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Pharmaceuticals and personal care products (PPCPs) are emerging contaminants in the aquatic environment. Many phar-
maceuticals are not completely removed during wastewater treatment, leading to their presence in wastewater treatment 
effluents, rivers, lakes, and ground water. Here, we developed analytical methods for monitoring ten pharmaceuticals 
from surface water by LC/ESI-MS/MS. For sample clean-up and extraction, MCX (mixed cation exchange) and HLB 
(hydrophilic-lipophilic balance) solid-phase extraction (SPE) cartridges were used. The limits of detection (LOD) in 
distilled water and the blank surface water were in the range of 0.006 - 0.65 and 1.66 - 45.05 pg/mL, respectively. The 
limits of quantitation (LOQ) for the distilled water and the blank surface water were in the range of 0.02 - 2.17 and 
5.52 - 150.15 pg/mL, respectively. The absolute recoveries for fortified water samples were between 62.1% and 125.4%. 
Intra-day precision and accuracy for the blank surface water were 2.9% - 24.1% (R.S.D.) and -16.3% - 16.3% (bias), res-
pectively. In surface wastewater near rivers, chlortetracycline and acetylsalicylic acid were detected frequently in the 
range of 0.017 - 5.404 and 0.029 - 0.269 ng/mL, respectively. Surface water near rivers had higher levels than surface 
water of domestic treatment plants.
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Introduction

The fate and effects of pharmaceuticals and personal care pro-
ducts (PPCPs) and natural estrogens entering the environment 
has gained increasing attention. PPCPs include non-prescription 
and prescription pharmaceuticals for human and veterinary use, 
and the active and inert ingredients in personal care products.1 
PPCPs and EDCs (Endocrine disrupting chemicals) and their 
metabolites are continuously introduced into aquatic environ-
ments via sewage treatment plant effluent and/or agricultural 
runoff.2 Animal waste in pasturage or confined animal-feeding 
operations is another potential source of pharmaceuticals. Direct 
discharge to the ground from livestock excretion can conta-
minate surface water and can infiltrate ground water.3 Approxi-
mately 3000 different active substances are used in human and 
veterinary medicine,4 so their detection in environmental waters 
is of significant interest.

Thus, there has been growing interest in measuring emerging 
contaminants that are not currently covered by existing regula-
tions on water quality, but that may be candidates for future 
regulation, depending on their toxicity and potential effects in 
the environment and on human health.5 PPCPs can originate 
from human usage and excretions and veterinary applications 
of a variety of products such as over-the-counter and prescrip-
tion medications and fungicides and disinfectants used for in-
dustrial, domestic, agricultural, and livestock practices.1 The 
presence of pharmaceuticals in aquatic environments typically 
results from human excretion of metabolized or parent drug 
passing into sewage or septic systems and subsequent discharge 
of wastewater and percolation of septic-system leachate into 

surface water or ground water.6

The concentrations of pharmaceuticals found in surface water 
downstream from sewage treatment plant effluents are generally 
in the ng/L range and do not necessarily represent a serious threat 
to drinking water quality. Unfortunately, the consequences of 
continuous exposure to low concentrations of pharmaceuticals 
in the ecosystem are still not fully known. A discussion of vari-
ous aspects of ecotoxicology of pharmaceuticals in the environ-
ment can be found in recent reviews.7,8,9

Environmental risk assessment must be based on reliable data 
about the actual concentrations of pharmaceuticals in aquatic 
systems. Therefore, efficient analytical methods are of major im-
portance.10

The quantitative analysis of antibiotics in the aqueous en-
vironment is difficult because of the fact that antibiotics exist 
in low concentration levels and the matrices are complicated 
and what’s more, physico-chemical properties of antibiotics are 
diverse. Consequently, a highly sensitive and selective analyti-
cal method is crucially needed to monitor antibiotics in the aque-
ous environment.

The simultaneous determination of different analytes requires 
chromatographic techniques.5 Because of the recent awareness 
of the potentially dangerous consequences of the presence of 
pharmaceuticals in the environment, the analytical methodology 
for their determination in complex environmental matrices is 
still evolving, and the number of methods described in the litera-
ture has grown considerably.11

The development of analytical procedures for pharmaceutical 
residue analysis is facilitated by considerable experience in 
pesticide residue analysis. Common procedures include a pre- 
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Table 1. Classification of pharmaceuticals

Group Pharmaceuticals M.W. pKa

Group-A

Acetaminophen 151.2 9.5
Lincomycin 406.5 7.79
Sulfamethazine 278.3 7.4
Sulfamethoxazole 253.3 5.8
Sulfathiazole 255.3 7.2
Ttrimethoprim 290.3 6.6

Group-B

Chlortetracycline 478.9 3.33/7.55/9.33
Oxytetracycline 460.4 3.22/7.46/8.94
Ciprofloxacin 331.3 6.09/8.74
Enrofloxacin 359.4 6.0/6.9

concentration and clean-up step by solid-phase extraction or 
related techniques, followed by chromatography in combination 
with mass spectrometry (MS) as a detector. For complex matric-
es, established sample preparation protocols may fail to allow 
sufficient sample clean-up to avoid ionization suppression in 
the atmospheric pressure ionization source of the MS detector.10

High-Performance liquid chromatography coupled to mass 
spectrometry (LC-MS), and particularly tandem mass spectro-
metry (LC-MS/MS), are the primary techniques used to deter-
mine ultra-trace concentrations of pharmaceuticals in waste-
water, surface water, and ground water.5,11,12,13,14,15

Here, we have developed a sensitive and reliable analytical 
method for the simultaneous determination of ten pharmaceuti-
cals in aquatic samples using a combined solid-phase extraction 
(SPE) isolation and clean-up, and LC/MS/MS with electrospray 
ionization (ESI) and multiple reaction monitoring (MRM). The 
limits of detection (LOD), limits of quantitation (LOQ), ac-
curacy, and precision of the assay are described. The method 
was applied to target pharmaceuticals from surface water in 
South Korea. We selected the top ten pharmaceuticals prescribed 
in South Korea from 2000 to 2006,16 both human and veterinary 
antibiotics (three sulfonamides (sulfamethazine, sulfamethoxa-
zole, sulfathiazole), two tetracyclines (chlortetracycline, oxy-
tetracycline), lincomycin, trimethoprim and two fluoroquinol-
ones (enrofloxacin, ciprofloxacin)), as well as the analgesic/ 
anti-inflammatory drugs, acetaminophen.

For chromatographic separation and mass spectrometric an-
alysis, ten pharmaceuticals were classified into two groups 
(Table 1). We also describe the impact of matrix effects when 
measuring these compounds at environmentally relevant con-
centrations. 

Experimental

Chemicals and standards. Sulfamethazine, sulfamethoxazole, 
sulfathiazole, lincomycin, acetaminophen, chlortetracycline, 
and oxytetracycline were purchased from Sigma-Aldrich Co. 
(St Louis, MO, USA) and trimethoprim, enrofloxacin and cipro-
floxacin from Fluka Co. (Seelze, Germany), all pharmaceutical 
standards were of analytical grade and high purity (> 90%). The 
reference compounds, used as surrogate standards, sulfame-
thazine-6-13C, ciprofloxacin-3-13C and ibuprofen-6-13C, and in-

ternal standard (terbutylazine) were purchased from Cambridge 
Isotope Laboratories Co. (Andover, MA, USA) and Fluka Co. 
(Seelze, Germany), respectively. Methanol, acetonitrile, and 
acetone were of HPLC grade (J.T. Baker Co, NJ, USA). All re-
agents were obtained from commercial sources and typically 
were at purities of 90% or greater : Na2-EDTA and H2SO4 (Jun-
sei Co., Tokyo, Japan), HCl (Waco Co., Osaka, Japan), ammo-
nium formate (Sigma-Aldrich Co., St Louis, MO, USA), ammo-
nium acetate (Merck Co., Darmstadt, Germany), formic acid 
(Fluka Co., Seelze, Germany), and ammonium hydroxide (Sam-
chun Co., Gyeonggi-do, Korea).

A stock solution of 1000 µg/mL was prepared in methanol 
and stored at ‒20 oC. Working standard solutions, at different 
concentrations, were prepared by appropriate dilution of the 
stock solution with methanol and stored in a refrigerator at 4 oC. 
Surrogate mixtures were at a concentration of 100 µg/mL and 
stored at ‒20 oC.

Sampling and sample preparation. Samples were collected 
from surface water of four major rivers (the Han River, the Nak-
dong River, the Geum River and the Youngsan River) that re-
ceive the effluent of the waste water treatment plants. Amber 
glass bottles with Teflon-lined caps rinsed with ultra-pure water 
were used for sample collection. To characterize the nature of 
aquatic samples, conductivity, pH, and temperature were mea-
sured during the sampling period. Samples were stored at 4 oC 
until sample extraction (within two weeks).

Before sample extraction, samples were centrifuged at 
11,300*g for 20 min and subsequently filtered through a 1.2 µm 
glass fiber filter (Whatman, Clifton, NJ, USA) and a 0.45 µm 
membrane filter (PALL Life Sciences, Mexico) to remove par-
ticulate matter prior to solid-phase extraction.

The sample extraction procedure was modified from re-
ference (Karthikeyan and Meyer, 2006)15 for the simultaneous 
analysis. Samples (500 mL) were added to 5 mL of 0.1 µg/mL 
Na2-EDTA and 25 µL of 10 µg/mL surrogate standards (sul-
famethazine-6-13C, ciprofloxacin-3-13C and ibuprofen-6-13C) 
and adjusted to pH 3 with 3.5 M sulfuric acid. Oasis HLB, 200 
mg, 6 cc (Waters, Milford, MA, USA), a copolymer made from 
a balanced ratio of hydrophilic N-vinylpyrrolidone and lipo-
philic divinylbenzene and Oasis MCX, 150 mg, 6 cc (Waters, 
Milford, MA, USA), were preconditioned sequentially with 2 
mL of distilled water, 2 mL of methanol, 2 mL of 5% NH4-hydro-
xide-methanol solution, 2 mL of distilled water, and 2 mL of 
distilled water (pH 3.0). The HLB and MCX cartridges were 
connected in tandem. Samples were loaded through the combin-
ed SPE cartridge (HLB-MCX) at 10 mL/min. After sample load-
ing, combined cartridges were separated. The HLB cartridge 
was then washed with 1 mL of distilled water and eluted with 
8 mL of methanol, and the MCX cartridge was washed with 1 
mL of distilled water. The two cartridges were re-combined and 
loaded with 2 mL of methanol, followed by elution with 6 mL of 
methanol. After removing the HLB cartridge from the MCX 
cartridge, MCX was eluted separately with 4 mL of 5% NH4- 
hydroxide-methanol solution. After eluent collection, 25 µL of 
10 µg/mL terbutylazine (for Group-A and -B) as internal stand-
ard was added. The combined aliquots were evaporated to dry-
ness with a Turbo Vap (Zymark, Hopkinton, MA, USA) eva-
porative concentrator, using nitrogen at 40 oC. Samples were re-
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Figure 1. Total ion chromatogram and extracted ion chromatograms of
Group-A pharmaceuticals: 1 = acetaminophen, 2 = sulfathiazole, 3 = 
sulfamethoxazole, 4 = carbadox, 5 = sulfamethazine, 6 = trimethoprim,
7 = lincomycin and ISTD = terbutylazine.

Table 2. HPLC chromatographic conditions and mass spectrometric parameters

Parameters Group-A Group-B

Column Eclipse Plus C18 column, 2.1mm i.d., 100 mm length, 
3.5 µm particle size

Luna C8 column, 3mm i.d., 150 mm length, 3 µm particle 
size

Mobile phase A: 20mM ammonium acetate (pH 6.5)
B: Acetonitrile

A: 20mM ammonium formate (0.3% formic acid)
B: Acetonitrile 

Gradient Time(min)        0     3    10  12   15 15.1  25 
Solvent B(%)  10   10   50   85   85   10   10

Time(min)        0     3   10   11  11.1   20 
Solvent B(%)  20   20   80   80    20    20   

Column flow rate 0.3 mL/min 0.3 mL/min
Injection volume 10 µL 10 µL
Column temp. 25 oC 25 oC
Ionization mode Positive ion electrospray Positive ion electrospray
Capillary voltage 3.50 kV 3.50 kV
Gas temperature 350 oC 350 oC
Gas flow 8 L/min (N2) 8 L/min (N2)
Nebulizer 35 psi 35 psi

constituted with 500 µL of ammonium acetate (pH 9.0). The re-
constituted sample was filtered through a 0.45 µm syringe filter 
before LC/MS/MS analysis.

Chromatography and mass spectrometry. LC-MS/MS mea
surements were performed on an Agilent Technologies (Palo 
Alto, USA) model 1200 series HPLC equipped with a binary 
pump system and a coupled Agilent 6410 triple quadrupole mass 
spectrometer with an electrospray ionization (ESI) interface. 
After obtaining full scan spectra in scan mode, product ions were 
obtained from precursor ions in product ion mode, and then 
characteristic ions were selected for multiple reaction moni-
toring (MRM).   

The chromatographic separation for Group-A was performed 
on a Eclipse Plus C18 column (100 × 2.1 mm I.D.) with a particle 
size of 3.5 µm (Agilent Technologies, Palo Alto, USA) and for 
Group-B on a Luna C8 column (150 × 3.0 mm I.D.) with a parti-
cle size of 3.0 µm (Phenomonex, Torrance, CA, USA). Optimal 
separation was achieved with a binary mobile phase, and the 
mobile phase composition and gradients for two methods are 
shown in Table 2. 

The optimal working parameters for the mass spectrometer 
were: capillary voltage, 3.5 kV; nebulizer temperature, 350 oC; 
drying gas flow, 8 L/min (N2). The electrospray ionization mod-
es for Group-A and -B were positive ion.

Results and Discussion

Chromatographic separation and mass spectrometry. Instru-
mental analysis of pharmaceuticals was performed according to 
the physico-chemical properties. To improve mass peak separa-
tion quality and maximize method sensitivity, we modified 
the mobile phase composition with different organic modifiers. 
The optimal gradients of HPLC are shown Table 2. In each 
group, pharmaceuticals were separated effectively without over-
lap, and total ion chromatogram (TIC) and extracted ion chro-
matograms (EIC) are shown in Fig. 1-2.

Because Group-A and -B pharmaceuticals are basic com-
pounds, the base peak in full scan spectrum was typically [M+ 
H]+, and the precursor ion was [M+H]+. For analysis of Group-A 

and -B, chromatographic retention time, precursor ion, product 
ions, and collision energies are shown in Table 3-4. The "quan-
titation ion" with the higher intensity was used as a quantifier, 
and "confirmation ion" with lower intensity was used for quali-
fier.

Calibration curve. The internal standard for Group-A and -B, 
terbutylazine, eluted within the appropriate chromatographic 
time frame as the analytes, responded well in positive ion ESI 
mode, and did not exhibit noticeable matrix effects. Terbutyla-
zine was not detected in any of the aquatic samples selected as 
the reference matrices for quantification.
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Figure 2. Total ion chromatogram and extracted ion chromatograms of
Group-B pharmaceuticals: 1 = oxytetracycline, 2 = ciprofloxacin, 3 =
enrofloxacin and 4=chlortetracycline.

Table 3. Retention time, precursor ion, product ions, and collision energies for Group-A analysis

Pharmaceuticals R.T.
(min)

Precursor ion 
(m/z) Confirmation ion (m/z) Quantitation ion 

(m/z)
Collision

Energy (eV)

Acetaminophen 2.16 152 152 93 110 15
Sulfathiazole 4.22 256 108 92 156 15
Lincomycin 7.95 407 407 359 126 20
Sulfamethoxazole 5.36 254 108 99 156 15
Trimethoprim 7.47 291 123 261 230 25
Sulfamethazine 6.49 279 279 124 186 15
Sulfamethazine-6-13C (surrogate standard) 6.49 285 124 285 186 20
Terbutylazine (ISTD) 9.84 212 86 114 156 15

Table 4. Retention time, precursor ion, product ions, and collision energies for Group-B analysis

Pharmaceuticals R.T.
(min)

Precursor ion 
(m/z) Confirmation ion (m/z) Quantitation ion 

(m/z)
Collision

Energy (eV)

Chlortetracycline 8.09 479 444 154 462 20
Oxytetracycline 5.09 461 443 461 426 20
Ciprofloxacin 5.07 332 288 332 314 15
Enrofloxacin 6.26 360 316 360 342 15
Ciprofloxacin-3-13C (surrogate standard) 5.07 335 290 335 317 15
Terbutylazine (ISTD) 10.8 212 86 114 156 15

The calibration curves were made from the peak area ratio 
of the pharmaceuticals to the internal standard (terbutylazine). 
The concentrations of the spiked analytes in the blank surface 
water were between 0.01 ~ 1 ng/mL. Calibration curves were 

linear with correlation coefficients (R2 > 0.99) (except oxytetra-
cycline) in the spiked concentration level (Table 5). 

Limit of detection (LOD) and limit of quantitation (LOQ). 
The limit of detection (LODs) was defined as the lowest con-
centration at which the signal to noise ratio (S/N) were ≥ 3, and 
the limit of quantitation (LOQs) was defined as a concentration 
where S/N is ≥ 10, with accuracy and precision both within 20%. 
The LOD and LOQ for pharmaceuticals were determined by 
spiking with each concentrations of pharmaceuticals in distill-
ed water and blank surface water. Blank surface water samples 
with no target antibiotics detected were used as blank surface 
water.

The limits of detection for the distilled water and the blank 
surface water were in the range of 0.006 ~ 0.65 and 1.66 ~ 45.05 
pg/mL, respectively. The limits of quantitation for the distilled 
water and the blank surface water were in the range of 0.02 ~ 
2.17 and 5.52 ~ 150.15 pg/mL, respectively (Table 6). These re-
sult from the matrix effect could negatively interact with the 
SPE cartridges (saturation of the SPE active sites with natural 
organic matter) leading to lower absolute recoveries and ioniza-
tion suppression in MS.

In this study, the limit of quantitation for the established an-
alytical method was found to be lower than 10 ~ 50 pg/mL re-
ported in previous studies,15 proving to be a sensitive method. 

Recovery, precision, and accuracy. Intra-day precision and 
accuracy were evaluated by three replicates of spiked distilled 
water and blanked surface water at low (0.1 ng/mL) and high 
(1 ng/mL) concentrations on the same day. The precisions and 
accuracies for the distilled water were 3.2 ~ 14.6% (R.S.D.) 
and ‒12.4 ~ 20.6% (bias), respectively. The precisions and ac-
curacies for the blank surface water were 2.9 ~ 24.1% (R.S.D.) 
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Table 5. Correlation coefficients (R2) and linear equation for the spiked surface water (concentration range : 0.01 - 1 ng/mL)

Group Pharmaceuticals Correlation Coefficient (R2) Linear equation

Group-A

Acetaminophen 0.9994 y = 1.5717x - 0.0132
Trimethoprim 0.9991 y = 0.3847x - 0.0064
Lincomycin 0.9993 y = 1.8639x - 0.0202
Sulfamethazine 0.9988 y = 0.8051x - 0.0126
Sulfamethoxazole 0.9991 y = 0.3714x - 0.0029
Sulfathiazole 0.9977 y = 1.2245x - 0.0202

Group-B

Chlortetracycline 0.9900 y = 0.9453x - 0.0458
Oxytetracycline 0.9802 y = 0.2666x - 0.0171
Ciprofloxacin 0.9948 y = 1.3144x - 0.0845
Enrofloxacin 0.9964 y = 3.997x - 0.2596

Table 6. Limit of detection (LODs) and limit of quantitation (LOQs) in distilled water and blank surface water (pg/mL) (n = 4)

Group Pharmaceuticals
Distilled water Blank surface water

LOD LOQ LOD LOQ

Group-A

Acetaminophen 0.44 1.47 3.13 10.43
Sulfathiazole 0.05 0.17 1.66 5.52
Lincomycin 0.02 0.09 8.29 27.62
Sulfamethoxazole 0.65 2.17 7.31 24.35
Trimethoprim 0.18 0.60 9.48 31.59
Sulfamethazine 0.006 0.02 11.65 38.82

Group-B

Chlortetracycline 0.05 0.17 12.61 42.02
Oxytetracycline 0.12 0.40 45.05 150.15
Enrofloxacin 0.04 0.15 24.88 82.92
Ciprofloxacin 0.04 0.13 8.19 27.31

Table 7. Absolute recoveries, precision, and accuracy for pharmaceuticals in distilled water and blank surface water

Group Pharmaceuticals Conc. (ng/mL)
Distilled water Blank surface water

Recovery (%) RSD (%) Bias (%)* RSD (%) Bias (%)*

Group-A

Acetaminophen 0.1
1

81.9
86.9

3.5
8.1

4.6‒0.2
7.1
7.0

4.2
1.0

Sulfathiazole 0.1
1

86.6
79.7

9.2
7.8

1.5
2.0

10.3
7.8

3.4‒1.5

Lincomycin 0.1
1

65.1
62.1

8.0
6.2

2.7
1.9

7.9
3.0

2.0
0.7

Sulfamethoxazole 0.1
1

94.1
81.5

5.3
5.4

8.2‒1.7
4.1
9.9

1.6‒0.9

Trimethoprim 0.1
1

95.8
92.2

8.4
7.9

‒4.6
4.3

10.7
5.8

0.6‒0.1

Sulfamethazine 0.1
1

91.1
83.9

6.9
7.3

‒6.9
4.7

9.6
16.2

‒1.3‒1.0

Group-B

Chlortetracycline 0.1
1

77.1
75.5

11.7
11.2

2.8‒1.3
17.9
24.1

16.3‒16.3

Oxytetracycline 0.1
1

125.4
123.7

14.2
14.6

20.6‒6.1
4.0
2.9

11.1
9.5

Enrofloxacin 0.1
1

72.8
82.3

5.5
7.6

‒0.8‒4.3
10.9
5.3

12.5
3.7

Ciprofloxacin 0.1
1

84.4
96.9

3.2
9.0

‒12.4
3.7

3.2
4.3

7.0
3.5

*Bias(%) = 100
Value Calculated

Value MeasuredValue Calculated
×

−
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Table 8. Occurrence and fate of the pharmaceuticals from the surface water of the river that receives the effluent of the domestic WWTP (ng/mL)

Group Pharmaceuticals
Surface water

Average Concentration of 
detected values Concentration Range Number of Detection

Group-A

Acetaminophen 0.006 N.D. - 0.137 1/24
Sulfathiazole 0.082 N.D. - 1.882 4/24
Lincomycin 0.020 N.D. - 0.246 8/24
Sulfamethoxazole 0.018 N.D. - 0.168 5/24
Trimethoprim 0.001 N.D. - 0.012 2/24
Sulfamethazine 0.012 N.D. - 0.296 1/24

Group-B

Chlortetracycline 0.308 N.D. - 5.404 9/24
Oxytetracycline N.D N.D 0/24
Enrofloxacin 0.006 N.D. - 0.076 3/24
Ciprofloxacin 0.0001 N.D. - 0.001 1/24

Table 9. Occurrence and fate of pharmaceuticals from the surface water of the river that receives the effluent of the livestock WWTP (ng/mL)

Group Pharmaceuticals
Surface water

Average Concentration Concentration Range Number of Detection

Group-A

Acetaminophen 0.008 N.D. - 0.126 1/16
Sulfathiazole 0.115 N.D. - 1.377 7/16
Lincomycin 0.064 N.D. - 0.343 7/16
Sulfamethoxazole 0.038 N.D. - 0.435 2/16
Trimethoprim 0.002 N.D. - 0.021 2/16
Sulfamethazine 0.025 N.D. - 0.304 2/16

Group-B

Chlortetracycline 0.168 N.D. - 2.237 9/16
Oxytetracycline N.D N.D 0/16
Enrofloxacin 0.006 N.D. - 0.087 2/16
Ciprofloxacin 0.001 N.D. - 0.011 2/16

and ‒16.3 ~ 16.3% (bias), respectively. The precisions and accu-
racies were poorer in surface water than in distilled water. The 
tetracyclines (chlortetracycline and oxytetracycline) showed 
poor precisions and accuracies. The bias (%) was defined as 

100
Value Calculated

Value MeasuredValue Calculated
×

− . These results are

within acceptable values of ‒30% to +20% at each concentration 
level.17 Recoveries, precision, and accuracy are shown in Table 7.

Occurrence and fate of pharmaceuticals. The modified and 
validated method was applied to the measurement of pharma-
ceuticals from the surface water of the river that receives the 
effluent of the domestic and livestock WWTP. Samples were 
collected twice at the same site on different dates: The first sam-
pling date was the end of June, 2007, during the dry season 
(shortage of water), and the second sampling date was in the 
middle of August, 2007.

Reported averages are derived using all quantifiable values. 
In surface water of the river that receives the effluent of the do-
mestic WWTP, lincomycin and chlortetracycline were detected 
frequently, at 0.002 ~ 0.246 and 0.017 ~ 5.404 ng/mL, respec-

tively. Oxytetracycline was not found (Table 8).
For the surface water of the river that receives the effluent 

of the livestock WWTP, the most frequently detected pharma-
ceuticals were sulfathiazole, chlortetracycline, and lincomycin, 
which are only for veterinary or both human and veterinary pre-
scription (Table 9). Overall, surface water contamination near 
livestock WWTPs was higher than near domestic WWTPs (from 
median values).

Conclusions

We have developed a effective and sensitive method for quan-
titation of ten pharmaceuticals using simultaneous solid-phase 
extraction and LC-MS/MS in aquatic samples. This method al-
lows simultaneous extraction and clean-up of ten pharmaceuti-
cals compounds with different physical-chemical properties, 
measuring below concentrations of 0.02 ~ 2.17 pg/mL for distill-
ed water and 5.52 ~ 150.15 pg/mL for blank surface water. The 
method could be successfully applied to monitoring surface wat-
er in the major rivers in South Korea.
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