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Bioaccumulation of Personal Care Products in the Plasma of Wild Fish from
the Dongjiang River and the Associated Risks

YAO Li'?, DOU Wenyuan', MA Yanfang', ZHOU Yibo', LIU Yousheng®, ZHAOQ Jianliang”*
(1. China National Analytical Center ( Guangzhou) // Guangdong Key Laboratory of Chemical Emergency Test, Guangzhou 510070, China;
2. SCNU Environmental Research Institute // Gufangdong Provincial Key Laboratory of Chemical Pollution and
Environmental Safety, South China Normal University, Guangzhou 510006, China)

Abstract ;: The concentrations of 24 personal care products in the plasma of 32 wild fish collected from the 8 typical
regions of the Dongjiang River were detected and the speciation and bioaccumulation potency and risk of the 24 tar-
gets were also analyzed. 13 personal care products ingredients were found in the plasma of fish, with the concentra-
tions ranging from <MQLs to 208 ng/ml (triclosan). The N, N-diethyl -3 —methylbenzamide , methylparaben and
galaxolide were found in the fish collected from each of 8 sampling sites, and the detection frequencies of all these
chemicals were higher than 90%. The 4 parabens and triclosan mainly exist in the plasma of fish with the conjugated
( glucuronide or sulfate metabolites) forms. The tonalide, galaxolide, triclocarban and triclosan were more likely to
be accumulated, with the logarithm values of bioaccumulation factors (lg BAFs) ranging from 2.43 1o 4.25 in fish
plasma; the climbazole and benzotriazole were less likely to be accumulated, with the lg BAFs ranging from 0.35 to
1.99. The result of risk assessment indicated that the tonalide was identified as a major chemical, with the effect ratio
(ER) lower than 1; galaxolide, benzotriazole and triclosan were recognized as the medium risk chemicals, with ER
lower than 10. The potential biological and ecological risks of these chemicals should be attended to in the future study.
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Figure 1 The map of the study area showing the sites of fish

samples collecteS
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D, W B 2 Campro B 24 &) EIHA W E-D, 1 5
&K CDN [ EbpifE i /A 7] s =5 RHE-D,."C,
-GN B EE G FA R LR E. ST

HE WO K 1 000 mg/L B FAbRAH 2598, JF T -20
CHOLLRTE. B LS WRIZ PR R, CAS % 4L
FREFEEIN TR ZE 4 0-p-D-E H IR
Wl B IEE 2 (e 205 dh BT BT B - PR IR 07
SLB IR R W E PEE CNW A F].

F1 BHENAPERIRENROERESER 5K, B
Table 1 The basic information and logarithm values of octanol—water partition coefficients of target personal care products
TR By e 5 iz CAS & RE:Y Ig K,
TR I P N, N-diethyl-3-methylbenzamide DEET Z 134-62-3 C,,H,;NO 2.18
BRRET Icaridin ICD ENE 119515-38-7 Gy, H,, NO, 2.11
RHER Carbendazim CBD Z 10605-21-7 C.H N, 0, 1.55
TEETR b i Thiabendazole TBD HAEFEHR 148-79-8 G, H,N,S 2.47
JoUR Fluconazole FCZ PLECE A 86386-73-4  Cy,H,F,N,0 0.40
T J s Ketoconazole KCZ AR 65277-42-1 C,H, CLL,N, 0, 4.35
FRE Climbazole CBZ B HEH 38083-17-9  Cy5H,CIN,0, 3.76
LA Clotrimazole CTZ FEBEH 23593-75-1 C,,H,,CIN, 6.26
PR Eme Miconazole MCZ FEEH 22916-47-8 CyH,, CLN,0 6.25
e e Ttraconazole 1CZ BB 84625-61-6  Cy,HiCLN;0,  6.16
JEIH4 H g Methylparaben MP gl 99-76-3 CH,0, 1.96
JBIA4&: 2.8k Ethylparaben EP B g1 120-47-8 CoH,, 0, 2.47
JBIA4 N ER Propylparaben PP il 94-13-3 CioHp, O 3.04
Bl& T Butylparaben BP By JEg 94-26-8 € H, 05 3.57
=& FH Triclocarban TCC By il 101-20-2 CysHyCLN, 0 4.90
=5k Triclosan TCS Y il 3380-34-5 C,,H,CL0, 4.76
-4 B Tonalide AHTN bzl 21145-77-7 CisHysO 5.20
ey 25 Galaxolide HHCB HEF 1222-05-5 CisHysO 5.90
CHRRE Musk xylene MX EHER 81-15-2 C,H N0, 4.80
B A Musk ketone MK JiEH 81-14-1 €, Hy N, 05 430
RFE = Benzotriazole BT ekl 95-14-17 C HN, 1.40
5—H BRI =k 5—methyl- 1H-benzotriazole 5-TT TR 136-85-6 G, H, N 1.70
5-RARF = 5-chloro— 1H-benzotriazole CBT TR AT 94-97-3 C¢H,CIN, 2.13
5,6- "W EIH =W 5,6-dimethyl- 1H-benzotriazole XT TR 4184-79-6 CgHN, 2.26

R =R PR TR R R
WHR . LR F R E CNW A w4l 201
P RPN, S FH el B 1 Merck 3205 23
) ; Captiva 35 H J/#E 5 0 M 1 B 56 B2 HE R
) B BT N Waters Oasis HLB /NVE: 3 5286 7k
SR AK.

FRAERAE b s IS 0 , 5 )R v I A ik oh B
Tt TR CRAEE AR e A R, B SO AR
OBREE 3 1 LA /KRR SR KA I R ] — 7K
SRR 0.5 em DURZEmy 3 A SRR AR RHRK

FEREESE ST BTN 400 wL 87 B2 (4 mol/L) 45 fu:
pH W35y 3, [AII A 50 mLL YRS AE 005 4.
PR REELUR , 57 B iz [ S0, AR ok F Rt
MR K Rz AR E T 4 Cok L mis i,
FFT 24 h AT ETAL B 2 BOIR 25 75 BR 09 4= W ke
fitn, 23 B TR AT A, SR = A Y R PR
(100 mg/L) R , R F— U1k 1 55 450 DA J i JBC ek
L, A2 B8 28k 0 7 I 9 95 1) 5 I 9 7
LB 10 000g fHE R B0 S min, BB 2 M3
RCE TR VKA -80 CTRORTE. AR UCREERZIR
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RGO 18 £F 6.3 &
a5 Ffiifh 2 Al 1 Sekeshf 1 ARl A
BEAFD 1 4 Sfh. AR TR 31~2 700 g, fAK 10~
40 em, JE & 8 0.13% ~2.20% ( i & 4> 8L, & C
[F]) .

1.3 HALEMLEESH

FIALHL: B 100 L iR FE S im e IR &) 5, ¥4y
B2 5y, A 50 pL. HoAr— 3 M A A 10 ng
RAEWAR(40 L, 250 we/L) 1Y Bk 22 vhK Hs
(0.2 mol/L) , LA J% 10 pL % F 2 R B 1Y) B~ H 1
P&/ 75 LB R G 7K fF BB (10 000 umits/mL) | 14 fjE
B, ET 37 CF RN 4 b 55— 2Eee
A AT 10 ng IRA PAFR (40 wl,250 pg/L) 1 218
BB KR (0.2 mol/L) , A K 10 wL AN 7K ft il
1 R B W, A TR 5. AR S I A 500 pll %
1% (BTGB LR G W, W3 TiE 30 s. SRJ5 57
PP i v W 853 Captiva 35 H /WS T MHAE
RS NZR 25 ~ 50 kPa 0 58 i DRV, IR BB VAL,
iR FHAREAREIE T, R 200 WL FEEE T
WeRITE TUKHI-20 C MR Hod il g
B NI e SR B R A N 351k e
BRSO TR AR (0 M A o, 28 3 I K S I S AR
RIFEEMEGE AR AP G B EWRE; AL
T T K JiE 2N AR AG U 1 A A3 L 1) o v
JKEEAR B BT S S p T EE 3R T 1 L KRR SR
0.7 pmBYBEEELF2EJE B ( Whatman GF/F,UK) 1,
LBk Y , Mk HLB 4 (500 mg, Oasis, Waters ) i/f
TTEAHZEER, SR 40 B R A 4 mL HEE. 3 mL R &
50 4 mL — S H Be el HLB #: rp i H AR~ A 37 3
b, WA DRV, IR T AW AR 2L T, R H
1 000 wLH fse i 7 ¥ i JF B T UKAH - 20 °C AR
ALEF TR, 53 IR ) SRR B B AR L - 1
Y R S PR S T e VAT -

ALES AT A UPLC-MS/MS 4381 16 Fp ok A=
FNZSHN 4 FPOEIF =2 A 3P 3G, WA i
Agilent SB-C18 #1: ( iR HAZ N 1.8 pm, N HEN
3.0, H KK 100 mm) , H A 40 C, KRB
5 L, sl AER 3 A 0.3 mL/min. HL W55 B A
AN, B G R [ W R (R 80k 0.05%)
MR (5 mmol/L) | (A) FHFFEE(B) , 86 BEVE AR 7
“:0 min 50% (A%, FE)DB,S5 min 80% B,

6.5 min 90% B, JF{RFE 5 min; #5555 A BL A
T B B A (A) TR E(B) 46 B2 VE AR
¥4 :0 min 50% B,3 min 56% B,4 min 90% B, }£:{F-
FF 4.5 min. B4R S Z TR R 5 min, i A5
FETE N UCHEAE B 5 B 145, SR ] 2 O &+
(MRM) BEGHAT e B . IEAER, W55 H Ho i
LA E 1435 500 V A4 500 V5% 2SR
Ji£ 250 °C; ST, W25 B R M B 418 1 405
2 000 V 13500 V, B2 AR Jy 280 °C. DL
AL LAY 2L R R R R
THESH

fitFl GC-MS 434 4 Fh & BUBR A28 A9 3
5SRO Rl Agilent DB=5MS UT 4 (JE/E 0.25
wm, K BE 30 m, AR 0.25 mm) |, RArHiiE R | 3t
RPN 2 ul, @R A #EA BF =y
0 min 80 °C, L) 15 °C/min H)EFE 2 170 C )5
LI 1 °C/min EE TR ZE 185 C, H-LL 20 C/min F}
% 300 °C,JFARTF 5 min. HERE DR 280 °C (&
B 2R Ry 300 °C LB FIRIREE S 230 C RS
B RE R 150 °C.
14 BREEFSHRERIE

B A5 38 ok AR R AT A = A B, TR i T
5 8 A EIFRHER £, 24 BN 99 L B A it
LML R R KT 0.995. A f Ab 3L i 7 o (RIS} 43
s zs O P 28 128 bR AR (n=3) , F
BRUESE=B Sl S R PV Y A K S
Rt b BRI B W BT 07 G B3 B s &5 B A
e AR BB 62% ~ 134% , A8 %
2z RSD /N T 9%. TEERAL A Rk B e, % B8 1) 1) v
2 <5% , BT IR 2E <20%. T 28K il M0
RSBk P U B A < ) 25 IR L A
A 200 ng & F RN = A4 O-B-D- B RN
(20 pL,10 pg/mL) F1 10 WL % T £ R B ik
TR/ 5 A B2 19 /K A A VR (10 000 umits/mLL) 4
AR E T EIRAR T 37 C RN 4 h. 255K
B, BRSO 95% ~103% (n=6).
1.5 RS 5 X IEG
1.5.1 #HHAME E 24 BAFs WA MaEPN KA
TEPETG Y EEORIE T LAT 2 Aoy 28 S8 B4
MK AR R i e AR A
SR A W 42 Z 8L BAFs AT DIBEM 0 2548 A HT e
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BAFs=

x1 000, (1)
[

BN SRV s e o 60 NI SR NG 72! T R =71
FE (ng/mL) s, 2y X R SR A s AV Hl 2R 7K ih A A4 3
i ) S ER VR JEE (ng/ L)

1.5.2 W SRR RAEA(FPM) g
RN R~ (ER ) B I PP A 1> A 37 2L X B W 0 s o
P 2 2 W KU SRR T R R

TFPC,.., (2)
HA ¢ oo WHER ISR ARRL R FETH (€ o, ng/mL)
BPIRUSS: BIAE. ¢, [AGRTEIA FIRFFINRICE R,
A NIF B IK A A 7 AN 500 B4 S5 AR N o
B, ¢ (H AT LUE 2246 & 9 X5 1 L 30 40 14 3
I IR e B (H PCs ) {E SO0 25 1 E R4 B fE
(Bt TG B Wi vk, NOEC) #1678 FPC 0
S £ A R I PP AN B B O R B R (ng/mL).
ARFFE AR H A AP B B P S A e T
T R S SCHR AR ARAT B L KA R SR T
DKMk JE I 4 T R B TH A O BR BT A N R B I
& TR S8R =& A RS R

ER

H IR e JEAFIER 310 11 40017 1 0708
6512 1 707" 17 0001 69317 61417 9512
89 1081 (15310 116" ng/mL. HATEA X ER
IR S5 20 Al o BH i AR A 2 KU S5 S
B, A LU W3 AR AR XU ER &1 43y 4 A4~
S0 BB (ER<1) s 28R (1<ER <10)  IEAL
Fer (10<ER < 100) F1TE XU (100<ER <1 000) “**.
2 HER5itE
2.1 MAPERNRERERSESRIFIE
AR R, SR fb & e S A MR By
I I A IR AT 45 5, DI B8 A R AL LS
FOSMRGE ;i w4 3L A (L I IR LA A RE SR )
TR I ARAE G B A, DA T 5 4 4 b S T A6 5 £
AR R Y B ARBIRSEN He A T R0
ML A ol 28 3 I S A AN 28 ) Il /K i el AR Ak
HEY R, B, 24 B A A3 B FE AR T
DRI I (= 32) A6t 13 F, 35 10 Pk
AEFNZE2 FE USSR 1 AR 2R F =2, Horp,
HEMOE BT A W R L JE T AT R L ik AN R A R A R
A BAS R E T 50%. UERHAS A 90 B A AR A
WL ZFL S E AT T 7 (£ 2).
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Table 2 The concentrations distribution of detected personal care products in the plasma from the fish collected from the Dongjiang

River
23 WK A8 SN I T VR N3 T K A SR 1 S TR
4 JaE/ ¥fa/ e/ Ja ¥fa/ e/
¥ 2/ % . B L kelE% » . i
(ng-mL") (ng-mL’") (ng-mlL’) (ng-mL”") (ng-mL’) (ng-mlL )
DEET 100 1.95~17.50 7.64 8.51 100 1.42~11.9 5.14 4.11
CBD 31 0~2.17 <2.17 0 31 0~1.40 <1.40 0
CBZ 38 0~2.55 <2.55 <2.55 38 0~2.62 <2.62 0
MCZ 25 0~4.36 <2.27 0 25 0~4.76 <3.15 0
MP 100 11.20~24.20  17.60 16.80 94 0~7.93 5.09 5.20
EP 9 0~12.00 <1.32 0 9 0~2.88 <2.63 0
PP 84 0~6.97 2.63 2.57 84 0~1.18 <0.93 <0.93
BP 16 0~12.70 <1.46 0 16 0~1.41 <1.41 0
TCC 9 0~1.06 <1.06 0 16 0~2.41 <0.85 0
TCS 31 0~208.00 21.30 0 31 0~12.30 <6.06 0
AHTN 63 0~58.50 23.00 25.20 63 0~71.60 23.90 28.20
HHCB 91 0~82.40 38.80 39.40 94 0~52.70 34.80 35.40
BT 3 0~25.80 <1.77 0 3 0~21.90 <2.60 0

XA Gl Wi K R B LK, A6 E S 9P L,

He Y o IR T MQLs (I FR) £ 71.6 ng/ml,

I A B A R R R R v s X T 2 el T A Y
LA A6 E A A4 T et ) o B e B 0 ) 0 MR T
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Table 3

The concentrations distribution of detected personal

care products in the surface water of the Dongjian

River

P JREWRE/ (ng-LT)
U HE E
DEET 23.50~88.80 54.32 59.49
CBD 1.59~29.60 14.98 15.06
FCcz 0~36.80 17.22 19.49
CBZ 0~77.10 22.11 16.03
MCZ 0~5.54 1.62 0.46
MP 8.67~35.40 20.68 17.35
EP 0~94.60 13.30 0.00
pp <0.10 <0.10 <0.10
BP <0.16 <0.16 <0.16
TCC 0.43~9.92 3.50 2.52
TCS 3.99~29.00 11.67 7.22
AHTN 2.48~43.50 14.29 11.71
HHCB 0~36.00 15.64 16.68
BT 2.48~1 167 443.29 310.30
5-TT 0~100 44.91 3541
CBT 0~12.90 2.64 0.00
XT 0~5.11 2.76 341

o Y 13 Bl A AP P 7 B A= A i
AWy 4R R B BUE (g BAFs) JE 1B 0.35~4.25,
M3 13 FpAs A3 1 1g BAFs P34 EIUT A
(PEANE A I 2Nl ) > ( =84 R BE) >
(ZHRYE I TE) >(BHEWE JEHEL
i ) >R R > JHE AU >80 = i > 22 T R > S R [ e
(F4). AL, UGS . ZSEBNENR. =ZH
RHEAY AR RE T B0, MRS AR R AT =M
ERE IR . K S AP B R B R gt B
#HEAR B (n=3) P lg BAFs (A2 [l A F7E .
FE 2 B (Kruskal -Wallis test, P>0.05). Hh4h, B4

S MK PN A 09 1g BAFs {f 50 A K &
WK B o BB Gt =M (P>0.05). R
B K R VER M BT B lE = R BE,
ZREACRTT Z S 2 RS A B TEAN TR RAE
(n=8) M FAK M FWEEHAERFMEER
( Kruskal-Wallis test, P<0.05) , {H J& 3 264~ A 73
i AEANASRAE S (n = 8) BF AR KL S 1 1g BAFs
EATELE B &2 7 (Kruskal-Wallis test, P>0.05) .
A NP EL TR A S Y g BAFs w7 {5 % 1
EIN lg K, EAATE R FE M RHE, BRI KRR
% r=0.576(P<0.05). LA G5 RULHAS AP #E 1E
B AR N B R SRR LR, B AR
N AEPTERFR PR ERETR, FE5E
YIRS U S

F4 FIRBFEEFORPMNAPEREERYWSR
S

Table 4 The distribution of the bicaccumulation factors of de-

tected personal care products in the plasma from the

fish collected from the Dongjiang River

P 7@5& _ lg BAFs
BAFs ¥ il ¥l i
DEET 32 1.66~2.61  2.16 2.18
CBD 10 0.54~223  1.26 1.35
CBZ 13 035~1.99  1.04 1.07
MCZ 8 2.18~3.32  2.89 3.10
MP 32 2.63~3.40  2.99 2.99
EP 3 2.80~3.01  2.90 2.87
PP 23 321~3.84  3.53 3.55
BP 5 224~390  3.02 2.60
TCC 3 3.02~3.12  3.09 3.13
TCS 10 243~4.11 341 3.45
AHTN 20 3.00~4.25  3.60 3.57
HHCB 29 3.03~3.84  3.38 3.29
BT 1 1.50~1.50  1.50 1.50
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