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SUBJECT: RESULTS FOR 3IDY 242: VEGETATED DITCHES AS A MANAGEMENT

PRACTICE FOR REDUCING OFASE MOVEMENT OF LAMBDA
CYHALOTHRIN IN IRRIGATED ALFALFA.

l. INTRODUCTION

This study is part of a larger Pesticide Research and Invisstigd Source and Mitigation Grant
Program project designed to demonstrate the usevaral best management practices to reduce
pesticide loading in return water from irrtgd crops in the San Joaquin River watershed.

Previous research indicates thvagation ditch vegetation may plan important roleén reduction
of pesticides in runoff from agricultural fields (Coomeral, 2004; Gill 2006). This study
demonstrates a vegetated tailwater returrhdica potential best management practice for
reducing offsite movement of lambda cyhataitto surface water inrigated alfalfa.

Il. STUDY OBJECTIVE

This study was designed to evaluate theatf of two management practices on lambda
cyhalothrin concentrations irrigation runoff from alfalfa. The management practices included
(1) a conventional irgation return ditch that was dredgedidreated with herbicides to remove
vegetation during the irrigatioreason and (2) a standard irtiga return ditch that was not
treated or dredged during the irrigation seasesulting in a dense growth of annual and
perennial weeds (Figure 1).

The evaluation was based on lambda cyhalothrin concentrations in whole-water (unfiltered)
irrigation runoff samples collected at the inflard outflow points of both the standard and
vegetated ditches. The effect of the managempectices was determined by concentration
differences in runoff water emtag and exiting the ditches.
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lll. STUDY DESIGN

Study Site
The study site is a 35-acre commercial adfdiléld near the cities of Crow’s Landing and

Patterson in the San Joaquin Valley of Califaritigure 2). The soil at the site is on the
boundary of Stomar clay loam and Capay ¢lagDA, 1997). Lambda cyhalothrin is commonly
applied to alfalfa in the region during the irriigan season to control several species of weevils
and worms.

The study site is divided intoxsirrigation sets that are rotatevery 12 hours, and takes a total
of 4 days to irrigate. Tailwater leaving the fieldhins either into a re-circulation system or the
San Joaquin River.

Sampling Frequency and Location

Irrigation at the site began 3®urs after an aerial applicati of lambda cyhalothrin. Each
sampling event represented the first flush of wkeaving the field from each of five irrigation
sets. Runoff samples were collected at 30-mimigrvals at four sampling sites (described
below, Figure 3) during each set.

Three sets of sediment samples were colleftted the bottoms of the ditches (Figure 3).
Samples were collected after water runoff fdver stopped following irrigation sets one, two
and four.

Field Edge, Site A
Represented the edge of the treated field dbttation where tailwater entered the ditch system.

Inflow, Site D

Represented the inflow location for both thge®ted and conventionditches. A weir was
placed within this intersection to control thevement of water. Sample collection took place
just upstream of this weir.

Vegetated Ditch Outflow, Site G
Represented the outflow location for the vetggtalitch. Sample collection took place upstream
of the canal that returns water to the recycling pond.

Standard Ditch Outflow, Site J
Represented the outflow location for the camtianal ditch. Sample collection took place
upstream of the canal that rete water to the recycling pond.
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Sediment Samples, Sites A-J
In addition to the four primary sites, sedimé&oaim the ditch bottom was also collected every
135 meters along the length of each ditch.

Ditches

Vegetated Ditch

The vegetated ditch was a standard irrigatiorhditat was not dredgex treated to remove
vegetation. The ditch measured 101cm wide, 63 cm deep, and 354 meters long. The ditch was
populated with resident grasses and weedlsdbcur in fallow agricultural areas.

Conventional Ditch
The conventional ditch measured 125 cm witecm deep, and 325 meters long. The ditch was
devoid of any vegetation, allowing tiree movement of water down its length.

IV. MATERIALS AND METHODS

Application

The field was treated by air on the morningloly 9, 2007, with lambda cyhalothrin (Warrior®
with Zeon Technology, Syngenta) at a rate of 2cesrper acre, which is the low end of label
rates for worm control. This product allows #7-day pre-harvest irtel for hay (Syngenta
2006).

Runoff Samples

Whole water runoff samples were collected by handith a grab pole directly into 1-L amber
glass bottles and sealed withflbe-lined lids. Samples were stored on wet ice then refrigerated
at 4°C until extraction for chemical anak/sSamples were collected following DPR SOP
#FSWAO008.00 Sampling for Surface Water RuniofAgricultural Fields (Spurlock, 1999).

Suspended Sediment

Suspended sediment measurements were perdasmeompanion samples collected at the same
sampling locations and times as the runoff samples. Samples were stored on wet ice then
refrigerated at 4° C. Meagment was conducted within seven days of collection by vacuum
filtration of the samples and subsequent overndrgif the filtrate coltcted on tared, rinsed,

and oven-dried filters following Environmtah Protection Agency (EPA) Method 160.2
Non-Filterable Residue (Gravimetribried at 103-105°C) (EPA, 1971).

Sediment

Sediment samples were collectadependently of the water samples in pint-sized mason jars.
The sediment was stored on wet ice then fr@ad?C until extraction for chemical analysis.
Samples were collected following DPR SB8WA016.00, Procedure for Collecting Sediment
Samples for Pesticide Analysis (Mamola, 2005).
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Chemical Analysis and Quality Control

Collection and transport of sampledidaved DPR SOP #QAQC004.01, Transporting,
packaging, and shipping samples from the fielthtowarehouse or laboratory (Jones, 1999).
A chain-of-custody record was completed and accompanied each sample.

The California Department of Fish and Garaesh and Wildlife Water Pollution Control
Laboratory (WPCL) conducted chemical analydisll water. Quality control (QC) was
conducted in accordance with DPR SOP #J3@®01.00, Chemistry Laboratory Quality Control
(Segawa, 1995) and included general continuing QC.

V. RESULTS AND DISCUSSION

Runoff Samples

Lambda cyhalothrin concentrationsthre irrigation runoff ranged from 0.018/L to 0.077 g/L
(Table 1). Mean lambda cyhalothrin concemtrad in each irrigatioset were lower at the
vegetated ditch outflow (site @)an at the inflow (site D) dhe conventional ditch outflow
(site J) (Figures 4 and 5, Table 2).

Paired t-tests (Figure 6) were used to commdianges in lambda-cyhalothrin concentrations
between the inflow site and outflow point of each ditch. There was no significant difference in
concentrations between paired samples at flmnrand the end of theonventional ditch (two
tailed, .=0.05, t=1.63, P=0.118). The conventional ditas not effective in reducing lambda
cyhalothrin concentrationia the alfalfa runoff.

In contrast, there was a significant differencigFe 7) in concentteons between paired

samples at the inflow and the vegetated ditch (two taited,05, t= 5.54, P<0.001).
Concentrations were lower thte end of the vegetated ditéhdicating that the ditch was

effective in reducing off-site movement of lambda-cyhalothrin. The reductions in lambda
cyhalothrin concentration were calculatedeductior=(Cinsiow — Coutfiow)/Cinflow- A probability

plot of the range of expected concentration eéases for the vegetated ditch (Figure 5) shows the
median reduction was approximately 25% with #bth and 75th percéles falling at 11% and
46%, respectively.

Suspended sediment concentrations werabke and ranged from 0.00095 g/L to 0.0417 g/L

(Table 3). The amount of suspended sediment was roughly the same for each sample site
(Figure 8) and the means for each irrigation event were not statistically different from each
other (Table 4).

Paired t-tests were used to compare changsssipended sediment concentrations between the
inflow site and outflow point of each ditch. Sespled sediment in the vegetated ditch was not
significantly different (two tailed,=0.05, T=1.54 P=0.140) than in the conventional ditch
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indicating that there was no ttegnt effect on the amount of suspended sediment present in
runoff from the test ditches. This result is noexpected given that tlsediment concentrations
at the inflow site were low to lgen with and that in generalymoff from alfalfa fields contains
relatively low levels of suspended sediménis likely that recent dredging and ditch
modifications resulted in freshbisturbed soil being exposedftowing water, therefore the
sediment measurements did not reflect actadiment off the field, but likely sediment
suspended from ditch bottom/sides.

Sediment

Lambda cyhalothrin concentrations in gedliment ranged from 1.38 ng/g dry weight to

59.3 ng/g dry weight (Table 5). The median con@ditn of lambda cyhatbrin in the vegetated
ditch was approximately 8 times higher than i& tonventional ditch (Fure 9 and Table 6). In
conjunction with the decrease in whole watercamtrations observed in the vegetated ditch, the
high sediment concentrations reflect the incregsetitioning of the pyrethroid relative to the
bare ditch

Quality Control

Water samples were extracted within 3 daysatdliection. Pesticide free North Fork American
River water with 0.5g of added sediment wagex with lambda cyhalothrin at 0.10 ppb by the
chemist, and then extracted and analyzed with each batch of samples (Table 7). These matrix
control spikes and matrix blanks were condddteassess lab accuracy. All lab blanks had no
detectable residues. Recoverésnatrix spikes ranged fro86.0% to 104% with an average
recovery of 92.8%. Recovery results were coragdo control limits developed from validating
the method with American River water spiked with analyte then multiplying the standard
deviation of the mean recovery £3X (Table Byr lambda cyhalothrin there were no samples
beyond the control limits and 2 beyond the warning limits.

The surrogate dibromooctafluorobiphenyl was adideevery sample and every lab matrix QC
sample. The mean recovery of the surrogatbeérmatrix QC spikes was 95.3% and a SD of
7.82, whereas the field sample surrogate resetin was 89.8% and a SD of % 11.1 (Table 7).
The percent difference of 2.94% between thernveans was low considering the matrix effects
of the dirty field water versus the cleaner émsan River matrix water. The surrogate was
beyond the upper control limit one time.

A WPCL chemist in another section of the laltifaad matrix blind spikes (Table 9). The matrix
water was the same North Fork American Rivetawvased for matrix spikes. The blind spikes
were given to the Department of PestidRigulation (DPR) staff, relabeled, and then
intermingled and delivered with field sampl&se blind spikes were extracted and analyzed
with field samples over several days. Samples wrtacted within foudays of the spiking
procedure. The recoveries ranged from 48.4 to & .&ith only two falling within the control
limits. There were three or more potential cimitions to low blindspike recoveries. The
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average recovery of lambda cydtarin in the method validatiowith American River water was
85%. When that average recovéycoupled with known dissipati there would be further loss.
The blind spikes were spiked 1 to 3 days piaciield sample colleatin. Extraction occurred up
to 4 days after spiking. Storagtability data show at ldasn 11 to 12 % loss of lambda
cyhalothrin at 4 days (CDFA, 2006). Blind spikes submitted later to WPCL had lower
recoveries. In addition, some thie blind spikes were diluted 10 100 times to bring them into
the range of instrument calibration. Those with greater dilution had leweeveries. We expect
that the recoveries of field samples were greater than the blind spikes; however, potential losses
associated with dilution will need to be funthevestigated. The surrogate was added to these
samples following the same procedure as alohples The surrogate recovery in the blind
spikes averaged 89.6%, which was similar to the field samples.

Sediment from the American River near WP@as spiked with lambda cyhalothrin and
dibromooctafluorobiphenyl surrogate and analyaketg with batches cfamples as laboratory
control spikes (Table 10). Two field sampleseveandomly selected and splits were spiked as
matrix spikes. These laboratory control and mapikes had an average recovery of 102% and
97.2% for the lambda cyhalothrand surrogate, resgtively. The percent difference between
both laboratory and matrix spikes and the smllplicates rangeddm 0.437 to 11.5%difference
for the lambda cyhalothrin recoveries (Table 11).

Quality Assurance

A quality assurance (QA) audit was conducted by the project QA officer on the second and third
days of sampling in order to evaluate field opieres for study. Results dfat audit are reported

in Appendix A.

Statistical analysis was performed using\WITAB® Statistical Software (MINITAB, 2003).
VI. ACKNOWLEDGEMENTS

This is a cooperative study between several estitncluding DPR, the Department of Fish and
Game, and the Coalition for Urban and RuraliEanmental Stewardship under the direction of
the San Luis and Delta-Mendota Water Authority. Funds for this project were provided by the
California State Proposition 13 (2000 WaB»nd) PRISM Grant Program. DPR’s
Environmental Monitoring Branch staff, undee general direction of Dr. Kean S. Goh,
Environmental Program ManagefSupervisor), was responsilita collecting and transporting
samples for chemical analysis.

The California Department of Fish and Game@URonducted chemical analysis of all water
and sediment.



Kean S. Goh, Ph.D.
January 4, 2008
Page 7

VII. REFERENCES

CDFA (2006). Storage Stability of Synthetic Pyrethroidgviater and Frozen Sediment.
California Department Food and Agriculturie review

Cooper, CM, MT Moore, ER Bennet, S Smiidh, Farris, CD Milam, and FD Sheilds Jr.
(2004). Innovative uses of vagéed drainage ditches fogducing agricultural runoff.
Water Science and Technology. Vol 49 (3) pp 117-123.

EPA (1971). U.S.EPA National Exposuredearch Laboratory (NERL) Method 160.2.
Residue, Non-Filterable (GravimetriDried at 103-105). Available online:
<http://webl.er.usgs.gov/nemi/method_summary.jsp?param_method_id=5213

Gill, SL (2006) Results for Study 235: Constructed Vegetated Ditches as a Management
Practice in Irrigated A&lfa. Available at:
<http://www.cdpr.ca.gov/docs/empm/pubs/memos.htm>.

Jones, DeeAn. 1999. DPR SOP #QAQCO004.01. Tratisgppackaging and shipping samples
from the field to the warehouse or laboratory. Available at:
<http://www.cdpr.ca.gov/docs/empm/pubs/sops/qaqc0401.pdf>.

Mamola, M. 2005. DPR SOP FSWAO016.00. Procedar&ollecting Sediment Samples for
Pesticide Analysis. Available athttp://www.cdpr.ca.gov/docs/emon/pubs/sops/FSWAQ016
pdf>.

Minitab. 2003. Minitab® Statistical Software 14. Minitab, Irfétate College, Pennsylvania.

Segawa, R. 1995. DPR SOP QAQCO001.00. Chemiistbpratory Quality Control. Available
at: <http://www.cdpr.ca.gov/doeshpm/pubs/sops/qaqc001.pdf>.

Spurlock, F. 1999. DPR SOP FSWAO008.00. Samplimgsfoface Water Runoff in Agricultural
Fields. Available at: <http://www.cdma.gov/docs/empm/pubs/sops/fswa008.pdf>.

Syngenta 2006. Specimen Label for Warkoth Zeon Technology. Available at:
<http://www.syngentacropprotection-us.com/pdf/labels/SCP1112AL1G0367.pdf

USDA 1997. Soil survey of Stanislaus Countylifdenia, western part. Available at:
<http://www.ca.nrcs.usda.gov/mlra02/wstan.html>.



Appendix A

Date: August 30, 2007

To: Sheryl Gill, Project Leader

From: Carissa Ganapathy, Quality Assurance Officer
Subject: QUALITY ASSURANCE AUDIT FOR STUDY #242

| conducted a Quality Assurance audit to evidild operations for the vegetative ditch
study on July 11-12, 2007. It was on thessetand third day afrigation runoff

sampling. | observed sampling events two #mde at all sampling locations: inflow
ditch, inflow into the two ditches, nonvegetative digsid vegetative ditch.

Adherence to Protocol and theQuality Assurance Project Plan

Sampling operations were handled appropriatetia respect to t Quality Assurance
project Plan (QAPP). The lfowing information is for documentation of the audit and
suggestions for future studies.

The protocol on site was an earlier versi@scribing the originadesign. The original

field was reconstructed and no longer fulfilled study needs so another field was found for
the study at the last minute. The new fie&ll a different configuration but seemed
adequate for the study objectives. For futuoelists, the protocol should be revised prior

to sampling according to the new SOP ADMNO003.01.

There was greater flow through the standhtch than the vegetative ditch. The study
leader was well aware and it may only havemall affect results or no affect. A
transducer was used to record flow ateéhd of the vegetative ditch. Also there was no
end to the runoff between tireigation of successive rows, so it was difficult to have
separate irrigation tervals as was described in the protocol.

The lambda cyhalothrin treatment was wetified, however, according to the study
leader if the inflow ditch runoff is positiveeh the outcome of the test ditches is based
on the inflow sample results. Samples taken at the sampling site prior to the test ditch
split point will show any loss between the ovil and the separation point. The laboratory
results are currently pending.

Following Standard Operating Procedures
DPR SOPs for the type of field samplingnducted were on site and were followed.

Concurrently with sampling for thiswsty the Environmental Monitoring Branch
approved two new SOPs that cover jamapg and approving protocols (ADMNO003.01)
and preparing and approving study memdeaaand reports (ADMNO007.00). These are
now department standards and shouldeberred to in any new QAPP. ADMNO003.01
has a section on amendments, revisions anatiens that should be followed in future
studies and will be part of future audits.



Sample integrity

Sample bottles were clean, pre-labeled, and organized prior to sampling. The bottles and
ice chests were set on tarps to preveatrtfrom getting contaminated. When | was
observing, gloves were changed between sampling periods. Because high levels of
lambda cyhalothrin were expected in Hanples, care was taken not to contaminate
equipment that may be used for future l@sidue studies. The outsides of the bottles

were rinsed with water prior to placing the samples into Styrofoam containers and the ice
chests. Samples were put in the ice chestadiately, on wet ice. Field blanks and field
replicates were collected at the site.

Paperwork and Chain of Custody

The Chain of Custodys was complete and accurate, and samples were checked into the
field warehouse appropriately. Field dataets were filled out on site noting sample
numbers with associated flomates through the weir and time. Some sample bottles were
labeled with the wrong study number, but saenple numbers were not duplicated and
therefore the error did naffect sample quality.

The inspection sheets, QAPP, notes and protocol used for the inspection will be stored in
my files and is available for inspection.

cc: Kean S. Goh, Ph.D., DPR Enviroemtal Program Manager | (Supervisor)



Figure 1. Conventional return ditch with no vegetation (Left) and a fallow ditch, vegetated with weeds (Right).
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