!ﬁ
Y
ENVIRONME!

| ISSN0250-3301'CODEN HCKHDV
HUANJING KEXUE

2020

Vol.41 No.12
F41E B128




w % B 37 #41 % $12 0

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2020 4£12 A 15 H

H  R(EX)

TR I IS SR AT B KR oo EE, R4, BE, BRM, BT, BF, ZRE, AWE, TRE(215)
2015 ~2018 4EF% [ pMz_S@_%‘h%ﬁfﬁEw;ﬁﬁﬁ ........................................................................ BEE, FER, BAK(5225)
2011 ~2017 4P [E PM”gRrH]L IE SRR +oeeeerrreneee e Bk, B xR %m%(5236)
quiﬂﬂ:PM“H]L {ﬁ%&}\D%%ML .................................................................. HFRE CMHA, FHW, Th, FE(5245)
IR T A R B IS PTG BUHLI BRI <o eeeeeeee e B, A, BEE, T, Wt %EE (5256)
@‘jtlikﬁfﬁﬁ\épw[“m E L FEAL PR coeeerrene e ;%M? ifyﬁ Eﬁ W ﬁ]ﬂﬂﬂﬂ(5267)
SET PMF B PM, 42 0305 0 BRA KSR ST oo vovesoe THE, KL, BT, BB, R, HEE(5276)
E’jﬁﬂfiﬁﬁﬁﬂﬁk I:PE TG YL #?E&ﬂ:ﬁ\ ..................................................................... gﬁg X‘Jﬁ ’-:LM:Q;H( E% EL(5288)
BRI R IR T AL BT Z AT ooveeerovvressssnones AR, TUE, KEE, T, 2HE, FHE(5295)
B M TR 4 2 DU b ST oo BES, BRE, LAEK, I, BTE, FHA, FAT(5306)
ST X B 25 K A B S SR TR oo BER, EE, B, BT, TR, BEE, TAE, 5, AE(5316)

F R BT WU AL G TSR JLUEAAT o+ voeevveesssesessss ettt
............................................................... Iy E;%ﬁ N ;(;Jkﬁ W% m%,J%E Eig‘%ﬁ FE¥E EﬁTﬁT(5325)

I 1T TV JE VOCs HERTE B LB BIRFHEAMIT  ovrevreerereeserensesseset ettt ettt bbb
...................................................... FAM, FLE REK AF, RUR, 5EE, XEE, 4AT, BLE, HiEH(5336)
HFBEFAEH VOCs H R B S HERGE R oo RN, AT, KEL, EAE, RE, €8, P, BEL, BAA, BERE(5345)
B VY6 Tl X R IR SRR oo ERE, BT%, REX, FRA, BE, ?%%ﬁ EH, BRR(5352)
TN B WL B 3T T P R AL oo F, RRFE, KE, RAK, FEM, -5, T4, HH(5362)
HORD A T AV T UE AR SR AS T ooveeeeeeeeesmes 2B, RRE, RZW, TawH, KA, Z8(537)
U XD BR R R A2 AR AR oo S, B#, ARE, 2XM, iU, &, §RE, WTE(5381)
BT I TR S e T AT E BTG YL T <+ evververemermersememmene e KEE, W, NA, Th, KTE, BE (5389)
FOAA LK B RGIR PRI R BRI oo onssssss s E&%, WA, HEE, BRE, B, FRR(540)
WL ALK PR T 5 0 A AR TP SRR ---voooooooe ST, R, A, B3, BHT, 25, RRA(5410)
DU A K LT R A B LD R BT oo AWk, Tl R, BE, E, Be, A, %éi@mw
L) 2548 YRR VR M T T A1t I A (AR 055 BT 4 SR A L A Y5 UL B A TR LE SRR o eveeeeemmemm e THE, TER(5428)
KW A X IR A K Ay LB AR A A BOR TR BT - BER, KR, A, KE, TAK, BE, BEE, ﬁ%ﬁ%m
P TR TP L A2 I AR AT BB o vvvvvessvvnnnens %%,%Em,mﬂﬁ KAKER, BT (5448)
W RESE AN B G CRIRAIE oo MBS, AR, EAE, A, W, B4 5, dE, ERE(5458)
FIRTEIL S 2R R I S A R A A ) RS IE SO SR ARG - 8, 0, REE, =0, E‘Jé‘ifﬁ ik, E#T(5470)
AW kL E X]LﬁﬁMg()i%;ﬁwwmﬁgq:@%mE;m ......................................................... IR, BRE, FEI, EREH(5480)
Bi, MoO,/Bi, S, CENARA SR TUIR Z AT G B wrvvverrreerrrrrre e %;‘(g I, j@;}:}i ifﬂi(5488)
ﬁnﬁﬂﬁﬁiﬁmo-%@Fez04@U10-66§MaPPCPSH%%HH%@%%U ------------------------------------ FH, REX, BFE, B, KEH(5500)
IR AT KPR AN T B LI K R AR T oo BEH, Fus, THR, W, K, RAL, BRE(5509)
R RE TR K I W T TE LE R ST RG] +veverveeereesereesesseseiestt ettt T, KDL, EH, AME(SSI8)
BRNH," FIBR NO,; IR ARG IIBATRAE S B IIRRERRAE oo REB, RAZE, FIK, £, X'J;(iw VMR R (5527)
UNRAERIALITE S VR U R/ S AN E 2 28 < R Bk, B&, BRk, T8, RN, 4%, RIFL(5535)
RIS AL AL R R AR TS JERKPERE e Rk, ¥, F/’?\ﬁfﬁ"?, RAL, WX, #AMGE, ER, BHE(5544)
o T S I T S 2 ) R RRAE TS PP BRI oo R#, RzF, W, @Rk, AL (5552)
&mﬁqf7kﬁﬂf"iﬂﬁjﬂitﬁ$§$jjj Jﬁ»ﬁ* ............................................................... i%?ﬁ g(%% fﬁ;{ 7]7[(}(*/\ %%(5562)
HAE A M AR L P (9 AR AE B B0 LSRR oo IR, Wk, BER, PRE, K, A8E, RER, £2F, FRA(ST)
IR G 12 e DX A R G B R TR BRI «eevveveeemerenenenes ik, KRS, KB E, FHE, FXR, FAF(5579)
HE e TR 5 B0 50 GLDA R SR AL B RBAR oo TE, #kE, SAMEH Mohamed, £%, 12, & % (5589)
EAA Fe/C R AMBXAs( V) i5 0 LSRR BB LR - BT, A%, BEK, k78, TRA, 248, KRXF, KLk (5600)
e 4 3 R BRI UL IR IR +vevveeeeereeerenee e WA, K, B, BER, 4% ﬁ; 4% (5609 )
1HQmj:“E[;Iqﬂ%ﬁ%ﬁg%ﬁgﬁ%%%&%%#ﬁ‘@ .................................................................................... ﬁ%ﬁ FE j‘ié‘tf/)(5617)
%ﬁ%ﬁgiguf%ﬁmﬁ%gm%ﬁg#%?ﬁ .......................................................................................... #)Ei}% Eiﬁ?(5628)
B P B A A2 0 SR BB O BEVR G H) J SREETE vovvessvvencn e ﬂi 50110, B (5636)
%#%%K%ﬁﬂﬁEXWJ(*WLE&E?%I&E’JE’UH ................................................... EHWAE, g¥7ﬂé]: LER, AR, HARE(5648)
%?GIS}DPMF*E””B’JE"%MWi%%H)?E [ A BRI oo ET4, 23F, #4E, 0%, 247, #, 2H8(5656)
SO RIFIE F 2002 AT SN, OHERLAG TN v B, $, BRE, £ &, %lﬁ BEHE, BEW, #H5(5668)
<<ﬂfﬁﬂ,%>> A1 F (2020 AF) EUHI S woeeereremrre st (5677)

(FERPEVEIT IR S (5344)  (FREEREE)AERSRINI (5361) R (5287, 5499, 5508 )



0
EX s I B R = 55419 5512481 202047121

Eco-Environmental
. . Vol.41,No.12 Dec.,2020
Knowledge Web Environmental Science o oo

BiFEMBELPEEMENESHNEN ZERFMER
EE%%H%@%&

HISZIE, ASFRR, SRIBEEE ", 23, mIVEEE, Bhik, st

CITALBHE R AR 2 5 TR 2B, WAL TS R BiRE R AR LR =, A% E 050000)

WE . K21 FK (quinolone antibiotics,QNs) 7y & 4 F/K LAY A RAETR BN Tz, AW S 4E R A
EIRAG AT I A W 28 SR vk, AREFST A B PEVE O RS IS R IE X 4, 0 H 14 Fh QNs 19259 BBURRIE S
FRBEIH T HOAESEME PR T QNs fltHE RS, 285 56, (s AR > QNs Bt e JiE 51612490, 740 0 ~ 1590 ng-L~", P i
s (flumequine , FLU ) M2 ( oxolinic acid, 0XO) AP 2 (ofloxacin, OFL) K i A&  FLU -2 i vk B de iy 5 2Rk
> QNs FHHEEN 17.1 ~146 ng-g ™', PRIV (ciprofloxacin, CIP) F1 FLU -4 7 it 5. /249 SRR B ( bioaccumulation
factors, BAF) Y (L-kg ') 24 96. 2( BAF,,; ) ~489 (BAF,, ) , 7 W] QNs 7EfS (i £ 4 EARAE 1 BEAK. 5 ks i 2285 19 QNs
[ BiHvh & (enrofloxacin, ENR) \FLU ., & 3% 70 &2 ( marbofloxacin, MAR) | ¥ %7 /2 ( norfloxacin, NOR ) Fl OFL ] A% & %ﬁij(. ¥
(trophic magnification factors, TMF) Y@} 0. 714 (TMF ;) ~ 1. 33(TMF,,, ) , HH ENR 2E F UK, FLU MAR- FHQNs %E’%ffﬁ
B BALSHS BAF Al TMF AHSCHE T4 513 W1, pH,, T, SD. DO, COD, TP, TN NH,’ -N. NO; -N%ﬂPo“-P'ﬁ BAT iFnTMF AH
RPERC N 035 RS AL A5 IR, CIP (767 3R B hazard quotient,HQ, 0. 004 0°50. 026) %3 & T I QNs (4 = 0050),
1 FAE A (hazard index Hl)mliljjo 001 0 ~0. 035, LA i HERUR:. PR, A S0k i i 2 e /ﬁ"‘@/ﬂ%ﬁ?ﬁ
BURFE ST | s S e £ 25 TR D 1 A BB R A 0 K AR A

K @w@ﬂ%’éh&%(QNs) HVFE; Lo A gl B e HFI? LV
*lﬁi? X171, 5 iﬁkmﬂrﬂ A Iaéﬁ? 023(:"3,301(2020)12 5470-10 DOL 10 13227/j. hj-kx 202005129

; /

Bloaccumulatlon Characterlstlcs of Qumolones QN%) in Domlnant Fish Spec;es

and Their Correlation w1thJEnv1ronmental Factors in Balyangdlan Lake
SHEN Ii- -na, BU Yu,/ZHANG Lu-lu” ,; QIN.Shans f]U Ze-jia, YAO Bo, CUI Jldn-sheng

(Pollutlon‘Preventlon Biotechnology Laboratory of Hebei Bovince , School of Environmental Science and Engineering, Hebei University
of Scienoue“ and Technology, Shijiazhuang 050000, China)

Abstract: In recent years, quinolone antibiotics (QNs) , which easily bioaccumulate in aquatic organisms, have been widely detected
in lake ecosystems, and the bioaccumulation and trophic transfer behavior are obviously spatiotemporally different. In this study, the
bioaccumulation and trophic transfer behavior of fourteen QNs in nine dominant fish species were studied, the correlation with
environmental factors was analyzed, and the health risk of QNs was evaluated in Baiyangdian Lake. The results showed that the mass
concentrations of Z QNs in water varied from 0. 740 0 to 1 590 ng-L~". Furthermore, the detected frequencies of flumequine ( FLU) ,
oxolinic acid (0X0), and ofloxacin (OFL) were higher, and the average mass concentration of FLU was the highest. The content of
Z QNs in fish ranged from 17.1 to 146 ng-g™', and the average contents of ciprofloxacin ( CIP) and OFL were higher. The

bioaccumulation factors (BAF) were in the range of 96.2 ( BAF,,;)-489 (BAF.,) L-kg™', indicating the bioaccumulation of QNs
was low in dominant fish species. The trophic magnification factors (TMF) of five QNs (enrofloxacin (ENR), FLU, marbofloxacin
(MAR), norfloxacin (NOR), and OFL) varied from 0.714 (TMFy,;) to 1.33 (TMF;), indicating ENR exhibited trophic

magnification, while FLU, MAR, and Z QNs exhibited trophic dilution. The results of correlation analysis between environmental

parameters and BAF/TMF showed that pH, T, SD, DO, COD, TP, TN, NH, -N, NO, -N, and PO; ™ -P were significantly related to
the bioaccumulation of QNs in fish. The results of human health risk showed that the hazard quotient (HQ) of CIP (0. 004 0-0. 026)
was significantly higher than that of other QNs ( <0.0050) , and the hazard indices (HI) ranged from 0. 0010 to 0. 035, indicating a
high level of health risk. Therefore, to reduce the health risk, the standard and residue limits of QNs should be set in Baiyangdian
Lake.

Key words: quinolone antibiotics (QNs) ; Baiyangdian Lake; dominant fish species; bioaccumulation; trophic transfer; environmental

factors
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Table 2 Observed BAF of QNs in fish from three habitats in Baiyangdian Lake/L-kg ™

i H BAF¢p BAFgxo BAF g BAFpg BAFpy BAFy; BAFyor BAF oy, BAFppp
E | 309 151 207 177 176 129 266 111 167
B2 286 202 198 153 151 96.2 243 148 175
B3 489 237 225 182 163 140 285 158 230

F5 BAF/TMF fE7EAHCHE. B WD A, HiASKIRBEE  BAF,, . BAF,, . BAF,,. TMF,y, . TMF,, . TMFy.,

AL FH45 BAF HI TMF g ZAH& (P <0.05 8¢ P <
0.01) ,Hr pH 55 BAF 25 A5, 5 TMF 2 1EMC;

FITMF 5 T SD Al DO W3 IEAHG, 15 COD, TP,
TN. NH, -N. NO, -NAIPO;, " -P & 2 ffUFH .
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Table 3 Spatial variation in stable isotope diagram (8"N) and

trophic level (TL) of fish in Baiyangdian Lake
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4 IEEFES QNs # BAF/TMF B Spearman #8%
Table 4 Spearman rank correlation between environmental factors and the BAF/TMF of QNs
WD pH T SD DO coD TP ™ NH;-N  NO;-N PO}~ -P
BAF¢p 0. 103 -0.772* 0.051 0.309 0.309 -0.309 -0. 180 -0.309 -0.463 -0.309 -0.323
BAFgno 0.309 0. 154 0.772" 0.926™  0.926™ -0.926™ -0.849™ -0.926" -0.772" -0.926" -0.815"
BAF ;\r 0. 103 -0.772* 0.051 0.309 0.309 -0.309 -0.18 -0.309 -0.463 -0.309 -0.323
BAFp 0. 103 -0.772* 0.051 0.309 0.309 -0.309 -0.18 -0.309 -0.463 -0.309 -0.323
BAFpy  -0.103 -0.874* -0.463 -0.309 -0.309 0.309 0. 386 0.309 0.051 0.309 0.220
BAF \ar 0. 103 -0.772*¢ 0.051 0.309 0.309 -0.309 -0. 180 -0.309 -0.463 -0.309 -0.323
BAFyor 0. 103 -0.772" 0.051 0.309 0.309 -0.309 -0.18 -0.309 —-0.463 -0.309 -0.323
BAF oy, 0.309 0. 154 0.772* 0.926 0.926™ -0.926™ -0.849" -0.926™ -0.772* -0.926" -0.815"
BAFpp 0.309 0.154 0.772*  0.926™  0.926™ -0.926™ -0.849™ -0.926" -0.772" -.926™ -0.815"
BAF oy, 0. 103 -0.772* 0.051 0.309 0.309 -0.309 -0.18 -0.309 -0.463 -0.309 -0.323
TMF gng 0.309 0. 154 0.772* 0.926 ** 0.926™ -0.926™ -0.849" -0.926™ -0.772* -0.926" -0.815"
TMF gy 0.309 0. 154 0.772* 0.926 0.926™ -0.926™ -0.849" -0.926™ -0.772* -0.926" -0.815"
TMFy,r  -0.103 0.772* -0.051 -0.309 -0.309 0.309 0. 180 0.309 0. 463 0.309 0.323
TMF \or 0. 309 0. 154 0.772* 0.926 " 0.926™ -0.926™ -0.849™ -0.926™ -0.772" -0.926™ -0.815"
TMF . 0. 103 0.874*  0.463 0.309 0.309 -0.309 -0. 386 -0.309 -0.051 -0.309 -0.220
TMF . 0.309 0. 154 0.772* 0.926 0.926™ -0.926™ -0.849" -0.926™ -0.772" -0.926™ __.-"—"'(.)u..815 *
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