ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE




w % B 37 535 % 4511

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2014 411 A 15 H

H K
P I L A R S AR BT R R S A AIRRAIE oo B, R MR, F R & (4031)
W75 2 1T TG 5 R S O I K PR S TR AR oo GG, ZRAk, B g B, BN B E R, R (4044)
AR Ul e ARl e 0l @ B 1 N R e R R EH, Y B, F T (4052)
2013 4F 10 KM TTRE—UCHRSEMEZS S5 R BRI AT oo oo A IR, A, R, 3R 12 (4061)
TELR PAITUR S IR I e SPAMS 5o 41 WURE ) 32 B4 A0 BT B HUBIF ST covvvevevmrermmmrermm e
................................................ FERT B A4 &, A3k, B, BN KRR AR, R 2 £ KiTH(4070)
PM,, AT AR PSR AT (R A 0 BT woeeemeeme e WREE B2 Bk, T (4078)
LR AR G PG B0 — FACBRIG R SISO A B FERESL -ooeeeeeeeeeeeeos T, AL R, R (4085)
e R X LT T /N R K AR SR BRI ZS A3 AR ARAE.  «evvvvvrvmmrermmnsrmmmee FA, M, KRR, EE F(4095)
VEARIK B AN R G AR HUBARDE S GREATPE oo ovveeereee e, XU, Aok, X, KR AkS, ZE(4103)
RYNTE VIR TN Fl TP AJGAE R BAREEREAIFGY  oevvrrrrer e ME K , S , ESNidi (4111)
VB TR A ML TE BT R R AR AT IME  covveeeeemmne e BEUR BT, EXE YA H(4118)
4 1L T ) 0B KR 2 SR TR TR 4 B A A R IE R A A JRUBB BT« v eveveneemmmrermmm ettt
.............................................................................. E%él,fWEf@,Ffﬁ%,Fﬁ?&ﬁ]’],?ﬁﬁﬁ,?ﬁﬁ@,ﬂ%(4l27)
PO SRS LB T T T ) A R B A SRR A -oovveevesssemosssesoss s W, BRI A (4135)
P2 T K AR TR T4 B 2 T TS YUt HE FL A HT ++vvvvvvreermmmmmreemmmm et EEMA,ZEF, ik E(4143)
ST AR I] T4 2 2 B 35068 (PAHS) A BRI ovvvevvveeeoeenoe RFH, 3G BB, T T H A (4148)
Rk 0 2t 2 T SEURHP A B 2L RS GT HE IR K B AT AT = e veveeeeem e 2K , Z , }@ﬁ@%( 4157)
R AR B AR DA TS VIR L R ZREVERNEEAAIEGTE oeeeeeeeeeeeeeeee RERE G UK, @ T (4163)
JETT 5 ATRBE R T 2 BERE A ANERTTE ooveeeerereeereneeneees FHK, R, AR IR B, KB, RFIR(4171)
LT R HE S B A B 1 T S i AR VG YLRIF ST - evvverevmmreermmnsernneeniinenns TR, KA, TE KBS T (4176)
SUR R Z B EIEB HIBLIBITE - oveeeeeeeeeeeeesen Uk, HFE, KSE, T, HEE (4185)
FEL B BT 0 S I e S i I T IR BB HUTTEGE. wvvvvvemmremnemm e, X&YW, TA, x| 8, BT (4192)
B O ALKV I 4 . RAESL AsCID) BEBHPERERIFTY -ooeveeeesseesens s A IR, K 2 (4198)
T4 BRI T AR (4 A T R ITGY v vvvvverremreeneanaaneaeeessmmnnninnninniieeans A E R, Bk, IR A (4205)
Fe TR A% /NR B ( Chlorella pyrenoidosa ) A= AHE S A AL B SE IRBIFSY - EHEF,7EE BET, Ak (4212)
R B R O PR LM oo EEE, IR FHE, DU, KA(4218)
Fe2* Fl Fe* * SRS EATEVRIE VYRS veevveeerreernreesneeeiis et e eniie et R EE RN, EZ T, 76 (4224)
CSTR AL TR V5 TR B AR AL AT FRIFFGY ovvvremremremnnei P 25, x| Cam, T2 % R0, B B (4230)
R B EUIORLTG PRSI T Y N, O FREERRAGIAI  ovvveossesssossns s T BB A K (4237)
PR 3 LI S R V5 VR S R P B AR ARSI oo I, R, XML 4 T, I E B (4244)
T AL )7 2207 B AL R IR TC Y G B - B VT R I TR B A AN +ovveveeemnneermmneenin i,
....................................................................................... Eﬁi,E#ﬁ,%X,Lﬁﬁﬂi,%l@%,%@ﬂ!ﬁ@(4251)
ACHUR RIS L TRV RISHUE B AP ATRRAE -+ ovveve o HER FILH, W, TN R, E T F(4257)
8T IS QU QIR IR S SR 2 Sipi W) 7 R KR, B A MR, B R, TR (4267)
FRFE SRR K A TR b SR AR TSI REBA AT -oovvvooeenvnssseeenees MEE RRE, KW (4275)
LT 2 - B ) S R R R BRATG IR A FE AR T S cvvveveevmmneeemmereii et
........................................................................ BARVL, HAklE | B EHIRE, BB, KXW, B (4284)
AR TR FREE X} LT IR A AG WU AT ELIR] oo vvereermmneemmmeiie i FHE, FEa, TKK,ZE, BEK(4291)
BRAAAL) 5 P T PR T S AR LT KA it DDT S SR - evveeoeeeeeooe HIBIE, b, E A E F (4298)
MBS KL 38U T 405 e MR SRS - voeveemeeomeeeeeeee TE RIS, KB E K (4305)
ENELIGIN S AT e L T e ol R R SRR R B BER, PRE, S E ) (4313)
RIEITF BAEFR I A4 JE B S ARHERCHRITFGT - eevrermmreeermmmmmreereemiieeeiieees A IR thr e, 2, 4 ORIR(4321)
5% Cryl Ac JEDRIT R 5 HORE AR AL AR PR EL B ZREPE A LLALE +vveeerreree e
........................................................................ AN, B AXE FFERE, TR E, EEE, K (4329)
RETVGRE X AR BITE Y I R AE M SR B SR AT B A v, R % | B AR, A EE(4338)
1-IE3EEERN 1 ,2-%@5&5"]@%%%5@%‘@@@( DNA FAGG ceeveremrmrrrr Rl , ¥ £ , 2y , Z 14 (4345 )
M SEHE AT U T T G A AT RSB +ooveeveeeeeeeee NEE, T B RS, PR AR, Y E(4352)
VSIRFATES R Cu Ak B B N A B HUREE RIS v eerrererrrmrererereenmrereneteeienan £, RAED WS K (4359)
B =) Nty e R e L 0L o FH A, T3, %0 B (4365)
TR L AT A SN BTN, OF AR BRI eeeveereeeemsee e THE BEE,FBE,KKK(4371)
SR B R FBRHE M K BT AL STRROMIRBEIL -oooeeeeeeeeemessss TS, R, T E T, DR (4378)
R A Tl 15 e T 0 AR BEAR R LBRBIHLIEIRIEY - v vvveervmmerrmmeem BEE T, BB A(4387)
B LY BT 5 N 1) L B 1 o el | St Ly i T PP kEE EEE(4395)
KA RE ORI GEIE B JT ] wveverere e ]E‘Jj—%’ %(3;9/(’ gﬁi@ﬁi(4404)

(HRTERAVIERI RN (4094)  (FRERFAVIEITIH SR (4126)  {5E.(4243, 4266, 4274, 4328)



Vol.35,No. 11

5535 55 11 1) W g L e
20 0 o $+ = Nov. ,2014

ENVIRONMENTAL SCIENCE

ERFEEBLEIEAREEMEER S HIFE

PSR ( PARRY I /i F 1 = S R4

(P EHLBTR A () KBRS B 2 B, KR IR SR8 TR T s S0, Jbst 100083)

HZE . KA Geoprobe FEAV 5t A mA AL M X St 1 L IEHI AL 45, £ %5 8 FhAS [R1 27 + bib 1 AR 0 19 1 8300 T R4 7 1 8RR T
FE 1L AR SR AR 86 A TIEAEM  Z0AT T T I3ERE S A BRAL S50, O HR T S80I AR 35k X - S v 5 e s 1 T 26
PUAER (FQs) 7 T e AT, 45 RRM, It X H3ERE F b 5 Fh s TR 2S A B A & AP BIEN 46. 1 png-kg ™', 4LAL
PVEGR D 5L (OFL) 2 3, O 9IP & (NOR) , T VA V) & (ENR) | IR VD2 (CIP) A 10 2 (LOM) i & i AR (K R[F
g T e R VA ST A 2R A i L A2 e T A 5 e SR TR SIS 0 A R 0T 2 (B B A R A 4 i £ I AR
HE%. OFL, NOR, LOM Fll ENR (1°F-34 & 5 B & VR B ST A 5 CIP 19 1 285 5 B R B 3 I e AR5 T X 42 M2 T
TRIZ (0 ~3 m) (Y T IERE T HEA TROMI SR 2S00, 45 W] BESERM | WAR | FEAE KT X | M R /KX (VX)) | 37255 . TS
TIOR3 J2 38 v A e S TR 28 1 2R B A L A ARRALE | BRHCAE 305 Gk P, Faedse /b T 245 4l K S 3
L P A A AE S T B BRI, BIHTAE RS ek 4 | Fliki £,

KBIR . FUEHINEHUAER; 11, 1544, HPLC 5 ik ; R thirik

FESES. X131.3; X53 XHEFFRIRAE: A XEHS: 0250-3301(2014)11-4257-10  DOI:; 10. 13227/j. hjkx. 2014. 11. 031

Contamination Characteristics of Fluoroquinolones in Different Kinds of Soil

Profiles in Southeast Suburb of Beijing
SU Si-hui, HE Jiang-tao, YANG Lei, QIAO Xiao-cui,CUI Ya-feng

(Beijing Key Laboratory of Water Resources and Environmental Engineering, School of Water Resources and Environment, China
University of Geosciences, Beijing 100083, China)

Abstract: Eighty-six soil samples were collected using Geoprobe soil sampler from 11 borehole profiles of Beijing Southeast suburb.
The sampling sites could be divided into 8 kinds of landuse. Physical and chemical properties of samples were analyzed. The
concentrations of 5 fluoroquinolones ( FQs) were analyzed by the high-performance liquid chromatography. Results show that the
average value of total concentrations of 5 FQs is 46. 1 pg-kg™'. Ofloxacin ( OFL) is the predominant among them, and then is
norfloxacin( NOR ). Last comes to enrofloxacin ( ENR), ciprofloxacin ( CIP) and lomefloxacin ( LOM ). There are significant
differences in FQs concentrations and kinds among the 8 land use types of soil profiles. The average value of total concentrations of 5
FQs decrease with an increasing of soil depth. The average concentration of OFL, NOR, LOM and ENR decrease with an increasing of
soil depth. But CIP has the opposite result. Based on FQs concentrations from 42 soil samples with a depth among 0 to 3 meters,
contamination characteristics of FQs were analyzed by fuzzy hierarchial clustering. Sampling sites of vegetable greenhouse, woods,
sewage irrigation zone, groundwater irrigation zone, livestock and poultry farm, sediments from sewage river have similar components
and contents of FQs, with less kinds and low concentration. In contrast, sampling sites of pharmaceutical enterprises and refuse landfill
have more kinds and medium concentration of FQs.

Key words : fluoroquinolones antibiotics; soil; pollutants; HPLC; clustering method
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Table 1 ~ Sampling of soils in Beijing Area
P3Fte s Fm ik FifLIREE/m T KA/ m BRSO
BRI SR LY AL S A B DP 12 5.07 10
UEEIN 2R KB 14 4.3 8
—_ . - 51 8.4 4.4 7
TSR FAEAKHEIX WG
WG2 6 2.5 7
A H iR KHE X QG 6 3.6 7
YZ1 10. 8 2.3 8
FIHY BHEIHX
YZ2 9.6 2.4 7
25 T GY1 12 8.6 12
GY2 12 9.7 10
five’ 35887 R LI 9.6 7
HEVF A DR AT PRI LIS 3
F2 FAEEWMEREZHELSH
Table 2 Physical and chemical parameters of fluoroquinolones
K P4 CAS %55 fegi= F AT 4 Pk, IgK oy
AR A (OFL) Ofloxacin 82419-36-1 ) CsHyFN, 0, 361. 37 6.0, 8.3 -0.39
Wi b 2L (NOR) Norfloxacin 70458-96-7 @ CisH g FN; 0, 319.33 6.3, 8.4 -1.03
RV AL (CIP) Ciprofloxacin 85721-33-1 () C;HFN; 0, 331.34 6.0, 8.8 0.28
%V E (LOM) Lomefloxacin 98079-51-7 @ C,;H,,F,N;0, 351.35 5.8,9.3 ~0.30
Bisvh & (ENR) Enrofloxacin 93106-60-6 ® CjoH,, FN; 04 359.4 6.27, 8.3 0.70
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PRI IR AL KRR B 2 300 mL. BB IO L
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w742 g IR TP 10 pL 1 mg-LflT/]—i
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Table 3 Correlation between FQs content and environmental factors

ST E OFL NOR cIp LOM ENR

Eh 0. 145 0.306 * 0. 062 0.227 0.254
pH -0. 140 -0.318"* -0.062 -0.228 -0.256
Ry & -0.205 -0.175 0. 042 -0.083 -0.023
Foxiy -0.312* -0.161 -0.043 -0.367 -0.185
kit -0. 069 -0.272 0. 200 -0.052 -0.097
EELIN iy -0.071 -0.189 0.152 0.220 0.028
CEC -0.157 -0.128 0.105 0.328* 0.022

1) * # IR Sig. (2-tailed) <0.01; * F/R Sig. (2-tailed) <0. 05
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Table 4  Aquatic toxicity data of FQs

Bk R Ecso‘jl PNECWMTZ’ Km?)i £ K, ] PNECS\L“
/mg-L /gLt /Lekg™! /L-kg™! /pgkg ™!
OFL Vibrio fischeri 0.023 0.023 0. 990 0.008 ~0.031  0.007 ~0.031  0.172 ~0.714
NOR Vibrio fischeri 0.022 0.022 0. 405 0.008 ~0.031  0.003 ~0.013  0.067 ~0.279
CIp Lemna minor 0. 062 0. 062 0. 992 0.008 ~0.031  0.007 ~0.031  0.464 ~1.926
LOM Vibrio fischeri 0. 022 0.022 1.027 0.008 ~0.031  0.008 ~0.032  0.170 ~0.708
ENR Lemna minor 0. 107 0. 107 1.611 0.008 ~0.031  0.012~0.050  1.300 ~5.399

1) EC50 225 KR e 3, Bt >k [ SCHk[34 ~ 3615 2) PNEC, ., = EC50/1000, PNEC,; = PNEC,,.. x K, x1 000133 ; 3)K_fdi i} KOCWIN
v2. 00 A K I EE TR E); 4) 1, = AP S & x 0. 58, T3 ML 2 i S (E

11 A~ 3R 0 ~3 m A9 F3ERE 5 38T 43 4,
F T 24 Al 75 7K VA G VR AR i rh e A 28R B ik
200 pg-kg ™', V5 oKL, AT RLVE S 2 4l 1
TGP 2 — L RIS L HERR. AR R 254y
Brim 25 e mT LK 42 A H3ERE S 43 3 K& (LA
10). I AUFE 27 A~ HERE S X8+ HERE S
3T E L OFL, NOR K E PR B & 8240 20
~60 pg-kg ' TG YIKEEAR | i BRI T
AKHEIX  VEVEIX | FRFE Y . HETS DT Y 1 4
FES 75% DL ERR A A2 2 RS R . AR 1
RN 50% AT FE LS. B2 AU 3 A A
i, K6 - ERE S P BT AE DL OFL, CIP | NOR 2
F PiERESRA N 100 ~ 140 wg-kg ™', 15 YLK
e, ViR, B3 AR 12 A R

120
B ENR
UL [
m CIP
90 0O NOR
- B OFL
% 60 I
4
30
(1]
e W2 WH3

El10 TEFHmO~3 m LEHERRBELER FQs SEKTHERE
Fig. 10 Hierarchical clustering analysis results of soil samples

with a depth between 0 to 3 meters
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