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,. ·:\ A pesticide is any substance used to prevent, destroy, repel, or mitigate ·
· \ · \ri~~ds, rodents, nematodes, fungi, weeds, or other organisms consid~!~4 
. ·. j_ pists/ Plant growth regulators, defoliants, desiccants, and .insect repellents 

"atfalifcfaniorig . the many. substances regulated as pesticides. Pesticides . are 
, c ,<ui5lqi.i\tous, being used 'in homes, schools, workp1aces, and communitfos, 
- · .. :P.est\dcfe.s play an iinpcfrtarit pestn1anage1nent role in most conventional and 

:. \ org~i'.i!<':agriculforal opefotions worldwide. The widespread dissemination of 
;.\.', ee%t~cides, howeve1; ci:eates potential for related mness and injury, especfolly 
- : .) tmongp'esticide hax1.dlers and 'agricultural workers. ' . . ·· . 

. . c. :. : :_ Forrii.'u1atecl pesticide p.roducts consist of active ingredients (those chem~ 
'.'',') cal co~p.ourrds that have·p~sticidal action) and inert ingredients (chemicals 

" : s~c11 ·~s so.aps, 'adjuiianfs, ,ii'rid carriers having no pesticidal action, but never-. 
'theless possibly being fiai;1nful to humans):-The chemical components ·of 
so.me,pestltic1e mate_r1a1s catiser:oiso.ning by irtterferii-ig with biochennca1 NZ~,

_··· ;r;&t;~°,g:1 t:1~1~2Etf ;1iet~t{)~ttr;t~t~Jtf ~~~:~·;:.:df :n ~D~NI%t··
the· dpse":' Some pestii::ide 'c6n:\p6ttrids 'iire·verytoxican<l ca use pbiso'niiig at 

, to?\ct9Je\~g~s-~t~K~ f~W:1t?.es. oftµ ef~~as' t11~yote11ti~r to cau~e :s~yer~r~ft 
. ·ne~spr,.~ye.11 death . Qther pesticide compounds are so rruldly toxic that la,rg~ .

. , --qu'~1\Htj~s of the acth;e 'ingr.fcti~ht h-fost erifor the body before signs of iUr1ess 
·. o{ipHW( ca~ be cietect~cj.Ji<'po~ure to t~i·tain chemicals lLSed as pe~,~(~1:aii( 

· c~Jreli\te~_; t6 . specific cri.fgnlc. disprders,_ alth~ugh it . is difficult to a:c~iirtlt{:!ly. 
'' r,recHct ~wluit effects '. 2.~ \ e~i.1lt"'fro'irdong~t~rm 'repeated exposures tci inb's_'t .

'..:.c,J y;pes<?fP~?til=idc\lchem.,(cals ....... 1 • . • •• , '·,i_.,. :•

'? t!ii1fl1!~1iit!~~~~~t!W:£1f·£:~;~;;;;~~i
· H~eJy,r6,rkneai:areas v..•hefo·.pesHcides ~ie\ised, eat contaminated produce, or\
', tC>/ ~i:;h.recei1lly treated foh~ge; livesfockoi· poultry, stored products, clothing/ 
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or . furnishings. Spills or accidents may result in high levels of exposure. 
Sometimes the circumstances of exposure reveal the approximate amonnt 
absorbed. For example, exposure to drift from a spray application that has 
been properly diluted for field application is not likely to convey a large dose, 
t:,nless exposure has been prolonged. In contrast, spills of concentrated mate~ 
nal onto the skin or clothing may well represent a large dose of pesticide, 
unless the pesticide is promptly and properly removed . 

. In some cases, poisoning or injury may result from a single exposure to a 
specific pesticide. In other cases, symptoms do not occur until a person has . 
been exposed repeatedly to small doses of a single compound or combination 
~f materials over a period of time. Individuals commonly vary in their reac- .

. · tion to a pesticide exposure dose. Some people may exhibit no noticeable 
effect to a dose that causes severe illness in others. A person's age, bodfsize, 
and health status often influence response to a given dose; thus, infants and 
young children are normally affected by smaller doses ·than are adults. In 
addition, women often are affected by lower doses than men. · · · · .

 
'•· · Usually the most harmful levels of pesticide exposure re~ult ·from occu-
_J:>ational accidents. Workers in the agricultural industry have the highest · 

.. number of pesticide-related accidents, most occurring duririg mixing: or 

 
application, when workers handle concentrated pesticides. · ·· . ··· . . 

. ·.. Spills, explosions, or similar accidents during 'manufacturing and pack~ · 
• aging of pesticide products have the potential to seriously injure plant •

· ..•. · employees and people living or working nearby. Pe1'soris involved in. trans~ . 
pturortingdpesticides risk possible illness and injury if pesticide contru

1
·n
1 

edrs r~p- ·· ·
·e an spill their contents or are involved in a· fire. Pesticide spi s µi:'mg 

.. transport also endanger the public. · . · ' i .,., t 
•. · . The type arid severity of pesticide poisoning depends on· the .to:ddtya11<:l <•
mbode of action of the pesticide, the amount absorb~d (close), atid thesj,-f~1 qf?f

. a sorption, metabolism, and excretion. Severity ofpoisdrurig' may so.tile~iI:tfe~ { ..
be reduced by prompt decontamination and medkar treatment<V:ery §!n.ilJ~:(::r 

. doses usually produce no symptoms. Depending ori· the toxicityofthep~s~t/if~. 

 

. ;\cide, larger doses may cause severe ilinesses; Effects ofexpdsu.re· i:ri~f :.P~ \{
. : :: localized, such as irritation:6fthe skin, eyes, nose, orthroaf; orgeh~rii1hz.~1f ,/
. . . . when pesticides are absorbed;. Pesticides iria y' ad verse! y'affe'ct seye5.~I _9tgi.ih{ / 

..• syst~:;~~~~~::~~:mong dasse~· of.pestici~es .. ari~,J~ ~rig•: ~~sti~i~~~i~ ifif{;;J\f 
 . . ·in a class. Presence and severity of syrnptoins:are us~a11y-•pri:iporticf~~l,~~ij,, 
. ·.·•· dose. Common symptomsintlucle:rashes/ h~~~a~hef ~hd/ iffi~~U.11(?,t} ~~/;, 

· eyes, nose, and tl1rocit, all of which'. syni.pfortis may .resolye ~~WP1 ;;a, :~l):c:>~t. :.:ti 

· •.·~;~:t~c~! :::e::i:;e;~et~s%~:.~~f tt~!~tW.ft'.;}~~(iM?~; ~t~1~1 r.ti1t1]·::; 
toms, which might indicafe exposure ·to ·ce~tamc;!asse~of:,p,~~~~~1e~;-.::r,~~~~q '.\ft  .. r~;:::i:~:1 tt!'.':.~:,:~~r,~:i~~t;,~Btt~tjiJj 
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:\ i ,qrung may also lead to apprehension, restlessness, anxiety, unusual behav­
A.pr, shaking, convulsions, or unconsciousness. Certain individuals exhil:,it 

··•·· avergic reactions when exposed to some types of pesticides; the substance 
: ;: causing the reaction may be the pesticide or one of the ingredients in the pes- .
:: '.·l:.i~id~ formulation. Symptoms often include breathing difficulties, sneezing, 
.. eye watering and itching, rashes, apprehension, and general discomfort. 
·.. : · . . Most pesticide poisoning is reversible, although irreversible damage can 
· ~ccur and result in a chronic illness, disability, and/ or death . 

. <ticcurrence .·· 
.. .. . Surveillance for adverse health effects due to pesticide exposure tends to 
>'. ' focus on acute effects, and is not generally designed to identify chronic health 
\/' } m~cts. There are few population-based pesticide surveillance programs, and 
 ')l{ttle .data on the completeness or representativeness of those that exist. The 
}J Cafifomia Pesticide Illness Surveillance Program, operated by the California 
'.{; .gj:rvironmental Protection Agency, is one majqr source of information about 
;)\/p~pticide effects on human health. In. the decade from l993 through 2002, it 
)\:<foliected 12,275 case reports of pesticide illnesses. These were classified as 
)f\ c:i~fi~itely (21%), p~obably (47%), or possibly (32%) related to pesticide expo7 
/{~ttfe based · on · investigation by county agric:tdtural commissioners. Of the 

;.} : \{2~275 cases, 82% resulted from exposures during ~ork, and 41 % from expo-
!;f;:~pi~ fo pesticides used for agricultural purpqsesi Field worker exposures con­
\ ;:stltuted 17% of the total, with 56% due to residue, 41 °/q to drift, and 3% to 

ltitf :~: uoknown causes, • , , , '. • . . • • . . 

Ji ··.:''.;,JJ!* ;i lists many occupations in)v.hich pe~ticjc;le ::exposure may occur. 

)f •·ii1fi1i~;::;t:;:, :~~tif a!r;:rt;;a~1r1141Jtt!:~i.tir~t;:::j:~~~=~~:~~ 
:>'.sutesjf .they are not .pmtected from pestidde,;i:e~id(),e$,J:h~ establishment of 
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Table 1. Occupations in Which There May Be Risks of Pesticide Exposure 

agricultural field workers 
agricultural irrigators 
agricultural pesticide applicators 
agronomists 
aquatic area workers 
building maintenance workers 
crop duster maintenance workers 
emergency responders 
entomologists 
farmers and farm workers 
field scouts 
firefighters 

· flaggers 
forestry workers 
formulators of pesticide products 
fumigators 
golf course workers 
greenhouse, nursery, mushroom house workers 
hazardous waste workers 
institutional maintenance crews 
interior plantscapers 
landscapers 
livestock handlers 
maintenance gardeners 
manufacturers of active ingredients 
marina workers 
medical personnel 
mixers and .loaders of pesticides 
park and campground yiorkers 
pest management consultants . . . 
pesticide application equipment maintenance workers .· 
pesticide applicators · 

· plant pathologists 
produce packing-house workers 
public health pest control workers . 
recreational area workers 
research chemists 
right-of-way workers 
rodent control specialists 
sewer line workers . . . 
storage arid warehouse workers 
structural. pest control . operators 
transporters of pesticides · 
treaters of contaminated workers . · 
veterinarians 
weed specialists , .. 
wood \re~tment workers 

'~ ·. ; . 
,1' \ 
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(\:~:1:i~f ~t~:Js~7;~;,:0,~:.':i''.:;:::;o~;':;';;,;;din ".;;);i.:Pa:!,.~[ 
( btilldings, ho1ries, warehouses, factories, and offices. Residues remaining after .
· / fumigation of buildings and other work areas are a source of possible exposure .· 
\ t'Q :peop1e if they enter these areas too soon after application. Fabrics, fumiturei 

. · a.nd carpeting are sometimes treated to prolong useful life by protecting them 
· ·.· from insect damage or reducing the build-up of fungi or bacteria, and, in some 

,instances, may subject people to low levels of exposure. Livestock and pets 
treated with pesticides may be a low-level source of exposure if people work in 
:close contact with recently treated animals. Lawns, shrubs, and other parts of 
r.esidei1tial; industrial, and public landscape that have been treated for pests 
~ornetimes can be sources of pesticide expostue. 

· ... • Certain types cif pesticides, such as some chlorinated hydrocarbons, per~· 
>sistin the environment for as long as 50 to 100 years or more. Other pesti-

·' · <.: d des, organophosphates for example, . break down rapidly (within a few 
:: ,, :hours·.to several weeks or months) under normal environmental conditions. 

:.-.:'.Dt_:.· J ti:;y~~;.7;;a~~;fo;~~::a:rr!~e:~ ~~~~~!:~, :~ ~:~7~1/~t~e~:~:~~:~ 
-i/'\:: :.:.111aily. apphed; Besides the chemical .nature of the peshc1de, there are other 

·);>(}fotJ nfluehce, High temperatures and humidity cause chemical changes m, 
(;::;.,. :~otjfo corripounds, accelerating breakdown. Sunlight produces photochemj-

{'.t:')it\s~{{~: ~rt;r,J~t~~t::~;:ei~;-~;nrrne~rtt:bsorption, :in~e~tion., or inh~~.~•._ .. 
· ,ttqn,;.P?i:rrtatcontac_t 1s the most frequent route of entry. Pestmdes on the· sk,19·,;
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\(Prevention 
Pre-Market Testing and Registration: Federal law requires that -before 

selling or distributing a pesticide in the United States, a person or company 
must obtain a registration of this product from the EPA. Before registering a 
Iiew pesticide or new use for a previously registered pesticide, the EPA must 
ensure that the pesticide, when used according to label directions, can be 
used with reasonable certainty of no harm to human health and without pos-
ihg unreasonable risks to the environment. To make such determinations,the 
EPA requires more than 100 scientific studies and tests from applicants. 
_Where pesticides may be used on food orfeed crops, t.he EPA also sets toler-. 
ances (maximum pesticide residue levels) for the amount of the pesticide that 
can legally remain in or on foods. · 

Most states conduct a review of each label of pesticides sold in order to 
ensure that they comply with federal labeling requirements and any addition~ 
~ state restrictions of use. States may require the registration of pesticides and 
Inert ingredients that are exempt from the requirements of federal registration. 
. The EPA is reregistering existing pesticide products in order to ensure thaf 
?Ider pesticides meet current safety standards. Changes in the way a pesticide 
IS used may be necessary to protect consumers, workers, or the environment.· · •. 

. Surveillance and Biological Monitoring: Medical surveillance of pestlcid~,.: · 
exposed workers includes several components common to proper risk mru1: 
agement in the workplace. There is a m~ed for both broad-based efforts to 
reduce exposure and prevent disease, as well as focused efforts to ri,l~n.itor, ;,:

/t those workers at the highest risk. Each surveillance system has di.ffer~t: -'.;,
:Strengths and weaknesses, and may be appropriate in different situations; 'i°\ ,/

·· · Some recent efforts have focused oil individual stisceptibility to :· tne·:\T'
adverse effects of pesticide exposure. For example; individi.1al differen,c:~~}1t<:')\

'.'toxifying" and "detoxifying" metabolic rates for alkyJatin:g and ary!iititjg'pef;;/ 
ticides may explain inter-individual susceptibility to their adverse•'. ~ff~s~r\•. 

,However, such individual susceptibility information is not weU-und¢r@:i:tjq · 
and generally has no known 1:01e in the deve1opmentanct managetnent,iffjf~K · .. 
among individuals with possible pesticide exposure. ' · · · '. · '?_'..,,: ( ·'{?·

. Medical surveillance programs can be offered at the population Iev~l pr f.l1~ -/ -?
· individual level. At the population level, monitoring of pesticide ill11es~~f~ff '.t ·
vides data on overall rate of acute pesticide illnesses, indicates possi~lc;:\lixa{f ;y:,/
ized epidemics, anct identifies risk factors for acute mnesses m the r~e@¥~9'~f :·:f 
being rriorutored. Such surveillance cari be performed atJhe n~~qn.}1//:s.f.a.Wi.:.?f

· county, or any other 1eve1 for which ctata are collected.· Toe mo~f1eM~!.§i~ii"/Y?
•· example is the reporting requirement for pesticide illnesses}fr~al~~5n}t''i'Ff§}~i}!
system has been used to identify individual cases or clusters ofpes.bgq.~))Ji)~s.\·.,; {• 
for evaluation, to monitor the ove.r~U munber and distribution of p¢'4si'<;I.~' il& \}'.' }
nesses in the state; and fo investigate risk factors for cictitepestiqdf~[if~s,~~f ',.{''.!' 

· Using a surveillance systeai as a ca:se-fi.ndihg database, otie 'cart;a~t~Y~N~fe'.,:i<,: ; 
short- and lon:g.:teim Iwalth outcomes of individuals. ·.·· · · · · ·· · · · '::\-./; \. .• ;J 
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ttr:;;;.,;:$fu-veillance of pesticide illnesses at the national level has also bee(l s:u~r
;)',;.s~~~#i.Hy;achieved. For example, three national registers (of occupational ac~( ;
i. -,'(4,~nJ\~cf'disease reports, hospitalizations, and deaths) were analyze4{:ip 
<'f{Cq5,~a 3idt ih order to characterize pesticides associated with the highest r~f

>\:i:,.Pa,ttqrai:po1sorungs. A surveillance system m Malaysia identified the mo~~ 
•_:·{·'.·y·:·;\ ... p .. {'~.§J~o~h? an~ population. _characteristics _associated_ w_ith i~c_reased aceµ~

.-:\:·c:~/t,Wr\Oi1pesticides associated with poisonings in that country. An epidemi~ 
,;Si~f¥~ci,te'. pestidde poisonings was identified in Nicaragua by use of a ministry 
:(:\\pf:~~~1th_ surveillance system for detecting pesticide poisonings. , . 
:.;(Jj/;'JY,f~di:cal surveillance for pesticide illness at the individual level can qe 
 ; · / 'tjsej:i /with various data sources to detect probable cases. Surveillance 1114y 
{.{)J I§p:b i conducted by measurement of biological markers of exposure to pe_s, 
\T./#~J:~~s.:,S4ch markers may detect either pesticide metabolites or the effects of

,C~!Jl;.~'?;~:o~::·~~!0,:,:r:~:o'.:':ce~~,"k):~;:'ti!~~; ;f:
:·: .»i,ze·and report selected occupational disorders to a state surveillance centei:, ·,_,'.', ·:tyµs system is a .cooperative federal-state effort designed to develop local 
\.,, :c;~p~k;il\fy.f()r ,preventing,selected occupational disorders. It has been us~q.,,r;,:

\ mornfoi; vm:ious occupational diseases, including pesticide poisoning. Qthe_r :
·< ; ii~r;y¢ilJance. can be conducted through use of other databases of mortality, 

h&sp.1.J~r.stisch,arge, and poison control center data. . ·:,;:;( 
·,::\, ,~~~i'fr.jtp4v~nces have improved the ability to estimate long-term, c~e,~pS
.,. kW.;§f,i.e,WJc pesticide exposures in epidemiologic studies. Detailed ques~ciff

_ : .i;f~i.i;i~itprt ~e used to. collect intensity-related exposure information, s.~clj_ ~s/
 :.: ·imaii}t¢1fi.nte.o.rrepair of.n1ixing and application equipment, work pr?)cti~~~t:
 ·.: . .a:~d p,eftst;>h~~:hygiene. While .. such methods are useful for epiderniologic '.stj.jtF;.\:
... ie$ d( i:.L]::_onic. f!ffectsOf_tom pesticide exposure, they are not appropriate ':ff1i?·

·st.u:veijla~~i:(p£;acu te p~sticlde illness. · . . . . . ;\/: ,: : \ 
t'.,{ ~j<pc¥iiWAssessn1entJor pesticides:may be conducted on environll')er\.t.at

. ':.·t;:t~rttt~tt;;:i?l::i~:: ~:l::~.~~i:t:~~:::~:~;::~c~::!:JJr:tr:
· · dde, rife{#99tit¢s_. Biologt~ .m:ol').i.toring, m~asuresthe actual dose absoi::l:>~r:V~.V ·
~- ~~~l ~1J~1,tl:~i.f l'.ef1:cring aft~a1 exposme co1:ditions, w~rk p~actices, .c11;t u_. si._·-_

·: .. of.:p~rs,gnitl :p!qtective eqtupipent. :rrt,some ;i.nstances, b10log1c rnar~e'!S~·~ ~Y,f
•· r~fle9t . bot1t oc~9pationaj·~cl.n9noccupational exposures. Method~Jp~~b~9-·1\

lQgic mopitq~ing 'i:>.f:pe~~icides 11av,e J;,eerueviewed, reflecting .biologi0:e~p9+..;(
; ~ur<:,ini:lg~s:f?r ~eyeral classes.qf pesti~ides, incl_u?ing phenox~acids, q~~~ef 

· , r '<! ry.,a~.9_tJ1,u,m ... con1pounds, coumann _rodentic1des, synthetic pyretqro~a~,-.
,. 9rg~nochlojitJe ,pesticiq.es, ·and d\lortt:iazines. , - -> ·'·.:. ·
·' i _, '.C?~/~~v-~t'age of }?iologic mpnitoring of pesticides ~r their met~bq~'.es:fi;-\
·· that-~~P,0$.J..!!es .can be measured.at.very low concentrations, reflecting-~xpp, 
.s.ure.ijot ki1.own to ~e ~ssociAte<;l wtth adverse health effects. For exampl¢?un~·."
naf1Jty~pbosphates 1:efl~~t e,xp9sure. to organophosphate pestictdl;!~ ~9~sf
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/ ~d can be measured to evaluate acute effects of OP exposure. Paraquat can · 
/;be.measured at extremely low concentrations in the urine, reflecting expo­
\/sures not known to be associated with adverse acute effects; Exposure to high 
 ·~o~centrations of paraquat results in respiratory toxicity, and urinary moni-
_tormg may be useful to ide_n~ifY_ work~lace _factors associated .~ith paraquat 
:.exposure so they can be mrmm1zed. B10logic markers of pestlc1de exposure -
'.11'e useful for epidemiologic studies, but have significant limitations for med­
1cal surveil.lance programs, the major one being the short half-life of most cur-
rently used pesticides (usually 1 to 2 days). TI1e cost of these assays also fun~ 
;its their use for routine surveillance. . · · - · · · - ·. 
· The most well-established bi~logic marker for monitoring OP exposure is 
 blood cholinesterase. Cholinesterases hydrolyze esters of choline; for exam- .
 ple, acetylcholinesterase hydrolyzes the neurotransmitter acetylcholine. · · 
Acetylc.holinesterase is an extremely useful biomarker for evaluation of aC1,1.t~ . 
illness possibly due to cholinesterase-inhibiting pesticides. It has also be?en 
•~sed for monitoring exposure to a broad range of OPs and carbamate pesti~ 

·-•_:_;_···-··_ f i2i;f ff f ~~~~~i§If 1~;.~~~~og~rff ~~it 
cholinesterase assays among commercial laboi·atories, there is a need foi: :&et:{ ):
ter standardization of assay methods. . .· ... , , ...... ,  There are several components of surveillance programs for :workers<<_,
· exposed to OPs or carbamates, including: (1) identificatimi. of high-risk ppp~}})
ulations requiring surveillance, (such as mixers, loaders, applicators; flagg~~s/ >:)?1 ~~d others who directly handle pesticides); (2) baseline cholinesterase MW'{ \{'.

 mmation (red cell cholinesterase. is the preferable measurement; a!tllp1-1gJy ;)ij
. problems with standardization of this assay persist); (3) periodic surveµI§i/1t~:Vif'

(the repeat testing interval is variabie, and may depend on the type of:syst~~t t \ 
used and the duration of pesticide applicati,ort); and (4) criteria for 111~9t~I}ff:t 
removal from work (although exact criteria are difficult to establish pes~-~§f\\
of variability m blood choline~terase measurements, aepressions ·ot)s$),t~NL.: 
3_0% from baseline should be medically evaluated). . . . ... '/":\ /::' 

~riate Diagnosis and Treatment: Recognition of a cut~ pesti_dpe:'B~faj;),~ 
soning and prompt treatment, essential elements iri the pr~vention-of ·¥.ir{9.us,/:\M 
adverse effects, are particularly important b.ecause many sympJ9rrµ, 9fi.w1.J~i(iO.: 
acute pesticide poisoning are nonspecific and ni.ay b.~ misdiagnqs~<:i ;~~;pf:!1et:li:\ 
healfu problems, such as systeinicviral illness; gasfy'denteptiS1. ?(iisf~~i,(;InNY,:\' 

. important to consider possiblepesticide .poisorung in_anyil).d.iyjd.V:c,tl}r,itJif,~ -JJ 
altered state of.consciousness or. with fin~ings._ that s.uggest9r,:r9!~,9np~t~ f{::i 
history of working with pesticides sh_ould increase;5t.,1spiqo:n of;~is':c.li~~p~#;/< ,\ 
but pesticide poisoning can also _occurfrom noi:ioc9-1pationpl E!XP,O~~faIA/5~{:J:.: 

· The signs and symptoms of acute pestid,deyoisoru.ng, ciue;t9Qf>s)IP.AZ:?( : ;; _ 
c_arbamates are sometimes re,memb~re~. ~Y .. ~h.e!11P~!UO!li7,.¥IJ.P.P:!i~~.:;(rW-,9.~-,-." 

.. , .. ... 
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ti,;#ii,.}~rination, defecati_on,_ diaphoresis, l~crimation, excitation, ~d salivati~n). 
j{.,S)~~Jm:ld carbamates, inlub1t acetylcholmesterase at nerve endmgs, resulting 
::;; ~ )~ri -accumulation of acetylcholine. Sev~re OP poisonin_g m1:1-st be_ distin­
":•:/gt.llfhe~from an acute cerebrovascular accident and, especially m agncultur­
)\;¥ j-Workers, heat stroke, heat exhaustion, and infection. Clinical manifesta­
;\) fdns reflect the organ systems where acetylcholine is the neurotransmitter 

 ,{:{ table' 2). Severity of the symptoms may reflect dose; pre-existing medical 
i.'i\coriditions~ such as asthma, and localized effects. o·.,;,·.·_. -. ." . 

,,. : ::,,\(.Treatment of possible OP poisoning should never be delayed pending 
t)'.'i:~sults of blood cholinesterase testing. If the clinical diagnosis of OP poisoning 
<f'Jsi uspected, samples should be drawn for laboratory analysis and a test dose 
{{qf;~tropine administered. The required dose of atropine depends on the sever-
c')/:ity, of.f\ie poisoning. Other considerations in treatment include: (1) decontami­
W(~ation; including bathing of skin and gastric lavage, as appropriate; (2) increas­
\:(,Ji:ig'.·cioses ofatropine every 15 minutes to reverse the muscarinic effects; (3) 
(:pl ~i::lox.ime~chloride .. (2-PAM), only for OP poisoning; and (4) clearance of 

 ,, :$fq etions; .artificial v:entilation, oxygenation, and other supportive measures, 
.-:;· i(s:~luikallyindicated, More.complete descriptions of the recognition and man­
, '·1g¢ftjent:of pesticide poisonings can be found in a book available free of charge 

··;;:_:'.f/'./:\/ ,-
 ,> .t \?'J, Table 2:Signs·and Symptoms of Acute Organophosphate Poisoning 

. \ ;si~:!~.T.i > • ,~;pc:ptor ' 'organ 

Muscarinic Eye, iris, and ciliary muscles 

Glands: lacrimal, salivary, 
-· respiratory, gastrointestinal, 

sweat 

Heart: Si~~; ncide, AV node 

S1gn or Symptom 

Miosis 

Tearing, salivation, bronch­
orrhea, pulmonary secre­
tion, nausea, vomiting, diar­
rhea, frequent urination, 
perspiration 

Bradycardia, arrhythmias, 
heart block . 

Smooth muscle: bronchial, gas- · Bronchoconstriction, 
. __ · Jrointestinal cramps, vomitirig, diarrhea 

;r ,·., .. · .. · 
· Bladder 

'i~Jcotini~"> · -· Skeletal muscle 

Frequent urination, inconti­
nence 

Fasciculati~n. cramps, fol- -_ . -
· · ,_owed by weakness, lo'ss of 
. reflexes and paralysis · 

Hea~ache, dizziness, . . 
malaise; confusion, convul~ 
sions, and, as a late effect, · 
loss lit:consciousness 
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·'~p_fu the EPA (see Further Reading) and in standard medical text~ on diagno-
. s1s·and treatment. · · 

;yt J?1ere are many other pesticides, used for control of diverse pests ranging 
:\~em ms:cts to.weeds to rodents (Table 3). Acute health effects vary with many 
 .. J 1ctors, mcludmg dose, route, duration of exposure, and chemical structure. 
/~ dverse health effects for specific agents should be ascertained from more 
'/:detailed reference texts. · . . · 
ii;:_ . Protecting: People through Pesticide-Use Decisions: Often several pesti­
::;cides can be used for control of the same weed, insect, pathogen, nematode, or · 
 .vertebrate pest in a particular situation. One of the ways that employers can 
. ~educe hazards to employees is to avoid or reduce the use of specific pesticides, 
\ and when needed, select the least hazardous ma tetials for the pest c01;1.trol sit- · · 
.uation. Integrated pest management (IPM) is a method of controlling pests that. 

E:!duces pesticide use and therefore reduces human health and environmental 
/concerns. IPM uses life history information and extensive monitoring to under~ 
,stand a pest and its potential for causing economic damage. Control is a~~ved 

/};;}t~ough multiple approaches including prevention., cultural practices, excli.t-
j}('.\sion, natural enemies, host resistance, and limited pesticide applications .. !.11.~ /:
/(J?.oal. is to achieve long-term suppression of target pests withminimal:impac~q~'; , 

\ ·: nontarget organisms and the environment. Selecting a pesticide that is effective ;: r
 · · ; and that does not present hazards to people cari be a difficult task. In order _tc?_;. 

:. make decisions, pest managers often gather information abouJ pesticide chqica\ )\
es from pesticide labels, county ·agents, con:stiltailts, university publications( '

. bandkother sources. Factors stlch as cost, hcizards to users, label-imposed plrutf •!.:.}
: · ac restrictions (restrictions that limit the type of commodity that can;, ..;~ .
. -: ITTown in an area for a designated period of time after a certain pesticide ha~ .. 'i.,(i

:- : been used), persistence characteristics, ease of use; ability of the pesticide,: t,f /. }
 ._(· combine with other materials, . its effects on natural . enemies and beMf/9~( .: ·; 
':· insects, and required resfricted-entry intervals 'and harvest li.niitatio~s all'~av:e.:.' \ :· 
-\t an influe11ce on which pesticide a pest mariage'r chooses'.· ,' . .. . . : :-. , . .':./ /' ;/?: ,, •
. '· ·. · · · Each pesticide has a 'toxicity cc1tegory'ratirtg that sug.~es~ the rel~_tiV:~ _?fZ;}'.:\ ,

. .of the pesticideto people;.anim.als; arid pl~ts irt th~.enviro!1fI1~r1t.} ~! \Sf?;1''. \:_ :
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· Categories of Pesticides and Associated Acute Adverse Health Effects* · 

Use - Examples 
Major Acute Adverse 
Health Effects 

Insecticide Azinphos-methyl, chlorpyrifos, tribufos (DEF), Salivation. incontinence, con- . 
· ·demeton, diazinon, dichlorvos, dimethoate. ethyl vulsions, sweating, diarrhea, 

2,4-dichlorophenyl thionobenzene phosphorate meiosis, rhinorrhea, bronch-
(EPBP}, famphur, fenthion, malathion, mevin- orrhea, pulmonary edema 
phos, parathion, phenthoate, phosalone, (see Table 2) 
tetraethyl pyrophosphate, trichlorfon · 

lnseclidde Aldicarb, bendiocarb, carbaryl, carbofuran, Symptoms are similar to 
dioxacarb, isoprocarb, methiocarb, methomyl, those for organophos-

Insecticide 

pirimicarb, propoxur, thiodicarb phates. 

Aldrin, benzene hexachloride, chlordane, 
chlordecone, DDT. dicofol, dieldrin, endosulfan. 
endrin, heptachlor, hexachlorobenzene, lindane, 
methoxychlor, mirex, toxaphene · 

Hyperesthesias, paresthe­
sias, headache. dizziness. 
nausea, vomiling, mental , ·. ' 
confusion, convulsions, res,' · 
piratory depression. .. · 

Varies with .. azadirachtin, nicotine, pyrethrum, rotenone 
·agent .· 

Varies viilh agent. 

Herbicide.·.. 2,4-0 (2,4-dichlorophenoxyacetic acid}; 2,4-DP 
(2,4-dichlorophenoxy propionic acid); 2,4-DB 
(2,4-dichlorophenoxy butanic acid); 2,4,5-T 

. . (2,4,5-trichlorphenoxyacetic acid);.MCPA (4-
chl.oro-2-methylphenoxy acedtic acid); MCPB 

·. (4-chloro-2-methylphenoxy butanoii: acid); · 

Skin, mucous membrane · · 
and respiratory irritaticiri, · · 
vomiting, diarrhea, . 
headache, confusion. 

Herbicide 

'. Pesiicide . · 

. MCPP (2-methyl-4-chlorophenoxy propionic 
. acid); 2-methyl-3,6-dichlorobenzoic acid 

Paraquat, diquat Vomiting, dysphagia, .-:.(-_:-_:-
oropharyngitis, restlessnes~;/:
jaundice cyanosis hemcipl"'H

Arsenic acid, arsenic trioxide, cacodylic acid, :~~:i;c o~or, vomiti~gi ' :·':i;~, '.:
copper arsenite, lead. arsenate, methane arscinic abdominal pain, bloody- '··,'.. 

· .. acid, sodium arsenate, zinc arsenate watery stools, headache/ ( :, "
dizziness drowsiness:.:con"'-, ·'
rusion, muscle wea~n~ss Y;e, 
and spasms. convulsions,:,', '
hematuria, cardiac.arrhyth'· ,. 
mia, jaundice. , ,: ,'; ~: :··.:· 

Fu~gicidc · Substituted benzenes.(cliloroneb,'chlorot~alonil, . Variable witll agent.. .·::- ·.. ·,_
·diclorah); thiocarbamates (metam:sodium, .thi- Dermatitis, mucous mem- .' :
ram. ziram); EBDC compounds (mancozeb, brane irritation commoii: .'.''' 
maneb, nabam, zineb); thiophthalimides Systemic toxicity wit.h inges- .-: 

., (captafol, captan, folpettcopper cqmpounds; tion. . :a.,<;,:' 
. orgariomercury; organ_btiri; caamiiJm compounds . o,::,.y' ; 

·· ,: :' ·· · · · · ·· · · · ' · · · Varies with agent. Highly., ·;:· 
. . ·1 . . . . , toxic. Irritants, CNS :an(l:fes;:, 

.lvlljltiP!e .· ··. Halocarbons, h°Y.drocarbons,:nitrogen com- · piratory effects i:cimh)qn,' .. ., )
organisms . pounds, oxides and alcfetiydes, 'phosphorus and . . ' ''-'.}'.: /i '

··· ...... : :· .. \ sulfur compounds · · · :·,'-~·<~: ~- ,·
.•. Fiodenti6ides . Coqmachlor,' viarfarin; ch!oroptia~iri6ne, diph~- Nosebleed. hematuri~'/rnel~; 

:· :' · ·. ·.<c'· ·;;. cinone · '·. . : · .,,,·., .·'. -::. ,. ' ' · -: , '... ., na; eccilymoses: ·: .::./}' ~ i 

e health·effects depend on many factors, including dose. route, and duration of exposu.rei '',:.-,, ,
. ' •' -~\ ·



Part II: Occupational Diseases 405 

safely, then its use will be banned; however, the initial step is to impose strict 
·. controls on the use. · 

·· ~egulatory provisions include requiring pesticide manufacturers to submit 
studies that document the potential health and environmental effects of their 
products; regulatory scientists then evaluate these data to ensure that. the chem­
icals can be used safely. Risks are mitigated by imposing restricted-entry inter­
vals of varying length for treated areas and harvest limitations on specific 
~·ops. Depending on the hazards of the specific prodtict, the regulatory agen- · 

. cies may also require handlers to wear certain types of personal protective 
equipment, such as chemical-resistant gloves and footwear, eye protection, res-
piratory protection, and full-body protection. . · . 

Eng_i.neering Conh·ols: In order to reduce the risks associated with handling 
and applying pesticides, engineering controls can be used that help to reduce 
or practically eliminate exposure to these toxic chemicals. Certain types of . 
packaging of pesticide products, such as pre-weighed water-soluble bags, 

· reduce the risk of exposure to workers mixing powdered pesticides; these bags 
dissolve in a spray tank, thereby removing the need for a worker to open large 
containers and measure specific quantities to put into the tank. 

Closed transfer systems allow accurate and safe measuring of pesticides 
being put into a spray tank; concentrated liquid pesticides are moved from 
'original shipping containers to a sprayer mixing tank with minimal or no 
worker contact and without the need to pour these materials into measuring · 
vessels. Pesticide injection systems allow pesticides to be mixed directly with 
water in the sprayer plumbing system, usually at the sprayer pump or mani­
fold, rather than in the water tank of the sprayer; only clean water is held in the 

· .~rnyer tank, reducing spill and leak hazards and eliminating interior tank. 
ciea_ning. Liquid pesticide containers that have been drained still contain ... 

.. . amotmts of concentrated pesticides; container rinse systems provide a way toi :: 
··:.thoroughly wash the inside of these containers and transfer the rinse water inti;> <: 

the spray tank. Enclosed cabs installed on tractors protect opera torsfrom expo:;_ · ·. 
sure to pesticides. Some types block spray droplets and mists while providing 
tl1e operator with a comfortable air-conditioned envirmunent Certain types of ... 

· enclosed cabs are acceptable for respiratory protection since their air-co1~q~;; / 
tioning systems are equipped with multiple-stage filters that include a pte-fib / 

· ter, a high efficiency parti.culate air (HEPA) filter~ arid~ activated carbon(ilter).\ 
Training and Education: Most workplace exposures to pestici~:$ reswn : 

from carelessness, accidents, _or failure fo follow instructions. Reducmg expo:"\: 
sures and pesticide-related illnesses among "'{otkers i:;jho handje pes.f_ic~des ~(} 
who work in .areas where pesticides have been appJied} eqqires trtunm~ c}p :: 
proper and safe handling rnet11ods. It also invo~yes educa~ing ._workei:s <>,f { 

. how to avoid contact with pesticide residues ori treated surfaces and conta_m,\ { ·. inated equipment. Workers should be instructed on proper q1~1~_rgeqc};, ~rS9'?/ 
tainination procedures as well as rouHne ~,;ashing ,d1;1ring and !lfter ':\'Ork. OJ 
activities . · · · · -,\ -:;, 
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tt,!;~tirrsordeR MicMd E. Bigby 
ICD-10 L80-L81 

~ ~'. ;,, .;::-;· . 

. /:. · '!QQ-~~rr~~c1f ·' :: , · · 
 .: .-· · .· .' ·, ·:ro·1t.-.in:ft~m:riiatory." hypetpigmentation and hypopigmentation are the 

', ·m ost commtinipigment disorders. Any dermatitis or trauma to the skin, such
, · .{ -'q'ffuet~al or:.¥ .¢i±.«cal burns; inay l~ad __ to_an i_ncrease or decrease in pigrnei:F
\ .. : '- ·t$.!f.b,f irt-·th_a __ t),/:~f '!i1_)~yiif pi~ented . in<liyiduals have postinfl~~-t_Jry_

 :~f£':'<;'t¥!'~:,~:~i;~:d~t::::~n::::t ':cr~~:.i~nl~ 
· ·s}dn diseases.) . .- · · '(;:'

• ,,. , . • • . • -~ • ,.., - : ··J_-;}i

 · :/ ~~~~es·_:·.-·:~·::_-\!-:(_: · · · /f:
 · -~ · ,:~ ; ~ ~ci~ob~n.zxl et_l;~r) )~ hyd:o'q~ino~e, ,an a_n~oxid~nt used in rubber m~If7 
 / :: _s1'~~c~u~·'.ng~:"."~s .~~fJirs_t.che~~:11 unpl1ca~ed m mdu~mg wor~-related IQ~ .. ¢f

• .• P,tgment .(cl1enucal leukoderma).· Certam phenolic compounds used·. as
.. : ~n~!,1~.i~~f t_s ;'~f g~~~c_id<:11 ,_ :di~infe;ct~~!s als? produce pigmen~· '1ci·~~:

: .. ·: . ~Y,P~P:~~~entf~?W1qu_l<rs _lli~J ~~~ nop n SI\7,s of dir~ct contact may also o.c~w
, ~ :- .. ; tHe~,.~~p.~~u!~ ~?, t\~~s~ ~ e-~~~ls: Hyperp1~entahon can also be c?~s,~~ p:y 

: ~fP,~i;;,urt .~9 a~rospl? ';)f m~t~ll.1~ stlv,er, mercury compounds, and arse~c., . . .

,,._ . ;iit~-,p~y$i~,.;~;)-·:: ; ; ,0 ·:,:": •• .:.'. .,. • • • • :i '.')> /.
. l· ·:.:.: \ Che~c~1Jr: !fl'q_4~fd:Jeukoder1'la occurs becaus~ the chemical -:eitl;i~r.

.· ~1~-~ks ~~,-syiith~~:\o_~-~ el<!nin (the pigment responsible for skirt color)'6.~~;1 




