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Abstract

Antibiotics and hormones are considered emerging environmental microcontaminants because of their potential
adverse effects on ecosystems and human health. Available information on the source of these emerging contam-
inants in surface waters is very limited. The objectives of this study were to determine the occurrence of antibiotics
and hormones in an agricultural watershed and to determine the seasonal variability of these contaminants. Water
samples were collected from 15 subwatershed stations and 7 stations on the major receiving river, Choptank,
Maryland, USA, over four different seasons (April, June, September and December). Antibiotics (sulfathiazole,
sulfamerazine, sulfamethizole, sulfamethazine, sulfachloropyridazine, sulfamethoxazole, sulfadimethoxine, tetra-
cycline, oxytetracycline, chlortetracycline and doxycycline) and hormones (estriol, estradiol, 17a-ethynylestradiol,
estrone, testosterone and progesterone) as well as arsenic which is used as feed additive were determined in these
water samples. In addition, the same antibiotics were analyzed in one set of sediment samples. This study indicated
that agriculture may act as a source of antibiotic residues in the aquatic environment.
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1. Introduction intensification of animal production, particularly in
the last 25 years, has resulted in increased water
quality problems associated with the production
and disposal of animal waste generated by these
operations. Current livestock production involves

A 2002 survey conducted by the National
Agricultural Statistics Service (NASS) reported
that there were 104 million cattle, 8.6 billion
chickens, 60 million swine, and 275 million tur-

keys in the United States (US) [1]. The marked ‘Fhe use of lar'gfe qmounts of different chemicals
including antibiotics, hormones and metals (feed

additives). These chemicals are considered emerg-
*Corresponding author. ing environmental microcontaminants because
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of their potential adverse affects on ecosystems
and human health. Manure from animals is either
stockpiled or immediately applied to farmland
as fertilizer. When applied to a field, chemical
residues in the manure can ultimately reach surface
and ground water by runoff or leaching [2]. A
variety of chemicals used for animal production
have been detected in manure [3,4] and in surface
waters [5—8].

Two commonly used classes of antibiotics
for animal feeding operations are sulfonamides
(SAs) and tetracyclines (TCs). While SAs are
synthetic, TCs are naturally occurring or semi-
synthetic. Antibiotic residues in the environment
are of considerable concern because of the poten-
tial development of antibiotic-resistant bacteria.
Hormones can be considered endocrine disrupting
chemicals (EDCs), and laboratory studies have
shown that environmental levels of EDCs can
affect fish [9] and birds [10] under laboratory
conditions. Animal feed additives include trace
metals and metalloids such as arsenic as well as
antibiotics [11]. The arsenicals include roxarsone
and arsanilic acid, which improve growth per-
formance as well as improve bird pigmentation.
Arsenic has become an important environmental
concern due to its potential carcinogenic properties
[12], and it is also considered the number-one
toxin in the USEPA list of priority pollutants
[13,14].

Although these emerging contaminants have
been found in surface waters, it is not clear
whether the sources are urban wastewater or
animal feeding operations. Also, available infor-
mation on the seasonal variation of these chemicals
in surface waters is very limited. The objectives
of this study were twofold: to determine the
occurrence of animal feed additives in an agri-
cultural watershed and to determine the seasonal
variability of these contaminants. For this pur-
pose antibiotics (sulfathiazole, sulfamerazine,
sulfamethizole, sulfamethazine, sulfachloro-
pyridazine, sulfamethoxazole, sulfadimethoxine,
tetracycline, oxytetracycline, chlortetracycline

and doxycycline) and hormones (estriol, estradiol,
17a-ethynylestradiol, estrone, testosterone and
progesterone), as well as feed additive metal of
arsenic were determined in 15 subwatershed sta-
tions and 7 stations on the major receiving river,
Choptank, Maryland, USA over four different
seasons (April, June, September and December).
In addition, the same antibiotics were analyzed
in one set of sediment samples (only in June).

2. Materials and methods
2.1. Study area

The Choptank River Watershed is located on
the Delmarva Peninsula of the Chesapeake Bay,
USA. It contains 62% agricultural land, 33%
forest land, and 2% wetlands while 5% of land
is developed. The Delmarva Peninsula is an
agricultural center for the state of Maryland and
it is dominated by the poultry industry. Approx-
imately 35% of Maryland’s cash farm income
was from broilers in 2002. Maryland ranked
9th among the US states in pounds of broilers
produced in 2002 with 1.4 billion pounds, and
Maryland ranked 7th among the states in the
number of broilers produced (585 Million in
2002). Chicken litter from the poultry houses is
routinely recycled as a fertilizer on corn and
soybean production fields in this region.

Parts of the Choptank River Watershed are
identified as “impaired waters” under the Federal
Clean Water Act. The Upper Choptank River may
require preparation of Total Maximum Daily
Loads (TMDLs) for nutrients and sediment, and
the Choptank marine beach is impaired with
respect to fecal coliform bacteria. Maryland
Department of Natural Resource’s results of
monitoring of water quality and living resource
habitat within the watershed since 1985 reveal
increasing nitrate, chlorophyll a, total suspended
solids, and decreasing Secchi depth values over
time. Seasonally low oxygen levels are observed
in the deeper estuarine portions of the Little
Choptank River and Lower Choptank River.
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This is partially an extension of the seasonal
hypoxia in Chesapeake Bay as well as accelerated
eutrophication in these rivers due to nutrients
from unspecified sources. Agriculture is the pri-
mary land use and the leading source of nitrogen,
phosphorus and sediment. The Choptank River
receives significant pulses of corn and soybean
herbicides, nutrients, and sediments during the
spring and summer months which are associated
with storm runoff events.

2.2. Sample preparation

Surface water samples were collected from
15 subwatershed stations and 7 stations on the
major receiving river, Choptank, Maryland, USA
over four different seasons (April, June, September
and December) in 2005 (Fig. 1). All samples
were filtered through 0.7 um glass—fiber filters
into bottles (for antibiotics 0.25-L amber glass,
for hormones 1-L amber glass and for arsenic 1-L
plastic) and stored at 4°C until they were ana-
lyzed, typically within two weeks. Water sam-
ples for arsenic analyses were acidified upon

- Subwatershed stations

® River stations

Fig. 1. Sampling stations on the Choptank watershed.

collection with trace element grade nitric acid
(HNO,) to obtain a pH < 2.0. Duplicate samples
were collected for backup purposes and for
laboratory replicates. Field blanks, were made
from laboratory-grade organic-free water, and
were also submitted to the sites and analyzed for
all chemicals.

2.3. Solid phase extraction
2.3.1. Water samples

2.3.1.1. Antibiotics

Antibiotics were extracted using the method
described by Lindsey et al. [5]. Samples were
prepared for extraction by adding 150 uL of 40%
H,SO,, and 1g of disodium ethylenediamine-
tetraacetate (Na,EDTA) to the bottle containing
samples. To achieve dissolution of the Na,EDTA,
the bottles were agitated on an orbital shaker for
60 min at 100 rpm. Antibiotics were extracted
using 60-mg HLB (hydrophilic-lipophilic balance)
Oasis cartridges from Waters (Millford, MA).
Cartridges were preconditioned with 3 mL of
MeOH, 3 mL of 0.5 N HCI, and 3 mL of distilled
water. Samples were then passed through the
cartridges at 10 mL/min. After isolation, the
cartridges were rinsed with 1 mL of distilled
water to remove excess Na,EDTA. The analytes
were eluted into a test tube using 5 mL of MeOH.
The eluents were concentrated under a flow of
N, to a volume of 0.5 mL by evaporation. Then,
0.5 mL water was added to the tube, and the
tube was vortexed for 30 s. The resulting mix-
ture was transferred to 2 mL amber autosampler
vials. Finally, 20 UL of the internal standard,
2.5 mg/L simatone, was added to each vial.

2.3.1.2. Hormones

Hormones were extracted using the method
described by Lagana et al. [8]. Hormones were
isolated onto 200-mg HLB (hydrophilic—
lipophilic balance) Oasis cartridges from Waters
Inc. (Millford, MA). The cartridges were
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prewashed with 10 mL of dichloromethane:meth-
anol (50:50, v/v), 5 mL of methanol and 10 mL
of distilled water. Samples were passed through
the cartridges at 10 mL/min. Then the cartridges
were washed with 10 mL of water. The retained
compounds were eluted with 7 mL of dichlo-
romethane:methanol (50:50, v/v). The extracts
were then evaporated to dryness under a gentle
nitrogen stream in a thermostatic bath. The resi-
dues were redissolved in 200 uL of a 50:50
(MeOH:H,O) solutions containing 0.1 mg/L
of *C-estradiol as internal standard.

2.3.2. Sediment samples

Sediment samples were extracted for anti-
biotic analysis using the method described by
Capone et al. [15]. Briefly, 1g subsamples
were extracted three times with 3 mL of 0.1 M
Na,EDTA-Mcllvaine buffer by vortexing for

Table 1

30 s followed by sonication for 3 min ina 100 W
sonication bath (Bronson Ultrasonics, Danbury,
CT). After each extraction, the extracts were
subjected to centrifugation (500g, 5min, 5°C),
the supernatants pooled, again subjected to cen-
trifugation (1650g, 20min, 5°C), filtered and
passed through 60-mg HLB Oasis cartridges
from Waters cartridges after the cartridges had
been previously flushed with 5 mL methanol
and 10 mL 0.1 M Na,EDTA-Mcllvaine buffer.
After extracts were loaded, cartridges were
flushed with 20 mL distilled water, followed by
sample elution using 8 mL of 0.01 M methanolic
oxalic acid. Eluents were concentrated to approx-
imately 0.5 mL by evaporation Then, 0.5 mL
water was added to the tube, and the tube was
vortexed for 30 s. The resulting mixture was
transferred to 2 mL amber autosampler vials.
Finally, 20 puL of the internal standard, 2.5 mg/L
simatone, was added to each vial.

Parent and daughter ions used for quantitation of hormones and antibiotics and MS parameters used to produce them

Compound Parent Daughter Retention Cone (V) Collision
ion (Da) ion (Da) time (min) (eV)
Sulfathiazole 256 156 39 20 17
Sulfamerazine 265 108 4.9 35 22
Sulfamethizole 271 156 6.9 21 19
Sulfamethazine 279 186 7.3 30 24
Sulfachloropyridazine 285 156 8.8 22 16
Sulfamethoxazole 254 156 9.1 20 16
Sulfadimethoxine 311 156 13.0 33 22
Tetracycline 445 410 6.1 20 19
Oxytetracycline 461 426 6.6 18 18
Chlortetracycline 479 444 10.1 27 22
Doxycycline 445 428 12.3 21 18
Estriol 271 133 21.9 22 18
Estradiol 255 159 22.1 14 21
17a-ethynylestradiol 279 133 22.3 24 16
Estrone 271 253 21.9 20 15
Testosterone 289 109 22.6 25 21
Progesterone 315 109 25.6 14 23
Simatone 198 124 8.9 26 20
BC-Estradiol 258 159 22.1 22 18
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2.4. Antibiotics and hormones analyses

Antibiotics and hormones were analyzed by
LC/MS-MS. The LC instrument was a 2695 XE
separations module (Waters Corp., Milford,
MA) equipped with an Xterra MS C18 column
(150 mm X 2.1mm i.d., 5 um) (Waters Corp.,
Milford, MA) and operated at a temperature of
45°C; the injection volume was 10 uL. For anti-
biotics and hormones the same mobile-phase
gradient was used to separate the compounds:
The respective compositions of solvents A, B and
C were as follows: A, 1% formic acid—methanol
(70:30, v/v); B, water; and C, methanol. The
solvents were mixed as follows: 0—1 min 50%
A, 50% B, 0% C; 1-12 min a linear gradient
from the previous settings to 70% A, 0% B,
30% C; 12-30 min from the previous settings
to 7% A, 0% B, 93% C; and finally the instru-
ment was returned to starting conditions from
30-32 min and then allowed to stabilize for
10 min with 50% A, 50% B. The total run time
was 42 min. The flow of the column was set at
the rate of 0.25 mL/min. The analytes were
detected using atmospheric pressure ionization-
tandem mass spectrometry. The instrument was
a benchtop triple quadrupole mass spectrometer
(Quattro LC from Micromass Ltd., Manchester,
UK) operated in electrospray ionization mode.
The source parameters were as follows: capillary
voltage was set at 3.0 kV and extractor voltage
was set at 3V, respectively; rf lens at 0.1 V;
source and desolvation temperatures were 150
and 450°C. Liquid nitrogen was used to supply
the nebulizer and desolvations gas (flow rates
were approximately 80 and 600 L/h, respectively).
Argon was used as collision gas to fragment the
parent ions; the typical pressure of the collision
cell was 2.6 X 10~ mbar. Both high and low mass
resolutions were set at 12.0 for both quadrupoles.
Acquisition was done in the multiple-reaction
monitoring mode (MRM) in electrospray positive
(ES+) mode. The parent and daughter ions used
for compound identification and quantitation are

listed in Table 1 along with the optimum cone
voltages and collision energies used. The detector
was a photomultiplier set at 650 V. Quantitation of
the SAs group of antibiotics was performed using
internal standard method utilizing simatone;
while calculations of TC concentrations were based
on the method of standard addition described
by Lindsey et al. because of matrix effects [5].
Concentrations for the hormones were calculated
by internal standard method using *C-estradiol.

2.5. Arsenic analyses

Aliquots of 100 mL of the acidified samples
were placed into 200 mL pre acid-washed beaker
and slowly evaporated to approximately 1 mL on
hot plate. The remaining sample in each beaker

Table 2
Recoveries of antibiotics and hormones from distilled
water?

Compound Recovery (%) SD
Antibiotics

Sulfathiazole 90 5
Sulfamerazine 69 19
Sulfamethizole 84 9
Sulfamethazine 75 7
Sulfachloropyridazine 74 6
Sulfamethoxazole 79 10
Sulfadimethoxine 64 7
Tetracycline 62 16
Oxytetracycline 114 21
Chlortetracycline 77 9
Doxycycline 74 10
Hormones

Estriol 102 10
Estradiol 104 5
17a-ethynylestradiol 96 7
Estrone 99 10
Testosterone 105 14
Progesterone 106 14

*Recovery values are the means from duplicate samples
using 0.20 and 2.0 pg/L spikes.
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was quantitatively transferred to 10 mL volu-
metric flasks and diluted to volume with 1 N
HNO,; for analysis of arsenic. Prior to analysis, a
4 mL aliquot of digested sample was transferred
to a 15 mL plastic tube where additional reagents
were added as follows: 1.5 mL concentrated
hydrochloric acid (trace element grade), 2.5 mL
of 1.73 M sulfuric acid, 2 mL of a solution con-
taining 5% potassium iodide and 5% ascorbic
acid according to a method by Anderson and
Isaacs [16]. Reagents were mixed with sample
and allowed to stand for 20 min for the reduction
of As(V) to As(Il) to occur. Arsenic concentra-
tions in the samples were determined using a
hydride generation method with an inductively
coupled plasma atomic emission spectrometer

Table 3

O.A. Arikan et al. / Desalination 226 (2008) 121-133

with continuous flow of a solution containing
0.5% sodium borohydride (NaBH,) and 0.05%
sodium hydroxide for hydride generation.

3. Results and discussion

Our recovery values ranged from 62% to
114% for antibiotics and from 96% to 106% for
hormones (Table 2). The average recoveries for
antibiotics and hormones were 78% and 102%,
respectively. These recoveries are comparable
to values reported by others [5,8].

A summary of the antibiotics from a total of
26 water samples from 7 river stations and 56
water samples from 15 subwatershed stations
collected from April 2005 through December

Concentrations of sulfonamides (SAs) class antibiotics in surface water samples (1g/L)

Stations Sulfathiazole Sulfamerazine Sulfamethizole

April 1 June29 Sep26 Dec4 Aprill June29 Sep26 Dec4 Aprill June29 Sep26 Dec4
River stations
Choptank 1 0 0 0 0 0 0 0 0 0 0 0 0
Choptank 2 0 0 0 0 0 0 0 0 0 0 0 0
Choptank 3 0 0 0 0 0 0 0 0 0 0 0 0
Choptank 4 0 0 0 0 0 0 0 0 0 0 0 0
Choptank 5 0 0 0 0 0 0 0 0 0 0 0 0
Choptank 6 n.m. 0 0 0 n.m. 0 0 0 n.m. 0 0 0
Choptank 7 n.m. 0 0 0 n.m. 0 0 0 n.m. 0 0 0
Subwatershed stations
Kittys 0 0 0 n.m. 0 0 0 n.m. 0 0 0 n.m.
Cordova 0 0 0 n.m. 0 0 0 n.m. 0 0 0 n.m.
Norwick 0 0 0 0 0 0 0 0 0 0 0 0
Blockston 0 0 0 0 0 0 0 0 0 0 0 0
Piney 0 0 0 0 0 0 0 0 0 0 0 0
Oakland 0 0 0 n.m. 0 0 0 n.m. 0 0 0 n.m.
German 0 0 0 0 0 0 0 0 0 0 0 0
Beaverdam 0 0 0 0 0 0 0 0 0 0 0 0
Cong marsh 0 0 0 0 0 0 0 0 0 0 0 0
Broadway 0 0 0 0 0 0 0 0 0 0 0 0
Oldtown 0 0.004 0 0 0.694 0.005 0 0 0 0.005 0 0
Spring 0 0 0 0 0 0 0 0 0 0 0 0
North forge 0 0 0 0 0 0 0 0 0 0 0 0
South forge 0 0 0 0 0 0 0 0 0 0 0 0
Downes n.m. 0 0 0 n.m. 0 0 0 n.m. 0 0 0

n.m.: not measured.
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2005, is shown in Tables 3 and 4. Only sulfam-
ethoxazole (19% detection; 5 out of 26 samples)
and sulfadimethoxine (12% detection; 3 out of
26 samples) in the SAs group were detected in
the river stations at concentrations ranging from
0.001 to 0.002 pg/L (avg. 0.001 pg/L) and 0.001
to 0.003 ug/L (avg. 0.002 ug/L), respectively
(Table 3). Similarly, the most frequently detected
SAs were sulfamethoxazole (5% detections) and
sulfadimethoxine (14% detections) in the sub-
watershed stations at concentrations ranging from
0.005 to 0.007 ug/L (avg. 0.006 pg/L) and 0.001
to 0.009 ug/L (avg. 0.003 ng/L), respectively. The
highest concentration for SAs was detected for
sulfamerazine, 0.694 1g/L, at the April collection.

Chlortetracycline (19% detection) and oxytetra-
cycline (15% detection) were the most frequently

Table 3 (continued)

detected of the TCs group of antibiotics in the
river stations (Table 4). The concentrations ranged
from 0.011 to 0.034 nug/L (avg. 0.016 ug/L) and
0.006 to 0.047 ug/L (avg. 0.016 ug/L), respec-
tively. Tetracycline and doxycycline were detected
only once (4% detection) in the river stations at
concentrations of 0.005 and 0.020 pg/L, respec-
tively. There was no trend towards lower con-
centration moving from upstream to downstream
as one might expect. Chlortetracycline (21%
detection) and oxytetracycline (18% detection)
were the most frequently detected TCs class
antibiotics at the subwatershed stations. The
concentrations ranged from 0.001 to 0.180 pg/L
(avg. 0.020 ug/L) and 0.005 to 0.084 pug/L
(avg. 0.053 ng/L), respectively. Tetracycline and
doxycycline were detected (5%) in the subwatershed

Sulfamethazine Sulfachloropyridazine

Sulfamethoxazole Sulfadimethoxine

April 1 June29 Sep26 Dec4 Aprill June29 Sep26 Dec4

April 1 June29 Sep26 Dec4 Aprill June29 Sep26 Dec4

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
nm. 0 0 0 nm. 0 0 0
nm. 0 0 0 nm. 0 0 0
0 0 0 nm. 0 0 0 n.m.
0 0 0 nm. 0 0 0 n.m.
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 nm. 0 0 0 n.m.
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0.006 O 0 0 0.005 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
nm. 0 0 0 nm. 0 0 0

0 0 0 0.001 0 0 0.003 O
0 0 0 0.002 0 0 0.001 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0.001 0 0 0.001 O
nm. 0 0 0.001 nm. O 0 0
nm. 0 0 0.001 nm. O 0 0
0 0 0 nm. 0 0 0 n.m
0 0 0 nm. 0 0 0.001 nm
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0.007 0 0 0 0 0 0 0
0 0 0 nm. 0 0 0.001 nm.
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.001 0
0 0 0 0.007 0 0.002 0 0
0 0.005 0 0 0 0.009 0.002 0
0 0 0 0 0 0.002 0.001 O
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
n.m. 0 0 0 n.m. 0 0 0
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Table 6

Concentrations of hormones in surface water samples (1Lg/L)

O.A. Arikan et al. / Desalination 226 (2008) 121-133

Stations Estriol

Estradiol

17a-Ethynylestradiol

April 1 June 29 Sep 26 Dec4

April 1 June 29 Sep 26 Dec 4

April 1 June29 Sep26 Dec4

River stations
Choptank 1
Choptank 2
Choptank 3
Choptank 4
Choptank 5 0
Choptank 6
Choptank 7

cococo
cocoococooco
cocoococooco
coococooco
B poocooco

B B

n.m.

Subwatershed stations
Kittys 0
Cordova
Norwick
Blockston
Piney
Oakland
German
Beaverdam
Cong marsh
Broadway
Oldtown
Spring
North forge
South forge
Downes

B OO0 oo oo oo ocoocoC0

[=eloBoNsl=NehoBoBoRoRoRo N2 =]
(==l e = =l = = = = i )
B OO0 oo oo oo oo ocococo

S OO OO OO

[=eNeBoNel - Nel =E=loloie oo N el

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 n.m. 0 0 0
0 0 n.m. 0 0 0
0 nm. 0 0 0 n.m.
0 nm. 0 0 0 n.m.
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 nm. 0 0 0 n.m.
0 0 0 0 0.002 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 n.m. 0 0 0

n.m.: not measured.

stations at concentrations ranging from 0.001 to
0.003 ug/LL (avg. 0.002ug/L) and 0.013 to
0.146 ug/L (avg. 0.066 ug/L), respectively.
At river and subwatershed stations at least
one antibiotic was detected at least once. River
stations Choptank 6 and 7 had only one detec-
tion (3% detection) whereas Choptank 2, 4 and
5 had the most detection (9% detection) for anti-
biotics. Norwick and German subwatershed sta-
tions had the minimum detection (3% detection)
for antibiotics while Broadway, Oldtown, Spring
and South forge subwatershed stations had more
than 10% (11%, 32%, 16% and 16%, respectively)

detections. Kittys, Blockston, Piney, Beaverdam,
Broadway, Oldtown, Spring, North forge, South
forge and Downes were detected more than 10%
for TCs class antibiotics (25%, 19%, 13%, 25%,
19%, 31%, 31%, 19%, 44% and 25%, respec-
tively) and Oldtown was the most frequently
detected compound among SAs (32% detection).
In addition, all the SAs were detected at the
Oldtown subwatershed station.

The same percentages of detections were
found for all antibiotics in the river and sub-
watershed stations; except sulfamethoxazole.
Also, the average antibiotic concentrations in the
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Table 6 (continued)
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subwatershed stations were higher than the
average antibiotic concentrations in the river
stations where more dilution occurs. Seasonally
there appears to be more samples with positive
detections for antibiotics in the December col-
lections and chlortetracycline appears to top the
list with 14 out of 19 (74%) samples. September
and June come next with 32% detection.

The concentrations of antibiotics from a total
of four sediment samples from four river stations
collected in June, 2005 are given in Table 5.
Chlortetracycline (100% detection) and sulfa-
methoxazole (75% detection) were the most

frequently detected of the antibiotics. The con-
centrations ranged from 2.1 to 10.0 ug/kg dry
weight (D.W.) (avg. 4.6 ug/kg) and 0.10 to 0.15
ng/kg D.W. (avg. 0.10 ug/kg D.W.), respec-
tively. Sulfamethazine was detected 25% at a
concentration of 0.82 ug/kg D.W. Chlortetracy-
cline and sulfamethoxazole were also the most
frequently detected antibiotics among TCs and
SAs classes in water samples in the river sta-
tions. However, oxytetracycline, which gave the
second highest concentration in water samples
in the river stations, was not detected in sediment
samples.
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A summary of the hormones from a total of
26 water samples from 7 river stations and 56
water samples from 15 subwatershed stations
collected from April 2005 through December
2005, is shown in Table 6. Estradiol was not
detected at all in the river and subwatershed sta-
tions, whereas progesterone was detected the
most. Only testosterone was detected in the river
stations, while none of the river and subwater-
shed stations was detected more than once. Also
the hormones were less detected in the river
where more dilution occurs.

The Oldtown branch had the second highest
average arsenic concentration (all trips aver-
aged) (Table 7) among the watersheds and it is

Table 7
Concentrations of metals in surface water samples (ug/L)

Stations As

April1  June29 Sep26 Dec4

River stations

Choptank 1 0.09 0.46 0.98 0.20
Choptank 2 0.13 0.44 1.22 0.27
Choptank 3 0.13 0.58 1.08 0.35
Choptank 4 0.31 0.61 0.62 0.58
Choptank 5 0.31 0.54 0.31 0.41

Choptank 6 n.m 0.64 0.27 0.39
Choptank 7 n.m 0.52 0.33 0.24

Subwatershed stations

Kittys 0.55 0.48 0.45 0.46
Cordova 0.43 0.37 0.17 0.34
Norwick 0.49 0.46 0.25 0.48
Blockston 0.36 0.26 0.15 0.26
Piney 0.20 0.17 0.12 0.12
Oakland 0.23 0.26 0.14 0.20
German 0.58 1.51 2.45 0.52
Beaverdam 0.35 0.28 0.15 0.13
Cong marsh 0.31 0.48 0.29 0.19
Broadway 0.30 0.60 0.72 0.16
Oldtown 0.46 1.45 0.18 0.28
Spring 0.20 0.16 0.07 0.16
North forge 0.49 0.34 0.17 0.28
South forge 0.21 0.33 0.18 0.18
Downes 0.26 0.17 0.06 0.11

also the location where the most antibiotics
(32% detection) were detected.

4. Conclusions

The Choptank agricultural watershed was mon-
itored to determine the occurrence and possible
aqueous loadings of antibiotics, hormones and
arsenic in this system. The same percentages in
detections were found for all antibiotics in the
river and subwatershed stations; except sulfame-
thoxazole. Also, the average antibiotic concen-
trations in the subwatershed stations were higher
than the average antibiotic concentrations in the
river stations where more dilution occurs. Chlo-
rtetracycline, which is very widely used to promote
growth at low doses and to control various types
of bacterial infections at higher doses, was the
most frequently detected antibiotics in the water
and sediment samples. This suggest that there is
likely a transport of this antibiotic from poultry
litter amended fields to adjacent waterbodies, as
there are no other potential sources (e.g., waste-
water treatment plants) within these tributaries.
Because of their widespread use, this compound
may be a useful tracer of poultry litter contami-
nants. Hormone levels were mostly below the
detection limit. It appears that sediment samples
also provide good long-term monitoring for
antibiotics Therefore, for future studies sediment
samples should be analyzed as well as water
samples. This study indicates that agriculture may
serve as a source of antibiotic residues to the
aquatic environment.

References

[1] NASS (National Agricultural Statistics Service),
2002, Available from http://www.usda.gov/nass

[2] B. Halling-Serensen, S.N. Nielsen, P.F. Lanzky,
F. Ingerslev, H.C. Holten Liitzhoft and
S.E. Jorgensen, Occurrence, fate, and effects of
pharmaceutical substances in the environment —
a review, Chemosphere, 36 (1998) 357-393.

[3] P.K. Jjemba, The potential impact of veterinary
and human therapeutic agents in manure and



O.A. Arikan et al. / Desalination 226 (2008) 121-133 133

biosolids on plants grown on arable land: a
review, Agric. Ecosyst. Environ., 93 (2002)
267-278.

O. Arikan, L.J. Sikora, W. Mulbry, S.U. Khan and
G.D. Foster, Composting rapidly reduces levels
of extractable oxytetracycline in manure from
therapeutically treated beef calves, Bioresour.
Technol., 98 (2007) 169-176.

M.E. Lindsey, M. Meyer and E.M. Thurman,
Analysis of trace levels of sulfonamide and tetra-
cycline antimicrobials in groundwater and surface
water using solid-phase extraction and liquid
chromatography/mass spectrometry, Anal. Chem.,
73 (2001) 4640—4646.

D.W. Kolpin, E.T. Furlong, M. Meyer,
E.M. Thurman, S.D. Zaugg, L.B. Barber and
H.T. Buxton, Pharmaceuticals, hormones and other
organic wastewater contaminants in US streams
1999-2000: a national reconnaissance, Environ.
Sci. Technol., 36 (2002) 1202-1211.

B.L. McGee, L.T. Yonkos, J.D. Petty, D.J. Fisher,
D.A. Alvarez, T. May, W. Cranor and J. Huckins,
Evaluating the Potential Water Quality Impacts of
Animal Feeding Operations on National Wildlife
Refuges on the Delmarva Peninsula, 2003,
CBFO-C03-03.

A. Lagana, A. Bacaloni, I. De Leva, A. Faberi,
G. Fago and A. Marino, Analytical methodologies
for determining the occurrence of endocrine dis-
rupting chemicals in sewage treatment plants
and natural waters, Anal. Chim. Acta, 501 (2004)
79-88.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

C.E. Purdom, P.A. Hardiman, V.J. Bye, N.C. Eno,
C.R. Tyler and J.P. Sumpter, Estrogenic effects of
effluents from sewage treatment works, J. Chem.
Ecol., 8 (1994) 275-285.

S. Tanabe, Contamination and toxic effects of
persistent endocrine disrupters in marine mammals
and birds, Mar. Pollut. Bull., 45 (1-12) (2002)
69-717.

J.R. Garbarino, A.J. Bednar, D.W. Rutherford,
R.S. Beyer and R.L. Wershaw, Environmental
fate of roxarsone in poultry litter. Part I. Degrada-
tion of roxarsone during composting, Environ.
Sci. Technol., 37 (2003) 1509-1514.

R.A. Goyer, C.D. Klaassen and M.P. Waalkes,
Metal Toxicology, Academic Press, San Diego,
California, USA, 1995.

USEPA (US Environmental Protection Agency),
Arsenic Compounds, 107-02-8, 2003, Available
from http://epa.gov/ttn/atw/hlthef/arsenic.html
E.E. Codling and J.C. Ritchie, Eastern gamagrass
uptake of arsenic from lead arsenate contaminated
soil amended with lime and phosphorus, Soil Sci.,
170 (2005) 413-424.

D.G. Capone, D.P. Weston, V. Miller and
C. Shoemaker, Antibacterial residues in marine sedi-
ments and invertebrates following chemotherapy
in aquaculture, Aquaculture, 145 (1996) 55-75.
K.A. Anderson and B. Isaacs, Simultaneous deter-
mination of arsenic, selenium and antimony in
environmental samples by hydride generation for
inductively coupled plasma atomic emission spec-
trometry, J. AOAC Int., 4 (1995) 1055-1060.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


