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Abstract

During the summer of 1997, Ecology analyzed diquat in water samples from the Steilacoom
Lake outlet (Chambers Creek) following treatment of Steilacoom Lake with the aquatic
herbicide Reward®'. Eight of the 15 samples collected were split with the herbicide
applicator to conduct additional diquat analysis using an alternative laboratory method.

Objectives were to (1) determine if split samples analyzed for diquat by different methods
yielded comparable results, (2) obtain additional data on diquat persistence in the water
column following Reward® applications, and (3) provide data on diquat concentrations
discharged to Chambers Creek in order to refine the permissible Reward® treatment regime
in Steilacoom Lake.

The primary objective of the study was not met due to an absence of diquat data from the
herbicide applicator. Results of Ecology's sample analysis showed diquat cation
concentrations in Chambers Creek ranged from < 0.5 pg/L to 10.3 pg/L following
Reward® applications. Concentrations were highest following treatment of the northern
basin and most persistent when the northern basin was treated eight days after Reward®
application to the southern basin. The highest diquat concentrations measured were
one-half the maximum contaminant level/goal of 20 ng/L for drinking water. The 1997
Reward® treatment regime for Steilacoom Lake resulted in Chambers Creek diquat
concentrations that complied with the labeled drinking water use restriction of 2-3 days
following treatment.

1 Reward® is a dibromide salt of diquat manufactured exclusively by Zeneca Inc. It contains 3.73 Ibs. diquat
dibromide or 2 Ibs. diquat cation per gallon
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Introduction

Background

Diquat [6,7-dihydrodipyrido (1,2-a:2’,1°-c) pyrazinediium ion] is a broad-spectrum contact
herbicide which is effective at controlling submersed and floating aquatic weeds. The
Washington State Department of Ecology (Ecology) does not currently permit the use of
diquat in Washington lakes due to a variety of factors, including the lack of critical
information about its persistence and drift from treated areas (Ecology, 1992). However,
state legislation enacted in 1996 (ESSB 6666) requires Ecology to “... expedite requests for
approval for the application of state or federally registered pesticides by licensed pesticide
applicators, including the use of herbicides such as copper sulfate or diquat, to control
nuisance and noxious weeds in lakes managed under chapter 90.24 RCW.” To this end,
Ecology is reviewing and acquiring new data on diquat and its potential environmental
impact, including persistence and drift in treated lakes, before considering its acceptability
for aquatic use.

Ecology permitted an experimental use of the aquatic herbicide diquat in Steilacoom Lake to
control aquatic weeds during 1996. The treatment was permitted along with monitoring in
order to fill critical data gaps about the persistence and drift of diquat in the water column
of treated lakes. Among the results of this monitoring were indications that

¢ Diquat persisted in the water column at detectable levels for at least 12 days following
treatment,

e Diquat drifted to untreated areas, including the Steilacoom Lake outlet (Chambers
Creek) within 24 hours after application, and

e The use restriction for drinking water specified on the product (Reward®) label was not
sufficient to protect human health (Serdar, 1997).

Diquat treatment was again permitted on an experimental basis in Steilacoom Lake during
1997. Like the previous year, it was permitted on conditions that monitoring be done to
obtain additional drift and persistence data. However, the 1997 treatment permit issued by
Ecology (Administrative Order DE 97WQ-S101) included conditions that 1) diquat be
applied in a manner to prevent any concentration from entering Chambers Creek, and

2) the applicator (Allied Aquatics) develop a sampling plan, to be approved by Ecology,
which includes monitoring downstream diquat concentrations.

Although Allied Aquatics submitted an adequate sampling and analysis plan prior to
treatment, Ecology's Water Quality Program requested the Environmental Investigations
and Laboratory Services Program to conduct additional monitoring of downstream diquat
concentrations. This request was made partly to expand the set of downstream data, but it
was primarily intended to obtain data on comparability of two difterent methods for diquat
analysis. The issue of method comparability was raised after Zeneca Inc. criticized
Ecology's use of EPA Method 549.1 to analyze lake water samples for diquat (Shaw
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et al., 1997). They argued that their method, RAM 254/01, was more appropriate for
analyzing water from lakes. Therefore, a plan was developed to split samples, with the
applicator using RAM 254/01 and Ecology using EPA 549.1, to assess the comparability
of the two methods.

Objectives
Objectives were to:

l. Determine if split samples analyzed for diquat by different methods yielded comparable
results;

2. Obtain additional data on diquat persistence in the water column following Reward
applications; and

3. Provide data on diquat concentrations discharged to Chambers Creek in order to refine
the permissible Reward® treatment regime in Steilacoom Lake.

Methods

Sampling

Allied Aquatics treated Steilacoom Lake with Reward® at a rate of 1-1.5 gallons/acre
on June 28, July 7, and July 28, 1997 to control /o/odea (I.lodea canadensis),
pondweeds (Potamogeton spp.), and coontail (Ceratophyllum demersum). Water
samples were collected prior to each treatment, within 24 hours post-treatment, and at
2, 4, and 8 days post-treatment. The exception was during the second (July 7)
treatment when no pre-treatment sample was collected. Temperature, pH, and specific
conductivity were measured on-site several times during the study.

Samples were collected by hand-dipping off the Chambers Creek right bank directly
below the Steilacoom Lake outlet structure. One-liter amber PVC bottles were used for
diquat samples and one-liter clear PE bottles for TSS. Samples were placed on ice
immediately following collection and delivered to the Manchester Laboratory the following
business day.

Chemical Analysis

Diquat was analyzed according to EPA Method 549.1 using high performance liquid
chromatography with ultraviolet detection. Because EPA 549.1 is a drinking water method,
the samples first had to be filtered using Empore® particle extraction disks. Diquat was
then eluted from both the filtrate and particles captured on the filter. The practical
quantitation limit was 0.5 pg/L (parts per billion). TSS was analyzed using EPA Method
160.2 with a quantitation limit of 1 mg/L (parts per million).
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Data Quality

Quality assurance memoranda were prepared by the chemists at Manchester and are
included in the Appendix. Diquat analyses were performed within acceptable holding
times. No analytes were detected in laboratory blanks. Instrument calibration was
within control limits except for a higher-than-acceptable peak response for the final
sample batch. The sample collected on August 1 was the only one affected and the
result (0.9 ug/L) is an estimate.

Accuracy and precision of the diquat data were assessed through the analysis of matrix
spikes and matrix spike duplicates (MS/MSD), replicate field samples submitted blind, a
fortified blank, performance evaluation sample, and a field spiked sample submitted blind
(Table 1).

Overall quality of the diquat data is good, although MS/MSD recoveries for the sample
collected on July 7 were low and the result (1.5 pg/L) is therefore an estimate. Other
measures of accuracy are good except for the low recovery of the field-spiked sample.
Excellent results were obtained for the performance evaluation sample analyzed as part of
EPA's Water Supply Study WS039. Overall precision of the data is high as indicated by
results of field replicate analyses. Quality of the TSS data is also good (Appendix).

Table 1. Accuracy and Precision Data for Diquat Analysis.

Sample Type Sample Number  Date Collected Recovery RPD
MS/MSD 97-27-8230 28 June 171/108% 45%
v 97-27-8235 7 July 36/32% 12%
v 97-27-8240 28 July 105/112% 6%
Field Reps. (ug/L)  97-31-8243/8244 30 July 43/4.7 9%
Fortified Blank -- -- 80% --
Performance Eval. -- -- 106% --
Field Spike - -- 40% --

RPD=Relative Percent Diffcrence (difference/mean x 100%)

Results

Diquat and TSS concentrations are shown in Table 2. Figure 1 shows diquat
concentrations in relation to the location and extent of Reward® applications in
Steilacoom Lake.

TSS concentrations during the initial four days of sampling were moderately elevated
(6-7 mg/L) due to high lake levels, then afterward decreased to very low levels
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(<1-2 mg/L) for the remainder of the study. Temperature, specific conductance, and pH
were within the range normally seen in Steilacoom Lake and Chambers Creek (KCM,
1996).

There was little response in diquat concentration at the outlet following the initial southern
basin application. The second treatment resulted in concentrations around 10 pg/L for
several days. Eight days after this treatment, the diquat concentration at the outlet
remained at a detectable level (3.6 ng/L), possibly due to a lag in diquat drift from the
initial application.

The sample collected just prior to the third and final application showed the diquat
concentration returning to an undetectable level (< 0.5 pg/L) 28 days after the initial
treatment and 21 days following the second treatment. Although no data were collected
to assess diquat concentrations at various locations in the lake, the low level 1s probably
due to near-complete removal of diquat from the water column (via sorption to sediments.
suspended particulate matter, and plant material) and does not represent a lag in diquat
transport to the outlet. This conclusion is based on data from the available literature
(Reinert and Rodgers, 1987) and from Ecology's 1996 study of diquat in Steilacoom

Lake (Serdar, 1997) showing diquat's water column half-life in the range of 1-4 days.

The diquat concentration at the outlet spiked at 10.1 pg/L three hours after the final
treatment was completed. The rapid increase in concentration is almost certainly due to
the proximity of the final treatment — as close as 400 feet from the outlet structure.
Monitoring after the final Reward® application showed a steady yet quicker-than-
previous decline in diquat, decreasing to undetectable levels 5-8 days after treatment.

The highest diquat concentrations in samples from Chambers Creek were half the National
Primary Drinking Water Standard maximum contaminant level/goal (MCL/MCLG) of

20 pg/l.. The Reward® product label specifies a drinking water use restriction of 2 or

3 days following applications of | gal/acre and 2 gal/acre, respectively, or until water does
not contain more than the MCLG. It appears that the treatment regime used during 1997
offers a margin of safety based on compliance with label restrictions, at least with regards
to Chambers Creek. By contrast, when 80% of Steilacoom Lake was treated with
Reward® (@ 2 gallons/acre) in a single day during 1996, diquat concentrations at 4 sites
including Chambers Creek at the lake outlet were above 20 ng/L for at least 3 days
following application.
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Table 2. Diquat Concentrations in the Steilacoom Lake Outlet (Chambers Creek)

Following Reward® Applications During 1997

Diquat Cation Specitic

Concentration  TSS  Temp. Conductance
Date . Time — (ugl)  (mg/L) (C)  pH _ (umhos/em)
28-Jun-97 1445 L (0.5) 7 - - -
30-Jun-97 1600 U (0.5) 6 - - -
01-Jul-97 1600 L (0.5) 7 - - -
03-Jul-97 1600 1.1 2 218 919 130
07-Jul-97 1445 1.5] 1 - - -
08-Jul-97 1200 45 ] - - -
09-Jul-97 1200 10.3 I - - -
11-Jul-97 1200 9.1 2 8.8 7.8l 109
15-Jul-97 1200 3.6 ! - - -
27-Jul-97 0900 U (0.5) l - - -
28-Jul-97 1600 10.1 2 - - -
29-Jul-97 1200 5.5 1 - - -
30-Jul-97 1200 45 U(l) 232 890 118
01-Aug-97 1200 091 | - - -
05-Aug-97 1200 U (0.5) ] - - -

U=Undetected at concentration in parentheses
J=Estimated concentration

Unfortunately, there are no data available to fulfill the primary objective of this study —
comparison of the diquat analysis methods EPA 549.1 and RAM 254/01. As mentioned
previously, 8 of the 15 samples collected by Ecology were split with the applicator, yet
Allied Aquatics never reported the results.

Conclusion

The 1997 Reward® treatment regime for Steilacoom Lake resulted in Chambers Creek
diquat concentrations that complied with the labeled drinking water use restriction of

2-3 days following treatment. However, the application did not fulfill the condition that
diquat be applied in a manner to prevent any concentration from entering Chambers Creek
as specified in Ecology's Administrative Order DE 97WQ-S101. Results of this study and
monitoring conducted during 1996 suggest that downstream transport of diquat may be
unavoidable following any large-scale Reward® application.
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Diquat in Chambers Creek - page 1

Manchester Environmental Laboratory

7411 Beach Dr E
Port Orchard Washington 98366
November 17, 1997

Project: Diquat in Chambers Creek

Samples: 97-278230 through 97-278234, 97-288235 through 97-288238, 97-298239,
97-308240 through 97-308241, 97-318242 through 97-318245, 97-328246

By: Karin Feddersen KF

Sample Summary:

These samples were analyzed by EPA Method 549.1, for Diquat. The identities of all positively
detected results were subsequently confirmed as Diquat.

The peak response for the low calibration standard analyzed on August 7 was higher than acceptable.
Results below 1 ug/l. for samples analyzed on this day are therefore estimated. 97318245 is the only
sample affected. The result for this sample has been qualified as an estimate (“J7).

This data is acceptable for use with the qualifications mentioned.

Holding Times:

These samples were extracted within the method holding time of seven days from collection. Most
extracts were analyzed within the method holding time of twenty-one days from extraction. The
analyst has demonstrated that Diquat is still detected in a sample extract up to one year after
extraction. All samples were analyzed within an acceptable holding time.

Method Blanks:

No analytes of interest were detected in the method blanks.

Matrix Spikes:
Aliquots of samples 97-278230. 97-278235 and 97-278240 were analyzed as matrix spikes.
Recoveries were acceptable (82% to 129%) in samples 97-278230 and 97-278240.

Subtracting the native amount in 97-278235 from the spiked analyses resulted in recoveries of 32%
and 36% for the spikes Re-analysis of the extracts produced recoveries of 34% in each. The value
spiked was close to the amount apparently present in the sample.



Diquat in Chambers Creek - page 2

We investigated the possibility that Diquat was accidentally spiked into ali three aliquots of the sample.
However, the spike mixture also contains Paraquat, which co-elutes with Diquat on the second
channel. Therefore, if Diquat and Paraquat had been added to the sample, then the ratio between the
two channels would be comparable to the ratio for the spikes. The ratio for this sample is not
consistent with this theory. Thus, it is unlikely that it was inadvertently spiked, and Diquat is most
likely native to this sample.

The result for sample 97-278235 has been qualified as an estimate.

A fortified blank. spiked with 2.1 mg/L Diquat. was also analyzed. Recovery was acceptable at 80%.
Water Supply Study 39 WS039 Performance Evaluation Sample:

Manchester Lab received the results from our participation in USEPA’s WS039. Manchester reported
a value of 30.2 micrograms per liter for the performance evaluation sample - a 6% Difterence from the
true vatue of 32.2 micrograms per liter. A copy of all results from this study have been included with
this report.

DATA QUALIFIER CODES:

U-  The analvte was not detected at or above the reported value.
J- The analyte was positively identified. The associated numerical value is an estimate.
UJ - The analyte was not detected at or above the reported estimated result.

herbs/diquat.doc



Washington State Department of Ecology
Manchester Laboratory

August 14, 1997
TO: Dave Serdar
1
FROM: Becky Bogaczyk, Chemist()
SUBJECT:  General Chemistry Quality Assurance memo for Diquat in Chambers Creek

SUMMARY

The data generated by the analysis of these samples can be used noting the qualifications
discussed in this memo. All analyses requested were evaluated by established regulatory quality

assurance guidelines.
SAMPLE INFORMATION

Samples for Diquat in Chambers Creek project were received by Manchester Laboratory on
07/01, 02, 07-10, 14, 16, 29-31/97, 08/04, & 06/97 in good condition.

HOLDING TIMES
All analyses were performed within established EPA holding times.
ANALYSIS PERFORMANCE

Instrument Calibration

Balances are calibrated yearly and verified monthly. Ovens temperatures are recorded before and
after every analytical run.

Procedural Blanks

The procedural blanks associated with these samples showed no significant analytical levels of
analytes.

Precision Data

Duplicate sample results were used to evaluate precision on this sample set. Relative Percent
Difference (RPD) for general chemistry parameters was within the 20% acceptance window for
all duplicate analysis. Laboratory duplication is performed at a frequency of at least 10%.



Laboratory Conirol Sample (LCS) Analyses

LCS analyses were within the windows established for each parameter.

Other Quality Assurance Measures and Issues

The "U" qualification indicates the analyte was not detected at or above the reported result.
Please call Becky Bogaczyk at (360) 871-8830 to further discuss this project.

cc. Project File
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