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201242 H .3 H.7H. 12 ALK 2013 4 8
A 12 A 6 a2 IR A rh R4 2 (1) 2R B0
AR 37 . 65 Fh, 76 Fh, 67 B, 54 Fh. 41 Fp,
R RRE AP 115 Fh, SIS il R
170 FhiF) 68%. MRIEIEITHES FNTG YR, K IpiT
V5 3T B Rl 43 B L K i S Y B i 1),
HRTRR B TS e B (g 2). iR RERZ TS YR
B (g 3 ). N, BACREESE 1 s, IF
X B VR VLB 1) F A % B H oK R4y, Hep
uE, HE L, HRUE 2, PR 3 ORI R UE A BICR A
2k 38 Fl, 60 Fh. 57 . 50 B, 70 F, KfaS
W 1.
1.2 BEREMRTE

0 28 ) SR B2 R F 0 s R 37 3 455 0 244 b A T
YW SERASS S ik, RO NEE T, T 3RELT
IR BEET 4 CUKF . % FESI
] sh - R g AR 5 (s ) ) (BRI ZEE ).
P PEIRoK a2 ) CERTTK R Ml B ).
1.3 RiIBEHFERLEFRDH

W RAR B 0 2 RE WL AT Y Fr o i 5
BN, MERRFREUA ARG, 1.000 0 g 512 P05
RS, MA 20 mL HNO; # &35, T-A

B (PES0-48) Wiz THE R 120 CIHf-Frst
T 2 h, FREECGH AR PO IR S VS 78 R A S D
ZIMA 3—5mL HCIO, [HFE S 5T 2%, FHMA 5
mL HNO; ZAZZ MBI FIAR L 1 mL, FFEZE 25
mL @, EAIERSE, BRI — g
ALY 10 mL A WE I 0.25 pm BEEGLIE, Cd
e FE 18 43 B I 2 SR R WU o e BE i (PE
AAanalyst 800 ), Jfi%x® 3 417 FlAs MY I
( GBW-10020 ) A7 mst s, Hohnbr a5
4 89.12%—109.10%, 5 H 48P st nY
FHRZLK
1.4 SREHGE

15 4R8P FEH FIEM /KA Liu et al.,
2011 ). PJUFRY A1 133 ( Effendi, 2016; Sahand et al.,
2017 ) MYTSYIRDL, EIRBEE (2013 ) 4R HT5YLHs
BOE TN 283% Cd iyl HalE A
EWF

PI=C/S (1)

R, C KN ESIE Cd SMEE &
S AHEAIE Cd BIEMERE, Hp, RIEEZ A
GahrfE CEMPE R E ) (GB 2762—2017)
faELE Cd SRR TEMbRAE, S A IIR
HIHEFR, 4 0.1 mgke o PENFRAEN : IRK PI<0.2
FIEH R 0.2<PI<0.6 N5 KF-; 0.6<
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Fig. 1 Sampling plan of Longjiang River
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Table I The fish species of Longjiang and the number of fish samples

; . ; B o ; , ; ik o
B T4 KR RREE BT 4 KR R
eedin eedin
Fish species Latin name Water layer K ¢ Number|| Fish species Latin name Water layer . & Number
habit habit
Macrobranchium X
bELAN ) middle bottom omnivorous 1 [NAREEE Hemiculterella wui middle upper omnivorous 7
nipponense
. 9 _ Acrossocheilus . .
7303 Rhodeinae demersal  ommivorous 1 KEESfR A o middle bottom herbivorous 2
longipinnis
ST VDA Botia pulchra demersal ~ omnivorous 3 0 Opsariicjthys bidens middle upper carnivorous
KPEHEK  Leptobotia pellegrini  demersal ~ omnivorous 4 VhYEGE Odontobutis obscurus demersal  carnivorous
FLICEEHM  Pelteobagrus vachelli ~ demersal — omnivorous 2 Bt Mpystus guttatus demersal carnivorous 29
AR YR Botia robusta demersal ~ omnivorous 4 fiy Silurus spp middle bottom carnivorous 8
. Acrossocheilus . X \ . .
e Jasci middle bottom herbivorous 1 L4 Nicholsicypris normalis  middle bottom omnivorous 1
asciatus

Sarcocheilichthys . .
g o demersal ~ omnivorous 1 g Discogobio tetrabarbatus demersal omnivorous 13
nigripinnis

PR A Silurus meridionalis demersal  carnivorous 1 fiffty Cyprinus carpio demersal ~ omnivorous 46
Erythroculter Spinibarbus denticulatus
FRME 2T i) " middle upper carnivorous 5 {34 ” middle bottom omnivorous 17
ilishaeformis denticulatus
R Misgurnus
Vet € demersal ~ omnivorous 13 FCHIR 6% Siniperca kneri Garman demersal  carnivorous 31
anguillicaudatus
LA Xenocypris argentea middle bottom omnivorous 2 A Ctenogobiusgiurinus demersal carnivorous 1
FB&YI JEf Rhinogobius giurinus  demersal  carnivorous 4 B Hemiculter leucisculus ~ middle upper omnivorous 28
e Megalobrama . . o ) . .
=it o middle bottom omnivorous 1 A Ctenopharyngodon idellus middle bottom herbivorous 30
terminalis
A Channa asiatica demersal ~ omnivorous 1 ¥R FEY Egyptian catfish demersal ~ omnivorous 4
. Micronemacheilus
BTN 3. Ioh demersal  herbivorous 2 L% Saurogobio dabryi middle bottom omnivorous 1
pulcher
. Ptychidio jordani . ) o . . .
Esnkie] M demersal  omnivorous 52 B Siniperca scherzeri middle upper carnivorous 23
yers
Acheilognathus ~ middle upper omnivorous 2 I HR i Squaliobarbus curriculus middle bottom omnivorous 12
Pseudobagrus
PN ¢ ke " l}g' demersal  omnivorous 1 2yl Carassioides cantonensis middle bottom omnivorous 14
vachelli
" Toxabramis middle bottom
HFE L omnivorous 3 U | Oreochromis mossambicus ~ demersal omnivorous 49
houdemeri layer
ARAEHR Procypris merus demersal  omnivorous 2 fif - demersal  carnivorous
Ta b Zacco platypus demersal ~ omnivorous 1 B iy Channa maculata demersal carnivorous
Kbg Mpystus macropterus ~ demersal ~ carnivorous 4 MU Pseudohemiculter dispar middle upper omnivorous 12
Mastacembelus N ) Acrossocheilus
Ak demersal ~ omnivorous 26 Lt fa demersal omnivorous 20
armatus beijiangensis
iR Squalidus argentatus middle bottom omnivorous 4 A Mylopharyngodon piceus middle bottom carnivorous 3
T Tullibee middle upper omnivorous 2 fi £ Cirrhinus molitorella demersal omnivorous 1
KHRAESR  Sinibrama macrops middle bottom omnivorous 21 I (0 JE Semilabeo obscurus lin demersal ~ omnivorous 1
. Leiocassis
ML ff demersal ~ omnivorous 42 Hfbta Abbottina rivularis demersal carnivorous 1
crassilabris
Pelteobagrus .
M ) s demersal  omnivorous 45 & fag Hemibarbus labeo middle bottom omnivorous 1
Sfulvidraco
Ervthroculter
KHRZ O Ptychidio macrops  middle bottom omnivorous 4 KR4 middle upper carnivorous 4
hypselonotus
_ Cyprinus . . ) . )
=S middle bottom omnivorous 3 St Spinibarbus hollandi ~ middle bottom omnivorous 2

multitaeniata

WgPgLEsR  Sinibrama melrosei middle bottom omnivorous 13 A P A Onychostoma sima demersal  omnivorous 3
K7 Garra orientalis  middle bottom omnivorous 3 MAHM . Onychostoma gerlachi demersal  herbivorous 1

Silurus soldatovi - . Acrossocheilus
K o demersal  carnivorous 2 OIS ) demersal  omnivorous 2
meridionalis Chen stenotaeniatus

ity Carassius auratus demersal  omnivorous 48
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PI<1.0 HHi5 Yk F; PI>1.0 IS YUK, HiE
SRR (SRS, 2017),
1.5 K= Gl R X MR B

1 24 it e XU PN AR Y B R T 24 o e R
BRBTHRISENEE, 2BYBRAGREREN
KM H AT AT 3 2
_ C,xI, xEFxED

BW x AT

Hrf, CDI AHEE &K ™ S B R HE H 1
MERFERR, mgkg -ds CroN KR SRR
mgkg s LHEE, H0.024ked ! ( TARAES,
2017 ); EF y# @4, Bt 350d-a"'( US EPA, 2005 );
ED it 324EFR, & 70 a (US EPA, 2005 ); BW K
RHE, 559 kg (BEEASE, 2016); AT K FXyRER
], A 70x365 d.

ANBRBET—ENRNESEEE, WA
] = gom AR BRSO, HARTHEA K5
mr.

(1) B RS

R; =[1-exp(CDI, xSF)]/ L (3)
A, R E S i B E A EL
FEAE RS, a'; SF N4 B9 SUR B R B,

mg (kgd) s L AAKHEA, a.
(2) B

CDI (2)

f

R} =(CDI, x10° /RiD)/ L (4)

A, Ry AEE E K BN A
EBUREXE, a'; RID WEIIEBURS SR,

mg-(kg-d) s L NAIIFHAN, a.

WHE US EPA %R R, 411 SF Fl RfD 43
M4 6.1 [mg-(kg-d) T #10.001 mgkg . HIETS
PO RS TR AP IR, A AR
aiiE ol 24 god ™!, ARUEIRE N 55.9 kg,

i bk (1) f1(2), BEERAK™ WS
A=A ) S R XU T R

TR, =R’ +R’ (5)

R4 US EPA BIRIAE , ek 252 XU (A Bs
WM 1.0x1074a ", TiEPREESTBIMZE 4 (ICRP)
H15.0x10 %!,

1.6 HESH
iz SPSS 19.0 T8RS A, Hoh

EHENHE, 2 P<0.05, NERTF, FHELK
F %z H Origin 8.1,
2 #REHE
21 AR TRERESENHIRTRIEH
BT Y R N N R SRR UN; /1 O 7/ DK 4
FNaE 1o B R K W P FR 2 4% ( Ciardullo et al., 2008 ;
Cresswell et al., 2014 ), #EIFSRHGE, BREEBUER
(RIEWSK), kX E SR RS R
LR 2 VIS¢ ( Dang et al., 2009 ), HiZ 2
FIE 2 771, 2012 4F 2 H—2012 4F 7 A, fa
LA BRI & A T2 8 V5 Y 28 VS YKo
il Horb s st (S1M1S2 ) LAKMIVL ik
(S18. S19) ZENRIZBIAFFRERIGY, X
A]RE 575 Ye Tl B b 14 1 288 37 2 Bl i A 55 M T T
FIZKISGER A O e IARDE LAl AT
FEIGYOKS-, 402012 42 A, 3 AR 7 A40A
80%. 86%F1 93% i SN ALL T H V5 YK,
RFRTE I HUE , M2 REH T 324375 Y iha i
BRI HALR B, ke, FIMISRTE YA —E
{14y SRR T P A A 2R G Yei e Tk IS Y B4 . M
K, 2012 4F 12 AASSR BN, it BfaZil
WA RIREE I, (EETTS YL IRE S2 s M
T S14—S19 V5444 ™ o, HAW BEAALE T4
15 YKo X AT e 4ad BRI A ) il A R LA
KRt i TRV E A, AN e VIInT BT AL
T BRI e B AR b dt— 2RI 5. 2013
4 8 A AL & B AT B RS I i B 42
BEES 70% 09 s 2 B YK T 2013 4F 12 H
A T A WLR R T5 YK AL T IR 7 5 5K,
(S e SIS N 5w G
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Fig. 2 Pollution indexes of Cd in fish in different sections
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Table 2 Cd in fish in different sections and in different periods for different fish species
Feb., 2012 Mar., 2012 July, 2012 Dec., 2012 Aug., 2013 Dec., 2013
Mean/
ID Quantity Range/ Mea/  Quantity Range/ Mea/ Quantity Range/ Mean/ Quantity Range/ Mean/ Quantity Range/ (ke Quantityy ~ Range/ Mean/
R S R R R R 5 S ., (mgkg R R
no(mgke) (mgkg) 0 (meke) (k) n o (meke) (eke) 0 (eke) (eke) o meke) no (mgkg) (mgkg))
0.011- 0.008 5— 0.000 6— 0.004 8- 0.000 15—
S1 10 00712 13 0.033 5 19 0.0113 9 0.010 6 0.002 4
0.25 0.073 0.064 0.021 0.003 3
0.006 1- 0.005 1— 0.006 5— 0.000 05—
S2 5 0.048 2 9 0.02-1.1 0.339 0 13 0.073 3 4 0.096 4 0.001 4
0.15 0.28 0.22 0.002 3
0.005—
S3 15 0.34-32 1.0460 27 0.016-0.93 0.294 5 0.15 0.037 2
S4 9 0.11-2.9 0.8989
S5 1 2.8 2.800 0 1 0.032 0.0320 11 0.033-1.1 0.428 9
0.000 34—
S6 2 0.18-0.19 0.1850 12 0.090 3
0.26
0.007 3— 0.003 7— 0.000 05—
S7 6 03317 11 0.041 3 4 0.030 6
0.98 0.12 0.063
0.022— 0.000 9— 0.021- 0.002 3—
S8 1 0.41 0.4100 3 04530 14 0.029-2.3 0.800 4 10 0.027 5 7 0.099 4 6 0.018 4
1.3 0.078 0.25 0.081
0.007 1—
S9 1 0.14 0.140 0 8 0.2-0.79 0.397 5 19 0.014-1.1 0.376 1 4 0,089 0.031 9
0.026— 0.004 1- 0.000 05—
S10 2 0.026-0.1 0.063 0 7 0276 6 12 0.065-1.3 0.543 8 6 0.025 8 5 0.004 3
0.83 0.081 0.009 1
0.006 2— 0.011- 0.009 6— 0.012—
S11 4 0.156 6 6 0.403 8 9 0.47-1.5 1.1256 8 0.049 6 2 0.046 5
0.5 1.1 0.26 0.081
0.000 05— 0.004 1-
S12 5 0.11-0.5 0.260 0 4 0.19-1.0 0.462 5 3 0.23-0.79 0.573 3 17 0.056 6 6 0.015 8
0.27 0.033
0.091- 0.023—
S13 0.169 3 8 0.156 5
0.35 0.35
0.082— 0.008 6— 0.001 5- 0.005 2— 0.000 7—
S14 9 13272 39 09351 20 0.077 9 18 0.088 2 7 0.010 4
9.5 24 0.24 0.47 0.024
0.007 6—
S15 8 0.03-3.6 0.9313 15 0.011-0.2 0.045 5 13 021 0.067 9
0.001 5- 0.002 2—
Sl6 4 0.14-0.5 0.2425 4 0.08-1.8 0.562 5 11 0.046 0 4 0.032 9
0.23 0.066
0.005 5— 0.098- 0.001 4-
S17 8 0.136 8 3 02060 15 0.014-0.50.179 5 2 0.020 2
0.81 0.26 0.039
0.012— 0.001 5- 0.000 11— 0.001 2—
S18 4 0.133 8 19 0.101 9 15 0.0359 11 0.014-0.4 0.110 0 6 0.007 9
0.48 0.51 0.09 0.029
0.025— 0.002 3— 0.003— 0.005 4— 0.006 1—
S19 9 01526 27 0.1893 26 01206 15 0.085 4 9 0.0125
0.7 0.86 0.32 0.036
0.006 1— 0.007 3— 0.001 5- 0.000 05— 0.000 34— 0.000 05—
sum 0.427 2 94 04950 220 04787 187 0.0584 106 0.094 4 56 0.013 7
0.86 0.081
R 3 MIMMEE, KRMEKRN CdEE
Table 3 The content of fish, water and sediment in rivers and lakes
LEINREIAN . ; Kik Cd ¥R JiUR Cd Fr i \
EES . TR R/ B #2 Cd &= : 23K
River or X . X Cd concentration Cd content
Country Sample section/Period Cd content of fish species . Reference
Lake of water of sediment
Lake Lake Naivasha/Late Mar. O <10.00-10.06 O Mutia et
Kenya X Carp: 1.06-1.73 mg-kg 4 1.18-5.58 mg-kg
Naivasha to late Jun. 2010 pgL al., 2012
Epinephelus aeneus: 4.1 mg-kg '; Lobotes .
New . . O . . Vincent-
o surinamensis: 3.3 mg-kg '; Lutjanus goreensis: 4 O
Nigeria Calabar  Iwofe/Aug. to Nov. 2012 O . . O 0.1 pg-L 0.4 mg-kg Akpu et
X 2.1mgkg ; Callinectes amnicola:3.6mg-kg ;
River . . . o al., 2014
Chrysichthys nigroditatus: 1.8 mg-kg
The whole 8.8km-long
Loc! o K O 4 o Rebecca
Scotland L Loch Craignish/Spring Salmon: 0.265 mg-kg 0.01-0.07 pg-L <3.5 mgkg
Craignish X et al., 2007
and winter of 2000
Chi Longjiang Longjiang River Kenzu At the early stage of the pollution event, the average <50.4 mg'kg '; reached W
ina an,
. River, to Liujiang River/Feb.  cd contents in fish muscle in Feb, Mar. and Jul. are ~ <45.10 pg-L™" 1023.7 mg'kg " at ¢
(this study) etal., 2019

Guangxi 2012 to Dec. 2013

0.427 2,0.495 0, 0.478 7 mg-kg ' respectively

special points
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) 7K ARG e 5 75 Y A A SR IR, e it 9 45 14
T A TR P K R AR 42 ( Mutia et al., 2012 );
M5 JE 4 FUV s A /K AR RS e 4 75 1 B AR IR
{E 8 S P i e B VLA 2 2—3 4% ( Vincent-Akpu
et al., 2014); Jik& % sa FRAK SR ATTE KRR JeHa
TR TR 0.01 5L _EAT 0.1 5D, {Afa
KE B NI 0.5 £ ( Rebecca et al., 2007 ).
Obasohan %5 (2008 ) BiF 57 52 BH AN [R) i i i 5 76 AN )
Y (e R TBRAWZ ) AR AR f 4R
TG YK 22 R, UL T G CIR K  RsER K
a2 T A BTG K.
22 AEEETLIEHETLERS

R A, AR LA X ) BEEE S
AR, Horp AR i i) fa S LA TS e AR B A
S EE (FVEN, 2016 ), HE 3a AT, 2012 4F
2 H—2012 47 AEEM. REM. ZyatEail
R THE G YK, Hrh AP TG Y i
KT, YRR 4.73—5.65 Z 0], WRER M T
ZREMAAN T 2 E R h HRREH K TR
(Tan et al., 2011), 2012 4F 12 ABiEPE, Jubk
AR NUR TG b TR YK 2012 4F 12 A A
2013 4F 8 A AaE R s, AEtkaZSilRmTE 4
B YK FRAS o T 2013 4F 12 H A2 R
T, AREEAENIA PR YK TR IER T
SO, REMEAEIIA ARG 4

m & 3b Al A, 2012452 H—2012 47 A% |
2. TR ERIREAENRL FEGYOKT,
R ZAENLR T e ™, 15 AR5 5.13—
6.75 Z I8, X 1] BE AN AL 16 7K 2 fa 2 8 3R 5T |
B ) IBUARTAIA 5 ( Cresswell et al., 20145 Ciardullo
etal., 2008 ), 2012 4F 12 Arp )2, P FEREZ
RSN R e S R Sl o =1 s el N PR S

WAL TG YK, K2R Yt T 5
Yok 2013 4F 8 H, 2R 4aT5 G K-FEA ir
ETF, HAR B AR TS Y T T YK,
th F R JZ AR AN TS GeKF 5 £ 2013
£ 12 A, IREMT L2 AN PERTE YK T
R 25 IE 8 T K
2.3 &RBEEXEITEM

& 4 AT, 2012 42 H —2013 4E 12 HH#
SUIIRY 5 I T e 2R L PR A PSP 4 XU 1
K it US EPA #LSE MY Fc K AT 4% %2 KK
1.0x10™%a™" o, RIE LI PRE RS2 514 (ICRP)
T2 TG YL Wy T SO0EE R 18 I AR KU fe KT 4%
ZAE (5.0x107a ") JfEbRE, WAL 2012 4F 2
H U3 S5 Wi imd # bR ( KRB 9.03x107-a™" ),
X7 Y b Je R AN SR 3 S £ R R R AR 1 T A
feERR XU AR /] o
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Fig. 4 Health risk value of Cd in fish in different sections from February
2012 to December 2013
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Influence of Emergent Cadmium Pollution on Fish Species and Health Risk
Assessment in Longjiang River in Guangxi Autonomous Region
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1. South China Institute of Environmental Science, Ministry of Ecology and Environment, Guangzhou 510530, China;
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Abstract: The transient water pollution as a result of emergent cadmium contamination leads to cadmium accumulation in the
tissues and organs of fish species through intake of cadmium from the aqueous and sedimental environment. Dietary intake of these
fish species, an essential part of a balanced diet, threaten the health of local residents. To examine the pollution levels and the health
risks caused by emergent cadmium contamination, this study focused on the emergent cadmium contamination event in Longjiang
River. Fish species residing in different water layers of Longjiang River with different feeding habits were sampled from February,
2012 to December, 2013 for six times in total, and cadmium concentrations in fish muscle were analyzed based on the pollution
indexes and the health risk modelling method. Results showed that the cadmium concentrations in fish muscle at the early stage of
this event were higher than those at other stages, indicating heavier pollution. At this stage, the pollution indexes of omnivorous
and demersal fish species ranged from 4.73 to 5.65 and from 5.13 to 6.75 respectively. Cadmium concentrations gradually declined
because of the implementation of urgent corrective actions and the flushing and dilution method. From the perspective of feeding
habits, pollution levels of fish muscle followed the descending order of omnivorous>carnivorous>herbivorous. Meanwhile,
pollution levels of fish species residing in different water layers decreased in the order of demersal>middle bottom layer>middle
upper layer. Therefore, omnivorous and demersal fish species posed higher health risks of dietary cadmium intake compared with
those residing in other water layers with other feeding habits. Except for the S5 point at the early stage of this event (risk value:
9.03x107-a "), all the average values of health risk at other sampling locations of the monitoring cross section were lower than
5.0x107-a”", the maximum acceptable value of contaminant-led health risks for a person per year specified by the International
Commission on Radiological Protection (ICRP). This reveales that dietary intake of the fish species in this cadmium contamination
event poses relative lower potential risks to the health of local residents, but health risks from the omnivorous or demersal fish
species at the early stage deserve attention.
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