Monitoring of Glyphosate Residues in Environmental Groundwater Samples
by ELISA and LC-MS/MS
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1. INTRODUCTION

Glyphosate is a herbicide widely used in order to control various types of weeds, as well as in genetically-engineered crops like : Groundwater samples
soy and maize. Although it is i d to be ively safe d to some organochlorine pesticides, various studies in the 3
last decade have shown possible toxicological effects linked to its use (slightly toxic to invertebrate species, possibly toxic to am-

phibian species, increased neurclogic developmental effects in exposed children, loss of fertility). Existing analytical methods for
the detecllon of glyphosate in waters and other matrices are based on chromatographic technigues, usually coupled to mass spe-
d ion systems. Gi . pre-derivatization of the sample is required both in gas chromatography in order to con-
vert the polar glyphosate to a less pular more volatile derivative and in liquid chromatography, making the analysis of this com-
pound quite challenging.
The present work demonstrates a rapid and efficient combined methodology for the lysis of water ples for resi-
dues, based on a previ [ ially avail ELISA kit (Abraxis), based on polyclonal glyphosate antibodies cova-
lently bound to paramagnellc particles, and the competitive reaction between the present glyphosate and the horseradish peroxidi-
se (HRP) enzyme labeled glyphosate analog (conjugate). The confirmatory method with fully automated pre-cencentration via the
Symbiosis Pico (Spark Holland, The Netherlands) on-line with LC-MS/MS permits the rapid analysis using small sample volume.
This combined procedure has been applied to the monitoring study of 46 groundwater samples from Catalonia (NE of Spain), whe-
re groundwater constitutes 35% of the total resources used towards drinking water supplies to the industry and agriculture. The sa-
mples were collected during a sampling campaign carried out in 2010 and the results obtained showed good correlation between
the two methods. Results indicated the presence of glyphosate in 57% of the analysed groundwater samples, with levels ranging
m 0.08 to 0.94 pg/L (mean value of 0.353 pg/L), and a single occurrence at 2.57 pg/L.

[ 2. METHOD OF MEASUREMENT ] [ 3. CONFIRMATION METHOD ] del Penedés

Glyphosate ELISA Kit (Magnetic Particle !nr% ﬁerivatizatinn procedure \

120T) PN 500081 « Sample volume: 10 ml
~ " o Clunhaeat ti @ « Acidification at pH 1 with 8M HCI
mlgﬁn-related ::ricultrural cm::u;:’:s" Ao )i Shaking for 1 hour > Glyphosate decomplexation.
i + MNeutralization to pH 7 with 6M KOH

* Sensitivity: 0.05 ppb - Derivatization: 8 ml of sample + 1 ml of buffer* + 1 ml of FMOC**

« Linearity range: 0.075 - 4.0 ppb * Reaction stops after 2 hrs reaching pH 3 (with ~10 ul of conc. FA)

* Rapid sample extraction (filtration, derivatization) _Mdllmn STt Figure 1: Geographic location of the groundwater masses sampled during the three

+ Total measurement time < 90 minutes i 40 mM sodium tetraborate in HPLC water sampling campaigns between 2007 and 2009. The numbers in bold red colour

o Cross-reactivity: 6,5 mM fluoreny‘lmlethy:loxycarbcm{ll Ch'f’”‘?e in ACN correspond to specific water body zones and are given by the ACA.

. *** 0,4 g/ml ethylenediaminetetraacetic acid, in HPLC water
LoD 50% B/Bo
Compound lent) fnek) Online extraction parameters Gradient program MS/MS parameters
zl\fphcsa(e 0.10 2.40 Cartridge: C18-EC ] 1 I 1 ] i ]
lyphosine s0 3,000 : i

Glufosinate 2,000 70,000 Injection volume: 2500 pl L) A (6) B (%), Compound | SRMs R:'; ::VEJ (aE :] IZJ:JPJ

AMPA 35,000 =1,000,000 Activation: 2 ml MeOH, 2 mlimin | 0 | 9 | 10 — —

Glycine >10,000 >1,000,000 Equilibration: 2 ml ACN (0,1% FA), 2 ml/imin 1 90 10 | Gly-FMOC (1)|380~>168 -40/-15| 12 = 8
s - ” PR p—————— Loading: 1 ml ACN (0.1% FA), 2 mlimin 2 10 | 90 Gly-FMOC (2)| 390>150-40|-18| 12 | 8

¥ Washing: 0.5 ml water (pH 7) I a | [ an | > 40| -
phosate Assay when tested al concentrations upio‘l 000 ppb: al- | 3 10 %0 | Free Gly (1) | 168 150|-40/-30 12 8
dicarb, aldicarb sulfoxide, aldicarb sulfone, acelochlor, alachlor, at- 4 a0 10 Free Gly (2) | 168>24 -40|-20| 12 B8
razine, arlletryn benomyl, butachlor, butylate, captan, carbaryl, ca- LC parameters. 10 %0 10 1 i i i
. 24-D, 1.3-dichloropropene, dinoseb, met-f | Column: Synergy 4u Hydro-RP =L =1 MS/MS/MS parameters CE:-18V
fibuzin, MCPA, melolachlor, PGP, picl propaz (Phenomenex, 50 x 2,0 mm x 4 pm) Transition; 390>168>150 AF2 (excitation RF amplitude): 35
Ui i _/ whﬂa phase: 2.5 mM AcNH4 in water (A) and ACN (B) DP: -40 'V CES (collision energy spread): 0
Water " Water " GLY conc.

Sample body Location GLY conc. (pg/L)  Sample body Location (walL)

08088-0025 16 Alluvials del Vallés 0,580 17067-0001 33 Fluviedeltaic del Ter 0,404 8

08106-0041 16 Alluvials del Vallés 0,580 171958-0031 33 Fluviodeltaic del Ter 0,176 L .

08086-0045 16 Al-luvials del Valles 2 566 17191-0021 33 Fluviodeltaic del Ter BDL = R2 =090

08181-0018 16 Al-luvials del Valles 0126 17198-0044 33 Fluviedeltaic del Ter 0,375 -

08135-0021 16 Alluvials del Vallés BOL 172050012 33 Fluviodeltaic del Ter ND

08108-0008 16 Alluvials del Vallés 0,154 17070-0049 33 Fluviodeltaic del Ter BOL -

08086-0045 16 Alluvials del Vallés BOL 17022-0027 33 Fluviodeltaic del Ter 0,134 =

08219-0025 18 Maresme BOL 17018-0013 33 Fluviodeltaic del Ter 0,126 g 8 ____________________________

08029.0031 18 Maresme BDL 17211-0025 33 Fluviodeftaic del Ter ND : =]

08029-0029 18 Maresme 0,322 25172-0005 46 Al luvial del Segre mig 0,107 (73]

08197-0048 18 Maresme 0,086 25102-0001 47 Alluvial del baix Segre 0,243 =

08197-0033 18 Maresme 0188 25120-0020 47 Alluvial del baix Segre BOL L

081210117 18 Maresme 0,524 25211-0001 47 Alluvial del baix Segre 0,729 o

08009-0060 18 Maresme 0,313 25254-0004 47 Alluvial del bax Segre 0,407 E o

080650002 21 Defritic nedgen del Baix Penedés ND 25231-0003 47 Alluvial del baix Segre BDL (] % """"""""""""""

43140-0056 21 Detritic nedgen del Baix Penedés ND 25096-0008 48 Al luvial d'Urgell 0,087

43020-0074 21 Detritic nedgen del Baix Penedés 0,624 25225-0003 48 Alluvial d'Urgell 0,252

43074-0056 21 Detritic nedgen del Baix Penedés. ND 25168-0001 48 Al luvial d'Urgell BOL

43020-0056 21 Detritic nedgen del Baix Penedés BOL 25248-0002 48 Al luvial d'Urgell 0,711

43047-0032 24 Baix Francoli ND 25168-0003 48 Alluvial d'Ungell 0,242

43047-0018 24 Baix Francoli ND 25168-0004 48 Al-luvial d'Urgell BOL

430950011 24 Baix Francoli 0,249 25158-0004 48 Al luvial d'Urgell 0,320 = ! !

43047-0033 24 Baix Francoli 0,273 25048-0003 48 Al luvial d'Urgell 0,939 n} s00 1000 1500

431190016 25 Alt Camp ND 250:50-0006 48 Al luvial d'Ungell 0,135

43034-0002 25 Alt Camp ND 43155-0056 7 Alluvial de Tortosa 0,781 Conc. OTrap (ng/L)

430050083 25 Alt Camp BOL 43155-0923 7 Al-luvial de Tortosa 0,080

43161-0159 25 Alt Camp 0,458

43161-0148 25 Alt Camp ND

43161-0138 25 Alt Camp ND
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