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Source Apportionment and Source-speaﬁc Risk of Typlcal Antlblotlcs in Balyangdlan
Lake [ L 4

SONG Yuan-meng' ,,--Z'Hg\o Bo', LU Meng-qi', ZHAO x / QHEN Hui', CHEN Hao-délv-; GAO Sai! ; WANG Lin-jing' CUI Jian—shé‘ngll-:_z_#.-
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Abstraet Th/e current situdtion of antibiotic pollution in lakes s crffical. At present most of the previous studies on antlbloucs in lakes have focused on the spatiotemporal
distribufion and risk assessment, while less attention has been paid to'the soutce gl_ppdmonment Ultra-high performance liquid chromatography-mass spectrometry was used to
detemiinefthe/concentration of tetracyclines (TCs) , sulfonamides (SAs) "and '(izlinolones (QNs) in the samples. The source apportionment and source-specific risk of typical
antibiotics if the study area were analyzed using the combination of a PMF model and risk quotients (RQ). The results showed that (D) the total concentrations of target
antibiotic (3 antibiotics) ranged from ND to2 635 ng-L ™" for surface water and from ND to 259. 8 ng-g ™" for sediments. (@) The spatial distribution of ONs in surface water
decreased from west to east, SAs decreased from middle to north and south, and TCs increased from middle to north and south. In the sediment, QNs decreased from middle
to east and west, whereas SAs and TCs increased from east to west. (3) Aquaculture was the major antibiotic source, accounting for the highest proportion (33.2% ) , followed
by sewage treatment plants (29.2% ) , livestock activities (18.9% ) , and domestic sewage (18.7% ). @ The ecological risk assessment results showed that enrofloxacin and
flumequine were at a medium-high risk level. ) For the spatial distribution of source-specific risk, the results showed that the aquaculture at SI was at a high risk level,
whereas the source-specific risks for other sites were at a medium-low risk level. In terms of source types, aquaculture was at a medium-high risk level, whereas the other
sources were at a medium-low risk level. Therefore, considering the major sources and source-specific risk level of antibiotics, more precise and scientific antibiotic risk control
should be adopted in Baiyangdian Lake.

Key words: Baiyangdian Lake; antibiotics; spatial distribution; source apportionment; source-specific risk; PMF model
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Fig. 1 Sampling sites of Baiyangdian Lake
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B E .
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(fleroxacin, FLE) | 137> & (norfloxacin ,NOR ) Fil 5
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1 mol- L™ B R W 8 15 pH 24 3.0. F§ 6 mL H
B, 3 mL M2 (0.5 mol-L™") Fl 6 mL 84l /K i fil
HLB 7% 4k, SR 5 LL 2 ~ 5 mLemin ™" % 3 32 3 3
HLB /MESFATAE. EAEE, 1 10 mL 88 4K ik vk
FEFEE VR, T F T Al T4 30 min, SR/5 1K
K 6 mL AT 2% (120K RN 6 mL 26
PP Pt V5 VR R A Ve G, 00 i A 8 R WK (40°C) =T
Ja R BRI (PR K =11, B EF 2 1

mL, 1 0. 22 wm UEREIT R AR A, 7F EALAY
*ﬁms,w]‘
BG4 VR 455 I DURR e & 1A 103 e AR
B k40 B A 10 mL B0 . MERRRRIURE 5
1 g, 5i&E & T A% - (Na,EDTA 2B 8Y) 78
IRIRA I ZNE-BEERER 2% ol (pH = 3) /A AEHL
. i A ASE 350 R ¥ ) A B ( Thermo,
Germany ) HEATAE B, 6 26 2 WK, P FAT He 45 25 &
1 ( Buchi , Switzerland ) 5 2 BOR & 4 2 26 BGR) /N T
1 mL, 78 MR, o FH A 407K 6 B8 %5 200 mL,
HABARAE A b 18 KRR S A A R 40
1.2.3 ST
S JFH R 25 S8R0 (030 - = R DU T R 06 R 3% 16
FHL(HPLC-MS/MS) XJ #4700 72 , {5 FH Agilent
1200 & 51 HPLC (4 4E: C18, 2.1 mm x50 mm,
1.8 wm) STk 22 BEAE 6470 = DU AT FE %
G5 WA A D00 1% W MK, Tl sl B i
T 0. 1% PP 4K K 0. 3 mL- min MUHERE
5 L. T AR A PR B0 TR, R % A e R
A2 (MR )., T4 4l 4 350°C., - Sl ik
H 11 Lemin J', EANE A =3 500 V, 5 LR
F17 45 psid 310.'5 kPay 2. s =
L2.4 Foim ~, 4
KPR e 5. B R EE 43 51 0.1, 0.5,
1.0, 5.0, 10.0 #1100 ng-mL ™" 6 4> F 545 %
W, I8 25 4. 22 HPLC-MS 23 B 3845 o 5 e J&F
e TR BRAE T 28, AH5C R 508 =0. 99, 4% HFndit
AR BRI 72. 4% ~104. 6% .
1.3 R
PMF A5 90 58 55445 5 5408 e s 9 o
TOTHERAE (G ) PN F o3 i S B (F) |, DL J— 5%
ZEHME(E) ™ HAE AR (1) .
X; = iGmFﬂc +E; (1)
k=1
Ko, i HREREG G ONIE LIRSS p RIE YR
AT PMF 8 /e R 2% 0 [E15 3 F
TRk A, AR (2) FR .
0= 223 @
ETEAFRN
b, n WREARKUEL; m A R A w W BiE
R ATE R TR ARIT
S MDL, ¢ < MDL
u, =10 (3)
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X, o, MPUER IR A bREDR 225 ¢ bk




4930 E7 N A & S 44 %
FRUE ; MDL N7 vk ARG Hi BR. RQ = MEC/PNEC (5)
ARWFFEE BOK R AU T R KT 30% PNEC = L(E)C,/AF (6)

BTAE R 4% (3) AT i A\ PMF A ALHEA T I i
Br. BELIZEI 20 1 90 4 A AT 2R A0 T AR B 3
~8 N T B, X e & e £E R FECh 4 1
R ¥IKTF 0.60 HFT A A R Mk 22 84 -3 A1 3
Z IR N IEZS 7341, R B e i A= 2 AR A AR 4 Hh
B
1.4 AESKE P,

Z R E R R AR ok AR & S 8 E A E
a2 R AR B 5 SR OB A XU T (RQ,,,, ) SRR

P, RQ M —HAERAES KR RQ,,
HERG U R ; MEC 2y 52 B2 5 PNEC ( predicted
no-effect concentration ) j{]i}%{ﬁjﬁ?]}f‘, LCs, Ve |
O B, ECy, N 8UA SO 5 AF (assessment
factor) HPEAH . RQ,,, I3 2EFRfE 0. 01 < RQ,,,
<0. 1 MK ; 0.1 <RQ,, <1 AP KE; RQ,,,
> 1 Ay KU, A WFIE AR DCE I L3R 1.

WS K8 G AR SR RQ,,, AT AY 5T
B €, HEATREE TR PPAS , an=X(7) B

AEHUE Z R A KR, AT RQ, = RQ,, x C, (7)
RQ.. = > RQ (4) A, € AR TRTS G IR AY TTRRR.
F1 TRAMEEHEEHBREYZELHEY
Table 1 Data of the most sensitive biotoxicology for different antibiotics =5
S e O M HT (AF) PNEC i
/mge L — /ng-L /
OFL P. subcapitata 4. 400 1000 / 114.400. 0 [;4‘,5'] i
ENR Microcystis aeruginosa - 0.049 1000, 1490 §ras1 / 4
FLU Wik 51,960 1000 & 1 1960. 0 (457 &
FLE S 111283294 1000, 1128329 [45F
VAR S S )/ fiag 90 1000" / . 148890. 0 (451
_s02 S cqfficornutum " AT 1000/ 2200 Fa67
lsMr 1 r.56~ 1000 % 1560 n[47]%
| sap K& / 8103 10005+ | 8 030 (48]
- SMP, Wk ) 382 1 000 3820 [48]
7 spD/ Lminor s ! 0.46 . _ 1000 460 [49]
fsMM # Lemna minor A 86 1000 8 560 [50]
S sux”T S.eopoliesis 0.027 1000 27 [51]
T:.C. P. subcapitata 3.31 1 000 3310 [51]
DC Green algae 0.316 1000 316 [52]
orC P. subcapitata 1.04 1000 1040 [23]
CTC Chlorella vulgaris 0. 005 1000 5 [52]

1)SME, DMC, MET, EATC, ATC 1 MCN [ E(L) Cs, . AF F1 PNEC {1 % {3t

1.5 BdEswr

i FH| Microsoft Excel 2016 F1 SPSS 26 44 47
ARSI 08T ; FH EPA PMF 5. 0 BRI AE
R IATIRIENT ; 1 ArcGIS 10. 7 F1 Origin pro 2021
AT .

2 HR5HM

FAEUE TR LA AR 2 TS YL ARAE
FEARMR (R 2) LR 23 PR ER 11 R
AR BKE R E A 100%, BB E o 2521 ~
2957 ng-L™"  ¥J{H M 35.57 ng- L™ g KPIER
(R G HE S0 7, TCs AR HE R 0 17 (100% ) , H
KM QNs(76.9% ) Fll SAs(26.9% ). #i4 Kk &
MM EETIH , p(QNs) JEHE A 243.3 ~2 946 ng-L7",
A4 M 154. 1 ng-L™"; p(SAs) JEFEI & ND ~9.75

2.1

ng-L™" SEYE N 0.25 ng-L™"; p(TCs) TG A 8. 48
~13.77 ng-L™" FHME R 1. 14 ng-L™". g Fpbr
AR AU HE T, & FLU > OFL > FLE > MAR
>ENR > ATC > DMC > CTC > MCN > SMX i & #.
Hrf, p (FLU) #% @, HJE Bl oA 144.5 ~ 2635
ng-L~" HPUAER DR 78.2%.

TEDUR (2 2) ,26 FhdiE R 46
FIHAE 40% UL b, S5 =0 F Ol 26,14 ~ 346. 8
ng-g ' HP QNs B IIRE R AR (87.7% ) ,(H
Ho B Y A (141.1 ng-g™'), & T SAs
(0.24 ng-g ") A TCs(1.27 ng-g~ ") . WLAANHIER
& B E T 5, % OFL > FLU > FLE > ENR >
MAR > OTC > DMC > ATC > CTC > MCN Ay #a %, H
" w(OFL) i, HVERI A 4. 54 ~259.8 ng-g ™', 5
PUER B EH N 59.8%.
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Table 2 Detection of antibiotics in surface water and sediments in Baiyangdian Lake

KA DU
YUE% Wi GME ROk OPMIE fedok BoME Rkl T
/% /ng-L'l /ng-L'l /ng-L_l /% /ng-g_I /ng-g_] /ng'g_l
MAR 76.9 ND 75.60 21.94 76.9 ND 6.01 2.82
FLE 69.2 ND 151.5 33.84 92.3 ND 11.26 5.55
QNs OFL 100 ND 428.1 109.2 100 4.54 259.8 32.47
ENR 38.5 ND 110.7 13.17 69.2 ND 12.96 4.14
FLU 100 144.5 2635 602.6 100 0.54 46.15 9.28
MCN 100 1.01 1.64 1.16 100 1.29 1.56 1.38
TC 100 0.63 0.67 0.60 100 0.42 0.85 0.69
oTC 100 0.46 2.39 0.87 100 0.49 7.53 1.74
DMC 100 1.00 3.54 1.48 100 1.55 3.53 1.71
TCs cre 100 1.26 2.00 1.15 100 1.25 2.12 1.46
MTC 100 0.84 2.71 0.90 100 0.82 1.48 0.96
DC 100 1.03 1.45 1.15 100 1.03 1.32 1.11
EATC 100 0.60 2.71 1.11 100 0.59 1.54 0.89
ATC 100 1.24 2.02 1.57 100 1.22 2.56 154
SDZ 61.5 ND 2.45 0.55 100 ~ ND 1940, 467
STZ 0.0 ND ND 0 100 ' ND 0.41 “0.18
SPY 23.1 ND 7031 0.02 100] et ND 5.50 7/ 0.81
SMR 0.0 ND (" N\D 0 100 - ND 0.28 e
SMT 7.7 ND 0.3 0.03 100 ND 0.32 § “0.19/ |
SAs SME 15.4 ND [ Lo0.12 0.02 02,34 # NI 0.22 008 4"
smp’ 23.1 'Np | “o47 4 0.08 Jers ¥y NDy 0.24 ~ ogm9
= sy [ 23 ')/ LA, 58 e 0.11 o, @& N 025 0.090 -
’ 360 & 7.7 | / 0,10 0.01 46.2 D 0.29 bt b
FSMX [ 53.8 8D e 1.16 100, L aND 0.81 . 0.26
szl 0.0 NS Y 0 100° | “ND 0.34 0184
1ND Feahoh TN '
2.2 ol A s FT T 03 BRI SO TR
B RNV th 28 A Re e il 2.3.1 KR duE RIE AT

2 I3 B, W47 22 K (i 45 2 bt 2 4
TR UL TP QNs Fil TCs i FIEAH I (P
<0.01).
2.2.1  FKARFPUAEFR A28 A5 SRR

KR TR A: R Y28 [ 5341 T 5, QNs 78 S5 ¥
Pt (2946 ng-L7") , fe/ME H BUFE S12(243.3
ng- L") BARE PO AR (953 A FRAE. SAs 7E S6
HeJE i (9. 75 ng-L~1) T AE S12 KA, 5 i
e, B AR B A R AE . TCs YR R SE « FhRAIG,
R G 09 o3 A R AR R B2 A R R B/ IME 43 )
PRAE S13(13.8 ng-L™") Fl1 S8(8.48 ng-L™").
2.2.2 VIR U R A [ SRR

MUY P A R 2 RIS F, o (QNs)
BARAETE S2(334.6 ng-g™ '), fx/IME B TE S5
(15.68 ng-g™ "), EARE“ rhERE AR PEAL Y25 (0] 43
ATFRAEE. SAs Fll TCs ¥4 52 U R ZR IR 19 25 [ 43 A R
A Hof R PLAE ST (8.54 ng-g ™' Fl 19. 47
ng-g ), M/ MES 3 HBLAE S12(0. 69 ng-g ™) Fll
S5(9.20 ng-g™').

TR BT A: RIR AR AT A R AN 4 FIE S s,
HF 1 X% CTC B 53 ik AH X 42 8, STk R 56. 8%,
HAHSEYE T i CTC 5 H BT A: A M35
W H AT BE HA B — R JE. CTC VR AT 25 W e el
FREHAP T N R R T R R
FHIBK ™ 5 58 X B iF 52 & B p (CTC) R ik 162. 68
ng-L~' M TE A AR FRFEIX, T 1 HEWT Rk
FRFRAH.

[ 2 %} SDZ F1 SMX 1Y 5Tk R & i, 40 ) A
62.4% 1 62.8%, H_FHWFIEMHIL (P <0.01),
ORI RE HLA AR R IR, Horh, SDZ J2 K b
NN FERT, CA R SDZ F 8@t AR TG TS
7J(J£F/\%PK,E/KJ#AIEJAL 5.0 x 10* ng-L71[57] 1]
SMX I FARTT AR E e AR 45 Rl ok i 5
EFHA O RN A R Z R RVE BN DS I
R A TG V5 K BLREHERATE ™ T 2 e A2k
G K.

-3 %} DMC Hl MCN {14 57 ik 56 A0 X # 55
Iy PH 58.4% M1 44.3%, H - F BFEIEHE(P
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p(QNs)/ng-L™!

. 153.7-711.4
m 711.4-1 269
12691827
B | 827-2 385
. 2 385-2 942

p(SAs)ngL™!
. 0-1.947

o 1.947-3.894
7 3.894-5.840
. 5.840-7.787
= 7.787-9.733

p(TCs)ng:L™!

8 .484-9.536
= 9.536~10.59
0 10.59~11.64
. |1.64~12.70
. [2.70-13.75

0 6 km

2 BEFRAKE PRI, BELTMREE
MERWZE S5
Fig. 2 Spatial distribution of QNs, SAs, and TCs

in the surface water of Baiyangdian Lake

<0.01) , 0 v] A H A5 A 7] 1 ok U8 BF 5% 3% B
DMC I MCN 7 il 25 T 25 v V8 4 J5R} 24 i e i)
NN TRCIE R =X (SR E N SR S R
Wk B B EIR T BE 2 A Tl S kY n=z, A
A V5 7K Ak B RO 58 3 45 oK 56 4 B i 1 Bt
A RHEA A SRR AR R 3 3 W R T K Ak
.

¥ 4 %} MAR., FLE Hl OTC (% 57 ik 2 46 %}
BME, 9l 63.5%, 64.0% M 35.7%, H
MAR . FLE f1 OTC W P 2 [A] & & IEAH & (P <
0.01) , 7 W H AT 6 H A A [R] A9 R . 1 hy L7801

W

(a)

@(QNs)ngg”!
. 15.78-79.49
[ 79.49-143.20
1 143.20-206.91
= 206.91-270.61
- 270.61-334.32

@(SAs)ng-g”!
. 0.70-2.27
. 2.27-3.83
1383540
Bl 5.40-6.97
- 697-8.53

@(TCs)/ng-g!
. 921-11.26
B 11.26~13.31
1 13.31-15.36
I 15.36~17.41
. 7411946

3 BFRERRYRERINE, BEE
MHRREREZTHEZE D5
Fig. 3 Spatial distribution of QNs, SAs, and TCs

in the sediments of Baiyangdian Lake

HHZ5% ,MAR | FLE 1 OTC 78 & & 72 58 % 1
A % 0 351 Sk 1B A YA T RO XA
KEBRO AR 208 Bk e A,
KT 4 HEWr b & & 5778
2.3.2 VBB R IR T

DU b b A R IR AT 45 R an &l 6 A&l 7 fr
R T 1 X SMX (64, 9% ) BTk s, 5 KR H R
¥ 2 A, HABCHE S BT s SMX 5 oAb AE A
MERSS , W AT e BA BRI R 1 #EWT 4R
5K,

A+ 2 X} FLE (71. 0% ) #1 ENR (50.3% ) B9 5%
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- = = - B
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Fig. 5 Contribution of each factor to total antibiotic

concentrations in surface water

MRAD R, B B IEAH G (P <0.01) . fE 8
RURY QNs, 7EFR 56 % TR )5 58 & 90 s R e | i
FER B ENR 76 352 58 37 0 A & (127 x 10°
ng-g ) IR T HALMBIE YT T 2 A
HEIRIH.

K7 3 XF SPY (93. 0% ) Fy BTk # f , FLAH G
SrRTiE R SPY 5 HAHT AR ZAH SRS, W H AT B
BAR . B SPY A& HIR/DHESR, Z2ET
HAERR M . H TR AL B T 20 R B
BEAIG, WFFE 2B SPY FET5 /K AL BR T v (R AG: H i 8 85
i£35.9 ~ 64.8 ng-L7'" K 7 3 HEWT g i5 K Ak
T

[HF 4 XF STZ(64.9% ) Fl SCP(54. 7% ) By 5Tk

?sz %Elﬂhtﬂ STZ 1 SC’P,

Ve nrﬁwwﬂ Bt B R A P AR
K 4 W7 Ry K™ 57
. 25 B, R TE T AR R R IE O K
FRAH.

2.4 B PEAY

2.4.1 AEREEN

ARWFFEX KR B AR 2 AT KU PEAR (18 8).
AP RSB ,FLU 76 S5(RQ >1.0)
A F e KU K S, A B A 34 Sy v AR AU K5
ENR 7£ S1(RQ > 1. 0) Jy & WU /K-, sS4, S5, S9 Fil
S11 Y RQ 4 F0. 1 ~1.0 Z[a], A R K5 CTC
(9 RQ #4L T 0.1 ~ 1.0 Z (8], A KUK K5 SMX
7 S4 1 S6 I RQ 4T 0. 1 ~ 1.0 Z 18], A F KUK /K
- HARE S AR KBS K, b R4 T
RS 7K.

P RS SR S, ST, S5 Fl S11 k¢
ST RQ,,, > 1.0, 4 F 5 KBS 7K -, e KA B
S1(3.03); HAKESA RO AT 0.1 ~1.0 ZJA],
kg R AU K-

2.4.2  FEE ISR

A S A T A 2 KU 14 25 TR A3 A T 75, K =57
FHAE S1 AL RQ, > 1. 0, &b T KUK /K- AR £
B R p UK 5 AR TS TS K FE & FRBEAE ST, S2
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Fig. 7 Contribution of each factor to total antibiotic

contents in sediment

S4. 85,86, 59, S10 I S11 FE £ RQ, AT 0.1 ~
1.0 ZIH], Ay o JRURS: 7K P A i 389 A AU 7K
-5 TS KA PR FE AT A FE R RQ, $94E T 0.1 ~
1.0 Z[H], A i XU 7K

3 g
3.1 ENSMEA AR A R 75 YRR

H T, 76 [ N MR AT H QNs . TCs Fll SAs
P AR . KR S AR R IR S (% 3)
OFL ¢ i e KAB 2 125 A KE WA (0. 53 ng-L™") ™|
B PO (10.30 ng-L™' )™ F0 3% i (13.30
ng-L™") ™) FLU ¥ JE (B KN 2635 ng-L™") ik

1 2 3 45 6 7 8 9 1011121314151617
1.TC, 2.0TC, 3.CTC, 4.DC, 5.SDZ, 6.SPY, 7. SMT, 8. SMP,
9.SMM, 10. SCP, 11. SMX, 12. MAR, 13. FLE, 14. OFL, 15.
ENR, 16. FLU, 17. RQ,,,

B8 BFRAETIERNESKRITH
Fig. 8 Ecological risk assessment of antibiotics

in the surface water of Baiyangdian Lake

1o A (B K{E 645.7 ng- L~ LA
T (% KB 95.59 ng-L~") ™0 0 € 44 ] (dx KAE
32.0 ng-L™") ", ENR Ao 5 00 w5 T 500 ( fe K
{E 82.7 ng-L~") 7' 4k, SMX, SDZ, DC Fl CTC
B B B T H B I, AN AR P SMX VR R kK
{H (6.47 ) i K F K i W (50.90
ng-L™1) A EEWT (4741 ng- L)Y A A
(63.78 ng-L~") "V FIELIAT(16. 40 ng-L~") ™ i

1 ) [45]

ng-L~"
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s13 | O O BH 9 v B R BOMEIE (5. 10 ng-L™") ' DC Yk
512 1 [ JERRAE (1. 45 ng- L") 5HW (5. 70 ng-L™") 7"
> BB (8. 10 ng-L") ™ b F— A ht g (I AT T
59 ROy VU (49.20 ng-L™")"); CTC By ¥ B i KAE N
58 C 1 L I 2.00 ng-L~", 5 HH] (4.00 ng-L~")"" | & Ui
z:) [ = 0.10 (3.24 ng-L™") ™ A KEW (6.50 ng-L~") ™
&4 :‘"' BHII (8. 40 ng-L~" ) FIiL 3 (9. 50 ng-L~" )
4 124,

. e - BRUTBW 4 B0t % & BT 2 (4 4) , OFLL &
S| _ i R(H (259. 8 ng-g” ") 5E M (108. 9 ng.g- )[79
1 2 3 4

LR FRAE 2. A5 K, 3. 15K AL BT 4. B & FRbE
B9 BiFRKEFHEERNESKE(RQ,)

Fig. 9 RQ, of antibiotics in the surface water of Baiyangdian Lake

%3 ERIMNTHRMBEKGERAERRERRELR e

KECHE T, 3 5 T K (16.50 ng-g™' )™ Fg il
(5.56 ng-g~" )™ L (51.60 ng-g~ )™ %Héi‘afﬁ
(49.69 ng-g™') W W, Wi AR T (653
ng-g ') IH%#“‘”@IE%E#&%&% %EP

=

Table 3 Comparison of typical antibiotic concentrations in the surface water of glob'al rivers and lakes j.*“'" F
e PR /gL ! l N Fj{#ﬁ
DC CTC SMX | o SDZ OFL | [~ EMR FLU
FIPERE 1.03~1.45  1.26~2.00 ND~6.47 © ND~2.45 ND~428.1 4 ND~110J7) 144.5 ~2635 EH;L
i) ND ~5.70 ND ~4. 00 ~ — ND ~8. 40 ND ~50.60 Np.~é2. 70 % — 77,} /
HIPUW  ND ~49.20 ND~3.24 | b — | & ND ND ~10/3 ’. ND {26]
B ND# — [ 2. 95,204 D o N *87.26  ND~13.304  ND ~%.39¢ r. [2’5~] :
i | A ND ~10. 44 NP ~;0 4T 65 ~100.2 —% 7 “Np-~ ~ 38 147 — [231%.~7)
Bgw ND=80 ND~8.40 . NP5 ff/ " ND <tpQ’ =1DQ — “T24] &
Wegw, S — [ ND~6.50 = ND AT 4 pi;b'lm.zs ND~ 053 IND4i61 (789 &
Vit I — * — 17764 ao  If £ ND ~ 7136 — ‘ [795%
oAt || e — Ni) o378 4+ ND~1378 ¢ — ND ~95. 59 [80]
‘J'%T ,n‘ | — | #AD~9.50 | NDX16/40 | NDL2:50  2.00~32.00 NI [81]
LT P F o ‘ — P TR 30.00 ND ~19. 33 12.00 [82]

1= i‘%?ﬂ%nﬁ—:?ﬂﬂ‘"fﬂ'

OFL ﬁ%ﬁz%(sz. 90 ng-g™'). OTC FEREKEN
7.53 ng-g~', 5 (4. 71 ng-g™" )™ H[(5.33
ng-g” ') RIS A (6. 60 ngeg ) T B EAKOT
FH2Y AR T A1 (52,80 ng-g™') ™ 7 I EE
(98.50 ng-g~")!%) | WM (74.73 ng-g") I
1 (384.6 ng-g ") SMX I CTC & &4k T 4%
/K- (0.81 ng-g ™' A1 2.12 ng-g™") , AL T K
(16.10 ng-g " #1119.00 ng-g~' )™ #tiH (115.8
ng+g ' M155.57 ng-g™") " FIVEIT (2. 59 ng-g " A
10.9 ng-g ™')™ SPY FHEFE KM A 5. 59 ng-g ',
T R (0.32 ng-g™' )™ 1AL (0.68
ngeg') ™

MARYIA RIS, QNs N EEHAER, Hik
9 TCs 1 SAs. FEMBH T A TLHI H, QNs 78 240
Y SRR AR — B QNs fEA—FP A F
YA SR S R 2 A g, A
A FR B BE F1 LA AR BRI 32 g L
2, QNs i ELA 5 i DT R -k 4 Tid & 5, T o 7

ND 278 HAK H ; <LDQ 273 % T =R (limit of quantitation)

IKARFULAY g ) 12 K L Ak, AR 5 o
TCs AR H R 35 100%, XAl fiE5 TCs AU
F AR BIR B 6, BT 2 T K= 3 5
S HYG K A BT A AT 2 BR K K T 24% B
Tcs””. HW,TCs B — R Ak, Hfae S5t
SR W R DT R W i W B AR 2 AR R
3‘@88]
3.2 SRV IURTIAT A A B 2 SR 04 B R A R

L YT A B A 2R R T A TR,
PR IHK AR I 58 KA Ht A 22 A DR A B 225 S 5 LAl e
FEMATHEL (3R 5) . MHbBUN I 2018 4 9 A HFiR%k
1B = SR, A 5% 45 SR R B K ™= 37251 (33. 2% )
KPR P R BRI, X — M iS5 H A
EAR SR XA G, 5B SR AL AR R i g
WA PR A FEORIFAEE W 22 5. BN . 7EAR
TREW A BN EERENE & KM
(79. 6% ) ,3X 1] g5 1 2 W ) il Ak 22 & 8 A ik
WA K. T TR I W55 — K& & A r= 2 il
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Table 4  Comparison of major antibiotic contents in the sediments of global rivers and lakes

s , Bl LU it
oTC CTC SMX SDZ SPY OFL FLE FLU

HAFE  0.49~7.53 1.25~2.12 ND ~0. 81 ND ~1.94 ND ~5.59  4.54~259.8 ND~11.26 0.54 ~46.15 ZARHF5%

KM 0.30~52.80 0.55~19.00 0.01~16.10 ND~0.39  0.01~0.32 2.18 ~16.50 1.59 — [84]

P i) ND ~4.71 ND ND ~2.53 — ND 1.32 ~5.56 — — [85]
ZRIABER]  7.48 ~98.5 ND ~83. 48 ND ~15.43 1.54 ~38.6 — — — — [86]

#W 0.72~74.73  ND~55.57 ND~115.8  0.81~77.26 — — — — [78]
Sl ND ~6.60 2.79 ~42.83 ND ND ~1.52 — 0.65 ~6.47 — — [87]
fEATIR/T8oY ND ND ~ 10. 90 ND ~2.59 ND — ND ~653 — — [88]
I ND ~384.6 — ND ~2.63 — ND ~0. 68 ND~51.6  ND ~25.67 — [89]
FMEL 1,51 ~5.33 — — — — 5.14 ~49.69 — — [90]

L — ND ~92. 10 — — — ND ~108.9 — — [79]

1) “—" FRZA A FARMGN ; ND Frm Sy AA

1713 2 1] B A 11 ] 2 389 P e KA A X, 2> FE SO

PCA-MLR B A JE Wil SAs| QNs, TCs LA

BEIFRPOK AL RO BB RHAMZSSE PPCPs FEATIRARAT, 4 R R WG TS
(30% ). JEGEHT 2020 AR INPYA BIFHLIIC 1514 343 OB H B Z IS IR (63, 5% ) 7. Kt /JR’%HEE@)‘J“

AT USRI S 1L P A8 P R T R, B 1
2K T AE T R, ARG TS K (31, 5% ) s B
YEUOOT S Ah VL L T R S o L LTS
IRAR BT g F BEAR , TR R 5y 5l 40 0%, -
66. 8% LTt I 15 447 b T 1 B KAt 4R 0666
i Wﬁﬁ%%mﬂ%(ﬁm%%u‘w‘bﬁﬁ—ﬁﬁﬁ
I, fmmmkumaxﬂm%mz%}mﬁ i
z%mm@rmfgm@%ngﬂﬁ i, AT
7 |/

el A 2B W B 3 RO AR 45 s 51, PRCPs
'ﬁﬂmi%%E’JﬁF%mTﬁa%ﬁ/ﬁﬁﬁﬁE’Jéﬁ%ﬁﬂﬁ
BbE
v LR, %mziﬂmi%ﬁiﬁn@ﬁmﬁﬁﬁ
XS %ﬁt?ﬁ@mﬂm S ENUARNCTE
I e %ﬁréﬁ R it , 7Rt
s e %%Wﬁﬁ%%ﬁh%%ﬁﬁﬂ%A%Mﬁ
BRI

5 Tﬂl‘ﬂ,gfﬂi‘f M?}?M:ﬁiﬁﬁ%’ﬁﬁ%ttﬁ

| o & % Table 5 Comparison of sotirce contribution=rate “and methods for antibiotics in different lakes and rivers
A FINRT FEYE(TTERE) WAL Sk
IR IKFPEIRAE(33.2% ) | T5/KARTTT(29.29% ) . & IRAH(18. 9% ) FIAE IR IGK (18.7% ) PMF AT
RIABEY BB (T79.6% ) | T5/KAHHEI (0. 3% ) A& & /K=F75H (19. 8% ) PCA-MLR [28]
T 2B (30.0% ) | K788 BFRAL(32. 0% ) | T5KALRRT™ (15.0% )\ AROLAHK (12.0% ) MAETETS ) o (571

K(11.0% )

biiEban VGKALFR) (40.0% ) . REFRIT IR (29. 0% ) | BEBEHEK (21. 0% ) F1E & /K™= F=5H (10. 0% )
(21.2% ) . NHZ5(11.9% )

LT 15K BT (66. 8% ) | K FRIEFNFRA Y

PCA-MLR [98]
PCA-MLR [99]

W R AT K (31.5% ) | X3 (26.4% ) | 15 /KALHRT(22.2% ) FIRA TR (20. 0% ) PMF [100]
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