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Rainbow trout (Oncorhynchus mykiss) and channel catfish (/ctalurus punctatus) were exposed to
3-trifluoromethyl-4-nitrophenol (TFM) and Bayluscide (niclosamide) during a sea lamprey control
treatment of the Ford River, located in the upper peninsula of Michigan. Caged fish were exposed to
a nominal concentration of 0.02 mg/L of niclosamide for a period of approximately 12 h. Samples of
fillet tissue were collected from each fish species before treatment and at 6, 12, 18, 24, 48, 96, and
192 h following the arrival of the block of chemical at the exposure site. The fish were dissected,
homogenized, extracted, and analyzed by high-performance liquid chromatography. The major
residues found in the fillet tissues were TFM and niclosamide. Niclosamide concentrations were highest
12 h after arrival of the chemical block for rainbow trout (0.0395 + 0.0251 «g/g) and 18 h after arrival
of the chemical block for channel catfish (0.0465 + 0.0212 ug/g). Residues decreased rapidly after
the block of lampricide had passed and were below the detection limits in fillets of rainbow trout
within 24 h and channel catfish within 96 h after the arrival of the lampricide.
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INTRODUCTION The need to conduct a sea lamprey control treatment is

The parasitic sea lamprefétromyzon marinysdecimated ~ determined through stream surveys for sea lamprey larvae.
native populations of fish after gaining access to the Great LakesBayluscide and TFM are metered into a stream simultaneously
through navigation project®). Niclosamide (25-dichloro-4- but independently, in amounts sufficient to achieve the minimum
nitrosalicylanilide) is a halogenated salicylanilide that has been lethal concentration (MLC) i h at themost downstream reach
used successfully for over 25 years by the U.S. Fish and Wildlife Of the segment to be treated. This may require an application
Service (FWS) to control sea lamprey populations in the Great of 12 h at the application sited). The application results in a
Lakes. The mode of action of niclosamide has not been “block” of lampricides that moves downstream. The concentra-
completely delineated, but the selective toxicity of the material tions of both lampricides in a treatment block are monitored
toward sea lamprey larvae is probably based on the fact thatperiodically during the treatment, and adjustments are made to
niclosamide is not efficiently conjugated or eliminated by sea maintain the desired concentrations.
lamprey. This mechanism is similar to that proposed for |t has been shown that the toxicity of the lampricide TFM is
3-trifluoromethyl-4-nitrophenol (TFM) by Lech and Statham dependent on the chemical and physical properties of waker (
(11). Niclosamide is sold as the 2-aminoethanol salt (Bayer 73) e Maire (L7) first identified pH as one of the factors affecting
under the commercial name Bayluscide, a formulation that is the toxicity of TFM to rainbow trout and sea lampreys.
approximately 70% active ingredient by weight. In addition to | ahoratory studies showed that the toxicity of the lampricide
being highly toxic to sea lamprey, niclosamide is also toxic to to hoth species was significantly reduced at alkaline pHs.
certain nontarget organisms. For this reason, niclosamide is usedyiarking and Olson 12) reported that the lethal concentration
in combination with TFM to reduce the amount of TFM required  of TEM to fingerling rainbow trout @ncorhynchus mykiss
for treatment, and in treatments as a granular bottom-releasegecreased as the pH of the treatment water decreased. The
formulation to survey for lamprey ammocoetes in lentic habitats. yegylting correlation between pH and toxicity suggests that the
A combination treatment with TEM is a cost-saving measure pjisavailable form of TFM is the lipid-soluble free phenol. This
usually used when large quantities of TFM are required, such gpsepvation is also supported by the findings of Hunn and Allen
as the treatment of large streams with discharg@80 CFS. gy \ho reported that residues of TFM in channel catfish
When used in combination, the TFM:niclosamide ratio ranges (jciaiurus punctatusmuscle tissue decreased with increasing
from 98:2 t0 99.5:0.53). pH. TFM has an ionizable proton with &pof approximately

* Corresponding author [phone (608) 783-6451; fax (608) 783-6066; 0-07 (L5). When TFM is added to water, an equilibrium between
E-mail vcdawson@aol.com]. the protonated and unprotonated forms is rapidly established.
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Figure 1. Map of Michigan, showing the location of the Ford River with a detailed map showing the treatment application and fish exposure sites.

Niclosamide also has an ionizable proton with I, of structure of the sulfate ester was confirmed by mass spectrometry and
approximately 6.25, and therefore a similar result is expected. infrared and UV spectroscopy. The purity reported by Sigma Chemical
The equilibrium concentrations of ionized and un-ionized forms Co. for the niclosamide analytical standard was 99%. The purity of
depends on the pH of the water but is independent of the form the SL_JIfate ester was reported to bet98. The_ purities of the test
of niclosamide added. Thus, there is no difference in the toxicity chemical and analytical standards were confirmed by reverse-phase
or efficacy of niclosamide to the lamprey between the free baseh'gh'perfo“m’InCe liquid chromatography (HPLC). The percent active

. . - . : ingredient content of the Bayluscide wettable powder formulation was
and the 2-aminoethanol salt; the bioavailability of niclosamide degtermined to be 74.8 0_42y%_ For the analyﬁcal standards. HPLC

is the same. For this study, the 2-aminoethanol salt (_Bayluscide,amysiS indicated that niclosamide had a purity of $00.001%, and
70% wettable powder) was used as the test material. the sulfate ester had a purity of 92450.64%.

The study was intended to meet the objectives of fish residue  Rainbow trout and channel catfish were exposed to niclosamide in
studies in the residue chemistry guidelines of the U.S. Envi- the laboratory to obtain glucuronide conjugate reference material. The
ronmental Protection Agency (EPA) so that the data could be fish were euthanized by electrocution, and the bile was extracted from
submitted to the EPA to support reregistratid®)( The study the gall bladder. The major component of the bile was identified as
was designed (1) to determine the concentration of niclosamidethe glucuronide conjugate of niclosamide using fhglucuronidase
and potential niclosamide metabolites in rainbow trout and hydrolysis procedure described by Led). This reference material

channel catfish exposed to Bayluscide under field conditions Was used to confirm the absence of niclosamide glucuronide in the
and (2) to show the effect of time on residue levels acetone extracts of rainbow trout and channel catfish fillet tissue.

Test Animals. Rainbow trout were used as a representative cold
water species, and channel catfish were used as a representative warm
MATERIALS AND METHODS water species. Both species are found in lamprey-producing streams.

Test and Reference SubstanceThe test material (70% wettable ~ Rainbow trout (total weight 266400 g; age about 1.5 years) were
powder formulation of 25-dichloro-4-nitrosalicylanilide ethanolamine ~ reared from eyed eggs in the UMESC fish culture facility. Channel
salt) was supplied by Bayer Corp., Kansas City, MO. Niclosamide catfish (total weight 200400 g; age about 3 years) were obtained from
analytical standard (Lot No. 82H0011) was purchased from Sigma Osage Catfish Farms in Pulaksi County, Osage, MO. The fish were
Chemical Co. The sulfate ester of niclosamide (Lot No. DS-20809-4) identified to genus and species according to Eddy and Unde6ill (
was synthesized for Upper Midwest Environmental Sciences Center A total of 61 fish of both species were housed in stainless steel cages
(UMESC) by Derse and Schroeder Associates, Ltd., Madison, WI. The in the stream; 40 were exposed to the lampricides and 21 served as
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Figure 2. HPLC chromatograms of (A) acetone extract of fillet tissue taken from channel catfish exposed for 6 h to TFM and niclosamide in the Ford
River, (B) TFM standard, (C) niclosamide standard, and (D) acetone extract of fillet tissue taken from 6-h control channel catfish.

0.05

controls. Fish acclimated in the river far48 h before treatment. Fish
designated for exposure were caged at the exposure site, located a
sufficient distance downstream of the application site to ensure uniform
mixing of the chemicals in the stream. Control fish were caged at the
control site, upstream from the application sikégres 1and?2).

Test System.This study was conducted during a regularly scheduled
treatment of the Ford River by U.S. Fish and Wildlife Service,
Marquette Biological Station, Marquette, MI. The Ford River is located
in the upper peninsula of Michigafrigure 1). The exact location of
the application site for this treatment was determined by service
personnel before treatment and was based on criteria in the Sea Lamprey
Control Standard Operating Procedug. (

Test Exposure.Bayluscide was applied to the Ford River upstream
from the bridge at Woodlawn at 0600 on June 19, 199i§ure 1).

Zero hour for the exposure site was 1430 on the same day, when the
first detectable levels of niclosamide were measured in the water
(Figure 1). The entire reach of the Ford River was treated with TFM,

but only the reach from Woodlawn to the mouth received the . . ) .
combination of lampricides. Figure 3. Mean concentration of niclosamide (xg/g) in acetone extracts

Treatment of the Ford River was conducted in accordance with the from channel catfish and rainbow trout versus time (<0, 6, 12, 18, 24, 48,
Service Standard Operating Procedures for application of lampricides 96, and 192 h).
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Figure 4. HPLC chromatograms of (A) acetone extract of fillet tissue taken from rainbow trout exposed for 6 h to TFM and niclosamide in the Ford River,
(B) TFM standard, (C) niclosamide standard, and (D) acetone extract of fillet tissue taken from 6-h control rainbow trout.

(9). Service personnel were responsible for determining the appropriate recorded. Only the edible fillets (skin on for rainbow trout and skinless
concentrations of lampricides for the treatment, conducting the ap- for channel catfish) were collected for analysis. Fillets from each fish
plication of the lampricides, monitoring the lampricide concentrations were rinsed with fresh water, weighed, wrapped in aluminum foil, and
in the water, and making adjustments to the concentrations when placed in sealable freezer bags for storage. Fillet samples were frozen

needed. until analysis.

Total alkalinity and total hardness of water from the exposure site Sample Analysis. The niclosamide in the water samples were
were analyzed using standardized procedui¢sTemperature, pH, identified and quantified with reference standards by HPLC. For the
and dissolved oxygen were monitored with a Yellow Springs Instru- HPLC analyses, a YMC ODS-AQ column (250 nx4.6 mm, 5um,
ments water quality monitoring system. 120 A) and a binary mobile phase consisting of 25:75 acetonitrile:58

Sample Collection.Water samples were collected in duplicate just mM sodium acetate buffer (pH 3.8) gradient with a flow rate of 1.0
below the surface of the water in the middle of the stream at each mL/min were used. The gradient elution series was 25:75, 35:65, 50:
sampling time at the exposure site. Each sample consisted of ap-50, 60:40, 80:20, and 100:0 at 0, 5, 10, 20, 25, and 30 min. The total
proximately 300 mL collected into a 500-mL amber glass bottle with sample run time was 38 min. A four-point standard curve was used to
a screw-cap lid containing a Teflon liner. quantify the niclosamide concentration, and interval standards were

Samples of five rainbow trout and five channel catfish were collected included approximately every tenth injection for quality control.
from the exposure site 1 day before the scheduled treatment (pretreat- The method detection limit for analysis of residues of niclosamide
ment) and at 6, 12, 18, 24, 48, 96, and 192 h after the lampricides in fish fillet tissue was determined using the seven replicate method
reached the site. Samples of three control fish of each species were(7). For each sampling time<Q, 6, 12, 18, 24, 48, 96, and 192 h),
collected at the control site 6, 12, 18, 24, 48, 96, and 192 h after the three control fish and five exposed fish were sampled for each test
lampricides reached the exposure site. The fish were rinsed with fresh species. Approximatgl5 g of homogenized fillet tissue was sampled
water and euthanized, and the weight and length of each fish were from the controls. Approximatgl5 g of homogenized fillet tissue was
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sampled from four of the exposed fish, and triplicate samples were 18-h sampling Figure 3). Niclosamide residues were below
taken from the remaining exposed fish. The homogenized tissue sampleghe limit of detection €0.0063 ug/g) in the 96- and 192-h

were extracted with acetone, and the residues were purified by solid- channel catfish samples. Results of analyses of channel catfish
phase partitioning according to the method of Schreier etld). ( fillet tissue at times 8192 h are given irFigure 4.

HPLC analyses of the extracts were conducted on a Phenomenex HPLC analysis of the acetone extracts of rainbow trout fillet

Prodigy ODS reverse-phase column, 150 mm4.6 mm, 5um, 100 . - )
A, with a YMC ODS AQ guard column. Samples were analyzed under tissues produced two peaks at retention times of 15 (TFM) and

gradient conditions using a mobile phase of acetonitrile:58 mM acetate 29-9 Min (niclosamide) Rigure 4). Maximum niclosamide
buffer (pH 3.8). The gradient elution series was 30:70, 35:65, 50:50, 'esidues in rainbow trout tissue (0.03950.0251ug/g) were
60:40, 80:20, and 100:0 at 0, 5, 10, 20, 25, and 30 min. The total samplefound during the 12-h samplingFigure 4). Niclosamide

run time was 38 min. The analyses were run at@Q and the flow residues were below the limit of detection@0107xg/g) in

rate was 1.0 mL/min. A three-point standard curve was used to quantify the 24-, 48-, 96-, and 192-h rainbow trout samples. Results of
the niclosamide concentration, and interval standards were includedanalyses of rainbow trout fillets at times-@92 h are given in
approximately every tenth injection for quality control. For channel - gigyre 3. In general, concentrations of niclosamide were greater
catfish fillet extracts, the injection volume was gD, and the_ qletector and tended to persist longer in channel catfish than in rainbow
wavelength was 335 nm. The percent recovery from fortified channel trout. The glucuronide conjugate and sulfate ester metabolites

catfish tissue samples was 1#310.0%, and the method detection f nicl ide ob di . laborat ¢
limit was 0.0063ug/g. The injection volume for rainbow trout fillet o niclosamide observed In previous laboratory exposures to

extracts was 10@L, and the detector wavelength was 360 nm. The dréater concentrations of niclosamidg vere, in this study,
absorption peak for niclosamide is 335 nm, but extracts of rainbow NOt detected in any samples.

trout tissue contained an interference at that wavelength. The interfer- Residues decreased rapidly after the lampricides had passed
ence was avoided at 360 nm, and niclosamide retained a strongthe exposure site and were below the limit of detection in
absorbance at that wavelength. The percent recovery from fortified rainbow trout and channel catfish fillets within 24 and 96 h
rainbow trout tissue samples was 7#£25.9%, and the method detection  gfter the block of lampricide reached the exposure site.

limit was 0.0107ug/g. Statistical analyses were limited to descriptive  njiclosamide was the only detectible residue resulting from
statistics that included simple expressions of mean and standardexposures to Bayluscide.

deviation ort test comparisonsl(). U f Bavluscid | icide to treat st tribut
Storage Stability. Fillets of rainbow trout and channel catfish were Se of bayluscide as a lampricide to treat streams tributary

samplel 2 d before treatment to determine storage stability. Three [0 the Great Lakes is regulated in the United States by the EPA
channel catfish fillets and three rainbow trout fillets were spiked with and in Canada by Health Canada. Both agencies require that
niclosamide at a concentration of Qu/g of fillet tissue. Spiked registrations of chemicals be maintained and updated on a
samples were stored under the same conditions as the samples takeaontinuing basis to ensure their safety to humans and the
from exposed and control fish. The spiked fillet samples were environment. Residue data from this study are used by these
homogenized 4), and one subsample of each homogenate was regulatory agencies to evaluate persistence of residues and safety
processed and analyzed for niclosamide concentration before and aftelpf the use of Bayluscide as a lampricide. Because residues of
test samples were analyzed. Rec‘o’veries of niclosamide from channelyicjnsamide in aquatic organisms are rapidly eliminated once a
catfish fillet tissue were 88.% .1.2.5.A) before the study samples were stream treatment is complete, there is litle concern that
processed (5 months after fortification) and 76.21.2% after all study . . S . .

samples were analyzed (7.5 months after fortification). Recoveries from niclosamide will bioaccumulate in the food chain.
rainbow trout tissues were 784 5.1% and 68.2t 2.4% before and
after the study samples were processed, respectively. Although recoverABBREVIATIONS USED

ies tended to be lower among the fortified samples processed at the . . . .
end of the analysis period than at the beginning, the differences were 1M, 3-trifluoromethyl-4-nitrophenol; HPLC, high-perfor-

not statistically significantg{ > 0.05). mance liquid chromatography; MLC, minimum lethal concen-
tration; UMESC, Upper Midwest Environmental Sciences
RESULTS AND DISCUSSION Center; FWS, U.S. Fish and Wildlife Service.
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