopt policies and implement practices that increase the purchasing and serving of food
rown according to organic or other methods that emphasize renewable resources, ecological diversity, and
fair labor practices

PESTICIDES AND SCHOOLS (2004)

Strengthen health protection of students, teachers, and other school employees ... through adequately funded
and implemented least-toxic school pest management programs, that strictly prohibit the school use of highly
toxic pesticides

AGRICULTURAL PESTICIDE DRIFT (2000)
Strengthen efforts to protect schools and residential areas from pesticide drift and off-site pesticide movement

FARMWORKER PROTECTION FROM PESTICIDES (2000)
Support efforts to reduce farmworker exposure to pesticides; strengthen enforcement of existing laws by
increasing fine levels; encourage physician awareness of pesticide illness and reporting

. HEALTHY SCHOOLS (1999)
Protect indoor air at California schools; recommend statewide implementation of least-toxic school pest
management programs; include parents in pest management decision making.

Complete text of California Medical Association resolutions at: http://www.sfbaypsr.orgiwork_cma.html

Conclusions

«  The body of scientific evidence
continues to build regarding the
impact of pesticides on
reproductive health

« A precautionary approach that
emphasizes prevention provides for
good patient and public health

«  Guidance on preventing patient
exposures to pesticides should be
incorporated into preconception
and prenatal visits

«  Clinicians can contribute greatly to
“upstream” prevention issues
beyond the clinical setting

Additional Resources

= USEPA Recognition and Management of Pesticide Poisonings by the U.S. EPA
(Available in Spanish)
http://www.epa.gov/oppfeadi/safety/healthcare/handbook/handbook.htm

= U.S. Environmental Protection Agency www.epa.gov/pesticides

= California Environmental Protection Agency Office of Environmental Health
Hazard Assessment http://www.oehha.ca.gov/pesticides/programs/services.htm
On-line free training - https://www.mededpesticide.org/

=  Association of Occupational and Environmental Clinics http://www.aoec.org

" National Pesticide Information Center http://npic.orst.edu/

One person, one pesticide, multiple
routes

Drinking water

Amniotic
fluid and
breast milk

“The Timing Makes the Poison”

= Stage specific effects of pesticide exposure

B Ethylene oxide can induce skeletal effects when
administered to mice at the zygote stage of
development ... long before skeletogenesis begins

B Spectrum of skeletal effects observed after exposure at
the zygote stage differs from those observed after
exposure during organogenesis

o e o T g A e e .
2008
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Characteristics of pesticide exposure
that influence health outcome

= Nature of the chemical
= Individual susceptibility
= Amount

= Duration

= Timing

Preconception & Prenatal Exposure

e On RS oror R S g s o
preservat
Delayed Fronatal Trona Prenata, Patemal Prenaw  Pawmal  Paemal Frenata, Pater
Concept
Spontan Paemal  Prenal  Prenat Patemal Prenaial,  Prenatal, Patemenaial, Pateuénaia, Prendtbnata  Prenatal Paten
abortion atemal Patera
Stillbirth  Patemal Prenatal Prenatal Prenaal  Prenatal  Prenatal Prenatal, Paten
Preterm Bifgmel  Prenaal Pateral Prenatal Prenatal  Prenatal  Prenatal Prenata, e
Fetal Gr¢ Paemal  prenaal Prenatal Prenatal Prenatal  Prenatal  Prenatal Prenata, Pater
Deficit
Ralationships fo which susies. g at st or cohort study, found ass and

Relationships for which epidemiologic studiies were lmited in number and quality (9. smallstudies, ecalogical studies, imited control of potenial
exposure sisk relationships.
Source: Wig DT, Atbucke DITE. Tumer MC et Epidemilogc Evidence of Relaonships Betveen Reproducte and Chid Healh
Chemical Cont: Journal of Toxicology and Environmental Health, Part B, 11:3733517, 2008.

Preconception & Prenatal Exposure

[ —— Funpeides et pocises St tumgens

Childhood
Cancer
Leukemia P P [A—— pura P, puers
Lymphoma o P
Brain P P J—— [—— [rm— P
Neuroblastoma fa—— [asw—
Wilm's tumor P Prens [RSe—
Other Cancers P o P P pas oo
udies, incuin cahort study, found farly and

which st 9
evidence of exposure.risk relationships after control for potenial confounders
Relationships for which epidemiologic studies were imited in number and quality (e, smal studies, ecological studies, limited control of potenial

Source: Wigle DT, Arbuckle CITE, Turmer MC et al. Epidemiologic Evidence of Relationships Between Reproductive and Child Health
Outcomes and Environmental Chenical Contaminants. Journal of Toxicology and Environmental Health, Part B, 11:3733517, 2008

Adult Exposures (Women and Girls)

Limited data “[do] not provide consistent evidence for the T .
presence or absence of risk for particular contaminants Seiecefning emironmerts] eananinan exposes
Compounds that can influence the normal balance of . .
hormones, including many pesticides ... appear related to il ey énd rpeodactve heallh impacts in fhe

risk for many adverse reproductive outcomes.” Examples: ol ke
Puberty

DDT/ DDE associated with earlier age at puberty, including Mo oD T e 0, T B U
outcomes such as thelarche and precocious puberty, as well i
as earlier age at menarche

Menstrual and Ovarian Function
Longer cycles, missed periods and abnormal bleeding
observed in a study of hormonally active pesticides

Fertility and Fecundity
Working with or applying pesticides, primarily in agricultural
and horticultural settings, appears to consistently reduce
fertilty and/or fecundability

Menopause
Age at natural menopause was younger for women exposed
to DDT, DDE, and other pesticides

Mendola P, Messer LC, Rappazzo K. Science linking environmental contaminant exposures with fertilty and reproductive
health impacts in the adult female. Fertil Steril. 2008 Feb;89(2 Suppl):e81-94.

Adult Exposure (Males)

Sterility

. Occupational exposure to

dibromochloropropane (DBCP)

caused profound and in many cases

permanent effects on

spermatogenesis (Whorton et al.,

1977) TIEETLEW decompressor

are necde o see S pctre.

. Human data on the relationship of

semen quality with pesticide

exposure are limited and do not

currently allow for a definitive

conclusion on whether adult

exposure, at background

environmental levels, alters

semen quality (Hauser, 2006)

Whorton D, Folart D. DBCP: eleven years later. Reprod Toxicol. 19882(3-4):155-61; Whorton D, Krauss RM, Marshal S, Milby TH
Inferty in male pestcide workers. Lancet. 1977 Dec 17;2(8051):1259-61; Hauser R. The environment and male fertiity: recent
research on emerging chemicals and semen quality. Semin Reprod Med. 2006 Jul;24(3):156-67.

Hormonally Active Pesticides

= Signals from wildlife and animal studies

Atrazine is the most commonly used
herbicide in US --- found regularly in
rain and drinking water in the US.

Exposure to atrazine induced
testosterone failure in frogs
(Hayes et al., 2003)

IS

Hundreds of animal studies
demonstrate developmental effects of
hormone-like compounds present in the
environment are biologically plausible---
cause and effect relationships in human
populations have not been established
(Foster, 2000)

Testosterone (Ng/mi)
N

Contrel  Atrazine- Centrl
al 1 Females

Males

Hayes T, Haston K, Tsui M, Hoang A, Haeffele C, Vonk Foster, AW. Alrazine-Induced Hermaphroditism at 0.1 ppb in American Leopard

Frogs (Rana pipiens): Laboratory and Field Evidence Environmental Health Perspectives Volume 111, Number 4, April 2003; Chan S,

Platt L, Hughes C. Detection of endocrine disrupting chemicals in samples of second trimester human amniotic fluid. Journal of Clinical
and Metabolism. Vol. 85 No. 8. 2000
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Human Evidence
Pesticides and Reproductive and Developmental Health

. = 5 pesticides accounted for over
Scope of human evidence one-third of all studies (87/257) and
almost two-thirds of all studies that

. 257 studies and reports as of specified a pesticide (N=87/137)
2002
®m  DDT
= Few human studies of reproductive W AgentOrange
and developmental outcomes for = DBCP
most currently used pesticides m  Lindane
B Pentachlorophenol

. Most human data are for banned or
restricted pesticides = DDT and its metabolite DDE had
greatest number of studies (27/257)

Source: Laessig S, Tabacova SA, Kimmel CA. A review of reproductive and developmental effects of pesticide exposure in humans.
Journal of Children's Health. Vol. 1. No. 4, pp.405-447 (2003)
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