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Abstract: As antibacterial active ingredients, biocides are widely used in medicines, personal care products, food, agriculture,
and other sectors. Large amounts of biocides enter aquatic environments directly or via effluents of wastewater treatment plants
(WWTPs) , which might pose negative effects on ecological environments and human health. In this study, the occurrences, distri-

butions, and ecological risks of 13 biocides in the sediments of 61 lakes in the middle and lower reaches of the Chnagjiang River
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were investigated. Eleven biocides, including 5 fungicides, 1 antifouling agent, 3 parabens, and 2 disinfectants, were detected in
these lake sediments, with total concentration levels up to 103 ng/g dry weight (dw). The detection frequencies of carbendazim
and methylparaben were both greater than 50% , which were 100% and 96.2% , respectively. The mean concentrations of carbenda-
zim and methylparaben were (1.79+2.76) and (11.4+8.19) ng/g, respectively, while the mean concentrations of other com-
pounds were lower than 1.0 ng/g. Compared with other rivers and lakes abroad, the pollution of biocides in area of this study would
be ranked at low-medium levels, with the mean value of total biocide concentration of (16.7+14.5) ng/g. Domestic sewage might
be the main source for fluconazole, clotrimazole, triclosan and triclocarban, while carbendazim and thiabendazole might come from
non-point sources. The distributions of parabens in the lake sediments were significantly related with total organic carbon of the sed-
iments. The ecological risk assessment of biocides in the lake sediments were performed by using risk quotient. Carbendazim, meth-
ylparaben and triclocarban showed high ecological risks at some sampling sites. To reduce the adverse effects of biocides on aquatic
organisms and human health, it is necessary to take proper measures to control the pollution of biocides in the lake environments,
especially at the source area of drinking water.
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Fig.1 Distribution of sampling sites
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Tab.1 Recoveries, limits of detection (LODs) and limits of quantitation (LOQs) for the target biocides

R [l 4/% (100 ng/g,n=3) kB (ng/g) E =R/ (ng/g)
o AE M 98.4+20.4 0.05 0.16
T 138+13.1 0.01 0.03
Ibf o 165+12.0 0.03 0.11
R 100£6.1 0.01 0.02
ZHR 78.4+5.3 0.01 0.01
BIT 101£6.2 0.08 0.27
oIT 119+10.7 0.01 0.01
Jein4: s 98.2+4.6 0.01 0.05
Jein4: LhE 156+15.0 0.01 0.03
Jen4: g 114£6.2 0.01 0.05
JRin4: T 143+10.1 0.01 0.04
=&kt 108+13.1 0.03 0.09
=& R 138+10.3 0.04 0.14
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Tab.2 K, toxicity data, AF and PNEC values for the target biocides

WA log Koo %0 i R BIHEER -, PN 2
W/ %m0 (pg/L) (ng/L) ik
TR 6.43* THEMHEhY Daphnia magna 21 NOEC 10 10 1000 [33]
(23593-75-1) S 3 NOEC 17 [33]
o 28 EC,, 25 [33]
UM 3.59° i Danio rerio 5 NOEC 306 10 3.1x10*  [34]
(86386-73-4) W Pseudokirchneriella subcapitata 3 NOEC 3060 [35]
T HES Y Daphnia magna 21 NOEC 1.6x10* [36]
R JfE el 5.74* A 3 NOEC 10 50 200 [37]
(22916-47-8) TCEHESHY) Daphnia magna NOEC 45 [37]
1 21 NOEC 12 [37]
bR 3.60" £ Oncorhynchus mykiss 21 NOEC 12 10 1200 [38]
(148-79-8) 1 Pimephales promelas 33 NOEC 110 [38]
TEMETIY) Daphnia magna 21 NOEC 42 [38]
A Selenastrum capricornutum NOEC <1000 [38]
ZHR  2.69° LEHEY Daphnia magna 21 NOEC 1.5 10 150 [23]
(10605-21-7) Wk Desmodesmus subspicatus 3 NOEC 8000 [23]
1 Oncorhynchus mykiss 79 NOEC 11 [23]
1,2-83F e
A B 1.54¢ ki) Zebrafish LCs, 6800 1000 6800 [24]
(2634-33-5)
Jein4& s 1.94° THEHESHY Daphnia magna 10 NOEC 750 50 1.5x10* [25]
(99-76-3) 1 Pimephales promelas 7 NOEC 1.3x10* [25]
JeiA4: g 2.200 TLHHESHY) Daphnia magna 10 NOEC 1150 50 2.3x10*  [25]
(120-47-8) i1 Pimephales promelas 7 NOEC 8500 [25]
?éﬂ%ﬁg%ﬁ 2.72¢ i Oncorhynchus mykiss 12 NOEC 35 100 350 [39]
(355(%‘5_5) 4.37° HCs 0026 1 262  [10]
&ﬁ;i 3.61° HC, 0661 1 661  [10]
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(37% $hMR 4K =1:3) , FErRE Y i, BFFE 12 he 7 3214 g ARG T B0 10 min, (451 E3E#. A 30 mL
FBTR, B0 B W, B 3 0 MREAD pH k. S VR TR HLUR T, Bk ik O A R i 1)
B M2 BB R 15 A B OB A, I 10~20 mg R AR BIBAR PRI . 71 CHNS LR 047
A (Vario EL D) MERE A C &4, 3009 foo LRI DU AL S 9 TOC {H .
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Fig.2 Concentrations of biocides in the lake sediments in the middle and lower reaches of the Yangtze River
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Fig.3 The biocide concentrations of each sampling site in lake sediments in the
middle and lower reaches of the Yangtze River
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e XU 58 ASSRRE Y RQ (<1, IR . =S RBEAE 1 DRARESH) RQ (> 1, 7775 25 KUK 5 3 SRk 2
() RO EAE 0.1~ 1 2 Ji], 1 2.88% ;100 INRAE A RO fE<1, (5 96.2% . HAH 8 Fhi L5 BIT Fl=45/E
SSIAE O RN 12 ASRBE Y RQ EAE 0.1~ 1 22 ] , 2B v KUK , HoA SRBE A 45 <0.1, o IRXURS . so e | 98
FREME DR 606 R VA A B FUEIA 4 T BRI A SRR A5 RQ H39<0.1, BRI o
3 iTit
3.1 KT it X B0 R AR R RS Rk F

ARBFFEAE KT PR Wt X B AU A G L1 A A 300, R A 70 M B i 7T 3 103 ng/g, -3k
JE N (16.7£14.5)ng/g(n=104) , K WIIRE METHIRE AR TLOUSRE B0 FH 0 RE |3 B 10 19 7 A
YA, 24T B 435 8 (15.1+23.7 ) ng/g(n=16) . (15.7+12.6)ng/g(n=16) . (15.7+7.1) ng/g(n=
17) .(17.2£9.0) ng/g(n=23) .(13.8+10.9) ng/g(n=15) ,(26.7+23.8) ng/g(n=6) Ff(18.917.1) ng/g
(n=11), LR W, AT A A & K KRB0 Y
300 B AN A AT AT SO R R AT S B R E A 2 I L) 1 TR B 4 B R
(2.18+0.65) ,(4.67+6.01) FI(1.90+1.09) ng/g, 53 [E 43 VT F K AE [7]— K- (3.16 ng/g) " s L1 R AEHE M
SRR RIS B2 IR B 10 - X 20300 (1.27£0.63 ) F1 (1.481.79) ng/g, 5T [E) M A ZIT (1.40 ng/g) ™' Fn
FE R B AR TR (1.62 ng/g) ™ TR 24 5 22 1 53 7 Y1050 40 306 11485 5E) 380 ) 2% ) S 25 9 82 43 1) A9 (0.48 =
0.31) F1(0.94+0.86) ng/g, S K ILH FIEEE(0.90 ng/g) " FIZHT T 54k 17K % (0.55 ng/g) ' MM, 75 T
Turia il Jacar Rivers(0.02 ng/g) ' . 257 7 R H 3 AE AT FE ik 3] 100% , % 5 3% 6 KT R e BN 22
S — B, B T IR E AR VLR (74% ) PG PEF Turia A1 Jacar Rivers (3% ) FIZEG T 54k 1T /K 2
(38%) . ZH ALK Z o, AR T2 W AR AR 2 IF B AE B %k ik
PREEPRIRRARE , AR 5 R L AR W K s ™ o ARBIFE b s e ) S 2 e (0.82+6.47) ng/g, 5
T AT R i BEE [ — K- (0.59 ng/g) ' AR TR E ZR VT MR (35.7 ng/g) ' FIZE [ & 45 0 (42.5 ng/
9) o AT SRR R 2.88% AR TR EHK I R B (96% ) (ARTT B (74% ) I [E & 45 1
P (100% ) o WRFEMEFF-HHe A (0.65+3.00) ng/g, 5 KITH FFBIALL(0.70 ng/g) | I F 47T
TR (11.2 ng/g) " R A (23.3 ng/g) o BRHEME A H SR AEARBFFE R 20.2% AR T3 [ KA F
WeBE(98% ) ARYTILIN (98% ) FIZE [ & 25 T3 (100% ) o B R AT I H JEE Hy (0.04£0.21) ng/g, 1K T2 45
W (2.14 ng/g) PLHITGPE S Turia FI Jacar Rivers(0.63 ng/g) (2] e IR E R VT AP R B (0.005 ng/g) -
BT P b R B R A 21.2% , 8 TR E K VT R 7B (4% ) FIPTHES Turia il Jacar Rivers(5% ) X T
FRE B AT (100% ) o JBURHEME (19 F- % B 4y (0.01£0.04) ng/g, 5T KV T ii#BE (0.01 ng/g) ' FIE 2%
T (0.43 ng/g) " 2K, AHFZE R BIT BF- 243 R 0.10 ng/g, K5 tH R K 13.5% , HILTF 48 [/ B 48 ) i 91
B (2.05 ng/g) " Tiii BIT 73 FHK T R BOl AR h bl .
3.1.2 Rl A B K RE R AT RAHIEE CFH(H (4.86+3.52) ng/g) Ah, KT Jiz i X H A 9 37T
BUp v 0 4 BB - H S R 10.2~15.1 ng/g, 5 TR E KT P R i O VOB (4.95 ng/g) " (IIAR
FEMPTRI (2.20 ng/g) ", 4 [E PU LI (4.66 ng/g) , H AR 5018 (5.04 ng/g) FISE [ JC AR HET (4.04 ng/
@) " IR E R ICRIR TR (14.2 ng/g) 24 (BT 28 [ S AU (44.7 ng/g) " gk i
JE ST U (28.0 ng/g) 'Y LK PEPES Turia River TUE (152 ng/g) ' JE 14 HI R (0 4 H 303 3 4
2 HADBF S X BGA S T 100% , fEARBFF Pk s T 96.2% . JE 4 L8 IK -39 BE H (0.49+1.20) ng/
g, G KT T 7B (0.20 ng/g) " I [F PH BT (0.54 ng/g) kb TRl —/KF, & T H A 50 (0.07 ng/
&) i1 R AT (0.09 ng/g) ™ R T P BE S Turia River(23.0 ng/g) ' I 4 K bk 5230 3 (6.00 ng/
o) ARSI A B RN 46.2% L 85 T H AR 5T (18% ) FISE R AR HET (23% ) L M8 T Hofth
WFFE XS, JE A4 T R A0 F-HHe B Ay (0.00420.02) ng/g A T P HEA Turia River(3.00 ng/g) "' %k it
JE T (9.50 ng/g) 7 dh FE PG ELI(0.14 ng/g) N A AR AR 5 (0.07 ng/g) I [ R AT (0.08 ng/
o) HARRTFE PRI A T BRI AR R T U B4t FOSR R IH S B RAE 1 SR B F 5 5 & 2B W v
i AR R T A At BE 2 DR ATUR TS Y R T HIE R R T A T R S I 4
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P i £ BRI P A7 A
303 HEA TR AT BRI (ALTE Y30 Kt ) R BHMIRE (CRAS ) 4h, = SR 7E TR B K VT F e
DX LA A v AP 2 BE AL L (0.3940.93) ~ (0.86+2.1) ng/g, 153k [ 224~ My X BT B rh iy = G2k 15 ek
2L, LI ZR 78N (0.70 ng/g) M FIHK T H R UE 3 (0.60 ng/g) " K AL I (5.46 ng/g) HE ( 2.31
ng/g) R (1.37 ng/g) " e HoAh [ 520 3 DR I 21 94 = 4/ vk B o 85, L A 22 [E AR ARRIATES (108 ng/
) BT EATIE (15.1 ng/g) R [H B AR (46.5 ng/g) o U FEAHIESE TP RO AR WAL T A
LA HL, H 31.7% o = RBELEABESE AP A B N (0.9124.55) ng/g, 15 BT (0.93 ng/g) " KT
FRFEZRIT.(495 ng/g) " KT B (7.83 ng/g) " TN (122 ng/g) VT (22.3 ng/g) IS A I
(604 ng/g) " . MWiAHFFEH =EFIRIK RO 11.5% (ET LRSI K. 2 1k, 5E Mo
DA e, 38 R T o T A TR 1 A% A 7005 e AR Ak T rh AR K T
3.2 REFI TR KB

A WIRETTAR A 2R B 30 At R OB AR 214, (EL % A RS R ARG VR BE R A 25 570 RO REAS: Hh 2B )
P dRe 22, Horh 20 1 R 10 4 R AS: 1 SR R0 1 Ak 3 e v 5 — 42 L JR A 4 TG L BIT AN 6 7246 1 R A
T AEL RS Y A O 0 5 1 2 e I B 7 95 0 3, A T 1 3 O A0 s A o AT WA £
SRET R AR AL R 2 1 R FUE A 4 TR , LU SR 8 A A SR 6 5, ELJE I 4 2 TR R 2 2 B A Y o
o AEPHIIREOUR T 5 RS AR, EEIS Y Je I & RIS R T R o YLD S50 32 2005 e b e in
S VTR , 205 K SR EURG A 3 O 1 o 30 S B0 TR B 10 3 0 ey g JE 3 4 T I, 9 S LA 1 R e
JEEF SRR = SR BE . R [ A A 7007 450 10 A 155 00 7T B 5 % A 300 e R AR 0 LA 1 B S
FWIRENL T B4 2 TE R IR IR X, VTSRO T3k 1 o 3 U I B 36 7 A DX AR 11 A% 2
Koz 2 A 2, LS B B AR 6 0 = U R A o L = G A R R ARG H 7 AR T
TER Y RAL A 5.9% , T fiE 2 Ft 33K A X304 S T 510 M DX R B w3, A 10 5 B2 S M T 9780 o
IX o Z2TATE A W R R G 25, 7T R S Al IR UR IS e A 5. B T ARl B R AL, £ 18 R o Tl
SRR T RN Z B G B v A WA R s A7 7E

FESEMEAMHT (6 3) BB, FUHEME DR BEmE | = SUE 1 = SR BEAA1E 5 25 IE M1 56 (P<0.05, Spearman ) | i
WIix 4 B AR FI SR IR AT e — 3. T — S0 A = R HER A I V5 K I R AL i TR I, SRURE IS oK B
W A A = AR FE AT RE T Bk F AR TS K B 7RI £ 1 R A AE 5 1 AR XG4 ( P<0.05, Spearman ) | i
I 4 H R A = SR A7 A 35 6UM G (P<0.05, Spearman ) , I 06 3 1 22 1 SRR AR DL, {H. 5 2 1 4 1
TR A = G A B A T 5 A W Th B BREEAT R — B Wb R AN B R B IR A 2, e B B T S
Yoo JRINE HER A = SEUE A B AN CNE, RN IR = SR IR R Bk SR AT A B AE R R A R, 1)
b, SR I A BRI B IE R IA 4 W (r=0.6606) | JE A 42 21K (r=0.2811) FRIA4: TR (r=0.3134) 5ULFH)
TOC # HAF 53 AH XE (P<0.05, Spearman ) , I J& 1 4 1§ 25 D7 163 40 26 LR 43 A B AE A S5 TR TOC
BH—ER T RN R RS LY B ST A PTG )5 1T e 2 KR A W ml T

R FUAE I A3 B S0 A B — R A28 D) S T P o R4 2 A B L E SRR 19 36 AN R, 91
HRAN R SR A o5 0 28 A Mk BE AR B v 22 /N T 20% BB 16 A X FRUEAR 2= 7E 20% ~50% 2 [&] i 130
A LLAS MR IEGR 22 85T 50% BIWIEAG 9 4. RAERMEAWNAE T RES7E K130 T KA TR 68
PRB AT AR AER S A XTI A] . SR, 7E W AR5 50 ng/g 1 5 ASWITE UG L0 2 35 0 A 35 04
VIR F35 ) SRR #0555 0T 10 SR A X B A A S0 A I R0 P 5 35 e R R R R
3.3 FRAFIMIREHIE EiE

F T80 2 R b A A BB VERO , AR BIF 00 DT AR 2% A 700 3 B2 e Ak LB K P 2 A 700 o B, 9%
J5 RS A7 7 2% A R A S U . S5 SR 0%, 3 R A A R 2 3 R e 4 S A =S R BEZE KT
TR A S A AR AR v K . 22 T 7 A I AR 240 A v XU , 9 T 0 B AR H A 2 2 Sy i XL, 4
BERE VTS0 280 BS80S0 A 0 0 e 22 g e UG , T A K VT b R WS S (7 0 S (YS5) ™
R (Y65) (55350 (Y68 1 Y69 ) FIVG il (Y72) AARIKES: o T2 1 4 H e iy RUBR: SRASE A o2 T3 80 (Y35 Al
Y36) Y7 (Y79 F1 Y80) FIVGHLHI (Y103 F1 Y104) . = %R HEA 5 KU SRABE A7 THEWI(Y103) . £
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RACIAE HERXHF A D. magna W RESSE AR . = SUA X2 B R BURR, = S0 RPEXT B Fe 2l e
g

H R DR T =@ A M= RIETURY T i8S AR . Tamura FHF5 LI, =5 AEM=H
FPEXHHRIL Chironomus yoshimatsui (8] NOEC {E 457 5.0 #12.5 ne/g ™ o AUH — 48 329411 NOEC {8, iT
R 100, e 245 81 = S04 F =S R PE PNEC {H3 50 1 25 ng/g., FIHITURRYREMERHE 1S 21 ) PNEC
I ZFAMEA R RO, 2R R , ZFUELE 2 D RAE RN RO /v T 0.1~ 1 ZJ] XTI sh ¥ h 4%
DU s =S8 RBEAE 2 RAE R (RQ 23512 1.02 FI 1.44) A7 XUBS: , 75 4 S RAf A P AR UKL . % FEALBR /K 7
AU B T AR TR vh = U A =R A 25 XU (0 48 5RO, T RR 7 22 BT A9 i = A
RQ {HEEA AL F R — B, VTR W) B M BOE 3145 10 = SR YE RO [EAHX =i HATSC FUIRY b 21
R JCIHAERER = EE M =S RIS BRI D, SO SR AH SR 5E, Dy v T Al % AR T AE K R ERBE v
4 A 2 XU B AL B 22 1y Bt s

R, Sk T W/ 25 AR 50 AT g e A A A8 KU, , 7 b BN A A 5 Y A 45 . 1 2, 3R T K IR &
AL FRALAR ol 2 3 YA Tl PR 0 A% A R it . ek, B SR IR 2, i RS e g . S Ah ek
WA b2 28 P, 45 A 15 V5 7K A HE I 5 7K AL 3T 7K HETC LA K mT e B RS T 5 ¥ 2% 5 ) b, AF
B AR PR , B2 R TS e ZBRACR , IR I B R 7 1 7 AR T R A R KU . B, I
WAl AR ARG B A, LA 252 R W R 2 R I # R ZdU R = RS

4 Zig

3 X B R T T i M X 61 A4S 13A 0 AR A v 2% A 50 B9 5 AR A RLRURS: DA #EAT B, 4 1 AR

1) 11 Bh AR V0 R b ST A TURR A Th ol R AR IR L LN 0.55~ 103 ng/g, 349k JiE
FIEFE A58 (16.7£14.5) F1 13.1 ng/g, 5 HAhE S0 1 X AR b, 3 E VT AT 3% i SO5 90 DR 5% A= )
15 YL KA F P A AR AR 8 2K o

2) Z R AE I 4 PR 3R AT 50% , ELRG v B (e T A R AR 0 SRUREmE R g e | = &2 A
A RPN BE TR A AT K, 2R RIS R FER ARG R JEIA AR B R AL DU P ) oy
TEHE SUUERY TOC & B YIAH X .

3T RO A, Z W R JE i 4 PR = S RPEAEIR RS RO ST 1, BRI B, X
SO FIFE WA IR BT b 1 2R 25 KU A — 2B G
iR TEAMFRARAEERAMA EFOR TR ELRFILAMR EHFERFRR AP PEL
HRFEFERFITRPREGH B,

5 %
B2 T UL TR (DOL: 10.18307/2023.0114)
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Attached Tab. | Basic information and total organic carbon for each sampling site
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