Detection of glyphosate residues in feed, saliva, urines and faeces from a cattle farm: a pilot study
Matteo Feltraccoa*, Elena Barbarob,a, Monica Scopelc, Rossano Piazzaa, Carlo Barbantea,b, Andrea Gambaroa,b


a Department of Environmental Sciences, Informatics and Statistics, Ca’ Foscari University of Venice, Via Torino, 155 - 30172 Venice Mestre (VE), Italy
b Institute of Polar Sciences, National Research Council (CNR-ISP), Via Torino, 155 - 30172 Venice Mestre (VE), Italy
c Department of Chemistry, Sapienza University of Rome, Piazzale Aldo Moro, 5 - 00185 Roma (RM), Italy 
* Corresponding author: Matteo Feltracco - matteo.feltracco@unive.it
Word count: 4156

Abstract
In the present study forty-two samples of feed, saliva, urines, and faeces collected in in a cattle farm were investigated with the aim to evaluate the occurrence of glyphosate in faeces, urine and saliva. Furthermore, the glyphosate loads in the feeds were quantified to understand how glyphosate was assimilated by mammals. All cows excreted glyphosate in their faeces with a concentrations range between 57 and 983 ng g-1. In contrast, only 55% of urine and one samples of saliva tested positive. Most of the feeds demonstrated a non-negligible presence of glyphosate. In particular, a silage containing soybeans from genetically modified cultivation showed a concentration one order of magnitude higher than the other feeds. This study aims to provide a first complete determination of glyphosate in a cattle farm, considering the possible re-entry in the environment through the spreading of liquid and solid sewage and its possible impact on groundwater. 
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Detection of glyphosate residues in a cattle farm environment: a case study
Introduction
Glyphosate is a broad-spectrum systemic herbicide, widely used in plant protection products (PPPs). Glyphosate-based PPPs, i.e., formulations containing glyphosate, co-formulants such as anti-foaming agents, are mainly used in agriculture to combat weeds that compete with cultivated crops. Glyphosate is currently approved for use in the European Union until 15th December 2022 (EU Commission 2017). This means it can be used as an active substance in PPPs until that date, subject to each product being authorised by national authorities following a safety evaluation. An application for renewal of the approval of glyphosate has been submitted. The data provided by the applicant is currently assessed by countries appointed by European Commission with regard to the risk to humans, animals and the environment. In parallel, ECHA is reviewing the classification of glyphosate. EFSA will take into account the Opinion of the ECHA Risk Assessment Committee on the harmonised classification and labelling for glyphosate.
Huge benefits have been derived from the use of pesticides in agriculture, but the use of chemicals on agriculture can be toxic to humans and other non-target species, also modifying the soil ecosystem and contaminating surface water and groundwater (Aktar et al. 2009). However, the debates on the toxicity of glyphosate and its commercial formulations still occur, especially for sustainable practices (Leoci and Ruberti 2020). Low acute toxicity was observed by EFSA when glyphosate (as glyphosate acid or salts) was administered by the oral, dermal or inhalation routes; no skin irritation or potential for skin sensitisation were attributed to the active substance (EFSA 2015a). On the other hand, the International Agency for Research on Cancer (IARC) classified glyphosate as ‘probably carcinogenic to humans’ (IARC 2015). Commission Implementing Regulation (EU) 2017/2324 of 12 December 2017 renewing the approval of the active substance glyphosate include certain conditions and restrictions. One of them is Member States shall ensure that plant protection products containing glyphosate do not contain the co-formulant POE-tallowamine (CAS No 61791-26-2) (EFSA 2015b; Leoci and Ruberti 2020).
[bookmark: _Hlk99029671][bookmark: _Hlk98947959][bookmark: _Hlk99029817][bookmark: _Hlk99030773]Different sources may cause environmental contamination by glyphosate. Diffuse contamination takes place during the application of pesticides in the field, mainly due to the spray drift phenomenon or the runoff. There is an evident risk of potential ground, surface water and marine contamination (Castillo et al. 2008; Feltracco et al. 2021). Glyphosate may also be present in animal feed and the re-introduced in the environment through the application of liquid or solid sewage to as crop fertilizers. EFSA (EFSA 2018) showed that single and repeated administration of glyphosate in cattle at 1000 mg kg-1 body weight per day demonstrated that systemic intoxication in these animals was mainly characterised by gastrointestinal and neurological signs and mucosal irritation. No data is available for faecal concentration and to the best of our knowledge, only one study faced the glyphosate concentration on dairy cows’ urine (Krüger et al. 2013). According to the results of the exposure calculation, the main contributors of the livestock exposure to glyphosate were represented by grass forage and wheat straw in poultry (EFSA 2019). Several studies have been focused on the toxicity and ecotoxicity of glyphosate and its metabolites (Gill et al. 2018), glyphosate concentration in rats (Gill et al. 2018; Hu et al. 2021) and sheep rumen (Hüther et al. 2005), and its precise valuation of parameters such as NOAEL (No Observed Adverse Effect Level) (Kimmel et al. 2013) and MRLs (Maximum Residue Levels) (Vicini et al. 2021). No studies have been available on the presence of glyphosate in milk powder used as animal feed, while the literature is scarce regarding the glyphosate contamination in straw, hay and silage (Hüther et al. 2005; Myers et al. 2016; Gill et al. 2018). Furthermore, glyphosate-based herbicides are commonly investigated in foods for human consumption. Bøhn et al. (2014) demonstrated that genetically modified (GM) glyphosate-tolerant soy from Iowa (USA) have high residue levels of glyphosate (~3 mg kg-1) compared to the non-GM product.
Despite the huge decrease of calves’ meat consumption in Italy (decreased by 26% in the last decade), there are still over 140000 farms. The most important production area is the Northern Italy, and the Veneto Region has reached 686000 cattle in 2021 (see: vetinfo.it/j6_statistiche). In this context, since no information exists regarding the presence of glyphosate in a controlled farm pilot study, the present investigation has been conducted to consider its possible intake and re-entry in the environment through the quantification of urines and faeces considering its presence in feed (milk, straw, hay and silage). The glyphosate load has been determined also in the saliva of cattle. 
Materials and methods
Sampling
A total of 42 samples were collected in December 2021 in a cattle farm containing ~400 calves settled in the Province of Treviso, Veneto Region (North-eastern Italy) with an age range from 40 to 150 days. The Italian calf is a young bovine that is slaughtered within 8 months. After a few weeks of maternal lactation, the calf is fed by the farmers with two daily rations of milk and a mixture of straw, hay and silage. However, various types of feed are left in the manger as a supplement nutrient. 
[bookmark: _Hlk99035143][bookmark: _Hlk98952129]Each sample was placed in a 15 mL vial (previously cleaned with ultrapure water by sonication at 25 °C) directly at the farm. The tested milk powders were ELITE5, ELITE20, ELITE200 and BLU80 (Zoogamma S.p.a.®, Brescia, Italy). The percentages of crude proteins (20% ± 1%), fats (18% ± 2%), ashes (7.8% ± 0.2%), sodium (0.59% ± 0.03%) and cellulose (0.4 ± 0.2%) were very similar among the milk powders. The tested silages were MANG40 (Mangimi San Marco®, Treviso, Italy), Global Feed 40 and Global Feed Finish (Zoogamma S.p.a.®). The percentage variation of nutrient content of the three tested silages varied insignificantly (crude proteins 14% ± 1%, crude fats 3.1% ± 0.2%, crude ashes 7.8% ± 0.2%, sodium 1% ± 1%) and crude fibre 8 ± 1%). The hay was produced in the Asiago Plateau (Province of Vicenza, 1000 m a.s.l.), while the two types of straw were produced by the cattle farm and imported from Slovenia (year of production: 2021). The nutrients characteristic of straw and hay used in the cattle farms were not available. About 5 g of each solid feeds were collected using an aluminium spatula pre-cleaned with ultra-pure methanol (VWR®, Radnor, Pennsylvania, USA). About 2 mL of saliva samples were collected by gently scratching the tongue with the 15 mL polypropylene vial. 5 mL of urines and 5 g of faeces were sampled immediately after their discharge in order to minimize the contamination. 9 samples of urine, 7 of saliva and 14 of faeces were collected. The age of sampled calves varied from 60 to 145 days. The potable water used by farmers for the milk mixtures preparation was also analysed. The 42 samples were collected 19th December 2021 and 9th January 2022 and immediately stored at -20°C until analysis. 
Analysis
Ultrapure water (18.2 MΩ, 1 ppb TOC) was produced using a Purelab Ultra System (Elga®, HighWycombe, UK), ultra-grade methanol (MeOH) was purchased from VWR® (Radnor, Pennsylvania, USA). Glyphosate (s) and the internal standard glyphosate-2-13C,15N (s) were purchased form Merck KGaA (Darmstadt, Germany). The solid standards (purity >99%) were diluted in ultrapure water.
	The instrumental method for the determination of glyphosate applied in this study was previously described in detail by Feltracco et al. (2021). Briefly, a high-pressure anion exchange chromatograph (HPAEC) (Dionex™, Thermo Scientific™, ICS-5000, Waltham, USA) was coupled to a Quattro Ultima quadrupole-hexapole-quadrupole (QHQ) mass spectrometer (Waters Corporation, Milford, MA, USA) using a z-spray electrospray source. Chromatographic separation was performed using an anion exchange column Dionex IonPac™ AS19 RFIC™ 2×250 mm (Thermo Scientific™) equipped with a guard column Dionex IonPac™ AG19 RFIC™ 2×50 mm (Thermo Scientific™). The main advantage to use our HPAEC-MS/MS method consists in the simple and low-cost preanalytical step without derivatization but with high selectivity and selectivity. In fact, most of studies reports analytical method by liquid chromatography (Yoshioka et al. 2011; Botero-Coy et al. 2013; Ehling and Reddy 2015; Sun et al. 2017) or by gas chromatography analysis (Arkan et al. 2016; Connolly et al. 2020) with laborious clean-up steps involving the use of ion-exchange resins or derivatization.
Results and discussion
Quality control
[bookmark: _Hlk98954177]Quality control was performed using the internal standard method by comparing the areas of the native compound peak area and of the glyphosate-2-13C,15N, as internal standard. We corrected the results for each compound using the instrumental response factor, which was evaluated by analysing a solution with a mean concentration of 10 µg L-1. The analytical procedure was validated for each type of matrices by determining the matrix effect related calibration curves (with a concentration range of 1-20 µg L−1, and a constant concentration of labelled glyphosate 1.3 μg L-1), procedural blanks, method detection limits (MDLs), method quantification limits (MQLs), repeatability expressed as the relative standard deviation (also known as coefficient of variation, CV%), recovery and trueness (Thompson et al. 2002). The straw produced in the cattle farm was taken as blank for feeds because in the preliminary analysis glyphosate were not detectable. They were used to prepare the matrix-related calibration curve. The quality control and the samples analysis were carried under a laminar flow bench to minimize the contaminations. 
For urine, saliva and faeces, about 100 mg for each sample (previously freeze-dried for 24 hours) was weighted and placed in a 5 mL conical flask. A standard of labelled glyphosate-2-13C,15N (130 ng) was used as an internal standard and was added to the sample, diluted in 5 mL of ultrapure water. Then, the conical flask is put in an ultrasonic bath for 30 minutes and then shaked vigorously before an ultracentrifuge step at 15000 rpm for 5 min. Such procedure was modified only for the recovery tests, where the labelled glyphosate-2-13C,15N was added after the centrifuge step.
The matrix effect (ME) is obtained by separating the signal response of a standard present in the sample extract with the response of a standard prepared in the ultrapure water by Feltracco et al. (2021), expressing the result as a percentage. A value of 100% is obtained when no there is matrix effect while a value < 100 % is indicative of an ionisation suppression (Matuszewski et al. 2003). ME was calculated at four glyphosate concentrations (1, 2, 5 and 10 µg L−1). To the best of our knowledge, this is the first study where a full quantitative analysis of matrix effects affecting glyphosate analysis in target matrixes has been carried out. This matrix effect evaluation has highlighted that an external calibration curve in pure solvents is not a reasonable calibration method as instrumental signal suppression is not properly considered. The matrix effects have highlighted that an external calibration curve in pure solvents is not an acceptable calibration method, and the use of internal standard is mandatory. Linearity, ME, MDL, MQL, extraction yield and recovery for glyphosate are reported in Table 1 for each matrix.
Glyphosate levels in samples
Table 2 shows the glyphosate residues found in the analysed samples. The validated methodology was applied to the study of glyphosate in the water that normally are supplied to milk-producing animals during four annual seasons. Glyphosate in water was found to be below the detection limit.
Only ELITE200 milk powder tested negative for glyphosate detection. In particular, the milk ranged from 48 to 64 ng g-1. No clear differences were found in the nutrient component to explain these glyphosate discrepancies in the tested milk. Considering that the wheat protein, wheat flour and pea flour are a substantial component of all the milk powder, the glyphosate fluctuation is probably directly linked to the pesticides applied during agriculture activities. A marginal contribution from milk serum can not be excluded even if very few recent studies detected the absence of glyphosate in both samples of cowmilk and breast milk (Steinborn et al. 2016; Mcguire et al. 2016; Oliveira et al. 2018; Gillezeau et al. 2019).
	The detection rate of glyphosate in the five feeds demonstrated a huge divergence. Only the straw produced by the cattle farm and the hay produced in Asiago, Italy were below of MDL. MANG40 silage showed the highest concentration (731 ng g-1), while the other feeds were at least one order of magnitude lower (Table 2). The difference among MANG40 silage and the other feeds could be due to the presence of soy flour and soybeans from genetically modified (GM) cultivations. Among herbicide-tolerant GM crops, the first to be grown commercially were soybeans which were modified to tolerate glyphosate (Padgette et al. 1996). There are many factors behind the success of GM soybean worldwide. One of the principal advantages of GM soybean for manufacturers comes from the fact that weeding is simplified, at least in the short term. Moreover, the period when weed treatments can be applied is longer, offering greater flexibility of work (Bonny 2008; Aris and Leblanc 2011; Green 2018). Despite these advantages, this results in a higher glyphosate load in the final product. Glyphosate can chelate vital nutrients making them not physiologically available (Krüger et al. 2013). Deficiencies of elements like Mn, Cu, Zn, Se, Co, B, and Fe in diets, alone or in combination, are known to interfere with vital enzyme systems and cause disorders and diseases (Cakmak et al. 2009; Johal and Huber 2009). The other tested feeds do not report any GM product in the warning label.
Ingested glyphosate is absorbed only for 30%, and it is distributed in the body with low residues occurring in all tissues. Generally, accumulation is below 1% after seven days (European Commission 2002). About 55% of tested calves in our study excreted glyphosate in their urine with a mean value of 37 ± 4 ng g-1 (Table 2). Glyphosate levels did not significantly differ between the positive cases. Some studies reported similar 2oncentration values (Krüger et al. 2013), but detecting a peak of 103 ng g-1. No information was provided regarding the feeds ingested by mammals.
[bookmark: _Hlk99014421][bookmark: _Hlk99014496]All the faeces tested positive for glyphosate and their concentrations were always higher than urine (Table 2). The present pilot study suggests a more tendency of glyphosate to be excreted with faeces, taking into account that faeces and urine were collected randomly at the cattle farm. Significant differences were also seen between two different diets. Normally, calves are fed with milk and a mixture of hay, straw and silage. Inside the cattle farm an isolated room has been built to accommodate those calves were unable to assume the milk mixtures due to digestion problems. The mean value of glyphosate in faeces of milk-feed and no-milk-feed calves was 190 ± 98 and 627 ± 318 ng g-1. The nutrition rate was guaranteed by a major use of hay, straw and silage. The three tested faeces showed higher values than the other one, suggesting that probably the assumption of MANG40 silage has increased the glyphosate concentration in faeces. No urine samples were available in this room.
The analysis of glyphosate residues in saliva samples were most of the time below MQL limit, as showed in Table 2. All the saliva were samples about 10 minutes after the morning daily ration. For this reason, the sample Saliva 1 that reported a concentration of 21 ng g-1 could be due to a cross contamination from feeding.
Conclusions
[bookmark: _Hlk99019915]To our knowledge, this is the first study to highlight the presence of glyphosate in a cattle farm considering feeding, urine, saliva and faeces. The present pilot study quantified glyphosate residues in all the faeces and in about 55% of urine. The major contribution of glyphosate in calves’ samples is to be found to the high load of glyphosate in the MANG40 silage. It is important to consider that only the hay, Asiago’s and cattle farm’s straws and ELITE200 milk powder tested negative, so the glyphosate contribution from the other positive tested feeds must be considered. Glyphosate is considered a quick and inexpensive solution for controlling weeds everywhere. However, its use comes at a significant cost, with a rise of the contamination of various matrices, as highlighted in this study.
[bookmark: _Hlk99020120]When glyphosate enters in the organism of the calves, it can be further excreted again in the environment. Given the potential toxicity of glyphosate, more studies are needed, considering the re-entry in the environment of glyphosate through the spreading of liquid and solid sewage. In this context, glyphosate can reach the ground water through runoff after the spreading. Once ground water is polluted with toxic chemicals, it may take many years for the contamination to dissipate or be cleaned up (Aktar et al. 2009). The results of this study may also be relevant after the ban of glyphosate in order to avoid false assumptions, as glyphosate may be excreted into the environment leading to its contamination.
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