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Optimization of residual tetracyclines analysis in soils and manure
using SPE — HPLC and pilot survey in Tianjin
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Abstract: Tetracyclines(TCs) are the most commonly detected antibiotics reminded in soils and manures in China.
The survey of the residual status of tetracyclines is important for evaluating possible biological risks caused by direct
exposure of bioorganisms and human beings. In this study, Analytical methods of three kinds of tetraclyinces,
oxytetracycline, tetracycline and chlortetracycline, is optimized using SPE —HPLC. The residual status of TCs in
soils and manure in Tianjin was investigated using the optimized method. The obtained method recovery rates for
soils and manure are increased to the range of 52% -95% . In the surveyed feces samples from intensive piggeries
and poultries, CTC is detected in 78% of manures with the highest mg/kg, and OTC and TC are detected in 56%
of feces with the highest values of 34. 8 and 22. 7mg/kg, respectively. TCs are also detected in the market manure
in Tianjin with similar residual levels and percentages to those in the feces samples. The total percentage of garden
soils containing detectable TCs is 64% of the surveyed soils, and those for OTC, TC and CTC are 18% , 36% and
32% , respectively. The highest values for OTC, TC and CTC are 105.6, 196.7 and 477. 8 pg/kg in dry weight

A 2012-10-17 HEZH#: 2013-02-03
ELWE: ARLFUHRERERET(CARS -25-C - 11) ; A HEL (Rl BIFFEI(201203095) ; EZK B84 (2012-01) ¥ H).
fEEEIT: KER(1985—), B, WARFEA LB A, TEMNELRFIRA AP . E-mail :22q551@ qq. com

#* B{51EH Tel: 010-82108662, E-mail; huangshaowen@ caas. cn



714 HYE SR 2R 19%

respectively. The residual levels in soils under facilities are higher than those in open fields. In 25% of surveyed

garden soils, the total amounts of three kinds of TCs are higher than those in the trigger lines causing biological

safety.
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BEZR(OTC), 0.100 g U E(TC)F10.200 ¢ &F
F(CTC) ,EA T 100 mL I, (MG EHIKE N
1000 mg/L OTC, 1000 mg/L TC #1 2000 mg/L CTC
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WA (0. 01 mol/L EERRIEW - ZJF - FHEERI AR
R 76-16-8) ®AE 1 mL, 53 0.22 um B EGH
#Z BV, HPLC Ml 3 IR S &, Wl
HMGERAEFRE LR SR E, WHER 1.0
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Fig.1 Chromatograms of tetracyclines obtained in 4 kinds of mobile phases

[ (Note) ; a—0.01 mol/L HEERYEW/ZE =70/30 0. 01 mol/L dicarboxyl-acetonitril (V/V =70/30) ; b—0. 01 mol/L HERRIE/
ZfE/HEE =79/10.5/10.5 0.01 mol/L dicarboxyl-acetonitril-methanol (V/V/V =79/10.5/10.5); ¢—0.01 mol/L WEBRIZK/Z &/
FEE =76/19/5 0.01 mol/L dicarboxyl-acetonitril-methanol ( V/V/V =76/19/5); d—0.01 mol/L WEBREWR/Z E/H B = 76/16/

8 0.01 mol/L dicarboxyl-acetonitril-methanol (V/V/V =76/16/8) . ]
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Fig.2 Chromatograms of tetracyclines in spiked soil and manure samples
[ (Note) : A—1$EFE ) Soil sample; B—¥5 26 5 Swine manure sample; C—X538%#E i) Chicken manure sample. ]
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Fig.3 Recoveries of tetracyclines extracted with
different buffer solutions in soils
[ (Note) : A—0. 1 mol/L Na, EDTA-Mcllvaine £ & ¥#X 0. 1 mol/L
Na, EDTA-Mcllvaine buffer solution; B—0.1 mol/L Na,EDTA-

Mcllvaine 25K/ FF B4 (A FRIE& Equivalent volume mixture of 0. 1
mol/L Na, EDTA-Mcllvaine buffer solution and methanol; C—0. 1 mol/L

Na,EDTA-Mcllvaine 22 % 5 A EE (& 20% K 0. 01mol/L EERH
B#) Z{X BJB & Equivalent volume mixture of 0.1 mol/L Na,EDTA-

Mecllvaine buffer solution and acetone ( containing 20% of 0.01 mol/L

dicarboxyl in methanol). AR RF8FRR A [F] 42 B A 42 B %R
TE 5% /K E-2£ 57 i Different letters above the bars mean significant at
the 5% level. ]

FEIMA SRR ER (& 20% /9 0. 01mol/L F R
HEE) B nPVE AR BB 2 ARG 28 i TCs , L EUR
T RIFHRCR , B 53 AR 61. 2% ~ 94. 2%
69.9%— 81.8% ,

2) BB ERE  ARSLI AT 0.01 mol/L
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PR R IR B RR (B 4), Bi& B OTC, TC
CTC [t 24351 K 96.0% . 90.8% 1 91.6% , J5 &
B B S F K 99. 1% . 98.4% F191.3% \ Wi% 2
SRS, (B2 PEE AR BN, X R R R
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SRR, BB BE B A 4 B A G 1) A
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Fig.4 Recoveries of two styles of eluant

[HEE(Note): PR HE 1 25 0.01 mol/L EH R B fE Eluant 1 was 0.01
mol/L dicarboxyl in methanol; ¥k 2 HHE(F& 20% 0.01 mol/L
EfRH B ) Eluant 2 was acetone ( containing 20% of 0.01 mol/L
dicarboxyl in methanol. ) ]

2. 1.3 LREEIAT, BRI HR B R
PR AR ETS I, 18 3 Fb TCs BMA L AR ()
HWE () WERHRIFHREXLR (R >
0.999) , 3 HILA 3 F5A1 10 {51 LR 1G4 tH BRAE
R, ERNE 1, # 0.5 mg/L 2.0 mg/L K45
HEPE W B SERERE 6 3K, 3 T TCs HYLR B B B)
e TE AFURE S A #E A 22 (RSD) 97 0. 6% LAF , EHL
PR

PRI 3 g T (BB L L4 RifA VU3
H) M g & EEE(ERBEEEMRMLLE) ,Zm
A1 mL ) TCs BEARHETAERR, FHFE 12 h LI |,
KA L4 Friddr kTR AT B R €, B R 3
Wo HRRY, LIEERHEINEIRRLE 52. 1% ~

®1 3# TCs mEEEAR ., WHR, EERFEKZE
Table 1 Linear correction equation, LOD, LOQ and recovery rate of three tetracyclines

R EBR [B 4% Recovery rate( % )
B Lt - o0 100
Antibiotic Linear equation T LEY 3%
(pg/L) (pg/L) Soil Swine manure  Chicken manure
OTC y=34.6611"x-0.1713 0.9999 7 25 80.1+3.5 94.2 £9.7 81.8+9.0
TC vy =34.2408 *x - 0. 0136 0. 9998 7 25 67.0£2.4 61.2 +8.3 73.5£3.0
CTC y=15.2184"x +0.1177 1. 0000 18 60 52.1+3.8 68.5 £11.7 69.9+7.5

1 (Note) ; T3 FEIeFnamerh OTC ., TC F1 CTC AINARYE E 4354 10, 10 F120 mg/L The spiking levels of OTC, TC and CTC in soil, swine
manure and chicken manure are 10, 10 and 20 mg/L, respectively. LOD—Limit of Detection; LOQ—Limit of quantification.
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80. 1% Z 6], 5 ZEFIIG 22 A U I Bt 2R 7E 61. 2% —~
94.2% F1 69.9% —~ 81. 8 ZJa], 5H A" g mrsE
oy VeI
2.2 THEMBEHNEERNUEER

FIA LR LAL R W 200 i, X R T 3R SRR
T EEHAY 25 A 1R R L HHE 9 LR
(X)) SR ZERERD 4 FHRE SA DLIEHET TR0
2.2.1 EEEFEANRHAIEMNIIERZBYEAE
BER BR2WLIEBH, FrAENRE MFE
SRR BIA R K8 TCs 3288, 1B B & 5%

KRB KFERBR K, A 3 MR RNE T
3FHLAR,2 MM ERNRNE T 2 F,4 AEES
Heus T 18, iR CTC & ,23 78%,
OTC A1 TC ¥ 56% , OTC 5 B K-F /N T HH FR
(LOD)~34.8 mg/kg( T3, I FERE A TH),
R 7. 3 me/kes TC M/ TR HFR(LOD) — 22.7
me/kg, R 1.5 mg/kg; CTC M T 4 i 1R
(LOD)~563. 8 mg/kg, 1 a]{H 6.4 mg/kg, HER
REIFEROR BRIE A & EEK R XSEE, OTC, TC Al
CTC %R B8 43 HE3ik 16. 2, 22.7 F1563. 8 mg/kg; TF

R2 EREFEWHREVIEH TCs AR BHER

Table 2 Tetracyclines residues of animal manure and commercial organic fertilizers

FRAE B . EkE TCs &8 Residual level
b e S v
Farm scale Moisture (mg/kg, dry basis)
Surveyed site Animal source

(No.) (%) o1C TC CTC Y TCs
REAHXFOE
Xinkou Town,, Xiqing Dist. Tianjin 8000 ZEE Hen 75.9 3.65 £0.58 9.53 £0. 10 2.90 £0.07 16.08
3&@@%2 50000 ZEE Hen 74.9 nd 3.09£0.13 6.37+0.34 9.46
Xiqing Tianjin
KRR 5 20000 ZEE Hen 78.9 nd 3.58£0.35 nd 3.58
Farm of TAU
RERHEEIMR S
Duliu Town, Jinghai Dist. Tianjin 4600 ZEE Hen 76.5 nd nd 2.10 £0.47 2.10
RERBRAEFE .
Shigezhuang Town, Wuging Dist. Tianjin PIXZ Broiler 73.8 16.19 £0.49 22.67+0.66 563.82 £13.94 602.68
REAHXFOE .
Xinkou Tovn, Xiqing Dist. Tianjin 100 % Swine 78.7 34.78 £1.17 1.45 +0.24 15.15+£1.05 51.39
RERHEEIMR S .
Duliu Town, Jinghai Dist. Tianjin 100 ¥ Swine 72.6 7.26 £0.28 nd nd 7.26
RETERENSEYS .

1 73.1 d d 7.26 £0. 7.

Chengxiang Farm,Xiqing Dist. Tianjin 000 3 Swine 3 n n 2 +0.33 %
RERBRAEFE .
Shigezhuang Town, Wuqing Dist. Tianjin % Swine 66.0 14.29 £0.25 nd 157.92 £14.03 172.20
oF [HETRLES
Liaoning Province Comm. chicken manure 4.5 2.23+0.25 nd 7.65 £0.47 9.88
T o
Lo . — kit 2%5.6 6.5 +0.38 nd 17.49 £2.12  24.09
Jiangsu Province Comm. swine manure
T o
Lo . — ke 2.8 133:0.14 0.87:0.03 451+0.8 671
Jiangsu Province Comm. swine manure
T o
il — RakniE 120  0.19:0.01 0.18+0.01 1.07+0.08 1.4

Jiangsu Province

Comm. swine manure

1 (Note) ; nd—FKA&H Not detectable
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ZERENEZOND TR OTC f1 CTC, R B
K53 Bk 14. 3 F1157.9 mg/kg, 5 RAGIEFE
ZEMH, BREFEPNIERRB K FERAEAH
FRPE R P AR B 22 R BRI

R 4 A RAVESSS B 2 A HEE

KeiE] 3 FF TCs,2 MRS 2 FF,OTC F1 CTC fk:
H %% 100% ,TC BR 2 W7E 50% , OTC. TC
CTC SEH B B4y 7% 2.6, 0.3 F1 7.7 mg/kg, CTC
KRR PR TEARFEGNE S ZEER RN
HrE) .,
2.2.2 HIEAASER TEAESERNKI. NFEK
3ELAE 3 MBEAMEAAPVUE AR B LR
RRMBHERNFRE. 22 M EHTERESS,E
14 AR RIS TAFEREMILAE R, Kl
FH64% . A 6 MG TCs B 52T B M 2
MEENAEZRBHESE 2K % (100
ne/ke) P, TC 7E 8 3+ M, RERE
B4 196.7 pg/kg( RTFH, DT HBEHER PR T
) ; CTC7E7 3R LI|P R, B Rk 5] 477. 8
pg/kg; OTC 7E 4 MM LI|h R, K&k H
105.6 pg/kg, ML 3 MPERWRBHEKR
IR TC(36% ) > CTC(32% ) >0TC(18% ) ,

M=MERRIETRE, 10 MEE LIBEHGA
6 LB TCs, R F 2y 60% ; 6 4K 1 58k
i 4 R3] TCs, R i F K 67% ; 6 MEEHISEH
3RS 5 ANEIE] TCs, ¥ H % % 83% , TCs
REESERT2MEREN 6 MERPE S MHE
BEMAH L,1 Ak B TR,

A FIREAE R LB R BoR 11 ARk
DisedE 5 LA AL A 7 AN RIE T TCs,
K2 K 64% ,HH 2 AMRE] T OTC,4 AN
HT TC,3 M H T CTC, OTC, TC 1 CTC 3% 83
BFHHIHR12.5, 26.9 f67.2 pg/kg, 9 MFFEE
Pis7E 10 ~ 19 R LB RS, F 7 AR R
TCs, R i &K 78% , K g 2 M3 T OTC,3 4~
KW T TC,3 AWM T CTC,0TC, TC F1 CTC
BREBETHDANNT. 4, 37.9 F137.5 pg/ks,

RIBER, FHMPHIERRBER—EN
s, FE R X3 D4R 7 MRS TP 3R TCs, i
HEHEIAEN R HERBIR B TEAEE
FEARIREEA 2, ¥ A R85 16 g & FioR IR
wof 3 5% KB

3 g

3.1 RUESHAZHTREMTAYE

B A3k s 1 A PR B R %, BT RR 2
BENR AR LR S 22, W IU3R B 2R /N F
B a0 ) B L) Na,EDTA-Mcllvaine 22 My ¥
FAF 3% TCs PSRRI ZR AR, R B2 A CTC 1Y
[ R — R T 50% 0, 2R 3r 4™ 3 B up
WAHEAT T o, R E B P I A SR L RS
B IER I, CTC B E RS 75% , Bl T
HROHEMERPEEENMRETK, FAEERE
HERIRE ABFFTX AL B AW E ki )E
F-4 | ARG IERE S TCs BIRE L BIZE 52. 1%
~80.1% ., 61.2% ~ 94.2% F169.9% — 81. 8 Z|a],
FeH RSB R EIER KRS T FEZEHRE, Hi, X
— AT B A RERT AR , T ELBISCICRE , R
TR AL B AT 4L T 2R
3.2 REMREHLFEIGT ERHEED TCs &
BRR

ERBEEERN I MEHIEER D, HBET
TCs MR B, BRHBEMZRBKFEZREK, £Y
W F R 2R CTC Ru 2R3k 78% , W EHE N
6. 4 mg/kg, B {HET) 563. 8 mg/kg; OTC F1 TC (¥
Rt F A = 38 56% , FEE > HIE R 7.3 F1 1.5
mg/kg, B EiAF 34. 8 F122.7 mg/kg, KETH
KAFHEGEE LMD CTC & B/K V&5, 0TC
TC RBAFHEE, RE 7 M. TR REREL
FFE G EE T OTC,, TC f1 CTC {35 & 5510
9.1,5.2713.6 mg/kg, WEP KT EF R H N
6.0, 2.6 F1.4 mg/kg"™ . JLETIEEEH TC, OTC
MCIC WEHSES R N 19.3, 12.5 1 15.7
mg/kg, RPN FESHH 9.9, 4.2 F 3.7
mg/kg™ . WIS R ZEF M BIK OTC & &
S3K 69.5 #1127.1 mg/kg™ , FUHA ST H
181 NE HLIERE R RN 2 B8, CTC RyA i B 5,
% 38.0% ,0TC %y 16.6% , #iiT4 155 MUEUE
B (EHE 93 MELERE,31 MIBEHE, 18 Mg
FEFN 13 AN 2846E) TC, OTC M1 CTC HiE BB B
EAH7E0 ~16.8,0~29.6 f 0~ 11.6 mg/'kg
], S5 B4 8 OTC (5.1 mg/kg) > CTC (2.2
mg/kg) > TC(2.0 mg/kg) "™, HERE,3 B
AR IR BN EE, [ — &P & T LA FE
R E] 2 B 3 # TCs, BARAWERNARTAE
RRE, HREKFEAHTEZHE Mmg/kgk
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R REA G B T AR B, X 5 AT R A
BRI,

ERBEAFRBHAINEAESE RS BAEL
I TCs WER B /K F-A5R B B 25 57 BE sh Wy 25
FEMBZ R KR, B EEMEFENE, 25 B8
Ko B 155 MIEAFEGHWAESRE
W, EEPHAERSER T HMESE, 4 £
i CTC & B8, B2+ OTC F8EBE™ . &
REXEEENHER T, REREES 3 LR
KRR T HERE (SHEGEMBEEER),
BEDRHEENE S TEE, BWEHFEF OTC
HRE R £ E MY R OTC ¥ 3 ¥k ¥ B &
WP, BEARMET, X2k OTC B9 1R vk B
10, 20 A1 40 mg/kght, OTC P % 2 3 #1430
55.5.123.8 M1 173.3 d® , FhRI2E5E o HE AR SR G
BT OTC, TC il CTC 7E AR RIZEE o R AR 10,
LEREW OTC X2, BEMA LM IEPH
HEHILA A 5 d,TC f1 CTC ZE=FE B ZEHHE
FEEi s 4 ~7 d fI3 —~4 4%, BRTHBIR
MIBERXGEES OTC WML EPIHZR K, WTRER
BN Bri A B R IAVR E 22 R B K. [ERREE A
BHRIER , XS ZE K OTC FE SRS, B, &
BEHPH TCs FE2EARFERZBIAFIET L
e, T E BB T BRI (B8 T ) BE 28 26 el
M. T RRRAERMEARERE, AR, B
S ST

B A IS ALY R R EERF L
PR TR IR AR, SRR DA
BREE LM TCs, R BRI B KB/ IR Ty
2 TC > CTC > OTC™ , ZE REIAZ W 4 MUEY
IR W XS ZE R 288 IFORH A P O R i A DUIERE
o HRARKE I 1 AR IR 2K B9 TCs 32 B8, OTC,, TC Al
CTC ¥R BE A H N 2.6, 0.3 M 7.7 mg/kg( T
#) ,0TC 1 CTC W FX¥/KEm FREAUFETZH
FEEEPRNMEE, R ELESR TS
B TC <CTC < OTC, 575" WBrs 45 R 3 A
—H,BREMERREVNEFHIAER TG BT S5
mg/kg, XTTRERE A ZEMHP TCs MBI IHIEE B
B T e, MR R E
KEF M5, OTC 1 CTC A EC50 43 71K
64.3 F16.1 mg/L™ OTC 3} IR Y EC50 {8 %
1.2 my/L®, \ARRAENHREGE B EANE
B —BeIRIETT IR H, AR i TCs & B 4%
B CTC By& 8 50% L L8t 6.1 mg/L, H ik

AR, B 5 A DU T 558 B A 4 S & 9 TCs,
WAk, B T R R R DU P R, B B
B RBEARTE . B, B RAUE M ERE —E
AR,

3.3 RiEEMEEDR TCs REWRR

FER AL T 3 VB TR L 22 38
R R ARG R RIS B R B, T
22 AN SRR P 14 AMEERCRRIIE T AR
RRERPI ARG, KRN 64% . RIFAVIEM
PR (32 3) B H TR G A WIS, sk H
AHUESERR N 75 — 225 m*/hm’, ZEWILHX
HMEERY, HESRENRELEDP LB R,
W EMEBRREKTEAPRRIGEE SEER D
38, 13 012 48", B, BEE R KB
R TCs BBRMEEERHA,

FERIIE 3 R TCs ¥, OTC, TC F CTC B4 i
AR K 18% | 36% Ml 32% , BEm R B RS H
105.6. 196.7 F1477.8 pg/ks, EXH5R B EH N
9.3,28.9 f148.9 pg/kg, X—HBLERSRELR
N BHRE T, b an T M BRI S 3k 3 133 b 3
Fi IR 2 K AL A WK H 2K 19. 4% — 96. 8%,
FHERN.6 ~44.1 pg/kg™ s REEKMIH AR
PR B3 2 13 OTC FH B H 9.0
pe/ke,CTC FHEEAS. 1 peke”™ . SHARM
XtHEEZR LR BNERRZ, A A PUE
FEREKFHES, WSRREY., TEGRE
PUESE 2 RE KA X, SAVER S EERD K
Ptk BEARSME., DIEAEABEYRRNRE
FeEmE X, EmmAKmRRR, RAREES
CTC. OTC f1 TC &4 Bk 46, 29 123 mg/kg,
{E Bt Al %26 I - 46 1 R 1) OTC #0 TC, i CTC
FEHFE 391 pe/ke™ . FRFEMR RIS
WHES, ST REMEDRREE SRR,
XA ELAE BB . BRI B EARR™ , F
—EH PR FIFESE , TR R B9 TCs 28 AU
EWEARRE . BT TCs ZE R EFHRF M b B 6
T8 , BRI FIH X G A HUIE 5 10 TCs 3R B
FRAE FIER BB 7K AR ), (BRI o

MERMEEERIE T RE, TCs RBBESESR
LA RAN 6 AL 5 A B BB,
B A HUIE S A L3R Y TCs 7E 3R 3 Hh ORI EAS
EHAMERRR, B TCs — BB NS A b5
ey, W BRSE F PR ATFTE , FRRE I ] B FE K T
AWk R BRFEMEAER b8 TCs 58
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F BB T M4 B2 2 (e 26 8 o R BRI
WEE I R RO E I, TCs 2B Ui % , BB T R
R BB, EEREIEIRHME T, Bk
By = L3 eh TCs AR TR BRI E B
16t AR 5% B K P T B2 v TCs ZE B
TEHETRAEERR TS B IR E, e
FEEZEH5R BB TCs WM MR R LB Hb KR,
7E TCs REAEH A FRFMIRT C4 f C 35 C6 F2
B R AR ERERR N . BRE R
REHAZE RS 2B 2L FRRT 50 d 24, YelExt OTC
HOREMRZR & T 20% PV (B FESERR A 7 o, 6 IR M
FES em TR, Bk, AR R T ERR,
A HUIE e I 2 B 43 T K A% 30, B, AR MR
TCs AR+ E L EARHHEXRTENRE, AR
BT, WG B THE R E,
XA B B4R TR AR/, (B A 2 A IR B R4, 33k
S B AHRE B INSR . I ey
TP RRR i R AR Y R E A
BAMT , 2R 5N T REEEE, e S
B, SR SRR , R M e A LR L TCs
PoRp R, MK, MLy BRI ELS,
B R B — ST 0°C, 3AE 9 B0 5 1 78 B B
TR , X& BLER I 43 A 7 BRI 55 , TCs 7 7T BEA5
LANE Bt T LR b T F 8ok ek kvt AR
5 ROMISE SR M T RIS B — R LR 3R
KB, BEAHTEANSHARNERY,
B, BAREE R 3 O A P I B — K TR
F M, 3 TCs BYK: H 25 T B T iR s #
AT A 2 3% F S A R AR BRI RERD
SEAR PR B JE K T3 , b3 A 1) S48 19 1 3% | TCs
FO5R B HLAPSERG e B i B, X T RE S AP
i S B 48 b PAE T X TCs HLik iR A Y
AR WA, RESI RSB PP E R
P, SR i T8 UK R 55 B ML AR ZE RE AL
e, RERXG 2B 2R RRBHTIE R RAE BN
H—sE B AR B, %A HUIE B L b R B
i TCs FhA LB B - 5R FISR A HUIEAE B
— B, BT TR R IR A LR
B, B HUER IR B P 2 DA R A A i
B, B T KM A R SR BRI, B R BRAR
MR A HUERKLL KM 5 TCs 52 88 2 Ji)
HIXR, B, ARk B # bl A 38 TCs B2
FRBiE TCs BBIBRIT %,

3.4 FHHIERHERRK

AHUEHER B ) TCs 7EBEA 135 T REGUAEY)
EHERIR T Sl S A BUR B R R
TR, FEAETE L SR OTC, Fff OTC 7EH:
BREAEER® . MNERZREBET OIC T, 8F
BLERIERK ALV B IRE Pseudomonas,
Sphingomonas F1 Stenotrophomonas J& 40 % f& Hi 2R B
BN, BHSERGERE 2 ~ 3 2, BABL
X B FERTFERIAIEBABER
Z7E 75000 kg DA | (B, % 60% K &1) , HA
AK TCs TRA I REE L A WA B2 ma A s i
o AnR3% IREREAMLE 5 R I KUK i 1 3 g
EREE 01 mg/kg ME" AV P HE R
B7E7.5 my/kg(F2) VL Eot, HSFHHIEH A
TIEPHPERM ST ETZ MR %R, WK
WX EBEHLANENEELSRE,OTC, TC f
CTC ZR B il ix Mk & MR 2 A 3 A, 24
M3A, BB YR E BN, ZEEREE 6
(HAEBE 46.2% ) , FHLLAZER CTC &E5R
B & 1 X8 25 (563. 8 mg/kg) 1t 3, & 20 BRAL It
997. 5 kg WA HUAE L T REF R A A 398 A= 28 XL ik
REH) CTC 3B, NS EREZRE, 61
THECEFERMR 27.3% ) H TCs Bk E &
fih 5 A= 25 XUBS: WY B Al K, B LB A 31 TCs
BEBAKEAMR.

HEr, BADHE —EXT TC AHEBEMNAE L
B RERAERIR, BERA VUL - 138 - Ak
RPHERPHREAE RS, LI, HETUEFA
HPAE RS HEPHARREBZ AR XK ARG
HRZREKF TEYX A R RIKIEN; Ba%
NENEA 1385 25 N7 R g e AU LA B LB Y
ZLMBEFHERRIR,

4 Zhg

1) &2t 4k bk %, 5 0.1 mol/L Na,EDTA-
Mcllvaine ZE 8% SRR (& 20% B9 0. 01mol/L &
R E) SHRRBESIENRBOE, W (& 20%
0. 01 mol/L FE/R FF B2 ) 4 S Bk i W, X T S AT A #l
JEH TCs BY$EBA R IA B 52% ~ 95% , TEWAH
RN b AT 5 I i, T E R AR O 0. 01
mol/L EERRIEW - LI - H B (B Ly 76-16-
8), TIEHEMFK M 0.01 mol/L EIRIFEW - ZF - W
BE(RTRIL N 76-16-8) FEVRML . A YRR
AT A BEML: 0 ~ 12 min, 16% Zfi§ + 8% H BE;
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12 ~ 16 min,25% Z.fi§ + 15% ¥ EZ; 16 ~ 30 min,
16% ZJi§ +8% W, W LB =FL AT 2 B
AR TR B B SE 2 Ve

) RBEANFHEGWE S EP CTC K&
KB 78% , PEME R 6. 4 mg/kg, B {HIAF] 563. 8
mg/kg; OTC H1 TC fyf i F Wik 56% , H A/ {E 4
FIA 7.3 F0 1.5 mg/kg, BRRE AT 34.8 F122.7
mg/kgo

3) M A VUE h RIEAELE TCs 2R 88, H =310
AR BRI R S FHEGHE Y, A
JERAESZ NIRRT ERER,

4)RHELEHR P TCs AR RN 64%,
=ERPiAE RS, OTC i RHEM(18% ) , KRS HE
3/ 105. 6 pg/kg( MTE) , P 9. 4 pg/kg; TC il
BN 36%, BEEED 196.7 ng/kg, T3 28.9
ng/kg; CTC &y i ol 32% , & =i {H ik 3 477.8
ng/kg, 17 48.9 pg/kg, B 6 SEH I|HM (L
WAREM 27.3% ) TCs REBEAETRLME
&, A —ERES XK,

S)YRBEEM+TEFA TCs WRBEEHEFS
JEH#R, AEETIEPHIAE R B REMSEAERE
KM, MKW 4 588 TCs R BKF= T8
3K,

& % 3 Hk:
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