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Abstract 

Samples of cattle feed and the comparative manure were taken and tested for the herbicide 

glyphosate.  Samples created from crops sprayed with glyphosate were collected as well as 

samples created from glyphosate free crops.  Uniform samples of feed and manure were prepared 

and spiked by a glyphosate solution in various concentrations.  All samples were prepared for 

high performance liquid chromatography (HPLC).  Samples of glyphosate at various 

concentrations will also be prepared for HPLC.  All samples were run using reverse phase 

chromatography.  The glyphosate control was used to identify the time at which glyphosate 

peaks as well as create a concentration curve.  Spiked samples were used to determine the 

percentage of glyphosate which was extracted from the solid sample.  Using both controls 

original concentrations of glyphosate were calculated.  Glyphosate was found in Roundup 

sprayed feed, but could not be detected in the comparative manure.  Although undetectable by 

methods used glyphosate may still have remained in manure samples.  Glyphosate persistence 

into cattle manure is neither proved nor disproved, but is limited to a small percentage. 
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Introduction 

Glyphosate, the active ingredient in the herbicide Roundup, began production in 1970 

and has become the world’s most popular herbicide for its relative safety and effectiveness 

(Nandula, 2010).  As genetic engineering became possible Roundup Ready crops, which were 

resistant to glyphosate, revolutionized farming.  Eliminating competing plants Roundup allows 

for corn, cotton, and soybean growers to easily manage weeds.  The herbicide is clearly 

beneficial to growers, however recent studies have found it to be more of a danger than 

previously perceived.  

The primary cause of glyphosate’s success as a herbicide is the lack of danger it poses to 

humans.  Specifically targeting EPSP synthase, a protein only found in plants and certain 

bacteria, glyphosate inhibits the plants ability to create proteins (Franz, 1997).  Attaching to the 

active site of EPSP synthase plants die slowly with large concentrations of the chemical.  With 

few other functions or reactions glyphosate does little in the human or animal body.  Repeatedly 

found to be safe and non-carcinogenic all enforcing organizations have cleared the herbicide for 

use (USEPA, 1991).  Another factor in the wide use of glyphosate is its relatively short half life. 

Deteriorating quickly, glyphosate does not bioaccumulate and will not pose dangers in the distant 

future.  With a half life ranging from three days to thirty days it is extremely complicated to 

predict exact deterioration rates (Andrea, 2003).  Rapidly degrading glyphosate poses a 

temporary danger to plants alone. 

Incapable of bioaccumulating as past herbicides have and posing no direct danger to 

animals glyphosate can still damage plant life in soil and water temporarily.  Running off of soil 

and into waterways glyphosate can destroy plant life.  Regularly found in U.S. water systems 
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concentrations up to twenty parts per billion can be found near glyphosate using fields 

(Battaglin, 2014).  Unable to kill larger plants due to reduced concentration no obvious effect is 

seen due to water contamination.  Glyphosate remains a threat, however, killing microbes in 

contaminated waterways.  A second mode of contamination is through the soil.  Applied on 

roundup ready crops regularly soil can have high concentrations of glyphosate retained.  This 

soil has the potential to remain contaminated for long periods of time as the glyphosate may 

solidify into dry consolidated pockets (Andrea, 2003).  With the fear of indefinite contamination 

and high initial concentrations roundup ready fields must be used for roundup ready crops for 

long periods afterwards and soil cannot be transferred.  Many secondary uses for soil are 

eliminated with the application of roundup and roundup ready crops are required for future 

seasons.  Soil contaminated by glyphosate will kill plants that are not roundup ready. 

Glyphosate was deemed a potential carcinogen and placed under consideration by the 

Office of Environmental Health Hazard Assessment (OEHHA) in September 2015 (OEHHA, 

2015).  Under California State Proposition 65, enacted in 1986, businesses must inform 

Californians of exposure to chemicals that could cause cancer, birth defects, or other 

reproductive harm (CA, 1986).  If glyphosate is added to OEHHA’s list of hazardous chemicals 

Roundup, a herbicide, and crops exposed to glyphosate will be considered carcinogenic. 

Roundup Ready crops, which can be sprayed with glyphosate, are consumed by livestock; 

leaving trace amounts of glyphosate in animal products.  If a percentage of the glyphosate 

consumed is not digested and is passed into the animal’s excrement, the manure would also be 

considered carcinogenic and must be treated as so. OEHHA listing is based of of the 

International Agency for Research on Cancer’s listing of glyphosate as a “probable” carcinogen, 
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who based their decision on the 1985 Consensus Review of Pesticide. 

Urine is often tested to detect glyphosate in humans and glyphosate 

concentrations in milk and eggs are regulated by the California, showing that the herbicide does 

persist into animal products (Cerdeira, 2006).  Manure, however, is not regulated for glyphosate 

despite its regular use as a fertilizer.  Testing for glyphosate in cattle manure would be essential 

for our safety and growers’ sustainability.  Any amount of glyphosate would make fertilizer toxic 

if used before deterioration and raise concerns on safety of those working with large amounts of 

manure. 

Because manure is not regulated or tested commonly for glyphosate methods for 

detection could not be found.  Methods for detection of glyphosate in urine were used instead 

and methods to convert manure samples into a liquid were created.  HPLC reverse phase 

chromatography paired with diode array detection was used to detect glyphosate in a liquid state 

(Bi, 2011). Various control groups were created in order to detect glyphosate concentrations in 

manure a feed samples from which the percent persistence of glyphosate from feed into manure 

was calculated.  Exact concentrations allowed for judgment to be made on the danger posed by 

glyphosate in feed and manure.  
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Purpose 

Testing for glyphosate in manure of cattle fed with glyphosate sprayed crops compared to that of 

herbicide free fed cattle would either confirm or disprove the relation between glyphosate in feed 

and glyphosate in excrement. 

Hypothesis 

Detectable concentrations of glyphosate will be found in feed created from glyphosate sprayed 

crops.  A percentage of this glyphosate will persist into comparative cattle manure.  

Null Hypothesis 

Glyphosate is found in Roundup sprayed crops, but is not found in manure.  Undetectable 

concentrations may remain in manure. 

Materials 

Samples required: 

Cattle feed prepared from crops sprayed with glyphosate and the comparative manure 

Cattle feed prepared from crops not sprayed with glyphosate and the comparative manure 

Glyphosate (purchased from Sigma-Aldrich) 

Materials needed for sample preparation:  

Thermolyne Maxi-Mix 1 vortex mixer, Unico PowerSpin LX centrifuge, mortar and pestle, 10 

mL serological pipette, serological pipette pump, various micropipettes, micropipette tips, 

analytical balance, DeIonized (DI) water, 15 mL falcon tubes, and 15 mL falcon tube caps 

Materials needed for analysis of samples: 

HP Agilent Series HPLC System, Whatman 25 cm x 4.6 mm 5 um C18 column, 2mL syringes, 

.45 micron HPLC filters, HPLC vials, and 30:70 acetonitrile DI water solvent 
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Safety 

Aqueous 200 ppm glyphosate has considerably lower toxicity than glyphosate contained 

in herbicides, however all forms of the chemical must be treated as an environmental toxin.  Lab 

coats, protective gloves, and protective goggles were worn when working with glyphosate. All 

work was done in a fume hood, considering that the chemical can be harmful when inhaled.  All 

equipment that comes in contact with glyphosate was washed after each use to prevent 

contamination of the lab and those working in it.  Seeing that glyphosate is toxic in both aquatic 

environments and the soil, no amounts of glyphosate or any products containing glyphosate was 

thrown out or rinsed down the drain.  Toxins were labeled and sent to City of Thousand Oaks 

Hazardous Waste Facility for proper disposal.  

Glyphosate is under consideration as a carcinogen, however the danger has not been 

confirmed.  Thought to be carcinogenic only under conditions of high exposure, glyphosate was 

not a large danger to the lab.  Using low concentrations and low volumes ensured that that no 

harm was caused.  When using concentrated glyphosate in stock preparation safety procedures 

previously described were emphasized.  No direct contact with glyphosate or a sample 

containing glyphosate was made and indirect contact with the chemical was avoided.  

Acetonitrile, the mobile phase in the HPLC analysis, is flammable and was stored in the 

locked flammable chemicals cabinet.  It is also toxic when in contact with skin or inhaled, 

requiring all work to be done in a fume hood.  Lab coats, gloves, and goggles were worn at all 

times when working with the chemical. 

 

 

 



 
Glyphosate persistence in cattle manure         7 

Methods 

Glyphosate free feed and manure samples were acquired initially.  One set of samples 

was run through HPLC prior to other samples to ensure the lack of contamination.  One set of 

samples was spiked the day of the HPLC run in order to determine glyphosate retention in the 

spiking method.  One set of spiked samples was prepared for every set of glyphosate exposed 

samples.  Spiking took place the day that glyphosate exposed samples were acquired in order to 

account for the natural decomposition of glyphosate.  All liquid samples were stored in the 

refrigerator in order to minimize natural decomposition.  All solid samples were stored in the 

freezer.  Original samples of glyphosate free feed and manure were stored in 100 mL glass 

bottles.  All other samples were stored in 15 mL falcon tubes.  

Obtaining Samples 

Contact was made with local farm owners and managers.  Information on cattle diet, treatment, 

and intended purpose was acquired.  Accompanied by an adult, and with the permission of the 

farm, samples of feed and the comparative manure were taken.  Samples were returned to the lab 

as soon as possible.  Cattle were fed with a regular and defined diet for two weeks prior to 

sampling.  Information on glyphosate use was provided by the feed supplier.  Manure samples 

were excreted the day that they were collected. 

Pretreatment of feed and manure samples 

Feed samples were prepared by grinding 1.0g of the homogenized sample into a flour and mixing 

with 10.0 mL of DI water.  Manure samples were homogenized and then combined with 10.0 mL 

DI water.  The samples were mixed for 1 minute with a single rate vortex mixer.  The samples 

were then allowed to sit a minimum of 24 hours in order to extract all solvents.  
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Preparing spiked samples 

Glyphosate free samples were prepared similarly to glyphosate exposed samples.  Homogenized 

samples were added with 10.0 mL of a glyphosate spiked solvent.  Concentrations of 200, 20, 2 

ppm, 200, 20, and 2 ppb glyphosate were prepared in DI water.  Samples were mixed and 

allowed to sit for a minimum of 24 hours. 

Preparing glyphosate control 

Glyphosate standards were prepared from 10 mL of 200 ppm stock glyphosate.  Serial dilutions 

of 200, 20, 2 ppm, 200, 20, 2 ppb  were prepared with DI water.  

HPLC preparation 

All samples were placed in the falcon tube centrifuge and run for 2 minutes at a rate of 10,000 

rpm.  8 mL of supernatant was extracted and placed into a separate falcon tube.  Excess 

supernatant and pellet was discarded.  Each sample was filtered through a .45 micron HPLC 

filter using a 2 mL syringe. 1 mL of the sample was filtered and discarded.  1.0 mL was then 

filtered into an HPLC vial.  Spiked feed samples, spiked manure samples, glyphosate controls, 

and each of the collected samples required separate filters. 

Liquid chromatography analysis 

A Whatman C-18 column (25 cm x 4.6 mm 5um) was used for glyphosate detection in liquid 

samples.  30:70 (v/v) Acetonitrile-DI water was used as the mobile phase.  The mobile phase was 

set at a flow of 0.5 mL/min.  25 minute runs were allotted with a 2 minute post time.  All 

samples were placed in the sample tray and run overnight. 
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Project Details 

Instructor/Supervisor: Dr. Nikki Malholtra 

Site of experimentation: Thousand Oaks High School, Room E8 

Experiment timeline: January 5th - February 28th 

January 5th: Glyphosate is ordered and sent to TOHS. 

January 5th - January 17th: Glyphosate free feed and manure samples are acquired. 

January 17th - February 14th: Glyphosate exposed feed and manure samples are acquired and 

spiked samples are prepared.  

February 14th - March 18th: All samples are prepared for and run through the HPLC machine.  

March 18th: Experimentation is complete.  Data is collected and analysis begins.  

March 25th: Project is presented before the Ventura County Science Fair. 

April 15th: Academic paper is submitted to college board.  Paper is presented and defended to 

college board. 
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Raw Data 

Fig.3 3D Plot of 200 ppm glyphosate, 210 nm was found to be the ideal wavelength for 

glyphosate detection 

 

Fig.5 Peak area and height of sample runs 
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Fig.4 Chromatograms of HPLC runs: DI H20, 20 ppb glyphosate, glyphosate sprayed feed , 10 ppm spiked feed 
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Results 

Minimum detection concentration: 20 ppb  Concentration glyphosate: 5.83 ppm 

Percent degradation of spiked samples: 32%    Concentration at collection time: 8.57 ppm 

Peak area of DI H2O control: 206.59 mAU          Peak area of feed sample: 256.28 mAU 

Potential glyphosate retention: 0-3.4% 

Dilution of samples in DI H2O in order to dissolve glyphosate, deterioration of 

glyphosate calculated from spiked samples, and the glyphosate concentration curve were all 

taken into account when calculating the original concentrations.  Finding a significant 

concentration of glyphosate in the glyphosate sprayed feed samples, the original concentration 

was calculated.  Unable to detect glyphosate in manure samples, the minimum concentration 

limit was taken into account.  Initial testing though HPLC found that procedures used were not 

capable of detecting concentrations lower than 20 ppb.  Dilutions below this concentration 

remained identical to DI H2O controls.  Using this detection limit the potential range of 

glyphosate persistence was calculated.  

Limiting the potential retention of glyphosate to 3.4% and finding extremely low 

concentrations of glyphosate in feed samples indicates that glyphosate will not be a danger to 

humans.  The possibility of contaminated manure is not wholly eliminated, however.  Low 

concentrations of glyphosate in manure could still harm plants, particularly when used as a 

fertilizer.  Immediate use of manure as fertilizer may still cause damage to plants, and the 

conception that glyphosate fed cattle manure is second to organic fed cattle manure may still be 

true. 
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Further Work 

While multiple control groups allowed for calculation of original glyphosate 

concentration in samples the process was detrimental to the number of samples that could be 

tested.  Investing time into calculating the percent degradation of samples allowed for a higher 

percentage to degrade.  If this control group had not been included samples could be tested when 

glyphosate concentrations remained high, increasing the ability to detect the herbicide.  An 

increased number of samples would have increased the integrity of the results and increased the 

possibility of finding glyphosate in manure.  With only two samples successfully tested with the 

proper controls results were untrustworthy, having no knowledge on the reproducibility.  

Due to the low concentrations glyphosate was not detected in manure from glyphosate 

sprayed feed fed cattle, making it difficult to conclude anything based on the results.  Methods 

capable of detecting glyphosate despite the low concentration would be much more accurate than 

the speculated results given.  Sample dilution and the HPLC both had aspects that were not ideal 

for the detection of glyphosate.  According to the methods 1.0 gram samples of feed and manure 

were dissolved in 10.0 mL of DI water, diluting glyphosate over a larger volume.  Diluting 

samples reduced the ability to detect glyphosate by HPLC where dissolving in a smaller volume 

would have increased end concentrations.  On the other hand, using too small of a volume could 

leave glyphosate undissolved.  A balance between the two extremes could increase end volume 

two or threefold while retaining all glyphosate.  More accurate than the diode array detector used 

in HPLC a mass spectrometer could detect concentrations thousands of times smaller. 

Implementation of a mass spectrometer into the methods has the potential to accurately find 

glyphosate concentrations or severely limit the potential concentrations. 
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Samples collected came from a variety of environments which were not controlled. 

Cattle breed, previous treatment, and feed type were among the many uncontrolled variables. 

While complete control over the conditions of the cattle remains unfeasible control over cattle 

intake remains a possibility.  Complete feed control could solve issues with the low glyphosate 

concentrations and eliminate feed composition variables.  With the ability to control intake a 

regular feed could be prepared and spiked with glyphosate.  Cattle would receive identical diets 

besides those with glyphosate spiked feed.  Controlled diets would allow for an increase in 

glyphosate intake.  Preparing feed of higher concentrations would eliminate the need for mass 

spectrometry or decreased dilution and allows for simple detection of glyphosate concentrations. 
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