
U.S. Geological Survey (USGS) Organic 
Geochemistry Research Laboratory 
(OGRL), Lawrence, Kansas, 
cooperatively collected water samples 
from 13 fish hatcheries across the United 
States (fig. 1) with the assistance of 
hatchery operators. A method for the 
analysis of antibiotics was developed and 
used to identify and quantify these 
compounds in fish hatchery water 
(Lindsey and others, 2001). This study 
was completed to determine if trace levels 
of antibiotics [approximately 1 microgram 
per liter (µg/L) or 1 part per billion or 
greater occurred] in water associated with 
fish hatcheries, which are a potential 
source of these compounds in surface 
water. 

occurrence and concentration of antibio- 
tics present in fish hatchery water. The 
study examines both sulfonamides and 
tetracyclines. Sulfonamides are synthetic 
compounds, and tetracyclines are naturally 
occurring compounds. 
       The use of antibiotics added to 
specially formulated feed is a common 
practice in fish hatcheries to treat and 
prevent bacterial infections in large fish 
populations.  
Administration (FDA) approved anti-
biotics are oxytetracycline-HCl, sulfa-
merazine, and a combination drug 
containing ormetoprim and sulfadiameth-
oxine (U.S Food and Drug Administration, 
2003). 
     During January 2001–June 2002, the 

    "Recently, pharmaceuticals, hormones, 
and other organic wastewater contam- 
inants were reported in United States 
streams." (feature article, Environmental 
Science and Technology, March 15, 2002)

Introduction

     The recent discovery of pharmceuti- 
cals in streams across the United States 
(Kolpin and others, 2002) has raised the 
visibility and need for monitoring of 
antibiotics in the environment. Possible 
sources of antibiotics and other pharma- 
ceuticals in streams may include fish 
hatcheries. This fact sheet presents the 
results from a preliminary study of fish 
hatcheries across the United States for the 
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Types of Fish Hatcheries 

There are three kinds of fish hatcheries 
in the United States—Federal, State, and 
private or commercial hatcheries. The 
Federal government operates approx
imately 70 fish hatcheries, States operate 
about 500 fish hatcheries, and private and 
commercial enterprises operate about 
2,000 fish hatcheries (Willoughby, 2002). 
The fish hatcheries described in this report 
are State operated with the exception of 
the research ponds at the USGS Environ
mental Research Center in Columbia, 
Missouri. Freshwater fish hatcheries have 
become a popular and fast-growing 
industry. Fish raised at the hatcheries are 
released in public and private waters to 
augment depleted natural stock, maintain 
sport and commercial fishing, and supply 
food. The hatcheries produce numerous 
species of fish. 

The study described in this fact sheet 
representatively sampled water from two 
classes of fish hatcheries, which are 
extensive and intensive. Further division 
of fish hatcheries exists within extensive 
and intensive hatcheries based upon the 
output of fish in pounds. 

By tradition, extensive fish hatcheries 
have an earthen, farm-pond appearance; 
whereas, intensive hatcheries raise the fish 
in concrete ponds and raceways. 
Extensive fish hatcheries (fig. 2) naturally 
supply both the nutritional and environ
mental needs of the fish. Normally, 
extensive fish hatcheries raise both 
warmwater and cool-water fish (15 to 
27 °C). An undetermined number of fish 
are placed in the earthen ponds, then 
counted at the time of transfer from the 
fish hatchery to release locations. The 
ponds typically are drained at the end of 
the hatchery season in late fall 
(Willoughby, 2002). 

Intensive fish hatcheries (fig. 3) are 
operated under a more controlled environ
ment. Hand feeding or mechanical fish 
feeders meet the nutritional needs of the 
fish. Oxygen, ammonia, and nitrate levels 
are maintained by the use of filters or 
rapid exchanges of water in the system to 
help meet the environmental needs of the 
fish. In the past, intensive fish hatcheries 
have been used only to raise cold-water 
fish (10 to 16 °C); however, with improv
ed technology, it has become practical to 
raise warmwater fish at an intensive fish 
hatchery (Willoughby, 2002). 

Figure 2. Example of an extensive fish hatchery used to raise warmwater and cool-water fish 
near Meade, Kansas. 

Sample Collection	 Moravia, Iowa, built in 1977; Spirit Lake 
Fish Hatchery, Orleans, Iowa, established 

Samples were collected from fish hatch- in 1880; Milford Fish Hatchery, Junction 
eries in seven States—Colorado, Iowa, City, the newest hatchery in Kansas; two 
Kansas, Missouri, New York, Oklahoma, New York fish hatcheries, Chautauqua at 
and Oregon. Seven extensive fish hatch- Mayville and Adirondack at Saranac Lake; 
eries were sampled as follows: Wray Fish and Cole M. Rivers Fish Hatchery, Trail, 
Hatchery, Wray, Colorado, established as a Oregon, the largest hatchery on the West 
warmwater fish hatchery in 1930; Fairport Coast. 
Fish Hatchery, Muscatine, Iowa, located Water samples were collected from the 
on the Mississippi River; three Kansas 13 fish hatcheries during January 2001 
fish hatcheries located at Farlington, through June 2002 using methods describ-
Meade, and Pratt; USGS Environmental ed by Wilde and others (1999). A total of 
Research Center, Columbia, Missouri; and 189 random samples were collected for 
Durant Fish Hatchery, Caddo, Oklahoma. this study. Of the 189 random samples, 

Six intensive hatcheries were sampled 14 were collected from source water for 
as follows: Rathbun Fish Hatchery, the hatcheries. The water samples were 

Figure 3. Example of an intensive fish hatchery used to raise cold-water fish near Trail, 
Oregon. 
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collected in 250-millimeter baked amber-
glass bottles, immediately chilled, and 
sent by overnight air express to the USGS 
OGRL in Lawrence, Kansas. 

Analytical Methods 

Prior to analysis, the water samples 
were filtered through a 0.7-micron glass-
fiber filter into 125-milliliter amber-glass 
bottles. A newly developed method of 
solid-phase extraction with liquid chroma
tography/mass spectrometry positive-ion 
electrospray analysis and selected-ion 
monitoring was used to analyze the sam
ples (Lindsey and others, 2001; Kolpin 
and others, 2002). The method was used 
to analyze three classes of antibiotics that 
include six sulfonamides—sulfachlor
pyridazine, sulfadimethoxine, sulfamera
zine, sulfamethazine, sulfamethoxazole, 
and sulfathiazole; five tetracyclines— 
chlorotetracycline, doxycycline, mino
cycline, oxytetracycline, and tetracycline; 
three tetracycline degradates—anhydro
chlortetracycline, anhydrotetracycline, and 
demeclocycline; and five quinolines— 
carbadox, flumequine, norfloxacin, 
oxolinic acid, and sarafloxacin. 

Occurrence of Antibiotics in Fish 
Hatchery Water 

Of the 189 water samples collected and 
analyzed from the 13 fish hatcheries, 
antibiotics were detected in 27 samples 
collected from five fish hatcheries. As 
shown in figure 4, oxytetracycline and 
sulfadimethoxine were detected most 
frequently in the samples at detection 
frequencies of 4 and 12 percent, respec
tively. It is not surprising that these two 
antibiotics were detected in the water 
samples as they are FDA approved for 
aquaculture. Tetracycline was present at a 
detection frequency of 1 percent. Overall, 
these three antibiotics were detected in 
14 percent of the samples. The other 
antibiotics and their degradates that were 
analyzed were not detected. 

Measurable concentrations of antibio
tics are listed in table 1. These concentra
tions did not exceed 2.3 µg/L, except in 
two samples. The range in detected con
centrations of oxytetracycline was 0.17 to 
10 µg/L. However, the median concentra
tion for oxytetracycline detections was 
less than 0.05 µg/L. Generally, the range 
of detected concentrations of sulfadime
thoxine was 0.10 to 1.2 µg/L, with one 
sample containing greater than 15 µg/L. 

This sample came from the hatchery at 
Junction City, Kansas. The median 
concentration for sulfadimethoxine 
detections was less than 0.05 µg/L. The 
two detections of tetracycline may 
represent trace impurities present in the 
oxytetracycline, or the tetracycline may be 
a possible transformation product of 
oxytetracycline. 

This one-time survey indicated the pre
sence of trace concentrations of antibio
tics, typically in the 0.10- to 2.0-µg/L 
range, in water from 5 of the13 fish hatch
eries sampled. There were no detections of 
antibiotics in the 14 samples of source 
water collected from the fish hatcheries, 
thus the presence of FDA-approved anti
biotics (oxytetracycline and sulfadimeth
oxine) is most likely due to the addition of 
specially formulated feed to fish hatchery 
water. 
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Total antibiotic detection 
frequency equals 14 percent 

Figure 4. Detection frequency of antibiotics in 
water samples from 13 fish hatcheries, January 
2001 through June 2002. 

Table 1. Antibiotic concentrations detected in water samples from five United States fish 
hatcheries, January 2001 through June 2002 
[The analytical reporting limit for all three antibiotics was 0.05 microgram per liter. --, not detected] 

Fish hatchery (fig. 1) and Date of collection Oxytetracycline Sulfadimethoxine Tetracycline 
sample location� (month/day/year) (µg/L) (µg/L) � (µg/L) 

� � � �� Extensive fish hatcheriesMeade, Kansas 

Pond 1 West � � � 5/31/01� � � --� � � 0.25 �� � 
� � � � 5/31/01 � � � � � � .21 �� � 
� � � � 5/31/01 � � � 0.23 � � � .23 �� � 
� � � � 7/11/01 � � � � � � .12 �� � 
� � � � 7/11/01 � � � � � � .16 �� � 

� � � � 7/11/01 � � � � � � .13 �� � 

Pond 2B � � � 5/31/01 � � � � � � .15 �� � 
� � � � 5/31/01 � � � � � � .26 �� � 
� � � � 5/31/01 � � � � � � .23 �� � 

Pond 3B � � � 5/31/01 � � � � � � .46 �� � 
� � � � 5/31/01 � � � � � � .36 �� � 
� � � � 5/31/01 � � � � � � .33 �� � 
� 

Pond 4B � � � 5/31/01 � � � � � � 1.0 � � � 
� � � � 5/31/01 � � � � � � 1.2 � � � 
� � � � 5/31/01 � � � � � � .89 � � � 
� � � � 7/11/01 � � � � � � .10 �� � 

Caddo, Oklahoma 

Pond 20 � � � 10/18/01 � � � .17 � � � � � � 
Small reservoir � � 10/18/01 � � � .31 � � � -- � � � 

� 
� � � � � Intensive fish hatcheries 
Junction City, Kansas 

Raceway inlet � � � 6/25/01 � � � � � � .24 � � � 
� � � � 7/25/01 � � � � � � .69 � � � 
� � � � 8/28/01 � � � � � � .28 � � � 

Raceway outlet � � 6/25/01 � � � .65 � � >15 � � � 
� � � � 7/25/01 � � � � � � .57 � � � 
� � � � 8/28/01 � � � � � � .30 � � � --� 

Mayville, New York 

Settling pond � � � 7/10/01 � � � 10 � � � � � � 

Saranac Lake, New York 

Raceway outlet � � 6/26/01 � � � 2.3 � � � � � � 0.10 
� � � � 10/23/01 � � � 1.7 � � � � � � .61 



�

�

Conclusions 

This study concluded that: 

The majority of water samples � � 
� randomly collected (86 percent) � 
� did not contain detectable antibio-� 
� tics, which indicates that the cur-
� rent practices at the majority of � 

� fish hatcheries do not commonly � 
� result in occurrence of antibiotic � 
� residuals in fish hatchery water. 
Fourteen percent of the samples � � 

� contained either oxytetracycline or � 
� sulfadimethoxine, which are FDA-� 
� approved antibiotics. Trace � � 
� concentrations were most frequently � 
� detected in the 0.10- to 2.0-µg/L � 
� range, with one detection at 10 µg/L � 
� and the other at approximately 
� 15 µg/L or greater. 
Five of the 13 hatcheries (38 percent) � 

� submitted samples with � � 
� measurable concentrations of � 
� antibiotics; therefore, extensive and � 
� intensive fish hatcheries do present � 
� a possible trace source of oxytetra- � 
� cycline and sulfadimethoxine in � 
� water should it be released to the � 
� environment. 

Results of this study can be used by fish- � 
� hatchery operators to consider man- � 
� agement options to recycle water � 
� and (or) minimize the release of� 
� water containing trace levels of � 
� antibiotics to the aquatic � � 
� environment. 

Acknowledgments 

The authors wish to thank the fish 
hatchery operators in Colorado, Iowa, 
Kansas, Missouri, New York, Oklahoma, 
and Oregon, as this data-collection effort 
could not have been accomplished without 
their assistance. 

References 

Kolpin, D.W., Furlong, E.T., � � 
� Meyer, M.T., Thurman, E.M., 
� Zaugg, S.D., Barber, L.B., and � 
� Buxton, H.T., 2002, � � � 
� Pharmaceuticals, hormones, and � 
� other organic wastewater � � 
� contaminants in U.S. �streams, 
� 1999–2000–a national � � 
� reconnaissance: Environmental � 
� Science and Technology, v. 36, 
� p. 1202–1211. 

Lindsey, M.E., Meyer, M.T., and � � 
� Thurman, E.M., 2001, Analysis of � 
� trace levels of sulfonamide and � 
� tetracycline antimicrobials in � � 
� groundwater and surface water using � 
� solid-phase extraction and liquid � 
� chromatography/mass spectrometry: � 
� Analytical Chemistry, v. 73, p. 4640–� 
� 4646. 
U.S. Food and Drug Administration, 2003,� 
� Center for Veterinary Medicine, � 
� FDA-approved animal drug � � 
� products—online database system: � 
� Information available on the World � 
� Wide Web, accessed April 9, 2003, at� 
� URL http://dil.vetmed.vt.edu/ 
Wilde, F.D., Radtke, D.B., Gibs, J., � � 
� and Iwatsubo, R.T., 1999, National � 
� field manual for the collection of � 
� water-quality data: U.S. Geological � 
� Survey Techniques of Water-� � 
� Resources Investigations, book 9, � 
� chap. A4, 103 p. 
Willoughby, Harvey, 2002, � � 
� Freshwater fish culture in the � � 
� United States: Information available � 
� on the World Wide Web, accessed � 
� May 7, 2002, at URL http://www. � 
� lib.noaa.gov/japan/aquaculture/ 

report1/willoughby.html 

Web Sites 

Cole M. Rivers Hatchery Homepage, 
accessed September 27, 2001, at URL 
http://www.dfw.state.or.us/ 
ODFWhtml/crhatch/index.html 

Fairport Fish Hatchery, accessed 
October 9, 2001, at URL 
http://www.state.ia.us/government/ 
dnr/organiza/fwb/fish/programs/ 
hatchery/fairport.htm 

Kansas Fishing, Farlington Hatchery, 
accessed March 26, 2001, at URL 
http://www.kdwp.state.ks.us/fishing/ 
Hatcheries/farlingtonhat.html 

Kansas Fishing, Meade Hatchery, 
accessed March 26, 2001, at URL 
http://www.kdwp.state.ks.us/fishing/ 
Hatcheries/meadehat.html 

Kansas Fishing, Milford Hatchery, 
accessed March 26, 2001, at URL 
http://www.kdwp.state.ks.us/fishing/ 
Hatcheries/milfordhat.html 

Kansas Fishing, Pratt Hatchery, accessed 
March 26, 2001, at URL 

http://www.kdwp.state.ks.us/fishing/ 
Hatcheries/pratthat.html 

New York State Department of

Environmental Conservation, New York

State's Fish Hatcheries, accessed

March 20, 2001, at URL

http://www.dec.state.ny.us/website/ 
dfwmr/foe4chat.html 

Oklahoma Department of Wildlife 
Conservation, Fisheries Division 
Installations, accessed March 20, 2001, at 
URL http://www.state.ok.us/~odwc/ 
fisherie.htm 

Rathbun Fish Hatchery, accessed 
October 9, 2001, at URL 
http://www.state.ia.us/Government/ 
dnr/organiza/fwb/fish/programs/ 
hatchery/rathbun.htm 

Spirit Lake Fish Hatchery, accessed 
October 9, 2001, at URL 
http://www.state.ia.us/Government/ 
dnr/organiza/fwb/fish/programs/ 
hatchery/spiritla.htm 

USGS Environmental Research Center, 
accessed September 16, 2001 at URL 
http://www.cerc.usgs.gov/ 

� 
� 

For more information contact: 
District Chief 

U.S. Geological Survey 
4821 Quail Crest Place 

Lawrence, Kansas 66049–3839 
(785) 842–9909 

E-mail: dc_ks@usgs.gov 
http://ks.water.usgs.gov 
� 




