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In t roduction 

Gl yphosate has very favorable toxi cologi c propert i es . It is 
not carcin ogenic , mutagenic or neurotoxic and it is not a 
reproduct ive or developmental toxin (1 - 3) . Conswners have 
confidence i n g l yphosate formulat ions based on t h e i r e f f i cacy and 
history of safe use . Other herbicidal active ingredients , like 
2 , 4 - D, have favorable toxicology profiles , but have negati ,re 
p ubl ic p ercept ions . We hav e been working to maintain g lyphosat e ' s 
f avorable reputation through a strategy that a n t icipates 
challenges and puts appropri ate ini t iatives i n place . One of 
those initiatives is a unique research p rogram cal l ed the Farm 
Family Exposure Study (FFES) . Key FFES findings will be discussed 
as part of our overall glyphosate s trategy. 

Ma cro issues 

The genera l publ ic is select i v ely risk averse , especi ally 
about (p erceived) risks to chi ldren ' s heal th . I ndi viduals will 
assume known risks (e . g. cigarettes ) , yet object to infinitesimal 
(potenti a l ) risks from pes t i c i de r esidues on f oods or f oreign 
DNA/ pr otein in genetically modified (GM) crops . Anti- pes tici de 
a c tivists or i ent t heir allegat ions accordingly . Glyphosate i s a 
prime t arget of anti-pesticide and a nti- GM activi sts due to its 
widespread u se and key role wi th glyphosate t olerant c r ops . 

Al legations based on r esults from epidemiologic studies 
have begun t o affect our f reedom t o operate . " In Canada , enabl e d 
b y a recent supreme court r u ling , l ocal i ties have c i ted 
epidemiologic findings t o ban "non-essential use" of pesticides , 
u surping federal r egulations based o n comprehensive risk 
assessments . There are now six p ublis h ed studies t hat arguably 
associate g l yphosate and o t her pes t ici des with l ymphopoi etic 
cancer s (4 -6) or adverse reproductive outcomes (7-9) . I ndepende nt 
reviewers judge these studies to be poor quality . Nonetheless , 
t hese studies have caused cont rov ersy f or g l yphosate and for 
Roundup Ready regulatory submiss i ons in Braz il and other world 
areas . b 

Epidemiologi c research o n pesticides is a bu rgeon ing field 
f or academic and government resear chers . The most promin e nt 
ongoing study is the U. S . government ' s Agricul t ura l Heal t h Study 
(AHS) . The AHS involves numerous PhD lev e l s c i entists from the 
Nat i onal Cancer Institute , the National I nst i tute for 
Environmental Healt h Sciences , a nd t he Environment al Protect ion 
Agency a nd ext ernal expenditures approaching $50 million . This 

a Epidemiol ogists study people t o ident ify f actors that may cause or 
prevent disease . Agricul tural researchers often have to r ely on sketchy 
informat i on about e xposure and potent i a l confounding factors . 
b A Google internet search found 1 , 41 0 web pages touting a 1999 stud y 
that arguably linked glyphosate and non-Hodgkin ' s lymphoma . 
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study includes 75% o f licensed pes t icide applicators and their 
famili es in North Carolina and Iowa . The p urpose of t he AHS is to 
look for associat i o ns between farmers ' reported use of pesticides 
and adverse health outcomes for them and t he ir families (e . g . 
cancer, birth defects , child development, etc . ) . Numerous other 
stud ies are ongoi ng in the U. S ., Canada, and Europe . Experience 
has shown that t hese studies will associ a t e wi dely used 
pesticides with a nuwber of diseases . The stage i s set , 
therefore, for more allegations a bout human effect s associated 
wi t h g l yphosate and other pest i cides . 

Strategy 

Glyphosate stewardship consists of four elements : 1) 
publish relevant toxicologic, ecologic, and epidemiologic 
information about glyp hosate in the peer reviewed literature (3 , 
10-13) ; 2) review t he literature regularly for g lyphosate 
f indings and respond when appropriate (e . g. 14) ; 3) establish a 
network of p restigious scientists in key world areas and provi de 
them the latest information about g lyphosate ; a nd 4) assess data 
gaps and f und appropriate research . 

Data Gaps 

The FFES was developed to fill two data gaps . First, there 
is a lack of information about applicator pesticide exposu re 
under "real world" conditions . Epidemiol ogic studies assume that 
reported use of a pesticide is equival ent to a pot entially 
hazardous exposure {s) . Second , t here is litt l e empirica l exposure 
i nformation for farm children a lthough children' s health is a 
driving force in e nvironme ntal regulation and a f ocus of 
epidemiologic research . Gladden et al . drew attention to farm 
spouses and children in a 1998 arti cle (15) : 

'\l:~al."tni:ig is unlike 1nost other occu_patiot2s in tbat tl1e r~10.rk1,.;l,._=tce 
is o ft: en th e s.:in1e as tl1e worker's ho1ne. '11hus fa1nil .ies o .E fa .r'!Tier.s 
ht:1V<-3! r .. r.--"Hl,<1 U,'31 oppoz: tu.n:i. ti es t·o.r .i.nd.i 1:ect 1..=;xpo...<;ur.e to crccupa r.i cnc.~l 
J.i-;,t;1 z ~~ 1.:ci:.~ '' 

The Natural Resour ces Defense Counci l made a l arming allegations 
about r i sks to farm children in a report later t hat year (1 6): 

''Ther e 1:.s c'1 D .inc.rec1s .ing .. l.y CO!r!J)e.l.Zi.ng body t..,"'l .t' .scient.i.fi.c evj.d ence 
indic1..~tirig that fa.rm ci2ildren face z:,articula.rly sig.'1ific.ant health 
.risks. 1

' •. • Pa:rm children are like canaries in the coal 1nint~ . ... t he 
:r.eco1:d sho}h.:; th (.~ t U . s., E.PA ha.'3 .fai.7.t!Jd tc, ao1<::-qua t eJ.21 co.t1si .. df.=;:r. thf?.: 

extensi·ve evidence that child.ren are exposed to signifi'--::an't 
amounts of pesticides ... " 

By the time t h ese reports appeared , we had organi zed an 
i ndust ry task force to assess the feasibility of the FFES . The 
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task force app r oach enabled us to l everage costsc and t ech nical 
expertise across a number of compani es . I n 1999 , we completed a 
one-year pi l ot study that demo ns t rated f easibi lity and t he FFES 

was initiated in 2000 . 

The purpos e o f the FFES is t o charac ter i z e pestici de 
e xposures f or fa r m families by urinary biomoni toring before , 
during , a n d after a pesticide application . The study was 
coordinat ed by res.earchers a t t he University of Minnesot a ( UM) , 

approved by t he UM I nstitutional Review Board, and benefited from 
the advi ce of a distinguished panel of academi c and government 
expert s . FFES particip ant s were randomly sel ected from l icensed 
pesticide applicators in Minnesot a a nd Sout h Carol ina . Families 
were el i gib l e if there was a farmer , spouse , a nd at least one 
chi ld be t ween the ages of 4 and 17 l i v ing on the f arm, i f t hey 
owned or lease d at least 10 acres of cropland, if they p lanned to 
appl y at least one of the target pesticides (2 ,4 - D, glyphosate , 
or chlorpy r i fos) within one mi le of t h e i r res i dence , if t h ey were 
willing to collect a ll their urine for five consecutiv e days (the 
day before , the day of , and the three days after a pesticide 
appl i c at ion) , and if t hey were willing t o fi ll o ut pre­
appl ication and post- a pplication questionnaires . 

One hundred a nd six farm f amilies part i cipated in the 
study . Fie ld staff obser ved p est ic i de appli cations a nd docume n t e d 
information relevan t f or exposure assessment . Recruitment began 
i n 2000 a n d all fieldwork was compl e ted by Jul y 2001 . 

FFES Glyphosate Results 

Forty- two participati ng f a rmers appl ied glyphosate in 2000 . d 
Less than half (45%) of these f armers had detectab le u r inary 
glyphosate (> 1 part p er b i l lio n (ppb) i n ur i ne) on t h e day of 
appl ication , decl i ning to 24 % t hree days later . Ur i nar y value s 
were concentrated below or near the limit of detection (Figure 1) 
and t he geomet ric mean on the day of a pplicatio n was 2 p pb . The 
h i ghes t observed value was 182 ppb - a level , if experienced 
da i l y for a l ifeti me , that would be 100 to 1000-fol d bel ow the 
U . S . reference dosee of 2 mg/kg/day . 

Two of 42 farm spouses (5%) showed det ectabl e va l ues on t he 
day of appli cation - b oth a t t he l imit of detection (Figu re 2) . 
There we re no d e tectabl e val u e s thereaft er . Of 69 part i cipating 
children , 5 (7 %) had detectabl e va l ues on the day of application , 
which declined to 3 % t hree days after application . The highes t 

c. The FFES cost $2 million . Monsanto' s share was $2 75 , 000 . $150, 000 was 
returned t o Monsanto as reimbursement for glyphosate analyses . 
d Five FFES farmers app l i ed glyphosat e i n 200 1. Res ults f or these 
f ami lies a re p end ing . 
e The RfD is t he regulatory value for daily absorbed dose that over a 
l ifet i me would not harm human health . 
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value for chi ldren was 20 ppb . All of t he children with 
detectable values were invol ved in t he pestici de mixing a nd 
appl ication or were present in the pesticide mixi ng area . 

Prelimi nary results for the other FFES chemicals (2 , 4-D and 
chl orpyr i f os) s how many mo r e detectabl e va l ues for a ll famil y 
members than were seen for glyphosat e . For farmers , geometri c 
mean values were much higher for the other chemicals than for 
g l yphosat e , though values for all chemicals were well wi t h in 
regulatory standards . Geomet r ic mean values for s p ouses a nd 
children were slightly highe r f or the other FFES chemicals , 
though the differences were trivial. Data on 2,4 - D and 
chlorpyrifos are still being processed and wi l l be presented 
later this year at scientific meetings . Nonetheless , it is clear 
that g l yphosat e has a favorable exposu re profi le compared t o 
these other FFES chemicals . 

Implications 

Results from the FFES show that self-reported use of 
glyphosate i s not a reliabl e predictor of absorbed dose for 
appl icators and that worst - case exposures are orders of magnitude 
below regulatory limits . Detectable urinary l evels were found to 
be rare for spouses and children. Detect able level s for c h ildren 
were associated wi th helping or bei ng present du ring pestici de 
mixing or application . 

The FFES has become a key element i n our scientific network 
br i efings and in our responses to a llegations about g l yphosate . 
We ' re wo r king actively to disseminate t h e results for glyphosate . 
FFES present a t ions have already occurred at 7 public meetings -
i ncluding the last 3 AHS advisory panel meet i ngs - and 1 0 peer­
revi ewed publ icati o ns are p l anned . Longer term, we expect 
publ ication and pr esentation o f these results to influence 
agricul t ural epidemiology positively . We are coordinating an 
i nternational symposium later this year in Oxford , UK - convened 
by Sir Richard Doll - on pesticides and cancer . This aff o r ds an 
international scientific p l atform for the FFES data and for 
glyphosate toxicol ogy data . The p r oceedi ngs of t h is symposium 
wi l l b e published in the Scandinavian Journa l of Work , 
Envi ronment , and Health as a special supp lement , making the FFES 
findings broadly available in a high profile publication . 

The FFES provides "real world" informat i on about how our 
pesticides are being used in t he U. S . Subsequent analyses are 
p lanned to support predictive exposure models . Inspection of the 
FFES field reports for glyphosate show that children' s exposure 
in t he study, though t r ivial, probably could have been prevented 
by rudimentary pr ecautions (e . g . wearing gloves when he l ping 
their fathers , taking care to avoid incidental contact with 
containers) . Likewise , farmers ' failure to wear gloves while 
mixing and loading was a commo n finding for those who showed 
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detectable g l yphosate values . We are current l y l ooking to 
leverage t he FFES data into a stewardshi p opportunity, perhaps in 
collaboration with EPA and agricul t ural organi zations . 

The FFES data are also being a nalyzed to assist with 
European re-registration . EU regulat i ons cal l for thorough 
e val uat i o n of operator exposure , usual ly based on very 
conservative predi ctive models . Some potential uses may be 
restrict ed unless relevant dat a can be p resented . The FFES dat a 
p rov ides a basis t o challenge conservat ive predict ions a nd ma y be 
useful to t he workgroups t hat are currently developing/modifying 
the new (uni form) European predictive model (EUROPOEM) . 

Cha l lenges 

Monsanto's analytic chemistry e xpertise was essential to 
the FFES . However , our current method is o utdated . It requires 
relatively large volumes o f urine (1 00 ml , versus 5 ml for t he 
2 , 4- D and chlorpyrifos methods) and produces less precise results 
than methods for other FFES chemical s . Given the likelihood t hat 
human health a llegations will continue to surface f or gl yphosate, 
it seems advisabl e to invest in modernizing the analytic method 
to increase analytic f lexibi l ity and precision . 
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Appendix - Abbreviations 

2 , 4- D - 2 , 4- dichl orophenoxy a cetic acid 

AHS - Agricultura l Health Study 

FFES - Farm Fami ly Exposure Study 

GM - genet ical ly modified 

ppb - parts per b il l i on 

RfD - Reference dose 
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