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A Swiss chemist working for a
pharmaceutical company, Dr.
Henri Martin, discovered
glyphosate [N-(phosphonomethyl)
glycine] in 1950. Because no
pharmaceutical applications were
identifed, the molecule was sold
to a series of other companies
and samples were tested for a
number of possible end uses. A
Monsanto chemist, Dr. John
Franz, identifed the herbicidal
activity of glyphosate in 1970,
and a formulated end-use
product called Roundup was first
sold commercially by Monsanto in
1974. [1]
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Dr. John Franz

Born: 21/12/1929, Springfield, Illinois
(age 86) (1929-12-21)/
Notable awards: National Medal of
Technology Carothers Award Perkin Medal
(1990)

[1] Benbrook Environ Sci Eur (2016) 28:3



Glyphosate, is a broad-spectrum herbicide and, without doubts, is the world’s
biggest-selling chemical used for weed control in agricultural, silvicultural and
urban environments

Glyphosate inhibits the 5-
enolpyruvylshikimate-3-
phosphate synthase (EPSPS)
in the shikimate acid
pathway, thereby
interfering in the
production of proteins
and other molecules that
require tryptophan,
phenylalanine or tyrosine as
precursors.Some of the
blocked molecules act as
growth promoters (e.g.,
indoleacetic acid, IAA)
or defense metabolites (e.g.,
tannins, anthocyanins,
flavonoids and lignin) for
the plants. The shikimate
pathway can be found in
plants and microbes

Trends in Plant Science, Volume 17, Issue 10, October 2012, Pages 569–574
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Common Name ISO: GLYPHOSATE

Chemical name IUPAC: N-(phosphonomethyl)-glycin

Solvent Solubility Solvent Solubility

Water pH 2: 10.5 ± 0.2 g/l 
20 °C, 995 g/kg

Methanol 0.231 g/l

Acetone 0.078 g/l n-Octanol 0.020 g/l

Dichloromethane 0.233 g/l Propan-2-ol 0.020 g/l

Ethylacetate 0.012 g/l Toluene 0.036 g/l

Hexane 0.026 g/l



The molecule of glyphosate can be envisioned as a polydentate
and/or monodentate ligand that binds to “substrates” via the oxygen
atoms. These molecular characteristics of glyphosate have major
implications in its mode of herbicide action and in the sorption
behavior of glyphosate on soils/sediments.
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In the soil environment, glyphosate is resistant to chemical degradation, is
stable to sunlight, is relatively nonleachable, and has a low tendency to runoff
(except as adsorbed to colloidal matter). It is relatively immobile in most soil
environments as a result of its strong adsorption

Glyphosate is highly soluble in water. The hydrolysis half-life is >35 days (Kollman
and Segawa, 1995). Studies conducted in Manatoba Canada (Kirkwood, 1979)
suggest that glyphosate’s loss from water is through sediment adsorption and
microbial degradation Trends in Plant Science, Volume 17, Issue 10, October 2012, Pages 569–574



Glyphosate’s primary route of decomposition in the environment is through
microbial degradation in soil (Franz et al. 1997). The herbicide is inactivated
and biodegraded by soil microbes at rates of degradation related to microbial
activity in the soil and factors that affect this activity (Eriksson, 1975).

.

ENVIRONMENTAL FATE OF GLYPHOSATE Jeff Schuette Environmental Monitoring & Pest Management Department of Pesticide Regulation Sacramento, 
CA 95824-5624 (Revised November 1998)



Glyphosate is a zwitterion, as illustrated in figure and has four
dissociation constants (pKa),

Acid Dissociation
Constants of
Glyphosate

Value of 
Dissociation
Constant of 
Glyphosate

Dissociated Proton 
in

Glyphosate

pKa1 0,8 First phosphonic

pKa2 2,3 Carboxilate

pKa3 6,0 Second phosphonic

pKa4 11,0 Amine
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In the environmentally significant pH range of 5 to 9, the first
phosphonic and carboxylate protons are fully dissociated. The
dissociation of the second phosphonic proton increases above pH 6, but
the amine proton is unlikely to dissociate in the environment.

[

The pH-dependent dissociation of glyphosate determines the speciation
of glyphosate in aquatic systems. However, the estimation of
environmental exposure concentration in water does not take into
account the dissociation of glyphosate in water. The effect toxicity of
each dissociated form of glyphosate is not known .



The environmental fate studies
conducted on soil and water-sediment
systems do not take into account the
adsorption of glyphosate onto
colloidal-range particulates.
The importance of particulate matter
in the transport of pollutants and
subsequent deposition is recognized.
Since glyphosate adsorbs strongly to
soil particulates, the higher surface
area of colloidal matter may result in
higher concentrations of glyphosate
when compared to higher particulate
sizes.
That is, colloidal particulates could
behave as “scavengers” of
glyphosate. Transport of glyphosate
by colloids have the potential for
off-site deposition

Particulate size in disperse phase range from 5 to 200 
nanometers
3 DeLonge, L.W., Kjaergaard, and Moldrup, P. 2004. Colloids
and Colloid-Facilitated Trnsport of Contaminats in
Soils: An Introduction. Vadose Zone Jounar, Vol, pp 321-325.

Colloidal transport 



Geological Disposal of Nuclear Waste: Fate and Transport of Radioactive Materials,

By Prabhakar Sharma DOI: 10.5772/50391

Colloidal transport 

Presence of colloidal matter in natural waters can vary with season.
Furthermore, the concentration distribution of the chemical through a
water body is not likely to be omogenous. Therefore, the estimated
environmental concentrations in water could be overestimated or
underestimated at specific sites.

By Prabhakar Sharma DOI: 10.5772/50391 



The primary metabolite of glyphosate is aminomethylphosphonic acid (AMPA).
Degradation of AMPA is generally slower than that of glyphosate possibly
because AMPA may adsorb onto soil particles more strongly than glyphosate
and/or because it may be less likely to permeate the cell walls or membranes of
soil microorganisms (USDA, 1984).

ENVIRONMENTAL FATE OF GLYPHOSATE Jeff Schuette Environmental Monitoring & Pest Management Department of Pesticide Regulation Sacramento, 
CA 95824-5624 (Revised November 1998)
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Aminomethylphosphonic acid (AMPA). 



Global agricultural and non-agricultural use of glyphosate:
1994 -2014

tons

Benbrook Environ Sci Eur (2016) 28:3



GLYPHOSATE 122603

TUSCANY
Active Substances Sales data

Year 2009
Expressed in Kg 

Whole sales data 2505814

COPPER 290023

SULFUR 1490397

Sales data excluding Copper and sulfur 725394

Glyphosate Percentage 17%

ARPAT
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CHAPTER I
GENERAL PROVISIONS

Article 1
Subject matter and purpose

3. The purpose of this Regulation is to ensure a

high level of protection of both human and

animal health and the environment and to

improve the functioning of the internal market

through the harmonisation of the rules on the

placing on the market of plant protection

products, while improving agricultural

production.

REGULATION (EC) No 1107/2009



Introduction of « cut-off » criteria

Reasons of the introduction of 
« cut-off » criteria

 Council report and Resolution of EU Parliament on the COM report on

implementation of Directive 91/414/EEC in 2001 and 2002

 Consistency with other policies and legislative measures such as 6th

Community Environment Action Programme, workers safety, Endocrine

Disruptors Community strategy 1999, REACH

 Facilitation of decision making process

 Increase protection of human, animal health and Environment

REGULATION (EC) No 1107/2009



CHAPTER II 
ACTIVE SUBSTANCES, SAFENERS, SYNERGISTS AND CO-FORMULANTS 

SECTION 1 
Active substances
S u b s e c t i o n 1 

R e q u i r e m e n t s  a n d  c o n d i t i o n s  f o r  a p p r o v a l 
Article 4 

Approval criteria for active substances 

REGULATION (EC) No 1107/2009

The assessment of the active substance shall first establish whether the
approval criteria set out in points 3.6.2 to 3.6.4 and 3.7 of Annex II are satisfied.
If these criteria are satisfied the assessment shall continue to establish
whether the other approval criteria set out in points 2 and 3 of Annex II are
satisfied.



An active substance, safener or synergist shall only be approved, if, on

the basis of assessment of carcinogenicity testing carried out in

accordance with the data requirements for the active substances,

safener or synergist and other available data and information,

including a review of the scientific literature, reviewed by the Authority,

it is not or has not to be classified, in accordance with the provisions of

Regulation (EC) No 1272/2008, as carcinogen category 1A or 1B

An active substance, safener or synergist shall only be approved, if, on

the basis of assessment of carcinogenicity testing carried out in

accordance with the data requirements for the active substances,

safener or synergist and other available data and information,

including a review of the scientific literature, reviewed by the Authority,

it is not or has not to be classified, in accordance with the provisions of

Regulation (EC) No 1272/2008, as carcinogen category 1A or 1B

REGULATION (EC) No 1107/2009
Annex II, 

3.6 Impact on human health

3.6.3



20/03/201520/03/2015
Glyphosate monograph is on-line.
The conclusion is that glyphosate is
probably carcinogenic to human

30/07/201530/07/2015
EFSA is to assess the findings of a
report by IARC.
Initial draft risk assessment report is
produced by an RMS (Rapporteur
Member State), in this case, RMS is
Germany
The report will be considered as part
of EFSA’s on-going peer review of
the re-evaluation of glyphosate.

…glyphosate is unlikely to
pose a carcinogenic hazard to
humans and the evidence does
not support classification with
regard to its carcinogenic
potential according to
Regulation (EC) No 1272/2008.

12/11/2015



16/05/2016
The Meeting concluded that glyphosate is
unlikely to be genotoxic at anticipated dietary
exposures.

Meeting concluded that glyphosate is unlikely
to pose a carcinogenic risk to humans from
exposure through the diet.

• ADI 0-1mg/Kg Bodyweight
• No ARfD for glyphosate or its metabolites in

view of its low acute toxicity

June 2016: No qualified majority from the Member States at
either the Standing Committee (6 June) or the Appeal
Committee (24 June).
End June 2016: End of the provisional extension at EU level of
the active substance glyphosate. Commission extends
approval of the substance, under certain conditions.
In all, the EU's assessment of glyphosate has taken 3 years,
involving public sector scientific experts from EU's agencies
(EFSA and ECHA) and national authorities in all 28 Member
States.
27 Member States agree with EFSA's conclusion on
carcinogenicity (Sweden was in favour of another classification)



The Commission adopted the extension of the current
approval of glyphosate for a limited period until the European
Chemical Agency (ECHA) has concluded its review.

REGULATION 2016/1313

1. ban a co-formulant called POE-tallowamine from
glyphosate based products;

2. minimise the use of the substance in public parks, public
playgrounds and gardens;

3. minimise the pre-harvest use of glyphosate

9 August: MINSAN issued a decree which, with effect from 22
August 2016, that include:
• the revocation of the use in areas frequented by people (...)

such as: parks, gardens, sports fields and recreational
areas, playgrounds and green areas within school
buildings, children's play areas and adjacent areas to
health facilities;

• prohibition of use in agricultural for the purpose of
optimizing the harvest or threshing;

• prohibition of non-agricultural use on soils containing a
higher percentage of sand to 80%; areas vulnerable and
buffer zones (groundwater protection)

http://europa.eu/rapid/pre
ss-release_MEMO-16-
2012_en.htm



By Prabhakar Sharma DOI: 10.5772/50391 

Followed by Resolution 821/2015 of the
Regional Government, Tuscany Region has
banned the use of Glyphosate in non-
agricultural sector





Analysis of Glyphosate and AMPA

Characteristics

Small molecules
High Polarity

Zwitterionic Form

High Water solubility

Low Organic solvents
solubility

Lack of Chromogenic
groups

Low vapour pressure



By Prabhakar Sharma DOI: 10.5772/50391 Direct Analysis of Glyphosate and AMPA ?

Truth or Mith?



Analysis of Glyphosate and AMPA

LC
Insertion of Chromogenic group

and/or improvement of chromatographic behaviour

GC
Insertion of group for 

enhancement of volatility



Analysis of Glyphosate and AMPA

• Derivatization with FMOC-Cl

• SPE off-line clean-up and concentration

• Analysis of the extracts by LC-MS and LC-MSMS  negative ionization



Analysis of Glyphosate and AMPA

• Derivatization with FMOC-Cl

• SPE on-line clean-up and concentration

• Analysis of the extracts by LC-MS and LC-MSMS  positive ionization



Analysis of Glyphosate and AMPA

• Derivatization with FMOC-Cl

• SPE off-line clean-up and concentration

• Analysis of the extracts by LC-MS and LC-MSMS  negative ionization



Analysis of Glyphosate and AMPA

• Derivatization with FMOC-Cl

• Preconcentration-clean-up  with SPE  
(off or on-line) or LLE

• Analysis of the extracts by LC-MS and 
LC-MSMS  negative ionization



Derivatization of Glyphosate and AMPA
with FMOC-Cl
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FMOC-Cl
IUPAC name: Chloroformic acid 9H-fluoren-9-ylmethyl ester

Other names:9-Fluorenylmethyl chloroformate; 9-Fluorenylmethoxycarbonyl chloride;
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Analysis of Glyphosate and AMPA

Water samples: 
Stored frozen in plastic bottle

Thawing

Sub sample of 80 ml
+

1600 µl HCL 6M
after 2 hours

+
1600 µl KOH 6M

80 µl ILSs 100 ng/ml
+

10 ml Borate buffer 5% 
+

10 ml FMOC-Cl in CH3CN 6,5 mM
(daily prepared)

1 ml of HCOOH and filter
+

4 ml EDTA Na4 1 M
+

100 ml H2O

SPE

• 9 ml of Methanolic eluate
• Evaporate to dryness
• Reconstitute with 500 µl of 

HPLC Mobile Phase HPLC-HRMS analysis
Positive ionization



Positive ionization choice
“Although these compounds have been traditionally recorded in negative ion mode
[9,10], in our work the sensitivity in positive ion mode was found to be
approximately two times higher. Moreover, the product ions observed in negative
ion mode were due to neutral unspecific losses of FMOC, or FMOC plus water.
Thus, any isobaric compound that could have been derivatized with FMOC and
also presented a water loss, would show the same product ions in its MS/MS
spectra, being therefore not very selective. For all these reasons, positive ion
mode was selected”
Journal of Chromatography A, 1081 (2005) 145–155

ILSs choice
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Instrumental Choice

LC-MS-IT



Instrumental Choice

Orbitrap Exactive HCD
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Trapped ions in the orbitrap

Characteristic frequencies:
Frequency of rotation ωφ
Frequency of radial oscillations ωr
Frequency of axial  oscillations ωz

 )/ln(2/
2

),( 222
mm RrRrz

k
zrU 

z

φ

Only this frequency does not 
depend on energy, angle, etc. 
and is used for mass analysis 

Hyper-logarithmic potential distribution in the Orbitrap: 
“ideal Kingdon trap”

•Korsunskii M.I., Basakutsa V.A. Sov. Physics-Tech. Phys. 1958; 3: 1396.

•Knight R.D. Appl.Phys.Lett. 1981, 38: 221.

•Gall L.N.,Golikov Y.K.,Aleksandrov M.L.,Pechalina Y.E.,Holin N.A. 

SU Pat. 1247973, 1986.

r

LC-HRMS: Orbitrap



Instrumental Method

HPLC Column : Biphenyl,
150 mm, 2 mm, 3 µm
Phase A: Water 98%,
ammonium formate 5 mM,
methanol, 2%, Formic Acid
0,01%
Phase B: Methanol: 83%,
Isopropanol: 15%,
Ammonium formate 5 mM:
2%, Formic Acid 0,01%
Flow 400 µl/min

Time A% B%
0 95 5
1 95 5
15 29 71
16 5 95
21 5 95
22 95 5
27 95 5

Gradient:

HESI (capillary 350 ºC, vaporizer 40 ºC)
Positive ionization, Full Scan: resolution
50000.
Fragmentation E HCD= 15V, resolution
50000



Trapped ions in the orbitrapLC-HRMS: Full scan
The identification of the analytes is performed in a "full scan" by seeking, for each
analyte, the two ions (protonated form) listed below.

In this way, 4 identification points are obtained (DECISION 657/2002, TABLE 5), 
that are considered to be diagnostic of the presence of the target molecules

Formula Target Qual. Ratio Q/Tgt

Glypho-FMOC nat. C18H18PNO7 392,08936 393,09272 19.47

Glypho-FMOC mark. 13C2C16H18P
15NO7 395,09311 396,09646 17.31

AMPA-FMOC nat. C16H16PNO5 334.08389 335.08724 17.31

AMPA-FMOC mark. 13CC15D2H14P
15NO5 338.09683 339.10018 16.22
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Trapped ions in the orbitrapLC-HRMS: HCD fragmentation: Glyphosate

In the event of doubtful situations, we proceed to the analysis of fragments.

Identification is considered certain if it will prove at least two fragment ions, In this way,

from four to five identification points are obtained (DECISION 657/2002, TABLE 5)
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C4H9PNO7 (protonated adduct)= massa 214.01111
13C2C2H9P

15NO7 (protonated adduct)= massa 217.01486



Trapped ions in the orbitrapLC-HRMS: HCD fragmentation: Glyphosate

In the event of doubtful situations, we proceed to the analysis of fragments.

Identification is considered certain if it will prove at least two fragment ions, In this way,

from four to five identification points are obtained (DECISION 657/2002, TABLE 5)

C3H9PNO5 (protonated adduct)= massa 170.02129
13C2CH9P

15NO5 (protonated adduct)= massa 173.02503

C3H6NO2 (protonated adduct)= massa 88,03930
13C2CH6P

15NO2 (protonated adduct)= massa 91,04305
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Trapped ions in the orbitrapLC-HRMS: HCD fragmentation
AMPA

C2H5PNO5 (protonated adduct)= massa 156,00564
13CCD2H3P

15NO5 (protonated adduct)= massa 160,01858

CH5PNO3 (protonated adduct)= massa 112.01581
13CD2P

15NO3 (protonated adduct)= massa 116.02875



Trapped ions in the orbitrapLC-HRMS: HCD fragmentation

TARGET and 
FRAGMENT IONS

(HCD 15 eV)
Ion
m/z

Ion
m/z

Ion
m/z

Glyphosate-FMOC
392,08936 214.01111 170.02129

1,2-13C2
15N 

Glyphosate -FMOC.
395,09311 217.01486 173.02503

AMPA-FMOC
334.08389 156.00564 112.01581

13C15ND2

AMPA-FMOC
338.09683 160.01858 116.02875



LC-HRMS: Full scan

GLY-FMOC 
Injection of 15 µl at 100ng/ml

Simulated spectra

Acquired spectra



LC-HRMS: HCD Fragmentation
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LC-HRMS: Full scan
Mineral water spiked with Glyphosate /Glyphosate ILS

0,2 µg/l  e.a.



Calculation of results
Isotopic diluition

xILS

x

xILS

x
xILSx

k

k
=

A

A
=F /

xILSx

xILSxILSxx
F

CAAC
/

1
)/( 

F Glyphosate/Glyphosate/1,2-13C2
15N F AMPA/AMPA/13C2

15ND2

Average 1.018862 1.064397



Quantitation Range

The quantitation range for the method is from 0.02 to 5.0 µg/L

ART.4
.......a limit of quantification
equal or below a value of
30% of the relevant
environmental quality
standards.

According to the principle of ”analogia
legis”, we use the limit reported in
DLGS 31 (0,1 µg/L) for pesticide, so a
value of 30% of the Is limit is 0,03µg/L
quality standards.

The quantitation range for the
method is compliance to Directive
2009/90.



LC-HRMS: Full scan and HCD
Mineral water spiked with 

Glyphosate /Glyphosate ILS
0,005 µg/l/0,1µg/L



LC-HRMS: Full scan and HCD
Mineral water spiked with 

AMPA /AMPA ILS
0,005 µg/l/0,1µg/L



Determination of Statistical parameters

Limit of repeatibility Glyphosate Limit of repeatibility AMPA

Average Less than 15% at 0,1 µg/L Less than 15% at 0,1 µg/L

According to
«Guidance document on analytical quality control and procedures for
pesticide residues analysis in food and feed. SANCO/12571/19November
2013 AL2013 rev. 0” «

Limit of repeatibility

Recovery

“ The recovery test may be omitted when the standard addition approach is
used or when using the isotope-dilution approach with the isotope-labelled
internal standard being added to the analytical portion prior to extraction”



Determination of Statistical parameters

Trueness Glyphosate Trueness AMPA

Average From 76 to 87% From 74 to 110%

Trueness
(Proficiency Tests)

Uncertainty
(Proficiency Tests)

xS=xS Rpt

xSkxu Re 

  100)/(%  xe RxuCVAll CV%’s were less than 50%, so we have
considered a fixed uncertainty of this value
accordin g to Directive 2009/90



LC-HRMS: Full scan
Proficiency AGLAE 16M55.2 

Friday 16/09/2016-

Glyphosate provisional Z-score = +0,06
AMPA provisional Z-score = +0,87



Analyzed
samples

30/05/2015

% of samples with 
Glyphosate

concentration higher
than 0,1 µg/l

% of samples with 
AMPA 

concentration higher
than 0,1 µg/l

130 25 42

Analyzed
samples

30/05/2015

% of samples with 
Glyphosate

concentration higher
than 1 µg/l

% of samples with 
AMPA 

concentration higher
than 1 µg/l

130 9 15

Tuscany: may 2015

Analyzed
samples

30/05/2015

% of samples with 
Glyphosate

concentration higher
than 0,005 µg/l

% of samples with 
AMPA 

concentration higher
than 0,005 µg/l

130 65 68



Analyzed
samples

08/08/2016

Maximum 
concentration of 

Glyphosate
µg/l

Maximum 
concentration of 

AMPA 
µg/l

234 23,99 65,85

Analyzed
samples

08/08/2016

Average
concentration of 

Glyphosate
µg/l

Average
concentration of 

AMPA 
µg/l

234 1,17 3,68

Analyzed
samples

08/08/2016

Concentration of 
Glyphosate

Median
µg/l

Concentration of 
AMPA 
Median

µg/l

234 0,1 0,32

Tuscany: may 2015



Analyzed
samples

08/08/2016

% of samples with 
Glyphosate

concentration higher
than 0,005 µg/l

% of samples with 
AMPA 

concentration higher
than 0,005 µg/l

234 45 60

Analyzed
samples

08/08/2016

Maximum 
concentration of 

Glyphosate
µg/l

Maximum 
concentration of 

AMPA 
µg/l

234 23,99 65,85

Analyzed
samples

08/08/2016

Average
concentration of 

Glyphosate
µg/l

Average
concentration of 

AMPA 
µg/l

234 1,17 3,68

Tuscany: July 2016



Analyzed
samples

08/08/2016

% of samples with 
Glyphosate

concentration higher
than 0,1 µg/l

% of samples with 
AMPA 

concentration higher
than 0,1 µg/l

234 23 39

Analyzed
samples

08/08/2016

% of samples with 
Glyphosate

concentration higher
than 1 µg/l

% of samples with 
AMPA 

concentration higher
than 1 µg/l

234 9 21

Analyzed
samples

08/08/2016

% of samples with 
Glyphosate

concentration higher
than 0,005 µg/l

% of samples with 
AMPA 

concentration higher
than 0,005 µg/l

234 45 60

Tuscany: July 2016
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Glyphosate AMPA

Superficial Water



Glyphosate AMPA

Groundwater



Glyphosate AMPA

Superficial Catchment points for drinking water 
production
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