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Pollution Level and Ecological Risk Assessment of Typical Pharmaceutically
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Abstract: The pollution characteristics of eight therapeutic groups including antibiotics analgesics antiepileptics antilipidemics
antihypersensitives in the Yangtze River Jialing River and Huaxi stream which is a tributary of the Yangtze River in Chongqing were
investigated using the high-performance liquid chromatography-electrospray ionization tandem mass spectrometry. Results showed that 14
of the 21 target PhACs were detected and the concentration levels ranged from 1. 1 to 35.5 ng/L in the Yangtze River and Jialing River
while ranged from 10. 3 to 445. 6 ng/L in the Huaxi stream. Moxifloxacin bezafibrate gemfibrozil diclofenac and atorvastatin were only
detected in the Huaxi stream. The concentrations varied from 0. 6-31. 4 ng/L. Amlodipine was not found in this study. The flow of Huaxi
stream is small and the direct emission of the surrounding sewage was very serious. Consequently the concentrations of the target PhACs
except for sulfamethazine carbamazepine and simvastatin in Huaxi stream were statistically significantly higher than in the other two

rivers. Risk quotients the ratios of measured environmental concentrations ( MEC) and the predicted no-effect concentrations were over

than 0.1 for sulfamethoxazole ofloxacin erythromycin and

- 2013 07 - 11 - 2013 -09 —09 clofibric acid indicating that the environment concentrations of
(2012BAJ25B09) ; single compounds may have a medium ecological risk which is
(2012§jA0775) closely related to their larger consumption.
(1982 -) Key words: solid phase extraction-iquid chromatography/mass
qyan2005@ hotmail. com. spectrometry ( SPEFHPLC-MS/MS) ; pharmaceutically
* (1971 -) active compounds ( PhACs); ecological risk

gaoxu@ cqu. edu. cn assessment; surface water
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“ ”( the worst case) ?
MEC ng/L; PNEC CF-C( caffeine-C3 Q) .mecoprop-D3(2-
4- D3) .DCBZ( dihydrocarbamazepine 10 11-
ng/L; LCs, ) SMT( simatone )
ng/L; ECy, ng/L. EC;, LGy, (
( ) 1).
( MRM) PhACs
ECOSAR v1.02 i AF .
Water Framework Directive (1 000) . 0.1.0.5.2.5.10.20.50. 100+
PhACs RQ 200.500.1 000 wg/L  PhACs (
. RQO<0.1 ;0.1=<RQ <1 20 ng)
;RQ=1 B 21 PhACs
1.4
1 PhACs N N N
Table 1 Multi reaction monitoring correlation coefficient linear range limit of quantitation and recovery of the target PhACs
PhACs R? /(pg/ll)  LOQs/( ng/L) 1%
CFc 320.2 >302.2 320.2>276.0 0.996 5 0.1 ~800.0 3.40 66. 4
CFc 362.2>318.0 362.2>260.9 0.997 8 0.1 ~800.0 1. 00 77.8
SMT 402.2 >384.2 402.3 >363.9 0.998 7 0.1 ~800.0 4.00 79.5
SMT 254.0>108.0 254.0>155.9 0.993 2 0.1 ~800.0 1.00 79.9
CFc 251.1>156.0 251.1>107.8 0.999 2 0.1 ~800.0 1. 60 104. 1
CFc 279.1>186.0 279.1>124.1 0.996 5 0.1 ~800.0 1. 60 104. 4
Crc 291.2>123.0 291.1>110. 1 0.998 3 0.1 ~800.0 0.40 102. 8
SMT 716.5 >158.0 716.5 >558. 1 0.991 6 0.1 ~800.0 0. 80 78.1
SMT 837.5>158.2 837.4>679.5 0.991 0 0.1 ~800.0 0.03 78.3
SMT 749.6 >115.9 749.5>82.8 0.996 9 0.1 ~800.0 0.50 114.9
SMT 268.2 >133.1 268.0 >159. 1 0.998 4 0.1 ~800.0 2.00 87.8
DCBZ 409.2 >238.1 409.2 >294. 1 0.994 9 0.1 ~800.0 4.10 58.9
DCBZ 237.1>194.0 237.1>179.0 0.993 9 0.1 ~800.0 0.10 76.1
SMT 419.4 >199. 1 419.4 >225.1 0.994 4 0.1 ~800.0 0.20 56.9
SMT 559.3 >440.3 559.4 >466.2 0.9855 0.1 ~800.0 0.50 96.3
mecoprop-D3 213.0>126.8 213.0>85.0 0.999 3 0.5 ~800.0 1.00 97.9
SMT 362.2>138.9 362.2>121.1 0.995 5 0.1 ~800.0 2.20 81.7
mecoprop-D3 249.2 >121.0 249.2 >127.0 0.999 9 0.5 ~800.0 0. 80 93.5
SMT 296.1>215.1 296. 1 >250. 1 0.9927 0.1 ~800.0 1. 00 100. 0
mecoprop-D3 205.1>161.1 0.997 3 0.5 ~800.0 1.00 93.2
CFcC 152.1>110. 1 152.1>93.1 0.997 8 0.1 ~800.0 2.00 92.9
© LOQs
PhACs LOQs
R’ PhACs LOQs 0.03 ~4.10 ng/L.
0.99 R*  0.985 5( 1).
(500 mL) 200
ng/L 1.2 2
3 PhACs 2.1 PhACs
58.9% ~ 114.9%
16% . 10 ~ 100 ng/mL 2 21 PhACs
2 3 — .
3% ~15% 5% ~18% =10 N
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s CHMP(
.4
3 - N
N 3 N N N N
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N 1.1 ~35.5
ng/L (10.3 ~445.6 ng/L) .
Y AY A) Y N 5
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2 PhACs
Table 2 Concentration levels of the target PhACs in the sample points ng/L
1 2 3 4 5 6 7 8 9
o( ) 12.7 14.3 9.5 9.8 11.6 11.3 143.6 156.0 9.6
o( ) 2.7 3.6 8.9 6.6 5.9 4.3 70.3 88.4 4.0
o( ) 3.4 6.1 13.1 6.2 23.6 9.9 137.0 166.5 2.6
o( ) 2.3 3.6 3.8 3.7 2.6 3.1 — — 1.6
o( ) 4.1 10.2 19.0 10. 4 10.2 11.8 163.5 115.3 4.9
o( ) 3.0 4.0 — 5.6 2.8 3.2 35.4 26.7 2.6
o( ) 2.2 2.4 2.3 2.5 2.0 2.5 14.2 20.5 5.1
o( ) 5.8 5.8 9.0 8.7 9.3 6.2 86. 8 114.1 3.1
o( ) 5.4 5.1 5.9 6.0 5.8 4.0 65.7 92.4 —
Al ) - - - — — — 5.0 6.4 —
o( ) 2.0 2.7 2.6 3.3 3.2 3.9 16.6 17.3 2.1
o( ) 14.2 12. 1 28.2 21.6 8.9 9.5 368.2 445.6 10. 8
o( ) 1.8 1.8 14.2 10.2 9.7 30.0 10. 4 10.3 1.4
ol ) - - — — — — — — —
o( ) — — — 2.7 — — 21.8 31.4 —
ol ) — — — — — — 2.0 1.5 —
o( ) 35.5 16.7 28.0 12. 4 12.3 10. 6 15.9 12.2 15.0
o( ) 27.3 17.2 2.9 1.6 3.3 9.0 13.3 12.0 1.8
o( ) 1.4 1.6 3.1 1.1 1.2 1.1 99.0 115.8 1.4
ol ) - — — — — — 1.4 1.4 —
lt ) — — — — — — 0.6 0.6 —
18 9
. Hirsch "7 Wupper
(300 ng/L)
o PhACs
) ol ) ol ) p( 10° 10° ng/L 7' . 1999—2000

) 1.70.0.56.0.48 0.2 pg/L; Christian (U.S. Geological Survey USGS) *



1182 26
30 139 3 PhACs
Table 3 Concentration levels of the target PhACs in the effluent
p( ) 1.7 peg/L p ( ) of the studied wastewater treatment plants ng/L
0. 18 pg/L pf ) ol )
1.9 0.22 pg/L p( ) 0.12 pg/L; Bartelt—
N ol ) 155.0 144.5 <LOQ 22.3
Hunt ol ) 9.1 <LOQ 5.1 <1.0Q
. ol ) 52.6 152.4 2.4 33.2
0.001 ~0.343.0.0024 ~0.472 pg/L. < pl ) 37.9 220.7 0.7 159.9
LOO ~1. 547 we/L ol ) 39.9 10.6 <LOQ <LOQ
Q~1. pg/ ol ) 30.4 41.6 18.0 57.5
( p( ) 0.001 ~ ol ) 1147.9 344.0 37.0 216.6
0.011 pg/L 0.03 ~0.055 pg/L * o ) 64.7 40.3 12.9 12.9
’s ol ) 6.6 6.0 <LOQ <LOQ
0.06 ~0. 146 pg/l. = ) ) o ) 16.5 15.8 10.7 9.7
PhACs ol ) 4.9 5.8 <L0Q  <LOQ
ol ) 153.0 200. 6 25.8 124.3
ol ) 347.5 439.1 28. 4 225.3
ol ) 69.2 74.7 2.9 11.7
. . PENG  *° ol ) 3.2 2.6 <LOQ 1.9
PhACs ol ol ) 19.8 13.7 19.6 25.9
ol ) 81.5 340.2 9.7 243.2
) ) el ) o ) 16.2 275 44.6 9.6
2.09.0.248.1.417 pg/L; WANG 7 12 ol ) 14.6 17.8 8.3 25.3
PhACs . ol ) 2.9 6.8 L7 <L0Q
5 ( ol ) 0.5 0.6 <LOQ <LOQ
. ) 2 ( 2
) p( ) ol
) 416 717 ng/L; ZHAO %
. PhACs (
17.685.19.8.125.24.6 150 ng/L. ).
3 PhACs 4
3 N PhACs
PhACs. PhACs
15 PhACs 1.7 ~ N N
44. 6 ng/L,; 16 N
PhACs 1.9 ~243.2 ng/l; PhACs
PhACS ~ ~
(¢ ) PhACs
PhACs
PhACs N
: 3 860 m’/s
764 m’/s . PhACs
( AY
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2.2 PhACs o
RQ 17 ng/L; WU % 18
PhACs Maumee Bay
2.8 pg/L.
PhACs
PhACs D
29-30 . 45 , @
3 21 PhACs .
(RQ..) RQ  0.704 81
. 3
Rqum = Z RQl
i=1 .
RQ; it RQ n PhACs 9.3 ng/L PNEC(0. 16 pg/L)
4. RO( 0. 581 25) 0.1
4 21 PhACs PNEC.MEC RQ PhACs “
Table 4 PNEC.MEC and RQ of the 21 target PhACs
in the receiving waters
PhACs  PNEC/( pg/l)  MEC/( ng/L) RO,
n. a <LoQ n. a. RQ 0.713 50( >0.1)
1% <LOQ n. a.
1.873 % <LOQ n. a. RQ. PNEC N
1.18 3 <LOQ n. a. RQ 0.248 10
126. 869* <L0Q n. a.
0.086 <LOQ n. a.
7.9 % 3.9 0. 000 49 .
7.1 8.9 0.001 26 4 RQ.. 2.32050 1
22.8° 35.5 0.001 56 PhACs  RQ
2.6 5.1 0. 001 96
13.8 % 30.0 0.002 17 PhACs
1.358 % 3.8 0.002 79
2% 6.0 0. 003 02 3
9.2% 28.2 0. 003 07
4 3.1 0.003 13 a) 21 PhACs 14 .
1.971 23.6 0.011 98 .
0.135 * 56 0041 41 1.1~35.5 ng/L 10.3 ~
0.11 % 27.3 0.248 10
0.016 * 9.3 0.581 25 445. 6 ng/L; . . >
0.027 19.0 0. 704 81 . 5 PhACs
0.02 * 14.3 0.713 50 0.6 ~31.4 ng/L;
RQ,um 2.320 50 '
a: ESOSAR vl. 02 ) b) A
. n.a. . PhACS N
4 PhACs RQ 1
~ ~ p( PhACS)
PhACs  RQ 0.1 c) MEC/PNEC
. N . RQ >0.1
. WANG RQ <0. 1.
7 . 3 21 PhACs RQ,,,

ol ) 416,127 246 ng/L; ZHAO 2.320 50( >1) PhACs
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