GLYPHOSATE
1.

Exposure Data

1.1

Identification of the agent

7.1.2 Structural and molecular formulae and
relative molecular mass

7. 7. 7 Nomenclature
Chem. Abstr. Serv. Reg. No.: 1071-83-6 (acid);
also relevant:
38641-94-0 (glyphosate-isopropylamine salt)
40465-66-5 (monoammonium salt)
69254-40-6 (diammonium salt)
34494-03-6 (glyphosate-sodium)
81591-81-3 (glyphosate-trimesium)
Chem. Abstr. Serv. Name: N-(phosphonomethyl)glycine
Preferred IUPAC Name: N-(phosphonomethyl) glycine
Synonyms: Gliphosate; glyphosate; glyphosate hydrochloride; glyphosate [calcium,
copper (2+), dilithium, disodium, magnesium, monoammonium, monopotassium,
monosodium, sodium, or zinc] salt
Trade names: Glyphosate products have been
sold worldwide under numerous trade names,
including: Abundit Extra; Credit; Xtreme;
Glifonox; Glyphogan; Ground-Up; Rodeo;
Roundup; Touchdown; Tragli; Wipe Out;
Yerbimat (Farm Chemicals International,
2015).

Molecular formula: C3H8N05P
Relative molecular mass: 169.07
Additional information on chemical structure is also available in the PubChem Compound
database (NCBI, 20Ei).

7. 7.3 Chemical and physical properties of the
pure substance
Description: Glyphosate acid is a colourless, odourless, crystalline solid. It is
formulated as a salt consisting of the
deprotonated acid of glyphosate and
a
cation
(isopropylamine,
ammonium, or sodium), with more than one salt in
some formulations.
Solubility: The acid is of medium solubility
at 11.6 g/L in water (at 25 °C) and insoluble
in common organic solvents such as acetone,
ethanol, and xylene; the alkali-metal and
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amine salts are readily soluble in water
(Tomlin, 2000).
Volatility: Vapour pressure, 1.31 x 10-2 mPa at
25 °C (negligible) (I.omlin, 2000).
Stability: Glyphosate is stable to hydrolysis
in the range of pH 3 to pH 9, and relatively
stable to photodegradation (Tomlin, 2000).
Glyphosate is not readily hydrolysed or
oxidized in the field (Rueppel et al. 1977).
It decomposes on heating, producing toxic
fumes that include nitrogen oxides and phosphorus oxides (IPCS, 2005).
Reactivity: Attacks iron and galvanized steel
(IPCS, 2005).
Octanol!water partition coefficient (P): log
P, < -3.2 (pH 2-5, 20 °C) (OECD method 107)
(Tomllih.2000).
Henry's law: < 2.1 x 10-7 Pa m3 mol? (Tomlin,
200(2).

Conversion factor: Assuming normal temperature (25 °C) and pressure (101 kPa), mg/m3
=6.92xppm.

7. 7.4 Technical products and impurities
Glyphosate is formulated as an isopropylamine, ammonium, or sodium salt in watersoluble concentrates and water-soluble granules. The relevant impurities in glyphosate technical
concentrates are formaldehyde (maximum, 1.3 g/kg),
N-nitrosoglyphosate (maximum, 1 mg/kg), and Nnitroso-N-phosphonomethylglycine (f:AQ, .2.Q!)_Q).
Surfactants and sulfuric and phosphoric acids
may be added to formulations of glyphosate, with
type and concentration differing by formulation
(lPCS, 1994).
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1.2 Production and use
7.2. 7 Production
(a)

Manufacturing processes

Glyphosate was first synthesized in 1950 as
a potential pharmaceutical compound, but its
herbicidal activity was not discovered until it
was re-synthesized and tested in 1970 (Szekacs
& Darvas, 2012). The isopropylamine, sodium,
and ammonium salts were introduced in 1974,
and the trimesium (trimethylsulfonium) salt was
introduced in Spain in 1989. The original patent
protection expired outside the USA in 1991, and
within the USA in 2000. Thereafter, production
expanded to other major agrochemical manufacturers in the USA, Europe, Australia, and
elsewhere (including large-scale production in
China), but the leading preparation producer
remained in the USA (S.:zcldcs & Darvas, 20_12).
There are two dominant families of commercial production of glyphosate, the "alkyl ester"
pathways, predominant in China, and the
"iminodiacetic acid" pathways, with iminodiacetic acid produced from iminodiacetonitrile
(produced from hydrogen cyanide), diethanol
amine, or chloroacetic acid (Dill et al., 2010; T'ian
et al., 2012).
To increase the solubility of technical-grade
glyphosate acid in water, it is formulated as its
isopropylamine, monoammonium, potassium,
sodium, or trimesium salts. Most common
is the isopropylamine salt, which is formulated as a liquid concentrate (active ingredient,
5.0-62%), ready-to-use liquid (active ingredient,
0.5-20%), pressurized liquid (active ingredient,
0.75-0.96%), solid (active ingredient, 76-94%),
or pellet/tablet (active ingredient, 60-83%) (EPA,
1993fl),
There are reportedly more than 750 products
containing glyphosate for sale in the USA alone
(NPIC, 2010). Formulated products contain
various non-ionic surfactants, most notably
polyethyloxylated tallowamine (POEA), to

Glyphosate

facilitate uptake by plants (Szekacs & Darvas,
2012). Formulations might contain other active
ingredients, such as simasine, 2,4-dichlorophenoxyacetic acid (2,4-D), or 4-chloro-2-methylphenoxyacetic acid (IPCS, 1996), with herbicide
resistance driving demand for new herbicide
formulations containing multiple active ingredients (Fre~d.oni£, 2012).
(b)

Production volume

Glyphosate is reported to be manufactured
by at least 91 producers in 20 countries, including
53 in China, 9 in India, 5 in the USA, and others
in Australia, Canada, Cyprus, Egypt, Germany,
Guatemala, Hungary, Israel, Malaysia, Mexico,
Singapore, Spain, Taiwan (China), Thailand,
Turkey, the United Kingdom, and Venezuela
(Farm Chemicals International, 2015). Glyphosate was registered in over 130 countries as of
2010 and is probably the most heavily used herbicide in the world, with an annual global production volume estimated at approximately 600 000
tonnes in 2008, rising to about 650 000 tonnes in
2011, and to 720 000 tonnes in 2012 (Dill et al.,
2..QlQ; CCM International; 2011; H.il1.9-:n,_2Jl12.;
Transp31renc:x.Market Rese_arch, 20_1_1).
Production and use of glyphosate have risen
dramatically due to the expiry of patent protection (see above), with increased promotion of
non-till agriculture, and with the introduction
in 1996 of genetically modified glyphosate-tolerant crop varieties (Szekacs & Darvas, 2012).
In the USA alone, more than 80 000 tonnes of
glyphosate were used in 2007 (rising from less
than 4000 tonnes in 1987) (EPA..,__1997, 20U).
This rapid growth rate was also observed in
Asia, which accounted for 30% of world demand
for glyphosate in 2012 (Tr1lfil.P-areJ)~ Market
Research,__ 2().lt_!.). In India, production increased
from 308 tonnes in 2003-2004, to 2100 tonnes in
2007-2008 (Ministry of Chemicals & Fertilizers,
2008). China currently produces more than
40% of the global supply of glyphosate, exports
almost 35% of the global supply (Hilton, 2012),

and reportedly has sufficient production capacity
to satisfy total global demand (Yin, 2011).
7.2.2 Uses
Glyphosate is a broad-spectrum, post-emergent,
non-selective, systemic herbicide, which effectively
kills or suppresses all plant types, including grasses,
perennials, vines, shrubs, and trees. When applied
at lower rates, glyphosate is a plant-growth regulator
and desiccant. It has agricultural and non-agricultural uses throughout the world.
(a)

Agriculture

Glyphosate is effective against more than 100
annual broadleaf weed and grass species, and
more than 60 perennial weed species (Dill.et al,,
2010). Application rates are about 1.5-2 kg/ha
for pre-harvest, post-planting, and pre-emergence use; about 4.3 kg/ha as a directed spray in
vines, orchards, pastures, forestry, and industrial
weed control; and about 2 kg/ha as an aquatic
herbicide (Tom1in, 2000). Common application
methods include broadcast, aerial, spot, and
directed spray applications (EPA, 1993a).
Due to its broad-spectrum activity, the
use of glyphosate in agriculture was formerly
limited to post-harvest treatments and weed
control between established rows of tree, nut,
and vine crops. Widespread adoption of no-till
and conservation-till practices (which require
chemical weed control while reducing soil
erosion and labour and fuel costs) and the introduction of transgenic crop varieties engineered
to be resistant to glyphosate have transformed
glyphosate to a post-emergent, selective herbicide for use on annual crops (Duke & Powles,
2_Q_Q2; Pill et al.__ 2010). Glyphosate-resistant
transgenic varieties have been widely adopted
for the production of corn, cotton, canola, and
soybean (Duke & Powles, 2009). Production
of such crops accounted for 45% of worldwide
demand for glyphosate in 2012 (Transparency
MgJket_.R.~~egr.dL__zm_J). However, in Europe,
3
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where the planting of genetically modified crops
has been largely restricted, post-harvest treatment is still the most common application of
glyphosate (Glyphosate Task.Force. 2014). Intense
and continuous use of glyphosate has led to the
emergence of resistant weeds that may reduce its
effectiveness (Duke & Powles, 2009).
(b)

Residential use

Glyphosate is widely used or household
weed control throughout the world. In the USA,
glyphosate was consistently ranked as the second
most commonly used pesticide (after 2,4-D) in
the home and garden market sector between
2001 and 2007, with an annual use of 2000-4000
tonnes (EPA,'.Wll).
(c)

Other uses

Glyphosate was initially used to control
perennial weeds on ditch banks and roadsides
and under power lines (Dill et al., 2010). It is also
used to control invasive species in aquatic or
wetland systems ('l'u et al., 2001). Approximately
1-2% of total glyphosate use in the USA is in
forest management (Mance..,_2012).
Glyphosate has been used in a large-scale
aerial herbicide-spraying programme begun
in 2000 to reduce the production of cocaine in
Colombia (Lubick,_2009), and of marijuana in
Mexico and South America (Szebcs & Darvas,
2012).
(d)

Regulation

Glyphosate has been registered for use in
at least 130 countries (Dill et aL 2010). In the
USA, all uses are eligible for registration on the
basis of a finding that glyphosate "does not pose
unreasonable risks or adverse effects to humans
or the environment" (EPA,_1993a). A review
conducted in 2001 in connection with the registration process in the European Union reached
similar conclusions regarding animal and human
safety, although the protection of groundwater
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during non-crop use was identified as requiring
particular attention in the short term (Eur_Q_p_~n
Commission, 2002).
Nevertheless, as worldwide rates of adoption
of herbicide-resistant crops and of glyphosate use
have risen in recent years (Duke & Powles, 2009),
restriction of glyphosate use has been enacted or
proposed in several countries, although documented actions are few. In 2013, the Legislative
Assembly of El Salvador voted a ban on the use of
pesticides containing glyphosate (Republica de
El _$_~1lvador, 2013). Sri Lanka is reported to have
instituted a partial ban based on an increasing
number of cases of chronic kidney disease among
agricultural workers, but the ban was lifted after
2 months (C__olomboPag~OH). TI1e reasons for
such actions have included the development of
resistance among weed species, as well as health
concerns.
No limits for occupational exposure were
identified by the Working Group.

1 :3 Measurement and analysis
Several methods exist for the measurement of
glyphosate and its major metabolite aminomethyl
phosphonic acid (AMPA) in various media,
including air, water, urine, and serum (Table l.1).
The methods largely involve derivatization with
9-fluorenylmethyl chloroformate
(FMOC-Cl)
to reach sufficient retention in chromatographic
columns (Kuang et al., 2011; Botero-Coy et al.,
2013). Chromatographic techniques that do not
require derivatization and enzyme-linked immunosorbent assays (ELISA) are under development
(Sanchis et al., 2012).

Glyphosate

Table 1.1 Methods for the analysis of glyphosate
Sample matrix

Assay procedure

Limit of detection

Reference

Water

HPLC/MS (with online solidphase extraction)
ELISA
LC-LC-FD
Post HPLC column
derivatization and FD
UV visible spectrophotometer
(at 435 ng)
LC-MS/MS with triple
quadrupole
GC-MS-MID
HPLC/MS with online solidphase extraction
HILIC/WAX with ESI-MS/MS
LC-ESI-MS/MS

0.08 µg/L

Lee i't al. (:WOil

0.05 µg/L
0.02 µg/L
6.0 µg/L

Iilm\1i'..tu7 00 '>)

0.02 mg/kg

Botero-Coy et al. (2013)

0.0007 mg/kg
0.01 ng/m3

Curwin et nl. (2005)
Chang __ er ol. (2()) l)

.... _ ...
Soil
Dust
Air
Fruits and vegetables
Field crops
(rice, maize and soybean)
Plant vegetation
Serum

Urine

HPLC with single polymeric
amino column
LC-MS/MS

HPLC with post-column
reaction and FD
ELISA

Hidalgo eta!. (2004)

EPA (1992)

1.2 µg/kg
0.007-0.12mg/kg

--··---"··-"'

0.03 µg/mL
0.02 µg/mL
(aminomethylphosphonic acid)
0.01 µg/mL
(3-methylphosphinicopropio:1ic acid)
1 µg/L

.Gb.i:n et ol (2.fil.U
Botero--CovctnZ. (2013b)

Yoshi()ka_eu1L (}.O!l}

Acquawl la

et q./.

(2004)

0.9 µg/L

ELISA, enzyme-linked immunosorbent assay; ES1-MS/MS, electrospray tandem mass spectrometry; FD, fluorescence detection; GC-MSMID, gas chromatography-mass spectrometry in multiple ion detection mode; HILIC/WAX, hydrophilic interaction/weak anion-exchange
liquid chromatography; HPLC/MS, high-performance liquid chromatography with mass spectrometry; HPLC, high-performance liquid
chromatography; LC-ESI-MS/MS, liquid chromatography-electrospray---:tandem mass spectrometry; LC-LC, coupled-column liquid
chromatography; LC-MS/MS, liquid chromatography-tandem mass spectrometry

1 .4 Occurrence and exposure
7.4. 1 Exposure
(a)

Occupational exposure

Studies related to occupational exposure
to glyphosate have included farmers and tree
nursery workers in the USA, forestry workers in
Canada and Finland, and municipal weed-control workers in the United Kingdom (Centre de
Toxicolo_gk_du___Q_uebec_,_1988; Jauhiainen et el:
1991·, -Lavv' ----·--------->
et al.. 1992· ----:'
Accuavella
et al. 2004·
___
!-----------~-'
Johnson et al.. 2005). Para-occupational exposures to glyphosate have also been measured in

farming families (Acquavella et al., 2004; Curwin
et al., 2007). These studies are summarized in
Table l.2.
(b)

Community exposure

Glyphosate can be found in soil, air, surface
water, and groundwater (EPA,)993a). Once in
the environment, glyphosate is adsorbed to soil
and is broken down by soil microbes to AMPA
(Borggaard & Gimsing, 2008). In surface water,
glyphosate is not readily broken down by water
or sunlight (EP11,_J993a). Despite extensive
worldwide use, there are relatively few studies
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Table 1.2 Occupational and para-occupational exposure to glyphosate
Industry,
country, year

Job/process

Results

Comments/additional data

n
Reference

0
C)

Canada, 1986
Signaller
Operator
Overseer
Mixer
Workers performing
silvicultural clearing
(n = 5)

USA, yearNR

Workers in two tree
nurseries (n = 14)

Arithmetic mean of air glyphosate
concentrations:
Morning, 0.63 µg/m3
Afternoon, 2.25 µg/m3
Morning, 1.43 µg/m3
Afternoon, 6.49 µg/1113
Morning, 0.84 µg/1113
Afternoon, 2.41 µg/1113
Morning, 5.15 µg/m3
Afternoon, 5.48 ~tg/1113
Range of air glyphosate concentrations,
< 1.25-15.7 µg/m3 (mean, NR)

Air concentrations of glyphosate were
measured at the work sites of one crew (five
workers) during ground spraying
268 urine samples were collected from 40
workers; glyphosate concentration was above
the LOD (15 µg/L) in 14%

Median, 16 mg/m3 in 85% of21 personal
air samples for workers spraying with
mechanized all-terrain vehicle
Median, 0.12 mg/m3 in 33% of 12
personal air samples collected from
workers with backpack with lance
applications

[The Working Group noted that the reported
air concentrations were substantially higher
than in other studies, but was unable to
confirm whether the data were for glyphosate
or total spray fluid]
Dermal exposure was also measured, but
reported as total spray fluid, rather than
glyphosate

Centre de Toxicologie
du Qufoec 0988J

Municipal weed
control workers
(n = 18)

::a
)>
-0

I

l/)

I

N

Tauhiainen el al. 0991)
Clearing work was done with brush saws
equipped with pressurized herbicide sprayers
Air samples were taken from the workers'
breathing zone (number of samples, NR)
Urine samples were collected during the
afternoons of the working week (number, NR)
Glyphosate concentrations in urine were below
___th~_LOD (10_ µg/L)
Lavv et ,1/. 0992)
In dermal sampling, 1 of78 dislodgeable Dermal exposure was assessed with gauze
residue samples were positive for
patches attached to the clothing and hand
rinsing
glyphosate
The body portions receiving the highest
Analysis of daily urine samples repeated over
exposure were ankles and thighs
12 weeks was negative for glyphosate

Weed control

United Kingdom,
yearNR

0

z

Forestry

Finland, year NR

s:

Johnson t'/.aW008

Table 1.2 (continued)
Industry,
country, year

Job/process

Results

Comments/additional data

Reference

Occupational and
para-occupational
exposure of24
farm families (24
fathers, 24 mothers
and 65 children).
Comparison group:
25 non-farm families
(23 fathers, 24
mothers and 51
children)
Occupational and
para-occupational
exposures of 48
farmers, their
spouses, and 79
children

Geometric mean (range) of glyphosate
concentrations in urine:
Non-farm fathers, 1.4 µg/L (0.13-5.4)
Farm fathers, 1.9 µg/L (0.02-18)
Non-farm mothers, 1.2 µg/L (0.06-5.0)
Farm mothers, 1.5 µg/L (0.10-11)
Non-farm children, 2.7 µg/L (0.10-9.4)
Farm children, 2.0 µg/L (0.02-18)

Frequency of glyphosate detection ranged
from 66% to 88% of samples (observed
concentrations below the LOD were not
censored). Detection frequency and geometric
mean concentration were not significantly
different between farm and non-farm families
(observed concentrations below the LOD were
not censored)

Curwin et (I/. (2007)

Geometric mean (range) of glyphosate
concentration in urine on day of
application:
Farmers, 3.2 µg/L (< 1 to 233 µg/L)
Spouses, NR (< 1 to 3 µg/L)
Children, NR (< 1 to 29 µg/L)

24-hour composite urine samples for each
family member the day before, the day of,
and for 3 days after a glyphosate application.
Glyphosate was detected in 60% of farmers'
samples, 4% of spouses' samples and 12% of
children's samples the day of spraying and
in 27% of farmers' samples, 2% of spouses'
samples and 5% of children's samples 3 days
after

Acquavella et (I/. (2004)

·Farming

USA, 2001

' USA, year NR

LOD, limit of detection; ND, not detected; NR, not reported

Cl
'<

'D
::,
0
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,-+
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on the environmental occurrence of glyphosate
(Kolpin et al., 2006).
(i)

Air

Very few studies of glyphosate in air were
available to the Working Group. Air and rainwater samples were collected during two
growing seasons in agricultural areas in Indiana,
Mississippi, and Iowa, USA (Chang et al., 2011).
The frequency of glyphosate detection ranged
from 60% to 100% in air and rain samples, and
concentrations ranged from< 0.01 to 9.1 ng/m3
in air samples and from < 0.1 to 2.5 µg/L in
rainwater samples. Atmospheric deposition
was measured at three sites in Alberta, Canada.
Rainfall and particulate matter were collected
as total deposition at 7-day intervals throughout
the growing season. Glyphosate deposition
rates ranged from < 0.01 to 1.51 µg/m2 per day
(Humphries et aL 2005).
No data were available to the Working Group
regarding glyphosate concentrations in indoor
air.
(ii)

Water

Glyphosate in the soil can leach into groundwater, although the rate ofleaching is believed to
be low (Borggaard & Gimsing, 2008; Simonsen
et al.. 2008). It can also reach surface waters by
direct emission, atmospheric deposition, and by
adsorption to soil particles suspended in runoff
water (EPA. 1993a; 1Iurnphries et al., 2005).
Table l.3 summarizes data on concentrations
of glyphosate or AMPA in surface water and
groundwater.
(iii)

Residues in food and dietary intake

Glyphosate residues have been measured
in cereals, fruits, and vegetables CD!ble ~L.1).
Residues were detected in 0.04% of 74 305
samples of fruits, vegetables, and cereals tested
from 27 member states of the European Union,
and from Norway, and Iceland in 2007 (EFSA,
2.009). In cereals, residues were detected in 50%
of samples tested in Denmark in 1998-1999, and
8

in 9.5% of samples tested from member states
of the European Union, and from Norway and
Iceland in 2007 (Granbv & Vahl, 2001; EFSA,
2009). In the United Kingdom, food sampling
for glyphosate residues has concentrated mainly
on cereals, including bread and flour. Glyphosate
has been detected regularly and usually below the
reporting limit (Pesticide Residues Committe~
2007, 2008, 2009, 2010). Six out of eight samples
of tofu made from Brazilian soy contained
glyphosate, with the highest level registered
being 1.1 mg/kg (Pesticide Residues Committe~,
2007).
(iv)

Household exposure

In a survey of 246 California households,
14% were found to possess at least one product
containing glyphosate (Guha et al., 2013).
(v)

Biological markers

Glyphosate concentrations in urine were
analysed in urban populations in Europe, and
in a rural population living near areas sprayed
for drug eradication in Colombia (MLHB, 2013;
Varona __et ~009). Glyphosate concentrations
in Colombia were considerably higher than in
Europe, with means of 7.6 ng/L and 0.02 µg/L,
respectively (Table 1.5). In a study in Canada,
glyphosate concentrations in serum ranged from
undetectable to 93.6 ng/mL in non-pregnant
women (n = 39), and were undetectable in serum
of pregnant women (n = 30) and fetal cord serum
(Aris & Leblanc, 2011).

7.4.2 Exposure assessment
Exposure assessment methods in epidemiological studies on glyphosate and cancer are
discussed in Section 2.0 of the Monograph on
Malathion, in the present volume.

Table 1.3 Concentration of glyphosate and AMPA in water
Country, year of
sampling

Number of samples/setting

Results

Comments/additional data

Reference

51 streams/agricultural areas
(154 samples)

Maximum glyphosate
concentration, 5.1 µg/L
Maximum AMPA concentration,
3.67 µg/L

Battaglin et el: {2005}

10 wastewater treatment plants
and two reference streams (40
samples)
3 wetlands and 10 agricultural
streams (74 samples)

Glyphosate, range :s; 0.1-2 ug/L
AMPA, range :s; 0.1-4 µg/L

Colombia, year NR

5 areas near crops and coca
eradication (24 samples)

Denmark. 2010-2012

4 agricultural sites (450 samples)

Maximum concentration.
30.1 µg/L (minimum and mean,
NR)
Range,< 0.1-31.0 µg/L
~

The samples were taken following
pre- and post-emergence
application and during harvest
season
Glyphosate detected in 36% of
samples; AMPA detected in 69%
of samples
AMPA was detected more
frequently (67.5%) than
glyphosate (17.5%)
Glyphosate ~as detected in most ~
of the wetlands and streams (22%
of samples)
Glyphosate detected in 8% of
samples (MDL, 25 µg/L)

. USA, 2002

~.h,

USA, 2002

Canada, 2002

(;,[";!"

--

Range, < 0.02-6.08 µg/L

.

Glyphosate detected G1 23% ot"
samples; AMPA detected in 25%
of samp_les

KoJp_jn_ct_al. J2QO{il

i-lumphries et al. (20051

Solomo11 et al.,.Jl007)

Hri.ich etf1U20JJ)

AMPA, aminomethylphosphonic acid; MDL. method detection limit; NR. data not reported
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Table 1.4 Concentrations of glyphosate in food

:::0

n

Country, year

Type of food

Results

Comments/additional data

Reference

s:

Denmark, 1998, 1999

Cereals

> 50% of samples had detectable
residues
Means: 0.08 mg/kg in 1999 and
0.11 mg/kg in 1998
0.04% of2302 fruit, vegetable and
cereal samples
9.5% of 409 cereal samples
75% of samples had detectable
residues
Mean, 0.08 mg/kg
Range,< 0.005 to 0.5 mg/kg

49 samples of the 1998 harvest
46 samples of the 1999 harvest

J:,ranl.ly & Vahl (2001)

z

350 different food
commodities

27 European Union
member states, Norway
and Iceland, 2007
Australia, 2006

Composite sample of foods
consumed in 24 hours

0

C)
::x:,
)>

v
74 305 total samples

I

.!if'.2a'llil2lli12}

Vl
I

20 total samples from 43
pregnant women

McQueep ct ,1/. (20]2)

Table 1.5 Concentrations of glyphosate and AMPA in urine and serum in the general population
Subjects

Results

Comments/additional data

Reference

18 European countries, 2013

162 individuals

44% of samples had quantifiable
levels of glyphosate and 36% had
quantifiable levels of AMPA

MLHB (2013)

Colombia, 2005-2006

112 residents of areas
sprayed for drug
eradication

Arithmetic mean of glyphosate
concentration:
0.21 µg/L (maximum, 1.56 µg/L)
Arithmetic mean of AMPA
concentration:
0.19 µg/L (maximum, 2.63 µg!.9_
Arithmetic mean (range) of
'
glyphosate concentration:
7.6 µg/L (ND-130 µg/L)
Arithmetic mean (range) of AMPA
concentration:
1.6 µg/L (ND-56 µg/L)
;,

40% of samples had detectable
levels of glyphosate and 4% had
detectable levels of AMPA (LODs,
0.5 and 1.0 µg/L, respectively)
Urinary glyphosate was associated
with use in agriculture

Varona et nl. (2009)

No subject had worked or lived
with a spouse working in contact
with pesticides
LOD, 15 µg/L

Aris & Leblanc (201

Country, period

,Urin_e

Serum
Canada, NR

... ,

--· -

._..._.: "'"<

.-

30 pregnant women
and 39 non-pregnant
women

J

.-

. .
ND in serum of pregnant women or
cord serum;
Arithmetic mean, 73.6 µg/L,
(range, ND-93.6 µg/L) in nonpre_gnant women

AMPA, aminomethylphosphonic acid; LOD, limit of detection; ND, not detected; NR, not reported
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2.

Cancer in Humans

2.0 General discussion of
epidemiological studies
A general discussion of the epidemiological
studies on agents considered in Volume 112 of
the IARC Monographs is presented in Section 2.0
of the Monograph on Malathion.

2.1

Cohort studies

See Table 2.1
The Agricultural Health Study (AHS), a large
prospective cohort study conducted in Iowa and
North Carolina in the USA, is the only cohort
study to date to have published findings on exposure to glyphosate and the risk of cancer at many
diff
19·9·6·· L-··--·"'-·-······--··'-·NIH 2015)
nrerent s1·t es (Al··
•.. ... ava 11·a
. ,LJ-it... al
--.·~,
(see Section 2.0 of the Monograph on Malathion,
in the present volume, for a detailed description
of this study).
The enrolment questionnaire from the AHS
sought information on the use of 50 pesticides
(ever or never exposure), crops grown and livestock raised, personal protective equipment used,
pesticide application methods used, other agricultural activities and exposures, nonfarm occup
ational exposures, and several lifestyle, medical,
and dietary variables. The duration (years) and
frequency (days per year) of use was investigated
for 22 of the 50 pesticides in the enrolment questionnaire. [Blair et11LGW..ill assessed the possible
impact of misclassification of occupational pesticide exposure on relative risks, demonstrating
that nondifferential exposure misclassification
biases relative risk estimates towards the null in
the AHS and tends to decrease the study power.]
The first report of cancer incidence associated
with pesticide use in the AHS cohort considered
cancer of the prostate (Alavan_ia et al., 2003). Risk
estimates for exposure to glyphosate were not
presented, but no significant exposure-response

association with cancer of the prostate was found.
In an updated analysis of the AHS (1993 to 2001),
De Roos et al. (_'.?,_()05a) (see below) also found no
association between exposure to glyphosate and
cancer of the prostate (relative risk, RR, 1.1; 95%
CI, 0.9-1.3) and no exposure-response trend (P
value for trend = 0.69).
De Roos et_nC(2.Q05s.1l also evaluated associations b-etween exposure to glyphosate and the
incidence of cancer at several other sites. The
prevalence of ever-use of glyphosate was 75.5%
(> 97% of users were men). In this analysis, exposure to glyphosate was defined as: (a) ever personally
mixed or applied products containing glyphosate;
(b) cumulative lifetime days of use, or "cumulative
exposure days" (years of use x days/year); and
(c) intensity-weighted cumulative exposure days
(years of use x days/year x estimated intensity
level). Poisson regression was used to estimate
exposure-response relations between exposure to glyphosate and incidence of all cancers
combined, and incidence of 12 cancer types: lung,
melanoma, multiple myeloma, and non-Hodgkin
lymphoma (see Table 2.1) as well as oral cavity,
colon, rectum, pancreas, kidney, bladder, prostate,
and leukaemia (results not tabulated). Exposure
to glyphosate was not associated with all cancers
combined (RR, 1.0; 95% CI, 0.9-1.2; 2088 cases).
For multiple myeloma, the relative risk was 1.1
(95% CI, 0.5-2.4; 32 cases) when adjusted for
age, but was 2.6 (95% CI, 0.7-9.4) when adjusted
for multiple confounders (age, smoking, other
pesticides, alcohol consumption, family history
of cancer, and education); in analyses by cumulative exposure-days and intensity-weighted
exposure-days, the relative risks were around 2._0
in the highest tertiles. Furthermore, the association between multiple myeloma and exposure
to glyphosate only appeared within the subgroup
for which complete data were available on all the
covariates; even without any adjustment, the risk
of multiple myeloma associated with glyphosate use was increased by twofold among the
smaller subgroup with available covariate data
11
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Table 2.1 Cohort studies of cancer and exposure to glyphosate
Reference,
study location,
enrolment
period/followup, study-design

Population size, description,
exposure assessment method

De Roos et ol.
(2005a)
Iowa and North
Carolina, USA
1993-2001

54 315 (after exclusions, from a total
cohort of 57 311) licensed pesticide
applicators
Exposure assessment method:
questionnaire; semi-quantitative
assessment from self-administered
questionnaire

Organ site
(!CD code)

Exposure
category or
level

::0

n
Exposed
cases/
deaths

Risk estimate
(95% CI)

Covariates
controlled

Comments

:s:
z
0
0
Cl

:::0
)>
-0

Lung

.,.""

J,.

.,

Melanoma

Multiple
myeloma

Ever use
147
Cumulative
exposure
days:
1-20
40
21-56
26
57-2678
26
Trend-test P value: 0.21
Ever use
75
1-20
23
21-56
20
57-2678
14
Trend-test P value: 0.77
Ever use
32
32
Ever use
1-20
8
21-56
5
Trend-test P value: 0.27
Ever use
92
1-20
29
21-56
15
57-2678
17
Trend-test P value: 0.73

0.9 (0.6-1.3)

1 (ref.)
0.9 (0.5-1.5)
0.7 (0.4-1.2)
1.6 (0.8-3)
1 (ref.)
1.2 (0.7-2.3)

Age, smoking,
other
pesticides,
alcohol
consumption,
family history
of cancer,
education

...

0.9 (0.5-1.8)
1.1 (0.5-2.4)
2.6 (0.7-9.4)
1 (ref.)
1.1 (0.4-3.5)

Age only
(results in this
row only)
.¥-~ ... '." ..

1.1 (0.7-1.9)
1 (ref.)
0.7 (0.4-1.4)
0.9 (0.5-1.6)
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AHS
Cancer sites
investigated: lung,
melanoma, multiple
myeloma and NHL
(results tabulated) as
well as oral cavity,
colon, rectum, pancreas,
kidney, bladder, prostate
and leukaemia (results
not tabulated)
[Strengths: large cohort;
specific assessment
of glyphosate;
semiquantitative
exposure assessment.
Limitations: risk
estimates based on
self-reported exposure;
limited to licensed
applicators; potential
exposure to multiple
pesticides]
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