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PRV A B KA R R R MOBR
(1 [ R TG e SR IR AL B oY B R S S2 002, I 2000925 2. [F) 3% KA VI K R 8 20 3 T A s2 3 28, 1 it
200092; 3. [FBFR2EIAL MR E S TRV B BRIl TR AT LG, Bg 200092)
FEE . ST T — R P R 2 - 1o AR € 1 12 [ Bl A M e 10 P e 2 b A R i . RR R 28 L) PEP [ AH ZE IR0/ M
R  CIE- AW B (2: 1 R L) VRS S SORAH 35 - S0 S T 250 5 . A4 A =268 nm, AF I 33°C, B AH N
ZNE-0. 4% LR/ K (TR L) RATER BEVEURR)T , SEBL T 10 FRAFINAH 20 i 642 0 88, e M 10 ~2 000 pg- L7 BB F
TR NS BR AR B INER 51U 298 Bl 23518 73. 4% ~95. 6% F170. 2% ~92. 5% (T MEERAN, 73519 8. 5% F1 8. 0% ) . &A1 Hr 5
BRI BR K 1. 42 ~7.25 ng-L~". N I 5 B0 3 TIT B3 VL3040 T B YTk 2200 12 i 3R /K Kt 7K B9 58 R B AE X LD AR
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Simultaneous Determination of 10 Sulfonamide Antibiotics in Water by Solid-

phase Extraction and High Performance Liquid Chromatography

HONG Lei-jie', SHI Lu', ZHANG YA-lei'”, ZHOU Xue-fei*, ZHU Hong-guang’ , LIN Shuang-shuang'

(1. State Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China; 2. Key Laboratory of
Yangtze Water Environment of Ministry of Education, Tongji University, Shanghai 200092, China; 3. National Engineering &
Technology Research Center for Facility Agriculture, Modern Agricultural Science & Engineering Institute, Tongji University, Shanghai
200092, China)

Abstract: A solid-phase extraction ( SPE )-high performance liquid chromatography ( HPLC) method has been developed for

simultaneous determination of 10 sulfonamide antibiotics in water. The analytes were first enriched and purified through a PEP solid-
phase extraction column, and eluted with acetonitrile-dichloromethane solution (2: 1, V/V), then detected by a HPLC with a UV
detector. The detection wavelength was 268 nm and the column temperature was 33°C , using gradient elution process with acetonitrile
-0.4% acetic acid/water (V/V) as the mobile phase to achieve baseline separations of these 10 analytes. The linearity range was 10-
2000 pg-L™". The recovery ranges of standard addition for deionized water and real water samples were 73. 4% -95. 6% and 70. 2% -
92.5% , respectively (except for sulfonamide, were 8. 5% and 8.0% ). The limit of detection was 1. 42-7.25 ng-L~". Application of
this method for parts of Huangpu River in Shanghai, surface water and groundwater in Chongming Island showed that sulfonamide
antibiotics were detected in different frequencies in different aqueous environments, with the concentration range of 13.3-241.5
ng-L~", proving this method is easy, rapid, sensitive and efficient to meet the needs of actual work.

Key words ; sulfonamides ( SAs) ; solid-phase extraction ( SPE); high performance liquid chromatography ( HPLC) ; antibiotics;

environmental waters
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S EEE N 139 Zm 5 oAz A1 B0 1 IR A
Lindsey %7 75 3¢ [ (9 R /K A& 1) 0. 22 pg- 17!
VAT g mels | 7 5 [ 5 101 178 b 3 K v ARG N 3] 1)
Tt e — W48 M5 IE (0. 06 ~ 15 wg-L~") Bl e — P s
WE(0.22 pg- L") i FHmEms (1,02 pg- L") Ak
JHEEME (0. 08 pg-L™"); Ye 55 ESE E LK 2 ok 4)
IR FH K RS H s e P e (3.0 ~ 3.4 ng- L7 5
Batt 25" 75 3 [ 2 35 far N AE A AR 7K 7K U5 G H T 7K
K FH RS T B G e B MR BE (0.076 ~ 0.22
pe L) A M W 4 ME BE (0.046 ~ 0.068
pe-L7") ; Hirsch 25 7R 48 FE Al X Py b R 7K 9 59
ASSRAE R 2 A RAE SR B R E (0. 16
we- L) 0 B B mE sk (0.47 pg-L7'); Garcia-
Galan Z&"-PIAEFEPEF INZE W JE A1) 7 MR KA
FRRG I B S 24 e B 23590 h 2.3 ng- L' H10. 2 ng- L™
VIRt e P IR B ik B i) — PP 48018 e | 76 ZR LR i 3
A B ] A A I B 11 ~ 112 ng- L™ Bl iz Y e
W s Holm 251776 R4 Ah B ] 25 Ml )% 3790 A dr 35 304
3 JR IR M 7K R iR 10 440 g - LAYl i
225, 5 E SN E YL L D TR A 0 Ak A

HAR A SRR SAs Y e B Bl 25 AR, fH K
HREE TR A ng-L_1 ~ g+ L™K A FIR B, i
788 95N~ R S S Y el P =N =2 I N |
/b T B AHZE I (SPE ) A& H Fif 7K sl AR i R i
FHRTRAL BT BET ) S il e 2 e A 28 A9 4 B 4G
SENPULAEIREE TP AE S A B G AL AR Y . H
T OGS 2 00 1 I = B 3 o e 35 0 B I B AR
PRI I 4 T IS T
BT G e P R R AR (Lt 3 KR8 o o A A6 11
(4 SR J AR T3z 47 3% . w8 8OO 8 3% 3 (HPLC)
AR I TR B R TS 19 VR A L
BN M A5 2. IeAh il T AOM iRl s d: %
JR 25 ) I A A7 TE B 4% 10 A A Ak A A B B BRI
HPLC W TG M 245 AE , DRI 7 0 2 A DU 75 oK 1Y [+)
Pt T o 5 e s >

A FEHE ST T —Ff R FH A 22 -5 80 AH (2
Tk [ B R A A R 10 R RS AE R k. B
B AT Rk e A )1z A 8 N A F R e i A
XS T rE AR R 5 B KSR K AR TR G
T BEXEREE AR AE. 3T B B AR AR B T R R
WAFFE AL T H HPLC A& 7. %05 8 2 i3l
L T SEBR K A T H bR AR 2R

1 MR

1.1 RS

A ST T FH A AL 70035 by £ i i, JFG 5 s e 24
5 bR UE S (L =99.9% ) ¥ A I i Sigma-
Aldrich 2A 7] ; PEP Al C18 [ AHAE BRI [ 1283
ARBHEABR A HLB W A 238 B U A
B H] S [EAHAE A A KA ) A TRIIGE s A=
RABRAT; S5 K X 8K Brik - 10
it e 25 Bt A2 2R 43 90 O < 6 B ( Sulfanilamide, SA;
CAS No. 63-74-1) T i 0E ( Sulfadiazine, SD; CAS
No. 68-35-9) it Jiit Mt KE ( Sulfapyridine, SPD; CAS
No. 144-83-2) fiffi i H! JE W& BE ( Sulfamerazine, SMI ;
CAS No. 127-79-7) | f# i H — 8 ( Sulfamethizol ,
SMX; CAS No. 144- 82- 1), fifi e — W w5 g
(Sulfadimidine, SM2; CAS No. 57-68-1) fiffi iz %} HI
A MEIE ( Sulfameter, SMD; CAS No. 651-06-9) fifi i
F AR (Sulfachloropyridazine, SCP; CAS No. 80-32-
0) . % it B Bk ( Sulfamethoxazole, SMX; CAS No.
723-46-6) | fiff iz (8] — H 48 W% IE ( Sulfadimethoxine,
SDM; CAS No. 122-11-2).

Agilent 1200 %I = 20 AH G 1A, 12 B P28 X
5 Y [ FH AR BUE B ( 92 [ SUPELCO).

BREVE T B BC ) . FREL SAs FRifESh 45 10 mg T
50 mL AR, OHEE 2, Bl R Yl
200 mg- L~ MIBRAERE R, T - 18°CHEYGAF L. B UL
—E MY 10 PR ERS AT, FH G 2 2%, e il il v
JER 10 mg- L~ SAs IRAFRiE TAE . IR & 4T
WETAEVERUH 0. 4% L/ K (RFUH) e 75, i
il RS )V JEE TR A A T A VAT

B-R ZE A W B9 BC 1 . 100 mL 19 3 FhR TR S
(WEBR . 2R AR , Y94 0. 04 mol - L ") A
RFY 0.2 mol- L~ A AL WS , RIS AH R pH
THIE hEw .
1.2 SEPR/KRERY SR A AL B

T-2011 427 H R b i i B VLA 0 Tl BV
IK SRR S R K K b R KK R B T B B
HOJET pH <3, T 4C A7, I T 3 d NALHEL ZKFE
2:0.45 wm fCFLUE AT U8 5 INER R 1 pH h 6 £
A, ZJa v AT R AR AR R
1.3 [EAHAEBCE IR

TR B PEP [ AH A8 U/ N Sfe Ak 3K R
PP IRUNT  AE A IS 38 S AT 200,
B AN —E RS B A 20, RS2, AKEE
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B 33 %

FAHAE B IRAN T .3 mL B, 3 mL K& F/K (pH
=6) ik, FREFE <5 mLemin ", 10 mL 5% -
KW (B, pH = 6) UL, B25 Z 4 30 min; /)
HETREH 10 mL ZJE-Z& W Be(2: 1, (KB 1) Bk
B, T 45 CIRMAR TR ELE T, H 0. 4% LR/ K
(PRFRLL) A2 ImL, FFI. 252 F /K B9 i ds 7K F
F10 pg-L7", ERERELA 100 mL, PEP JUREHR A 30
mg; SEBRAKAERI AR KF-2 100 ng-L~", EAEIAR
291 L,PEP A 300 mg.
1.4 (R 30R0H ta s A
1.4.1 g

{#i i} SHIMADZU Shim-pack VP-ODS(250 mm x
4.6 mm) (AFERE. B AR U PRI R A =268
nm , FE 33°C, FBA I LG 0. 4% LR/ K (1R
L) R B BEVE IR AR Y (W3R 1) , #FFE 5 100
wL, A 1 mL-min -

R1 BERBES

Table 1~ Program of gradient elution
i A/ min I/ % 0. 4% LK (HBIUL) /%
0 4 96
5 30 70
9 35 65
11 45 55
12 4 96
20 4 96

1.4.2 IRifEi e R SHL

H10.4% 22/ 7K (B ) TR SAs IR B HR
T AR 1 ~ 5000 pg L~ RIVKE IR
AR, T I 1) €3 2% A XHR 4 s o AR AR
WHERE 3 U, 43 0l DL #& Bl W B g B R R ¢
(pg-L") XFiemEI AR A BEATZRAE A 53T IR A AR
FEFWIR R AR E 0.5 pe- L' JFEFE 10 1K, LU
P 22 o AR 26 A RER T LIE MR L 3 15X
2K U FR (instrument detection limit, IDL) , DL {& M b
10 TFEALES % 1 FR (instrument quantity limit, IQL) .
TEARFM LS H (n = 6) HEFE THAH IR % 5. 43
B B B H B (limit of detection, LOD ) DA & Jy 2
€ 5 PR (limit of quantification, LOQ) DA & H 4550
1 000y &4~ SPE-HPLC 3 f h SEAfl 1155, B A i e
HA 3 WA RKAER IR .

2 ZER5itie

2.1 [EARAIBOT A
2.1.1 IR BORORH) e 4
[T R A IO PR A0 2 JH ) IR BRSSO, ACIT 52

BEFH C18 \HLB F PEP [ AH A% BUFURHME S X 4.
SAs 7E C18 L MIPRBAAR 55, BR SA SN 9 i SAs 7
HLB LR EICRIL A 64. 6% ~85.5% , ik T PEP
FE73.3% ~95. 6% W RICRIE . C18 & ak e I 42
T NI SE 1 S AR B A R , HLB A1 PEP 2 H REfL R
RO/ Z LIGFRWNEE o TR BT B R NR R
PE XA M AR G W EL A S R A
JH. SR, HLB EUEMA 4% =1 B, PEP SEDRF 40 4 204X
A HLB ) —2. PRI B 24358 55 I 2 35N PEP /M
GESS

SA A [E1 05 % 114 Ji R T F OE o K 43 T R B
(1gK,, ) Fe B, SA 1Y 1gK,, A —0. 714 2, /N T 1
HiAth 9 Ff SAs B 1gK,, ( —0.0830 ~0.8869), ifii
leK.,, {8 /INFE IR IZ 40 T3 7 7K A R 1R 5 A R B K
NG FEFE AR, T B SA [RIIBCR L.
2.1.2 FEHBUAZR pH {EXF SPE R M

FH B-R 28 by Be il pH 2 ~ 10 AY/K I, Nk
WRE N 10 wg- L~ fli 1] PEP FEIAHZEBUNME , & %405
M 100. ANRZEHC pH AR ZR T X 10 i SAs [l
[ SEER 25 F UL 1 ARl 1T, YR pH (E R 6 72
A, 25 B SAs 3k B AL i 1Y i F8 (SA BRAM, R
3.5% ~8.5% ) , ICRIEEN 73. 4% ~95. 6% . i
S 2450 () A AR 2 S5 1) Ry WP S8 B R I e, PR T
J5 B o — e S S L TR I A A S R, AR
25y S R M [ AH A UK R Y pH (B AR R R B
HsZ e H AR BT [ SR R 1E R U R (1) pH
=6.

X SA o SPD v SMZ + SMD @ SMX
* SD A SM1 o SM2 o SCP ® SDM
100
2 .
90 + ] by §
I .
g0 * 7 i "
] ; o * ’
70 *
. ° E .
*
- 60 A
% * 4
L]
50 °
5 + v
E 4|
*
30 &
+
20 + g
4
10
X
x ® ® x . * 3
0 1 L 1 1 1 L 1
2 3 4 5 6 7 8 9 10
AR R Ay pHAE

1 ZEERFE pH EXT SAs BIHAZEEE R
BN (10 mL HEEERL)
Fig. 1 Influences of pH on recoveries of SAs

in SPE (eluted by 10 mL methanol )
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2.1.3  BEBR R R

TR THE CRPE. O 2R
P R b L - A X 6 B 5 X
F bR 4 5 (9 e Il ROCR | BRI AR 0 10 mIL. 4%k
Ji 7 X SAs B9 [ AR B WL 2. R RTRL, &
- AW e (2: 1 RFRIL) B0 BE B ASCR fe i A

[FARRT S M- W e (2: 1, R FR ) XF SAs 1Y
[l g 3R A (PR R T BR R 3 ) e B, X4k i A
UM 10 mL B, KA 40 H bR P 5T 09 3k B 3 2R R
U X228 T UK SPE SZER R, 10 Bl SAs B9
b 1ol g 78 Bl N 73.4% ~95.6% (SA RN, N

8.5%).

£2 AEEBEF SAs HEIKED /%
Table 2 Recovery of SAs of different elution/%

1% TR/ iz

M- AR

SAs g REL) s LT —RH (201, iR
SA 3.3 2.8 3.8 2.2 4.6 8.5
SD 57.5 43.7 53.1 28.9 61.8 73.4
SPD 63.3 48.4 58.2 34.1 71.2 82.2
SM1 66.9 49.8 57.5 36.0 72.6 86.4
SMZ 58.9 32.1 45.4 31.3 74.7 88.5
SM2 71.4 53.5 61.0 35.0 79.5 88.5
SMD 75.1 51.0 56.3 36.6 80.0 93.9
SCP 78.1 55.2 58.2 36. 1 82.7 92.4
SMX 78.7 59.3 62.0 41.0 85.9 94.6
SDM 77.2 49.2 55.2 41.2 80.0 95.6

1) Ve AR 10mL, K % pH =6

2.2 ERORARETE R
2.2.1 BEMERAERE

A B 1) /N R T 7 5 (R R 55, R A
5 AL RH A R A S o R DTS € 355 06 Py 0 oy
FEIN Py I e DT PR REAI. YRR €6 3% 1 A i 2 Oy
20l 24 T REARC AR 00 4 J5T ) A U R, el 322 7 1k B I
FHAF S B K A B 0 2, AW 52 2R 100l Ky aE B
HLSCEREE R 10 Bl SAs 7F 10 ~2 000 pg-L!
W T P M AR R AT PR T e R B 100 L 1)
HEFE AR
2.2.2 HERAGBER

S5 R LI E T DAAR AR B bl 5 e £ 00 26 3 1)
OYBROR. ARSRHITE T 25 ~40°C J5 AR TR (5
TS B A, & BLAEAT IR 33°C R, 10 Fi SAs ik F]
TR KRR FE (R A B A T B0 T i B2 i, R
fHRAH2E £ 1CUARRAR A7 M S AR 5 WAt e F —
WEAIER 6 DA i — FR W E 1 A S R R AR
HE.
2.2.3 Ui LR

T e A 25 ) - G5 1 v I R E A 55 Bt | A
T PLBIAHA pH A R LA ) 55 06 1) A =5, 2 T AR
2H 3 B DR BRI T st Lo 2 2. SR BESE 1 0. 2%
~ 29 5l N R BE X 3 73 B 52 ). 45 3R 38T, IR
FEA R Iy 10 i fise 1 2 24 W AR ME Ik B KR 2 0 255 TR
BEIHRET , s i I AN R, A R M H R A

SGHERERER, RERMIEMO0.4% LR/ K
(PRFRLR) SR ia sl Al SR FHAR BE R AR 7, S T 10
PRI ZH 43 10 2R 43 B A sk R n &l 2 7. B
SMZ SM2 Fil SMD () (43506 (535 55 5 ~7 ) A
DTSN, HAh A A1 18] 40 8 B K, W IR AR, 14
XPFRIE LT R FH U €8 535 25 A 7T 3R A5 R 4719 45 2 R
B PR B B R], 452050 7F 20 min NS SR G50 5.

34

1
0 2 4 6 8 10 12 14 16 18 20
t/min

SAs IRFRAIHE N 100 pg-L~",
HAr.1. SA; 2.8SD; 3. SPD; 4. SM1; 5. SMZ; 6. SM2;
7. SMD; 8. SCP; 9. SMX; 10. SDM
El2 10 # SAs HIREE
Fig. 2 Chromatogram of 10 SAs

2.2.4  HRifERME KAESEL

SEPE AT T R R HERE () R B8 B (R R R4 7
FES It R FHAMR 2, I Am v h £ R G
ZHOLFE 3. WA Al 1, 10 Fh SAs 7E 10 ~ 2 000
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£l 33 4

3

g e L™ R B [P A AR A B R, A G R B
KF0.999 5. Zi5E SAs IR FREE AL EAS H FR N
0.53 ~0.91 pg-L', {UAFE RN 1.77 ~ 3.03
pe L™ HIEKE B B /NT 5% DLE ERAE8HN
1 0001941~ SPE-HPLC it F Sk S Atk 11530 19 75 vk K
i FR LOD A f R LOQ 43314 1. 42 ~3. 00 ng- L~
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Table 3 Standard curve and calibration parameters

SAs 1 Calibration 752" R’
/gL

SA 10 ~2 000 ¢c=0.9460xA4-1.128 1 1.000 0
SD 10 ~2 000 ¢c=1.1774 xA+1.8055 1.000 0
SPD 10 ~2 000 ¢c=0.9112xA4+6.7099 0.9995
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SMX 10 ~2 000 ¢=0.9081xA+0.759 1 1.000 0
SDM 10 ~2 000 c=1.0151xA-1.5932 1.000 0
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Fig. 3 Chromatogram of groundwater in Chongming Island
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Table 4  Concentrations of 10 SAs detected in water samples/ng-1 ="

PO A1 000)
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it Ji 1] — B A s e 17.3 nd 19.5 23.8
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3 i

(1) AWF5E 857 T —Ff SPE-HPLC ¥ [a] i il 52
KA 10 FRfifE eSS AE R A9 k. 1% a0 As R

FUE R4 1. 42 ~3.00 ng-L ™' F14. 73 ~10. 00
ng-L™" (SA B 4h, H LOD 1 LOQ 43 % K 7.25
ng-L_lﬂl 24. 17 ng-L_l) X SR KRR 1 RIS G F
H70.2% ~92. 5% . L3t %F bV EE 3 VR 4] B



2

PERTI A5 ¢ (R A% - 2R €0 P TR 00 KA R 9 10 R I S i 3R 657

TLK 4

SEME T K B EROK 10 Ff SAs A7 L

AR AE 3BT, R BRAE XK 10 FhAS [] 7K B3 v i g xR
SEUEE T A Y A T[] P R W 1 A A
SR (e, TR Y W 7 555 T 5 i T B i 3K b 1Y
Rk R

(2)1%T7 L ATALBR ST 5, 70 B AR b, B PR

{7 SR RS DI AL, T i R SR A )
S 30k

(1]

[3]

(7]

(8]

[10]

[12]

Ternes T A, Joss A. Human pharmaceuticals, hormones and

fragrances: the challenge of micropollutants in urban water

management[ M]. London; IWA Publishing, 2009.7.
Richardson S D,

Ternes T A. Water analysis: emerging

contaminants and current issues [ J ]. Analytical Chemistry,

2011, 83(12) : 4614-4648.

Prasse C, Schlusener M P, Schulz R, et al. Antiviral drugs in

wastewater and surface waters; a new pharmaceutical class of

environmental relevance? [ J ]. Environmental Science and

Technology, 2010, 44(5) . 1728-1735.
3SR, TR, ST, 55 BB 25 A A4
A R TE KB DRSS (1], BREIS B S5 BiR, 2009, 31

(2):77-80.

JAETR, SR, AR TS KA B AR G R ERE Y RA
AP HLH & (PPCPs) MIHLEIBFZY [J]. SRR,
2009, 35(2): 77-80.

Zeh, RURR. 255 NGB (PPCPs) BYT5 Jeoke it
IR R STEEL )] ARAZERE, 2009, 28(9) ; 1878-
1890.

Lindsey M E, Meyer M, Thurman E M. Analysis of trace levels
of sulfonamide and tetracycline antimicrobials in groundwater and
water solid-phase  extraction and  liquid

surface using

chromatography/mass spectrometry [ J ]. Analytical Chemistry,
2001, 73(19) : 4640-4646.

Ye Z Q, Weinberg H S. Trace analysis of trimethoprim and
sulfonamide, macrolide, quinolone, and tetracycline antibiotics
in chlorinated drinking water using Liquid chromatography
electrospray tandem mass spectrometry [ J ].  Analytical
Chemistry, 2007, 79(3) . 1135-1144.

Batt A L, Snow D D, Aga D S. Occurrence of sulfonamide
antimicrobials in private water wells in Washington County,
Idaho, USA[J]. Chemosphere, 2006, 64(11) . 1963-1971.
Hirsch R, Ternes T, Haberer K, et al. Occurrence of antibiotics
in the aquatic environment [ J ]. Science of the Total
Environment, 1999, 225(1-2): 109-118.

Garcia-Galan M J, Diaz-Cruz M S, Barcel6 D. Occurrence of
sulfonamide residues along the Ebro river basin: removal in
wastewater treatment plants and environmental impact assessment
[J]. Environment International, 2011, 37(2) : 462-473.
Garcia-Galan M J, Garrido T, Fraile J,

fully solid

et al. Application of

automated  online phase  extraction-liquid
chromatography-electrospray-tandem mass spectrometry for the
determination of sulfonamides and their acetylated metabolites in

groundwater[ J]. Analytical and Bioanalytical Chemistry, 2011,

[13]

[16]

[17]

[18]

[19]

[20]

[22]

[25]

399(2) : 795-806.
Holm J V, Ruegge K, Bjerg P L, et al. Occurrence and

distribution  of pharmaceutical organic compounds in the
groundwater downgradient of a landfill ( Grindsted, Denmark ).
[J]. Environmental Science and Technology, 1995, 29 (5):
1415-1420.

Poole C F. New trends in solid-phase extraction[ J]. Trends in
Analytical Chemistry, 2003, 22(6) : 362-373.

Matsuoka S, Yoshimura K. Recent trends in solid phase
spectrometry: 2003- 2009. A review [ J].
Acta, 2010, 664(1) ; 1-18.

Reverté S, Borrull F, Pocurull E,

Analytica Chimica
et al. Determination of
antibiotic compounds in water by solid-phase extraction-high-
liquid
Journal of Chromatography A, 2003, 1010

performance chromatography-( electrospray )  mass
spectromelry [ J |.
(2):225-232.

Gehring T A, Griffinb B, Williams R,

determination of sulfonamides in edible catfish,

et al. Multiresidue
shrimp and
salmon tissues by high-performance liquid chromatography with
postcolumn derivatization and fluorescence detection[ J]. Journal
of Chromatography B, 2006, 840(2) . 132-138.

Zuehlke S, Duennbier U, Heberer T. Determination of polar
drug residues in sewage and surface water applying liquid
chromatography-tandem mass spectrometry [ J ].

Chemistry, 2004, 76(22) : 6548-6554.

Loffler D, Terns T A. Determination of acidic pharmaceuticals,

Analytical

antibiotics and ivermectin in river sediment using liquid

chromatography-tandem mass spectrometry [ J ]. Journal of
Chromatography A, 2003, 1021(1-2) . 133-144.
Jacobsen A M, Halling-Sgrensen B, Ingerslev F, et al.

Simultaneous  extraction of tetracycline, macrolide and
sulfonamide antibiotics from agricultural soils using pressurised
liquid extraction, followed by solid-phase extraction and liquid
chromatography-tandem mass spectrometry [ J ]. Journal of
Chromatography A, 2004, 1038 (1-2) . 157-170.

De Zayas-Blanco F, Garcia-Falcon M S, Simal-Gandara J.
Determination of sulfamethazine in milk by solid phase extraction
and liquid chromatographic separation with ultraviolet detection
[J]. Food Control, 2004, 15(5) : 375-378.

Hao C Y, Lissemore L, Nguyen B,

pharmaceuticals  in

et al. Determination of

environmental ~ waters by  liquid
chromatography/ electrospray ionization/tandem mass spectrometry
[J]. Analytical and Bioanalytical Chemistry, 2006, 384 (2) .
505-513.

Shi L, Zhou X F, Zhang Y L, et al. Development of an
analytical method for eight fluoroquinolones using solid-phase
extraction and liquid chromatography with fluorescence detection
[J]. of Environmental
Chemistry, 2010, 90(14-15) : 1085-1098.

ARk, FEK, R, S B A B
(PPCPs) AL ], HokEAR, 2008, 27(5) : 56-
63.

Bk, Rl
1985.35.

International  Journal Analytical

FPMIM]. BFRE: ARBRZAHOR AL,



HUANJING KEXUE Vol.33  No.2

Environmental Science ( monthly) Feb. 15, 2012

CONTENTS

Safety Value of Contaminant in Water Pollution Accident Based on Human Health Risk «rreeereerreeeereeereeeeees ZHENG Bing-hui, LUO Jin-hong, FU Qing, et al. ( 337 )
Safety Concentration of Genotoxic Carcinogens in Water Pollution Accident Based on Human Health Risk ++***+ LUO Jin-hong, ZHENG Bing-hui, FU Qing, et al. ( 342 )
A Quantitative Method and Case Analysis for Assessing Water Health — +++eererrreeresseeseeremmmmmnneiieneenn. LI Yu-feng, LIU Hong-yu, HAO Jing-feng, et al. ( 346 )
Temporal and Spatial Variation of Nitrogen and Phosphorus and Eutrophication Assessment in Downstream River Network Areas of North Canal River Watershed ---
.................................................................................................................. SHAN Bao-ging, JIAN Yu-xiang, TANG Wen-zhong, et al. ( 352 )
Spatiotemporal Variation Analysis and Identification of Water Pollution Sources in the Zhangweinan River Basin = «-sseseererrreressrseseermmmmmmnnnnerirenirieenee
........................................................................................................................ XU Hua-shan, XU Zong-xue, TANG Fang-fang, et al. ( 359 )
Hydrochemical Characteristics and Formation Mechanism of Shallow Groundwater in the Yellow River Delta «+++++ssesserssreersssssssrsnemmmmmmmnmnmennninnennennenneenee
........................................................................................................................... AN Le-sheng, ZHAO Quan-sheng, YE Si-yuan, et al. ( 370 )
Impacts of Sediment Disturbance Time on the Distribution of Phosphorus Forms in Suspended Solids — «--=+eeeeeeeeeees LI Da-peng, HUANG Yong, LI Yong, et al. ( 379 )
Influence of Submerged Macrophytes on Phosphorus Transference Between Sediment and Overlying Water in the Growth Period =+++seeeeeereresseseeeeemmmmeeienieeeee
........................................................................................................................ WANG Li-zhi, WANG Guo-xiang, YU Zhen-fei, et al. ( 385 )
Pollution Characteristics and Evaluation of Nitrogen, Phosphorus and Organic Matter in Surface Sediments of Lake Changshouhu in Chongqing, China -----
........................................................................................................................ LU Shao-yong, XU Meng-shuang, JIN Xiang-can, et al. ( 393 )
Vertical Distribution Characteristics of Nutrients and Heavy Metals in Sediments of Lake Hongze «::::eoeeeeeereemmeeemmnneenemmminnes ZHANG Wen-bin, YU Hui ( 399 )
Effects of Rainfall on Nitrogen and Phosphorus Loss from Courtyard Compost and Its Risk of Nonpoint Source Pollution = «+«««esesssseseerrmmmeremmmnereneniemieeeee
.............................................................................................................................. PENG Li, WANG Li-wei, YANG Zhi-min, et al. ( 407 )
Effects of Hydrodynamic Process on Bio-optical Properties in Algal-Dominated Lake Region of Shallow Lake — +++seeeeerssrsssrsssssssssmmmmmmmmmimmiiiiiinine
..................................................................................................................... LIU Xiao-han, FENG Long-qing, ZHANG Yun-lin, et al. ( 412 )
Estimation and Remote Sensing Inversion of Diffuse Attenuation Coefficient K;(490) in Lake Taihu in Spring Based on Semi-analytical Model
................................................................................................................................. LIU Zhong-hua, LI Yun-mei, LI Rui-yun, et al. ( 421 )
Monitoring the Total Suspended Matter of Lake Chaohu Based on Quasi-Analytical Algorithm - ZHANG Hong, HUANG Jia-zhu, LI Yun-mei, et al. ( 429 )
Optimization of Aerobic/Anaerobic Subsurface Flow Constructed Wetlands «+seeeeererrreemssereeeemmmmenerennee. LI Feng-min, SHAN Shi, LI Yuan-yuan, et al. ( 436 )
Effects of Allelochemical Dibutyl Phthalate on Gymnodinium breve Reactive Oxygen Species - BIE Cong-cong, LI Feng-min, LI Yuan-yuan, et al. ( 442 )
Toxicity Effects of Rac-and S-Metolachlor on Two Algaes «-ssssererrrrrrsesseseerrermmmminertiiii CAI Wei-dan, LIU Hui-jun, FANG Zhi-guo ( 448 )
Studies for Killing the Oceanic Harmful Organisms in Ship’s Ballast Water Using Hydroxyl Rad + BAI Min-dong, ZHANG Na-hui, ZHANG Zhi-tao, et al. ( 454 )
Modification of Natural Siderite and Enhanced Adsorption of Arsenic =++seeserereesrsrseerermmmmnn, ZHAO Kai, GUO Hua-ming, LI Yuan, et al. ( 459 )
Kinetic Study of 4-Chloronitrobenzene Degradation by Zero-Valent Iron «--esssseererrressemrsereeeemmmmimninreienniiniiee LIAO Di-jie, YANG Qi, LEE Chun-chi ( 469 )
Photochemical Degradation of Ofloxacin in Aqueous Solution «-====++++++= -+ SHAO Meng, YANG Gui-peng, ZHANG Hong-hai ( 476 )
Photodegradation of Atenolol in Aqueous Nitrate Solution ++ssexweeeesssseerermrmresnnnrerrir e JT Yue-fei, ZENG Chao, MENG Cui, et al. ( 481 )
Biodegradation of Pyridine Under UV Irradiation — ===ssesererrsrsesssseerermmmemnnerttreniiiiii et FANG Miao-miao, YAN Ning, ZHANG Yong-ming ( 488 )
Optimization on Decoloration Conditions of Anthraquinone Dyes by Laccase from Amillariella mellea ZHU Xian-feng, QIN Ren-bing, YU Chen-chen, et al. ( 495 )
Biosorption of Chromium( VI) by Waste Biomass of &-Poly-L-lysine Fermentation CAO Yu-juan,ZHANG Yang,XIA Jun,et al. ( 499 )
Investigation on Enhanced Conditions for the Densification of Filamentous Sludge =+++++++eexrersmsrerererremmeemmereeeenee. LI Zhi-hua, SUN Wei,JI Xiao-qin,et al. ( 505 )
Effect of Temperature on the Response Characteristics of Shortcut Nitrification Granular Sludge —««++----- LUO Yuan-ling, YANG Zhao-hui, XU Zheng-yong, et al. ( 511 )
Fuel Consumption and Emission Inventory of Typical Construction Equipments in China =++seeereereesesereeeeeemmeeenneee LI Dong-ling, WU Ye, ZHOU Yu, et al. ( 518 )

Optimization of PM,, Monitoring Network in Beijing =~ «eeeeeeeeerrereererrrremecre. -+ QI Ling, ZHAO Yue, XIE Shao-dong ( 525 )
Effect of Greenbelt on Pollutant Dispersion in Street Canyon = +esesessesessseesererrrsessretttetrmniritttiiii sttt XU Wei-jia,XING Hong, YU Zhi ( 532 )
Investigation of Effect and Process of Nitric Oxide Removal in Rotating Drum Biofilier Coupled with Absorption by Fe I (EDTA)  coeeerrrmmmmnnnnnniniis
................................................................................................................................. CHEN Jun, YANG Xuan, YU Jian-ming, et al. (1539)
Effect of UV-B Radiation on Release of Nitrogen and Phosphorus from Leaf Litter in Subtropical Region in China = »+eseereerreresrsereermmmmnnen
..................................................................................................................... SONG Xin—zhang, ZHANG Hui—ling, JIANG Hong, el (ll. ( 545 )
Characteristics of Carbon Sequestration and Apparent Stability of New Sequestered Carbon in Forested Torrid Red Soil at Dry-Hot Valley = «-eeeeeeeeeerreeeenereeeeee
................................................................................................................................. TANG Guo-yong, LI Kun, SUN Yong-yu, et al. ( 551 )
Spatial Distribution of Methane in Surface Water and Sediment of Jiulongjiang Estuary and the Effect Environment factors of Tt =+ssseereeesessmmsrserememeemmnnneeeee.
................................................................................................................................. GUO Ying-ying, CHEN Jian, YIN Xi-jie, et al. ( 558 )

..................................................................................................................... JIANG Huan-huan, SUN Zhi-gao, WANG Ling-ling, et al. ( 565 )
Study on Dioxin Emission for Typical Non-Wood Pulp Making in China = «xeeeseeeeerermmreesneeeeennnineeen. WANG Zhi-fang, DING Qiong, WANG Kai-xiang, et al. ( 574 )
Horizontal and Vertical Distribution of Polybrominated Diphenyl Ethers (PBDEs) in River Sediment from a Typical Electrical Equipment Industrial Area — «+++++++

........................................................................................................................... QIU Meng-de, DENG Dai-yong, YU Le-huan, et al. ( 580
Characteristics of Polychlorinated Biphenyls in Soils from an Electronic Waste Recycling Area «+:-+---+++: WANG Xue-tong, LI Yuan-cheng, ZHANG Yuan, et al. ( 587
Characterization and Potential Risks of Polycyclic Aromatic Hydrocarbons in Green Space Soils of Educational Areas in Beijing «++++sereerreesnsseserememremninneeeeee

........................................................................................................................... PENG Chi, WANG Mei-e, OUYANG Zhi-yun, et al. ( 592 )
Spatial Variability and Evaluation of Soil Heavy Metal Contamination in the Urban-transect of Shanghai ----+- LIU Yun-long, ZHANG Li-jia, HAN Xiao-fei, et al. ( 599 )
Assessment of Heavy Metal Pollution in Surface Sediments of Rivers in Northern Area of Haihe River Basin, China = ««ereeserseerrrrrsmmmmmmenerreeiiinneneennees

.................................................................................................................. SHANG Lin-yuan, SUN Ran-hao, WANG Zhao-ming, et al. ( 606 )
Concentrations and Pollution Assessment of Soil Heavy Metals at Different Water-level Altitudes in the Draw-down Areas of the Three Gorges Reservoir -+++++++++

.............................................................................................................................. WANG Ye-chun, LEI Bo, YANG San—ming, etal (612)
Analysis of Community Structure on Sludge Aerobic/anoxic Digestion After Ultrasonic Pretreatment — +e«««xv==esseeeee YE Yun-di, SUN Shui-yu, ZHENG Li, et al. ( 618 )
Research on Population Structure and Distribution Characteristic of Indigenous Microorganism in Post-polymer-Flooding Oil Reservoir «««««x«xesseseeerereermenereeeeees

................................................................................................................................. ZHAO Ling-xia, GAO Pei-ke,CAO Mei-na, et al. ( 625 )
Study on Degradation of Polycyclic Aromatic Hydrocarbons ( PAHs) with Different Additional Carbon Sources in Aged Contaminated Soil

................................................................................................................................. YIN Chun-gin, JIANG Xin, WANG Fang, et al. ( 633 )
Detection of Prorocentrum minimum (Pavillard) Schiller with the Electrochemiluminescence-Molecular Probe —+++«++=+eer ZHU Xia, ZHEN Yu, MI Tie-zhu, et al. ( 640 )
Development of Direct Competitive Enzyme-Linked Immunosorbent Assay for the Determination of Domoic Acid ssereererrrrresersereermmmmmnerieeeee
WANG Qian, CHENG Jin-ping, GAO Li-li, et al. ( 647 )
Simultaneous Determination of 10 Sulfonamide Antibiotics in Water by Solid-phase Extraction and High Performance Liquid Chromatography ««++++stxeeeeeeesereeeeees

................................................................................................................................. HONG Lei-jie, SHI Lu, ZHANG YA-lei, et al. ( 652 )
Effects of Pentachlorophenol on DNA Damage and Cytotoxicity of HeLa Cells — wrreeeeeeeeeremmmmeeeneneeeniennee JIN Bang-ming, WANG Fu-ming, XIONG Li, et al. ( 658 )
Modeling of Carbon Dioxide Measurement and Optimization on Building Ceramic Industry = «e«eeeeeeeseeereeeeeeees PENG Jun-xia, ZHAO Yu-bo, JIAO Li-hua, et al. ( 665 )

——




£

B E%H .

w .

CGMERIZEYE 6 [

WRBH F I
e s T UE I I
(FEUE R IR )

HENT EARRE EULE
AKE XSRS HE
R HIE BomtE 2 AR
| HosE 3 4

A
(HUANJING KEXUE)

(HT 1976 4E 8 HAIT)
20124E2 H15H 33% 2

B
Bt T
RSP
oW MR

WEERS

HI #F Si%E
JElol Mg
BKF W OE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)
Vol.33 No.2 Feb. 15, 2012

F & hERPERE Superintended by Chinese Academy of Sciences
+ B P EBERE A S IHEIR 0 Sponsored by Research Center for Eco-Environmental Sciences, Chinese
vl B ( e JIE AR ) Academy of Sciences
Jbat T M i 1% PRl 22 B 53 I Co-Sponsored by Beijing Municipal Research Institute of Environmental
I =7 N Protection
v School of Environment, Tsinghua Universit;
£ & WK A T 8 Y
% B (R HER L)Y HEE RS Editor-in -Chief OUYANG Zi-yuan
s 2871 £ ( (ﬁﬁf[ZXX{j;Eﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
P =] H
. KEXUE
18 5, B 4 i : 100085 ) ) ‘
M. 010462941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
. .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E—mai'l-hjkx@ reees. ac. cn E-mail : hjkx@ rcees. ac. cn
http : //www. hjkx. ac. cn hitp: //www. hjkx. ac. en
n BR 44 2 " "1 a Published by Science Press
b st AR EIAR AL A 16 2 16 Donghuangchenggen North Street,
AANZINER
MR B 45 . 100717 Beijing 100717, China
EQ ORI 3£ T dtscdbAkEnRl Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K ik Distributed by Science Press
35 .010-64017032 Tel:010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT M & SEZHIREE Domestic All Local Post Offices in China
EsvBg1T HEERE RS EAF Foreign China International Book Trading Corporation ( Guoji
(bt 399 f54) Shudian) , P. O. Box 399, Beijing 100044 , China
ISSN 0250-3301 N
VETS —————————— = 2-821
RERATIS, DO 030 EA R RS,
E m E fi:70.005C ESRITRS: M 205

BEWNSRFET




	2012-02fm+ml-zw.pdf
	20120248.pdf
	ml-yw+fd.pdf



