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Abstragt. A total of 22' antibiotics and 16 polycyclic aromatic hydrocathons{ FAH}}M sediments before and after desilting in typic al areas (fish ponds and open water) of
Baiyangdiéin Lake were analyzed using HPLC-MS/MS and GC/MS ( high performdme liquid chromatography and gas chromatography coupled with mass spectrometry ), t
evaluate th@ir"potenlially risks to the ecological environment. The results showed that the contents of 22 antibiotics in Baiyangdian Lake sediments ranged from 0 to 52. 89
ngeg ™", in which the quinolones content was the highest. After dredging treatment, the average content of antibiotics in Nanliuzhuang open water area decreased from 46. 25
ng'g™" 109 ng-g ' (80.54% reduction) , while the average content of antibiotic(19.07 ng+g ™" )in Caiputai remained relatively stable. Therefore, the dredging treatment
performed better in removing antibiotics from Naliuzhuang area. The total contents of 16 PAHs in sediments ranged from 23.79 ng+g ™" to 329.40 ng-g™", in which
Naphthalene was the highest (242. 02 ng-¢ ™" ), while Fluoranthene was the lowest. The average content of PAHs in sediments in Nanliuzhuang decreased from 117. 45
ng'g ™" t050.49 ng-g ™" after dredging, while PAHs in Caiputai(57. 98 ng+g ™" ) remained stable; the 57.01% reduction in PAHs in Nanliuzhuang open water indicated that
dredging treatment exhibited stronger effects on PAHs variations in Nanliuzhuang compared to that of Caiputai. In addition, the ecological risk assessment showed that the risk
of Enrofloxacin and Norfloxacin was high in area S2 of Nanliuzhuang open water, while PAHs exhibited relatively low ecological risk , in which the Naphthalene in area SI of
Fuhe river posed medium ecological risk while the remaining produced low ecological risks. The results indicated that quinolone antibiotics in sediments of the un-dredged area
of Baiyangdian Lake should be monitored due to its higher ecological risk.

Key words Baiyangdian Lake; sediment; antibiotics; polycyclic aromatic hydrocarhons( PAHs) ; risk assessment; desilting assessment
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v FHE £ (E) i (N) KT RE BAMR g ¢!

S1 115°56'15. 38" 38°54'12. 35" /5R0) 0.024 8
2 115°57'26. 33" 38°54'37. 19" FF R K AR T 0.0223
S3 115°56'43. 55" 38°53'50. 71" T R A A TE IR 0.0239
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RQ = MEC/PNECaedimenl (1)
PNECscdimcm = PNECwalcr X Kd (2)
Ky = Koe % Foc (3)

lgK,y = 0.623 1gK,. +0.873 (4)

K MEC RSV BE | ng-g™'; PNEC_,. N
YRR v TC 5% W0 R 8 T vk BE | ng-g !5 PNEC,,.
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ol 2R A, P AR (4) HEmE/ K 73 BE R A Koy
ey BRI N L kg ™" 5 F o MR HLAR 0 1 5
B,geg ' MR RQUKUS R BUBE AR, 20 3
ARG 254 . AR (RQ <0. 1) . &R (0. 1<
RO<1) A A (RQ >1).

2 A5 K AR 858 XU PEA 71k vl 3 TR
Yy R e ARE Long 2570 AOBFIR 45 5 R0, 24
JURRY T PAHSs (99 B2 I T 2800 0 IR (ERL)
FRM Dy A AR W) B RO, B A W R AR A
AIRER/NT 10% 5 24 PAHs ¢ B = T30 3 BBl P i
(ERM) Fif, % A= A= 4 35 P 5500 1 HE % 5 50% 5 24
PAHs #¢ 78 ERL 1 ERM 22 ], 1] PAHs X} 44
FEAE R B R RON BAIG, & A B M SR L E 10% ~
50% = [i].

2 ER5E ~# F
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SRR B U 200 A i Bkt 30 %322
B EbRBLAE E AR e 1 % STZ ALeTpAy
Kt 35090 LAK, ko A/ % Kb sy
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Hk % 5289 ng: g'IZIE_'J mk*hi% J<
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PUFR 2R 22 (TCsY . K IF N EEZS (MLs ) Flff i 28
SN 88%, 5 5
fii. QNs i EbiA: RN OFL, fm 1 & &
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1E 15 Aﬂi;ﬂﬂ ,S1 ~ S8 kg X1 DX IR A
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TR A X, S2 A S3 Sk X1 T R K R, oA
EHEY S8l 46,25 ng-g ' T E TR G T
K3 SO I S10 L B &4 19. 07 ng-g ™' 5 B
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DX S11 AT S12. fR T 0k T A T TS KR Tl &
K LSRR AR K, RWREE TS Yl i A
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Table 3 Content and detection rate of antibiotics in sediments from different areas of Baiyangdian Lake

FXIHE/ng-g ™! Rl f/ng-g !
H ik TEE TEE flitig/
ETV-H,0 0.24 0.03~1.21 0.06 0.02 ~0.28 100
I RTM 0.41 0.02~2.12 0.04 0.02 ~0. 16 100
CT™ 0.10 0.02 ~0.37 0.02 0.01 ~0. 11 100
AZM 0. 10 0.03 ~0.32 0.03 0.02 ~0. 10 100
TC 0.33 0.11~1.64 0.36 0.11~1.64 100
——— DOC 0. 40 0.03 ~1.08 0.06 0.03 ~0.28 100
cre 0.23 0.24 ~1.13 0.25 ND ~0.74 73.33
o1C 0.22 ND ~0. 61 0.21 0.04 ~0. 81 66. 67
SMR 0. 14 0.04 ~0. 67 0.02 ND ~0. 06 93.33
SPD 0.05 0.01 ~0.24 0.01 ND ~0. 02 80
SMP 0.03 ND ~0. 11 0.01 ND ~0. 03 60
—_— SQX 0.02 0.01 ~0. 11 0.01 ND ~0. 03 86. 67
SDZ 0.04 ND ~0. 16 0.01 ND ~0. 04 86. 67
SMX 0.08 0.02 ~0.41 0.02 ND ~0. 08 80
SMZ 0.02 0.01 ~0. 12 0.02 ND ~0. 08 86.67
S1Z 0.02 ND ~0. 08 0. 00 -~ ND aar Y.
ENR 5.12 0.78 ~14.50 1. 94 | 1.65~7.31 (=000
SPA 0.08 ND ~0.35 0.03 == | ND~0.15 C 0
S LOM 0.06 47 0.03~0.27 0.0 L 0403-0.25 1007
OFL 10.72 0.86 ~52.90 3900 | ND410.00 493.33 )
~ NOR (281 ND ~13.93 o8l /7  ND~2.74 I8667 4
v C s . ND4. 56 0.98 © W ND-~2I73 © 46467
DN TRk g | " ‘ 'f ey &€ A
90 "
al 140 1 R
: ] iR A
4l 120 |
60 + 100 Pk g l E27%
T S0} T 80| |
g 40t 3 60 | :
304+ -|- A7
20 { o 1 /
10} 20 i : %
0 2 1

0
S1 852 83 S4 S5 S6 57 S8 89 510 5118512513814 815
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Fig. 2 Content distribution of antibiotics

in sediments of Baiyangdian Lake
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ng-g ', H¥K N Chry Fl BKF, Flu )& & AR, &
4 Fr7s LT X ST A PAHs SR s, B X
FEFIERY PAHs V-3 & 50 5 T I Rk . AL 3

ROXETFRACR SRATA AN WXETFRAR Rl G Al
3 EFEBRINENERNESHFTRNSETN
Fig. 3 Content changes of antibiotics and PAHs

in Baiyangdian Lake before and after dredging
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Table 4  Contents of PAHs in sediments from different areas
of Baiyangdian Lake/ng-g ! 50
5iH A R X A il &
FHE Vil FHME Y
Nap 70,88 348 242,02 6.91 151 -35 58 S1 82 83 S84 S5 S6 87 S8 59 S10S11812S513814815
Acy 6.199  3.70~9.23 4.69 2.42 ~6.26 4 BFRABRYPIRATESHAETENEESH
Ace 7.93 4.29 ~11.21 5.38 2.79 ~7.39 Fig. 4 Content distribution of PAHs in sediments
Flu 0.63 0.43 ~0.77 0. 67 0.27 ~1.44 of Baiyangdian Lake
Ant 1.71 1.04 ~2. 84 2.25 0.95 ~4.55
Phe 1.00 0.78 ~1.24 1.73 0.67 ~3.06 B 5o [ 45 [ 2-3%%
Fla 0.24  0.09~0.75  0.44  0.09~0.95 1
Pyr 0.45 0.10 ~0.98 0.50 0.28 ~0. 82
BaA 0.93 0.32~1.84 0. 60 0.17 ~0.99 20 H
Chry 12. 15 3.34 ~17.51 9.51 3.47 ~17. 11
BbF 0. 64 0.12~3.44 1.15 0. 19 ~4.25 -
BKF 182 5.37-22.96  14.83  8.14 3036 =
BaP 0.54 0.12 ~2.46 0.58 0.06 "'.0 97 f_
InP 1.34 0.38 ~3.59 0. 90, 0. 24~1 67 = 40 H
DahA 0.65 ~0.10~3.10  0.29 "  0.1820.50
BehiP. 135 0jis5~5.47 146 . 0. ky—?}—' .
PAHS‘ 118 -44- 12 179 ~329.40  51.89
Z — ,.- ] ,ﬂ% = .;":?Zf’k ;
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Fig. 5 Distribution of PAHs in“sediments of Baiyangdian Lake
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Table 5 Organic carbon partitioning coefficient and PNEC of antibiotics

PNEC

lg Koy PNEC

hiA# Z P G o o ““‘,"}”' CHEk
/ng-L /L-kg /ng-g
ETM-H,0 P. subcapitata 2tk 20 3.06 1444. 67 [23,33]
RTM P. subcapitata 2 100 2.75 2296. 92 [23,33]
AZM Daphina sp. 2k 12 000 4.02 30 119 688. 43 [24,34]
TC Cyanobacteria 2k 207 —b 226.25 [35]
OTC Cyanobacteria at 90 — 567. 86 [35]
SMR Algae sk 1 600 000 0.44 7201. 13 [23],ECOSAR?
SMP Algae 2k 32000 0.20 59.32 [23],ECOSAR
SQX Daphnia curvirostris a0tk 84 1. 68 36.98 [15,23]
SMX Algae 2 30 0.89 0.71 [15,23]
SMZ Lemma minor 2 15 630 0.14 23.21 [23],ECOSAR
ENR Algae 2k 49 0.70 0.58 [15,23]
OFL Algae [i-2 179 740 -0.02 147.76 [23],ECOSAR
NOR Algae 18 M 50 180 -0.46 8. 11 [15,23]
cIp Algae 2k 139 054 0.28 346. 45 [23],ECOSAR

1)«—»

7 SCHk R B R B AR SC KIS 5 2) £ F ECOSAR v 1.

11 AR AR 5



1134 FEIR A PR R TS X TR Fre A 3R 2 3155 )68 (9 70 R AIE -5 XU PP A 5309
®6 BFRARMRERNXNEEE A DURR ) ot i B L PP PR, 15 SRR R AR

Table 6 RQ of the antibiotics in Baiyangdian Lake

i RQ RN
ETM-H, 0 8.38 x10~* 1%
RTM 9.23 x10~* 1%
AZM 1.06 x10 8 1%
TC 7.24 x10 73 s
OTC 1.07 x10 2 ik
SMR 9.30 x10~° i
SQX 4.32x10 73 ik
SMP 1.85 %1073 1%
SMX 5.75x10 ! s
SMZ 5.17x107? fik
ENR 25.15 [
OFL 3.58 x10"! s
NOR 1.71 =1
CIP 1.31 x10 2 ik

QNs HRAE TR fi07 S2, 12 DIl Ay o XU X R X
F8 43 FF R K feu 3l | SRl £ DXl £ 38 N 7K
SR AR, LR R I 9 T 7KK S6 2R 245
AU e 1K i ol
MEIRERISHUE F R A IR, BT
ORI 550, 1 PEVEAE TR RT B0 T2 SR 2,
E’fﬁtiﬁﬁciﬂﬁuﬁ Prh QNs B R IEA Ny EP,@FL
%WFHW%@Vﬁmﬁ%$m¢%?mﬁﬁ
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R/ P HLE S 375 0 T 4
w5 | f 4L~
241 GRS R TA
FATEVEULAR Y PAHs 1Y XUBS: PPAL AT R0 (R 7))

%7 B¥E PAHs R IERE
Table 7 Risk assessment of PAHs in Baiyangdian Lake

%R A

ERL ERM MATE
Ti H -1 -1
/ng-g /ng-g <ERL ERL~ERM >ERM

Nap 160 2100 14 1 0
Acy 44 640 15 0 0
Ace 16 500 15 0 0
Flu 19 540 15 0 0
Ant 240 1500 15 0 0
Phe 853 1100 15 0 0
Fla 600 5100 15 0 0
Pyr 665 2 600 15 0 0
BaA 261 1600 15 0 0
Chry 384 2800 15 0 0
BbF 320 1880 15 0 0
BkF 280 1620 15 0 0
BaP 430 1600 15 0 0
InP ND ND 0 0 0
DahA 430 1 600 15 0 0
BghiP 63 260 15 0 0
> PAHs 4000 44792 15 0 0

S1 AN X3 ) Nap 9% s ERL AE, (HiZ KT
ERM, f£7E 10% ~ 50% AL X A= 4y 1 LB AR i 75
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S LK BUR R 176 BRI L) UL sk

3 it

(1) 1E VR VETE R 8 X UL 22 Fhpo e
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