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SEEMIFORELNESR

x| gttt O RER x| MR
' (rp ER R HLERAL TS T M B Rk 2 R B A SR B R, B P 550002 )
(b EREBRITI B, LR 100039)

O E BT TREMER-ERBAEAE (U)K IR RETHAER L ER NRENEER
4 PR TR KB R BRI R & R ATAL R A EDTA-Mcllvaine 28 P Wi 32 B, il SAX-HLB H X
ARSI AT E B, F TR (5 10% PR Wt — B0 D RIRA DU BRI . R ZMEA1 0. 01 mol/L BRI
WRAEN WA, 8 min Y43 ES 4 Mg AR, WE T R ATHRTRS B | 5 BRI 2 YLK R KR R LAY, 39
PR

SO IEHIRI, AR (3, M E IS RK BUE K
1 51 &

M 20 140 60 AR, ik R IF R AR T & AR A o AR BEE SRR IR R R, R TR
7 BT s AR AU KRR R B R SIA R S BMITIAEREARSE T, SN
Skt ™) | SBUREM SN =4 . XU W B FRF B 4 7=, TR AR ERR 5 A7 3R
B, #ERTABERLNWAEE(CAP) ,URGBTHUREENLER(OTC) WHR(TC) METR
(CTC) RFRFEN# R Z R Y. URTHRIR KL EM R X YR PRREY . A
20 40 90 AEAR, PR b FF IR 6 HAE MR IR OK L TLRR A A R 38 ) o 8077, S DO 3F 3 2 FE KR i
FRE D R PR B AT LUK U EE KRN BRI R A Y £ P R
MU % EAFEPABERERE W RAKR D, B TREEMUA KR EREREN P ZMH
FH, DR b T T i 0 5 T3 R R 2 A 3 A 5 VR IR AR R [

P A R R RT AL BB A2 EARZE B (SPE) ) (B 38— REBURE (9 B AR K BUA R BB £
EBRRARE VLR (IR ", TR0 T €% ar i MRUR o 43X [ B, AR 5L 56 R ] SAX-HLB B¢
FH-PR (7 10% FEE) VERE A BT AL 38 5 12 , IR A B bk Uk B e ROBUAR i T s B R AT 3 8 U 3R
Fo GERFY],SAX FINE(F 10% HBEE) 48 FA ROt 0 7 Kk UTRR YA 1 38 b R HLA TR B3 W
R ZHER0.01 mol/L BRERAF ARSI A E RV , 8 min NRTEELRE T 4 FIITAER

2 LWHERS

2.1 {FE5RAH

Agilent HP1100 =2 AR 8 154X (55N 48 ) s KS2 FRIRIR G o ( LI R HOC AT )
OASIS HLB B AHZEBUHE (3 mL/60 mg, Waters /&) ) ; 38 BB T35 #AE (SAX) (3 mL/500 mg, Agilent />
F]) ;0.7 pm GF/F BEIELF 4 R ( Whatman A H] )

B LEE DFEMSTEEEY Fluke AT FH L W% 635 H Dikma A7) ;

2006-07-03 W H ;2006-10-07 3%
A3 7 o E AR B 3 A B R -2V Ak - A o B2 B B B 5 )30 H (No. KZCX3-SW-140) Bt il
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Na, HPO, ¥ .Na,EDTA NaOH 4474l ; B8 K {1 4% 4 ; 4B 487K (18. 2 MQ em, Millipore) ,
2.2 HREBRBREREEWESR

HEFRFREL 0. 01 g B CAP,OTC . TC 1 CTC fRifEfh , A 8 P A, R E B E] 100 L i7 6%
B, P B R R Z0 8, O AL 100 mg/L MIFRHERE &, (RAFZE 4 COKAEH (RT3 1) .

FREL— € B By Na,EDTA Na,HPO, FIA 2 8L, 73 HIEL I AL 0. 1.0.2 F1 0. 4 mol/L IV IR, 1% M
3:2 I HLBIR 4 Na, HPO, FIkrERg , Bo Hl i Mcllvaine V57K . #F 0. 1 mol/L EDTA ¥ 5 Mcllvaine 2% i
VRV FE 101 B ELBNR A, BE %) i EDTA-Mcllvaine $2 80U (IR 5 /5 pH HZ1 8 4) o
2.3 KEERETALE

BX 500 mL 7K#E, A 50 mL EDTA-Mcllvaine £8 WA YR AT, #2105 RIS A e ug BT vk, 7
13T SAX-HLB BB/ M (SAX F11 HLB 39/ 2 mL 5,2 mL FFEE,2 mL B4k WiAbH) . #EEE
BUE , B2 SAX A, A 2 mL 15% Y P B oyt HLB A ( LLABRI A HLZ45T) , B 3 mL INER( & 10% F
B VERBTAE R . VIR T4 mL ARSI, SRR S Ar ST/, B 250 pl PREER,
FEHBT 4CHF.
2.4 AP TMAETAE

BT L ERE R A ER TR R 0.30 mm KR, FREL 4 g BLASETEH S, INA 20 mL EDTA-
Mcllvaine Z8 W, #% %% 30 min B L2 RBOK . RERE3 KI5, G 3 RBUK , 3T RIS R LT 4 Uk
2.5 sy

i Hypersil ODS (200 mm x 4.6 mm, 5 um); @ EHHE: 0. 01 mol/L {55 R /K ¥ K M1 2. i

(60:40,V/V) s Ji# : 1.0 mL/min; FHREFRATR: 20 WL AR : 25C A . 278 nm,

3 #R5e
3.1 REUEAYERE

POIRE LB E (TCs) BB HEARSE, ME S 5B TEA! "™, W85 T 0B te TCs
5510, PlULEERE , B S 1EaE A TCs MR »

EDTA-Mcllvaine 28 WMV 7 TCs (4R BURK , 76 & S SR BERE S b AR LA (B Mellvaine
HEWE pH EHARME, MR TCs BIMEF Al LUE H , BRI IE K L BE G X TCs BYFEHL, {HRZ Y pH <2
W, TCs B4R . 2 SLR H A, ARLH%EH T pH 4 A Mcllvaine Z 1 5 0. 1 mol/L. EDTA 2% i
BB A ER TCs MIRBOK . SLIZ5RIER EDTA-Mcllvaine X F CAP RYZEERECRFIFEIR4F . AL
I ¥%#% EDTA-Mcllvaine (pH 4 ) 28 iAW [R] B 2K BL TCs 1 CAP,

3.2 FimER

K IR, RRAVLER( EENEHER) &85 %R &, % HPLC /AR KREI# W,
AbFRRE LA, NS SR HLB /M4l fb FUE £, HLB /N 76 R BiEBT AR 2 04 [R] B 22 R B R B R A AL
7 IR BRI, B T P A SR O, 7 S S VU A R RIRT a3 R E R HEA Y, 33
4y B nt , HHLURAIER &, L AU, X CAP R R, TRRHAMASBRIERAIENT
. (1) 7E HIB B2 AT H B SAX #, 7EBRM:AY EDTA-Mcllvaine & UK 1 , /8 5 R 25 A DB ER LABH B T
TR AETE , 7EEAT SAX LR Al LA 20, mHi AR o] L@ i SAX K (2) AINER (& 10% B BE) vk
FiH AR, PR FIGVERR " Ee MR R AR MR . PR AR M L PR BT , XoT R B R ) I
AR /N AR P B A e B T LA KR A A LT G . 5 B B SN RS BE 52 2 vE i HLB
B AR, AERBFINAGEPRIRA M, LIS & & INA . £ SLR e P EEAINER
B HE R 1:9(V/V) B, BT LASE2PEf HLB A b pobi A , [FI e o BB 78 20t s 4 X A PLB B9 e , s
RAFHIRUR :

R T UEBH SAX HE AN B R A YRR I AT RICR K AR IR B A TR S o B e S1.S2 #1183 =46, A
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EDTA-Mellvaine 28 shiF W 32 U 43 H12R A 3 Fhalifb & SR A9 715, B - HLB -F B UE5E \SAX-HLB R EX-H
B B J FISAX -HLB SR BK - Y B (310 % iy P ) kBt o 75 HPLCAS: I B, S2 B4 AL e #55 LL S 1 A9 A7 4L
FRIEFE/N 50% B A R HIETH BN 21 3 marmy s meR( %)

S3 bt S2 AL E FEAK 30% , $i A= Ay Hi g Table I Recoveries of three pretreatment methods (% )
T BAE L, VU BRI g R Ui, ] SAX M CApo1C TC  CIC
A( 410 ; AT L b 4B HLB-H EZ Methanol 68 51 42 35
P (To HIHIRE) , BEFT AR EM%B’J% SAX-HLB-HIE% Methanol 67 53 43 36
ﬂﬁ,ix%?&“ﬁ@w%(% 1 ) [o] J—H’J,Z:y“\‘gﬁﬁ SAX—HLB—WEH Acetone
(4% 10% B AR including 64 58 48 36

# SAX-HLB Bk H4lifb &5 -NE (% 10% B EE)
VERELAE BT AR Yy | 3 v BT A F AR I Y AT A 7
Jitho

3.3 BiEFHMEE

TCs LSRN RE TS, SBE O BN NEE S A KR ERMEPRM
BRI BRI o T R R R . SRR B 81 cap

FRRAYHE A 0. 01 mol/L, B/ 2.} LL Bl 460:40
(V/V) it , AL TCs HBEREITHFE , T H CAP H)
W [F)RE R4 (18 1 oAk B 59 1 mg/L BObR R
VRGP A R 7 B S B s e 8 20 R
BAEZEN) . RLEHEZREMO0.01 mol/L MEE

10% methanol)

HLB; hydrophilic-liphophilic balance; SAX; strong anion exchanger;
CAP . chloroamphenicol; OTC: oxytetracycline; TC: tetracycline; CTC:
chlortetracycline.

TC

mAu
=T R N

WA R B A

TCs F) 52 Sh 46 I i K — & #E 250 ~ 400 nm
]t DR L X 1) 36 4% TCs A CAP L [F) Ay % (i Ae:
WP, P 254 270,300,340 #1355 nm #H 17 H
B GEFAERH SR K M it 300 nm LA f5 , CAP iy

t/min

B 1 4 FhHiAE e HPLC B (1 mg/L 451, £ 5

ToKECH)
Fig.1  HPLC separation of four antibiotics ( 1 mg/L

standard in water)

WEARAER, TIAE 270 nm i) 4 FA R AIESHRE. 1£
260 ~280 nm P FE P — A SE0 HUAR, B 18 7% 278 nm Oy 4 Fhi A R AL RIAE I
3.4 £ EIM . aHRNE R

PRUERIERNME BB G H BRADIATRE o 0 BT AR S5 R LR 2 IR 3,

R AR 2 MR TR KA RS, BE I AR 0.2
0.5.1.2.,5.10 #0125 mg/L H)IR &A1 HE R IR
BB HERFI R X R B (r) 9 0. 9987 ~
0.9999, EIMLF T 1.7% . Lh 3 55 M Hok
% CAP OTC.TC 01 CTC Fy#6 I KR 53 5114 23

F2 &M EIMENG IR

Table 2 Linearity, repeatability and detection limits
CAP OTC TC

CTC

LR MEHE 2 R U Linearity

Correlation coefficient (r)

0.9994 0.9995 0.9987 0.999%

I Repeatability (% ) 1.7 1.6 1.3 0.9
18 .20 132 pg/L, ¥ HiFR Detection limits (ug/L) 23 18 20 32
2 FK AR A (3 FR RS
#=3 PAERARHENAREIRE(% )
Table 3 Recovery of antibiotics in water and sediment (% )
FE mAE I Recovery (% ) ¥ o mAE 3. Recovery (% )
Sample Added Sample Added
(%) (mg/L) CAP OTC TC CTC (%) (mg/L) CAP OTC TC CTC
0.2 85 79 85 88 e 0.2 47 46 54 36
K Water 1.0 93 89 98 97 SUZTR% 1.0 79 54 2 49
5.0 94 60 80 98 ediment 5.0 83 46 62 47

LEIEAA S HAER) PEARERE , R AR S RN E R R, Z58%8. (1) R —Fi
EREARRN R EWERAR, X2 FEN B PTUER SRR R, 3 R85 w2 57
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AUES X TFR—-MITER, KN ERERER, TR, MR RME, SCH#k(2,10,11 14K HE,
OTC ., TC 1 CTC FEH F K P A [E LR Ky 76% ~99% 86% ~98% F1 87% ~90% , 7E 4338 v iy [ s & g
27% ~85% 33% ~41% F 57% ~76% (PIRRY) MR Z TCs WL R, i CAP LXfHLEER) , SR LKL
REALTHENEE; (2) ARIBPTERER —A B EEREARRE, dTF TCs MR CAP 38,
i TCs BRI LL CAP 1K,

3.5 EHERFMER

FE 55 BE T A BT WA 7K P 5 Y I K P 0 B AT R AR KR TR
Wﬂﬁm%ﬁﬁﬂfﬁ’ﬁﬁﬁﬁﬁ(@ﬁfﬁﬁ £4 TEFRERMEER

MEEBL, N T'f?r[](ﬁEZKﬁ CFIREERT 4P Table4  Analytical results of real samples

PRER) . TERABEIEIGM TR EKEE 2 4 B 5 Sample CAP  OTC TC  CIC

) T2 AN FaTH& 7K Aha lake 1 0.6 0.6 0.7 0.9
(BT 1.2) , 42 B0 O RFOKHE 1 A (e FATRA#A7K Aha lake 2 0.7 0.5 0.4 0.6
W 3) s I EKEN T ST b, I wi A BIMAMIA Aha lake3 0.8 0.6 1.1 0.5
: sk Water R3S Nanming river 0.2 0.3 1.4 N.D.

ﬁiﬁﬁﬁg%@mro }ALWGTH@%@‘E (ng/L) @¥57Kk 0 South sewage 4.3 5 4.4 2.2

FAIREKE2 AN (SIE1.2) IR jé*’?;gu North sewage 1.8 8 10 3.4
o — . BT J Wujiangdu 1 02 02 04 06
2AN(BITE3 4) EEEFAXK TS T Wu}ianiduZ 0.24 02 0.3 N.D

1500 m &t( %j&j(ijl ) %%‘mfﬂ% 1 /|\( —% YLRRY L3973 Wujiangdu 3 37 156 113 90

Sediment VLI Wujiangdu 4 18 119 84 42

L S) o Fa BT B 5 53 T B — 2 T (pe/ks) BT Wujiangdu 5 5.2 21 248 73
O ezt A P R R R i ] S E - e ———————

H B ATE KICA ERAHEYS O 73 5%

SKFE(REALHERE O) , THES O _E#F29 200 m 4 RA /K RE (B B ) LIYERT L,

K BRI S MEATIE R MR 4 R, BRERH.: (D) MR amMERRELT

B BRI AERKEY ; (2) BILEKERAXKKEPRITAERSEH AR, HRE L
KIWEHER . TURYFRIHA R S BER, ERAKX T 1500 m AAWTIRY P HAER ST EHBES,
WO RBA — T BME; (3) RHMT R HES O B AR TR, WA sKPRHiER
RS T L, BRI IS KR AE R EERE,
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Determination of Chloramphenicol and Three Tetracyclines by
Solid Phase Extraction and High Performance Liquid
Chromatography-Ultraviolet Detection

Liu Hong*"?, Zhang Guo-Ping', Liu Cong-Qiang'
! (State Key Laboratory of Environmental Geochemisiry, Institute of Geochemistry ,
Chinese Academy of Sciences, Guiyang 550002 )
% ( Graduate School of Chinese Academy of Sciences, Beijing 100039)

Abstract A method for determination of chloramphenicol, oxytetracycline, tetracycline and chlortetracycline
in water, sediment and soil, using solid phase extraction with high performance liquid chromatography-UV
detection was developed. The four antibiotics in water, sediment and soil were extracted using a mixture of
EDTA and Mcllvaine buffer ( citric acid and sodium orthophosphate ) , then cleaned-up and pre-concentrated
by a tandem method using strong anion exchanger ( SAX) cartridge and hydrophilic-liphophilic balance
(HLB) cartridge and then eluted by acetone (including 10% methanol) to depress the interference of nature
organic compounds. Using acetonitrile and 0. 01 mol/L oxalic acid as the mobile phase, the four antibiotics
were separated within 8 min. This method was applied to the analysis of antibiotics in lake water, river water
and lake sediment.

Keywords Solid phase extraction, high performance liquid chromatography, chloramphenicol, tetracyclines,

antibiotics
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ZHES-REENRAEHIERRABA O EREATRIF RN #TEENETE, RABTBREOTERM
KR Ok A SRR RHEELE T AVt o TAYE BRTRRAYHGE T EOMA. RT
AR TEMEATERER TR — BT TR EA G, Z B T EIeR B AEN T EHEA T & 4 F
WEAE BE T A BTB BB FEIE B B RSB ER . AL T A AYan 7% EEBT
BRAYHZ SRS  LRINSE , Wi /R KRR HITRF R LA,

BB ERFEE AR EERE, B AR
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