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Abstract: To investigate the occurrence, distribution, and potential risks of pharmaceuticals and personal care products (PPCPs) in
the South costal area of China, a total of 20 PPCPs in water and aquatic organisms (fish, crab, and shellfish) , obtained from 7 coastal
rivers of the Chaoshan area, were determined using solid-phase extraction (SPE) and high performance liquid chromatography tandem
mass spectrometry ( HPLC-MS/MS). The results showed that up to 16 to 18 kinds of PPCPs could be detected in the rivers and aquatic
organisms of the Chaoshan area, and the concentrations of PPCPs in the rivers and organisms ranged from 0. 30-2 223 ng-L ™" to 0. 143-
80.3 ng-g~", respectively, with a high detection rate for many pollutants. Significant differences were observed in the samples of water
and organisms. The total concentration of PPCPs in the rivers of the Chaoshan area was in the order of Huanggang River > Lianjiang
River > Huangjiang River > Longjiang River > Luohe River > Rongjiang River > Hanjiang River, with the dominance of
sulfamethoxazole (SMX) and caffeine ( CAF). The total concentrations of PPCPs in the aquatic organisms from the Huanggang River,
Hanjiang River, Lianjiang River, and Luohe River were higher than the concentrations of PPCPs in the aquatic organisms from the
Longjiang River and Rongjiang River, with a dominance of trimethoprim (TMP) , SMX, and CAF. The total concentration of PPCPs in
fish was significantly higher than that in crab and shellfish. The results of bioconcentration factor ( BCF) showed that a variety of
PPCPs were accumulated in the organisms from the Chaoshan rivers; among them, the BCF value in fish was higher, which was more
likely to bioaccumulate than crabs and shellfish. The ecological risks in terms of risk quotient (RQ) for 12 typical PPCPs were
assessed in the Chaoshan area. It was discovered that the risk for fleas and algae was significantly higher than that for fish. The RQ
values of SMX, erythromycin (ERY), and sulfadiazine (SDZ) were all greater than 1, which posed potential ecological risks for algae
in the Huanggang River and Lianjiang Rivers and for fleas in the Huangjiang River.

Key words: Chaoshan rivers; aquatic organisms; pharmaceuticals and personal care products ( PPCPs) ; bioconcentration factor;

ecological risk
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Fig. 1 Sampling sites for surface water in Chaoshan area
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Table 1

Information of collected samples

W Y AN AR ik
SR B AR A ( Oreochromis mossambicus) 5 W BAEH T2, AHGE VIFE PP R 0 A b a2
(/I\—I GH) ¥ £ ( Clenopharyngodon idellus) 1 R T WA e 2 R
HEU ( Ostrea gigas thunberg) 4 [ 5 R R Y R S A S B, LAV ORI ML B o
£ ( Cyprinus carpio) 2 ZHE T KIRIEE ZREE, LBl £
L, 4i#8 ( Ophiocephalus argus Cantor) 1 R T K 18 R P fa 2 NI RN M A B X 5
YT 8840 ( Cirrhinus molitorella) 1 i fh R K PR 2 2 BRI
(HI) 4 BE0( Epinephelus spp. ) 2 JEAEEME Bt A 2 R G TR B
4% ff1 ( Scatophagus argus) 1 JUER 2 WG R A AL ZREE, IR BOICE sl £
454 ( Acanthopagrus schlegelii) 2 WiE TRV ZAMAKEIRZ A, LI/t R DL £
844 ( Hemisalanx prognathus Regan) 1 bl L U =S e DI/ KB RERESE B
s 21 5 A BT 44 ( Epinephelus guttatus) 3 JECAVG T £ 2 WEH, UFFRHE g
TE.R.(]]; 21 R T ( Portunus sanguinolentus ) 2 BB K P i R 2k JEEMG A W B2
EL# ( Pagrosomus major) 2 3T W2 TR P/ 7 S S A £ 218 DURAR 52208 /N Bt il
fiffi 1. ( Parabramis pekinensis) 1 GRG0 A i U A v )2 a2 Tt DOKAE 4R ARy &
2348 Ty i i ( Thamnaconus septentrionalis ) 1 BRIRMIKZi a2 R B TR Y I K B
gt B AR A ( Oreochromis mossambicus) 2 WEER TR, AL E LIRS P AL R E’J%@ﬁfﬂé@ - ‘
EI:J) {iff§ ( Mugil cephalus) 1 JEPTREME %ﬁﬁiﬁﬁﬁﬂﬁlﬁﬂﬁ*%?@f_@@w 8
fiyift1 ( Lateolabrax japonicus) 3 VTR TR K T £ 2 AR/ M = =
EL ( Pagrosomus major) 1 VB il /N Y B e £ 288 UJR@qa%?@\/J\E@&@&ﬁI "
- YR (Seylla serrata) 6% WMk u' i @"ﬁTE;&‘ S REE, I@‘ﬁim: U—l}g |
( L(;J) 548 ( Muraenesox cinereus) A METVRIREX, m%f)ﬁﬂﬁl ] - AL e N B h & F4
agar: ¢ Canger_sp. ) 3 mg\ﬂ:@ﬁﬁ@/}éﬁﬁ@ﬁ ."'uu %ﬁﬁ,%ﬁﬁm%%ﬁm%%&?ﬁ%
M Ostrela gigas thunberg) | 1 Mg o b g . kIR L R L
ﬂ%il‘iﬁ,[ . ffi i E..L(‘i'teollabrax Japonicus) L/ & //2’ ‘._ _:-\7.’5' TR PEE IR a2 . ; = ﬁlﬁfﬁ?‘é*ﬂ AN E] ) ‘. L ‘.
( EH) W Tﬁ; (.:S({J.‘di.n'{'l melamosticta) A _-_,.-‘ ; 45 ﬁ(@ﬁ%ﬂ(‘#@?& J F IE%@(?WI? FH S8 M = . F .-4'"'-‘
| ﬂ%@ﬂ.(ﬁbantho}mgrm schlegelii) [ Wﬁﬂ:dﬁ/’/]\*ﬂgﬁﬁﬁﬂ(ﬁﬁﬁ %ﬁﬁ S RA/NAR AT R DT R o £ j
| W ( Ocypodioae ) S0 RO MR R A AU S BRI R AR T R
j{fﬂi I%%ﬁ)%ﬂ!é\( Saxidomus purpuratus) 4 A13 ’ﬁ’iﬂﬁﬁﬁﬂi(ﬁﬁ 4 ~20m E/‘J@ﬂ:%r‘ VAU R (SRR ) fek ol Sy S et
( I'HH) J-"g R ( ();eochmn.l_is ‘mossambicus ) ! 3 A M_B’ELPTE TG DA AP Rl 3 i 2 e £ 28
i = : 3 A= =

ORerad TR i iL I ANk LY b e
U5 24 i 87 AN, RAEKBERTTH 10 ~ 15 em
FIZRIZKIR(T L), I3 PP IGRAT; REAEYFE M
iR Ry QUL RE Ny LY &R N =) NS ES EL R
BT K& PR A R CRAE IS VKA 2 i, 7R S0 58
% — 80°C VKA IRAT L EFE MR EUHT.

1.2 U5

IR . Agilgent 1290 #8 /5 20 W AH € 3% 1L +
Agilent 6420A —H PUZLAT ERER BTG ; =y ¥ VR 25
AL 24 FLEFHZEECR: B (Supelco) 5 24 {57 FIRAY
RS IS VAL B R TR L, Milli-Q Element afi 7k
ML, H 75 22, [ A # BUHE (Oasis HLB, 500 mg/
6 mL).

K . AL 23 Fift PPCPs A v 4 o 0 45 il i 15 e
(SDZ) K flmems (STZ) | sk fiig F — e (SMIL) it i
PR ( SMX ) | il i S IR ( SFX) | ik e — P 85 i
(SMN) B e 25 (SDM) IR VP & (NOR) (I8 35
WE(LOM) .+ %HE(OTC) &&HE(CTC) HAF
FWENE (TMP) (PR (ATE) FZL8E R (ROX) |
R PG (CBZ) (WmMEA (CAF) (PR (CIP) |

PUERZR (TCN) | JB/K 205 R (ERY-H,0) Bl & 2 &
(AZN) Z V¥ E (DOX) FIEHEIK /K (MET) . 739k,
FHE A Witega 2> 7 (5 E A4 1) sulfamethazine-"
C, hemihydrate (SMN-"C, ) il ofloxacin-D, ( OLF-D; ) ,
e A F Cerilliant 23 w] ( 38 [ 4% 78 5% 8 BH A% 78)
(1) caffeine-"C, (CAF-"C;) LA X W4 H Dr. Ehrenstorfer
O3 ([ BLAS  R) (3 SE 3R 2 (DMC) 1 R N AR
&Y. B (MeOH) | Z A (ACN) Al BRE4 K 44
afi iR (H,S0,) EhER (HCl) (R Efbih e —
£ (Na,HPO,) .2 % VU Z R 41 ( Na,EDTA ) Ay
1 1R 5 100 38 R Ao A 4, S 56 K 35 Sk 4l K.
Mellvaine 2% M - FREUAF R R (& 1 AN25K)
12.9 g, Na,HPO, 27.5 g. Na,EDTA 37.2 g, ¥&f#T
1 LK, 3895 pH {H % 4. 00 0. 05.

1.3 FEATIALEE

1.3.1  JKAEETAL L 5 AR

IKEEIIA 40% H,SO, ¥ pH HIH T2 2.5

~3.0, H GF/F Bl 35 £F 2 & 55 L 8 |, K 2k 08 i KB
(500 mL) & FhEE@IH, A 0.1 g # Na,EDTA,
EBA MR &R E T IRSE A 100 ng MR
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AR BRI AL HLB 28 BUR: 4K Uik F B 0.5
mol - L "' HCI FUBAE/K (£ 5 mL) Wit 2B, SR 5 LA
4 ~5 mL-min "' B EE RS B ZE ORI TRE A
(R AFAR B AR R o 2 BORE S5, D 5% 19
B FIER AR T U/ M LA B T34 F B e+
J5 HLB ZEHUH: 90 min, 7853 22 BR A BURE h ) 27K 47
JIA'S mL x 2 F B2 AE BORE Fh 2 B R it e T 22 15
mL BT VEBORTE 35°C KB AT i s gl /K
ZET; A 400 pL BRI 600 WL MK E R 2 1
mL —’;% (> 10 min( 10000 r- emin ! )>H1‘3|é T s =t
TR (0. 2 wm ) 32 JERE TR H AR
1.3.2  APfisb 54

FEV URORAE 0 A= W R e, 6 A ) i P BB 27K
TIVIEE o A ) 2 b 3Bk e 58 S5 . T AR W ke i R
H&%Tﬁﬁﬁﬁ%,@*ﬂi/ﬁ\mméﬂ%ﬂ,m? U A

0T S UL LA R 3. S S R AR TR 4K

@%ﬁﬂ:ﬁ/\{%ﬁﬂ;@. AR HCR iy EL S B AR AT, iR
o 5 g, BT 50 mL 1 TE B0 A T VRN 100 ng 1Y

B R, /%ﬁm%zz:ﬁi% SRR RS K5
#ﬁﬁm
mL i 0} 1% Eﬁ@aﬁw 3), ﬂ&/ﬁF%fﬂZﬁHﬁc}O m;m
B 8 mm(lo 000 r-min~" ) EEE TAHE, 58
JMEH% VAN A 3 ml (9 2.1 ﬂﬁ/ﬁdiﬁﬁfﬂ%‘
B, R A el T WA T, W R KRG i

ﬁmm¢$mﬁ§ﬁ$w@ﬁm&f%LLmﬁ,

(BRI LU |, 8 4 SPE AT 644 T
S =Rl
1.3.3  FEa RN (LC-MS/MS)

FES 8 Agilent 1290/6460 HPLC-MS/MS (&
SRR 3 - — S VO AT B i 2 4 7 4 i s . R HTHR
M55 IE B A (EST + ), Bi55 <R R 35 psi (240
kPa) , £ 2 [ WM A5E K ( MRM) % H SRk 1 7 iff
EME R, R B B E Y 4.0 kV, B
ARE RS R4 9 300°C A1 12 Lemin ™', 2R
N, A 55 Ak, T 18 R0 Bl 18 AR, (3% A Agilent
Zorbax SB-C18 A 434 (150 mm x2. 1 mm, 1.8
wm); AR 30°C, FEREIREL S pL. Wsh A A AH
0. 2% M H TR K EE WA B AH ACN ZH AR, 216 B 1k
J, 3% 0. 3 mLemin ", BEEERR P [ BFE] (min) , 5
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Table 2 Contents of PPCPs in the rivers flowing into Nanhai Sea in the Chaoshan area
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Table 3 Contents of PPCPs in aquatic organisms flowing into Nanhai Sea in the Chaoshan area
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Fig. 2 Concentration and distribution of 16 PPCPs in the rivers of the Chaoshan area
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