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Derivation and Application of Sediment Quality Criteria of Cd and Hg for the
Xiangjiang River

JIANG Bo-feng', SANG Lei-xin'""?, SUN Wei-ling', HAO Wei', LI Li', DENG Bao-shan'

(1. Key Laboratory of Water and Sediment Sciences, Ministry of Education, College of Environmental Sciences and Engineering,
Peking University, Beijing 100871, China; 2. Key Laboratory for Urban Habitat Environmental Science and Technology, School of
Environment and Energy, Peking University Shenzhen Graduate School, Shenzhen 518055, China)

Abstract; Sediment quality criterion (SQC) is the concentrations of sediment-associated contaminants that are unlikely to be associated
with sediment toxicity or other adverse effects on benthic invertebrates. Thus, the derivation of SQC is crucial to protect benthic
invertebrates, and can serve as the tool for scientific sediment management. Sediment, interstitial water, and plant samples were
collected at 43 sampling sites from the Xiangjiang River, and metal concentrations were determined. Based on equilibrium partitioning
approach, spiked sediment toxicity approach using Hyalella azteca, and background value approach, SQC for Cd and Hg in the
Xiangjiang River was derived. Results showed that, SQC-L for Cd and Hg in the Xiangjiang River were 1.89 mg-kg™' and 0. 13
mg-kg ™" respectively, and SQC-H were 28. 32 mg-kg ™' and 0.79 mg-kg ™" respectively. SQC were comparable to those in previous
studies. Also, the reasonability of SQC was demonstrated by the heavy metal concentrations in plants, matching sediment chemistry and
toxicity data for benthic invertebrates in the Xiangjiang River. To assess the sediment quality of Xiangjiang, metal concentrations in
sediment samples were compared with the SQC. It was found that the proportion of sampling sites with Cd and Hg concentrations lower
than SQC-L or higher than SQC-H was low, and 74. 4% and 76. 7% of sampling sites showed Cd and Hg concentrations between SQC-
L and SQC-H.

Key words: sediment quality criteria; heavy metals; equilibrium partitioning approach; spiked sediment toxicity approach; the
Xiangjiang River
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Fig. 1 Sampling sites of the Xiangjiang River

1.2 FEET S IE
1.2.1 &JEabr

UMW) 48 B PRI 1 g REAh B R DU 26
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SRR TR R Tessier ! LA ESHR
BOE T4 BILAS 0. BAR DS B ERIFRE 1 g
FESRTBD A R, AR UOI AR L ) 3 B 4351
PEESERT 4 MBS (S8 | IR &5 Bt
AL G B MANIRE &) 5, BRI R S
FERM MR RGN A 10 mL ¥
HNO, ,6 mL HF 16 mL HCIO, ,Ji4fi#, 8 &1 T

) P 4 B FREC 1 g B, AR HNO,
F1H,0, .

IR AL iR 58 S KT AR Y A% F) 50 mL
i, H 2% HNO, ¥ E %, i 0.45 pm JE
JE VRV T SRR AR U

IR T AR SRR K P Cd i ICP-MS
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5B He i R 79866 BE T (AFS-9130, Jb 57
K M7
1.2.2 AVS Ml FEKE TS &

KRS HC RBOE I E AVS &
HERIFRBUR IR 5 ~20 ¢ T =, A 20 mL
6 mol-L~" 145 R, i A & <, Wi 4% il 7 100
em’ min "' SN PR AR PR & MR HLS, B8 E H,S Ok
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A IR 180 mL YT _EAK. X Cd hnbragEst
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T K. Z IR R 10 2 IR
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239, GJEIH A 12L: 12D, B A Sk A 1 v fit 4
>2.5 mg-kg ™, SR AR POANROK BRI E—IK.
RERM KW pH |, WA RS H
B, A UL A A | T S B4 0 119 % 3l S AT T . 5K
IR T 10 d. X T He bR sE BESC 5, [RIFF IR & 8
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7. HAPERE Cd #AlH.

R I 2 B S 50 12 15 80 A0 Ik 8 R i 28, T
DABEFEAN (] (R 5800 B2 43 AR 8 SQC-L 5 SQC-H.
Simpson AEIBI5) R 10% Bk B (LCy) e E &
VR 3o A W JE 1 M8, B SQC-Ly 1 2 sk 48 v
J (LCy, ) WIFEA X A A P A 1, B SQC-H™.
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Fig. 2 Derivation of sediment quality criteria
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ALAE PRS0 < AR SRR P T DO b 2 B 52
BRI T A R AR IC O SR UEAEL 2, A WF 5 b 7 B
S P AR I O R 3. SCRR TP I SRk
FRREUEE O I 4. K LR IEEBU LT
" VRV r ) AL SR . s 5
PSR LU, 55 R TG A 0y s D00 3l A AR ) M
IR XS T, DL IR B

2 #HR5ItHE

2.1 DIBYRIRIBIK 4 )8 &kt

TR Cd i Hg &8 (R 1) B{E GEHD) 73
FN 14.49 mg-kg™' (1.06 ~ 55.81 mg-kg™") Al
0.17 mg-kg™' (0.03 ~0.33 mg-kg™'). HiFH1H
(R )M AR S RS, Fe & Cd &2
T LAY, X BRI LT AR 7
PRI R 516 0 45 16 S NV L DU B T — 2 5
Yo KBS Cd &5 Zhang 4515 I 5 il

FRHIT IR Cd i (38 1) FHERL, (H /N TG %
B RN BRI > R 14 . X EE
SR kg i BH R D 23 A5 2 AR 22 2R FIIE Al (A
FHIK 1 1L B 0 DXORABR DG K T ), 75 e B ™
E:[35~37: .

TURRM IR K Cd A He &6 (26 1) BME (8
B 43514 1.10 pg-L™'(0.01 ~7.45 pg-L™") Al
0.45 pg-L7'(0.25~0.82 pg-L~"). FEMBITRYIH
Bk b Cd Ml Heg & #0518 13 pe-L7' f10.16
g LMY R I K TR A ) K Cd
Hg S H500 1,21 pg-L™"F13.02 wg-L™'P K
WU E B K Cd &8 0. 74 pe- L' A0IAL
B gk i Cd &0 0.90 pg L' AR@F5TE
TR E K f Cd & 5 5 R E5 K | R FniL
WU K R Cd S AL, /N T TR
[ B/K  Cd i DURRIBUK h He & 5 5
TURRWIRIBR K e He & f AR, /N T RS K R DL
UL K He 7 &t

®1 WINPYEESRELE RESSERARKFIEERESE

Table 1 ~ Comparison of the total and residual concentrations of Cd and Hg in sediments and interstitial water
gz Hg He IR
Es 14.49(1.06 ~55.81) " 0.17 (0.03 ~0.33) A5
EXCaEE 0.6 0.1 [35]
. 0 BH S 0.24 0.07 [52]
A/ mg-kg
2B 19.42(0.61 ~107.3) 0.96 [54]
2B 7.8(0.17 ~78) — [53]
- b 64.7(35 ~113) — [55]
RS/ mg kg ™! 0.53(0. 11 ~1.84) 0.06(0.001 ~0.36) EN TR
[T K/ g+ L~ 1.10(0. 01 ~7.45) 0.45(0.25 ~0.82) AHFSE

1) S (FERD)

2.2 FHPARR

K, B 5 YKk AR N EEHAES
B8 T RO IR TR, — O R S
VTR, — i FH B AR RS 40 52 56 40 45 45 1]
PR, BT AR 2, S BB SH 4
ANFEE S INASH RE 1, AR 8L S 56 6 S B Bl
WA SR R0 DR, AS I 5 SR S IR Y
F(2) EETA K. Adwiis Y™ 5 X IR AL SR
WesmfE)m , BCE(EAS Cd A Hg (19 1gK, 431K 4. 12
f12.36. AT Cd B9 K, 5 EEHIK R (1gK, =
4. 3) FNCITIK R (1gK, =4. 2) ML, /N T3 BB IT K &
(1gK, =4.8) , FLIEM (1gK, =2. 17 ) KW E0E 9%
Hg 19 K, 5I8TTK & (1gK, =2.5) AL, /N T
(1gK, =3.15) . TAEEBI K R (1gK, =3.8) &K T
KR (1gK, =3.0) . AFERIHGHIA) DT+ K, AH

ZEARR, X FE S UIRY) A BV (kAR oA |
BRAL AR R R B4 ) |, TURRY)-/K ST PRI 2%
PECIn pH 28) | DL R T5 Ye R B g 5

MR (1) A1 (4) HARMTIITRY) Cd # Hg 5t
EHLE, AT IR T KRR A Y58 (CaCo, )
H167.40 mg- L™ THREAEEEEE E Y Cd K BTbR i
fH CCC Al CMC 43 il 24 0.000352 mg-L~" Al
0.003 32 mg-L~". Hg ANZHE#S | H ccc
CMC %351°40. 000 77 mg-L~"'F10. 001 4 mg-L~".
i ccC fn cMC A Cd 1 He /Y SQC-L 43 31k
4.08 mg-kg™" Al 0.22 mg-kg™', SQC-H 4 %] K
33.74 mg-kg ' F10.37 mg-kg .
2.3 JbREEFLSLEG

KA 4w e RS S
EFET R S MMM OCR AT 43 Logit AL
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Probit BERIA 90 K 3 (a) M3 (b) A%, Cd
FH Logit B &I Probit 151 Y 1 & 15 | 9 LC,, ( BI
SQC-L) 4314 1. 85 mg-kg ' F12. 11 mg-kg ™", %%
B/MA 1. 85 mg-kg ™' fER Cd 19 LC,, (B SQC-L) ;
Cd JH 7 Fofr 52 A 480 45 15 31 19 LCs, ( BISQC-H ) #F K

23.77 mg-kg™'. Hg FPIFEAILL G 15 21/ LC,, #F
90.09 mg-kg™", LCy, # A 1.70 mg-kg™'. Sae-Ma
e L0V PR RIS A W s 4 ( midge larvae ) HEATUTR
Y1 Cd by BE B SC 515 2 LCy, o 28.0 ~ 63. 4
mg-kg ", SAMIIL Cd {9 LC, AL

1.0 —— 1.0 1.0
(a) Cd = e (c) Cd (3CHR)
o8t £ - Logit | 0.8 0.8
L
@ 0.6 0.6 o6t S
y=0.113x + 0.04 o Sz
] R2=0.6163 ol
R 04} 0.4 | 0.4 | = e o 2
o3/ .
0.2 02} 02} 7%
0 Lecoos - " 0 0 o= : :
-1 0 1 2 3 4 0 1 2 3 4
B B/mg kg ™! W BE 93¢ H/mg kg™ e R B/ me ke ™!

B3 Cd 0 Hg iR B3 #h 2%

Fig. 3 Dose-response curve of Cd and Hg

F N T) e DX B8 DX 3 T B 1 2 S 2 S AR K
PRI 4 SR [ 62 ] Hh A G VLT AR ) 19 in s 2 B
SEHEAE [ K3 (c) |, TSR AR RN A SEgR (i
F1h) 2 0 R BRI ISR TR T Cd 5 it X R
JGRIRF AL SR A BT R A . A& 3 BT, I A AR
AT S Atk 5 52 DB A 405 B2 T AN i, iX ]
AE-S ke B B 1R AT O, AEMRIESEE 2.5 ~3.0
(R DX [] B FET- %M 30% 2247 R FH3) T 80% LA L.
T VR 31 R S 6 5 1) il B S R 2L
RAE. ST U0, HERR = A0 TR B0 (5200 2) , XHIRSE
TORAECE (SE 1) SEATERPELA, 45 R 35 A 56
(P<0.05). MAREHERLGER KM Cd 1Y LC,, N
3.40 mg-kg .

2.4 PURRYY T i AR (A

K AR vk, A3 BT R Y Cd A He 1Y
SQC-L 43 %] & 4.08 mg-kg™" Fl 0.22 mg-kg™',
SQC-H%3 %4 33.74 mg-kg ' #10.37 mg-kg™'. H
SCHR H AR B PS5 15 B Cd 1Y SQC-L A 3.40
mg-kg ' TAWFFEMARBEFESL S Cd A He f9SQC-L
354 1. 85 mg-kg ' F10.09 mg-kg ', SQC-H 435
423.77 mg-kg A1 1.70 mg-kg ™', CHA[50]
TR AE 5 MWL Cd A He 1975 Je it bh
WPE (A 24 F SQC-L) 439l 0.5 mg-kg ™' 1 0. 1
mg-kg ™. MacDonald %7 I\ N JUAT S 3 (A %5 5
SZ AR BE R AE 500, B R SR ORI AR Th
DAL L2 R AR ] 2 9 A5 o (B U LART - 35 3k A
A EEMEE S A W80 s e & T HEL, XA
ﬁﬁvﬁ//b%*%&:%ﬁ('ﬁpe I error, False Positive) #ll

%:%%ﬁ(Type Il error, False Negative) AR 3
HEME B EPE. BLAh, N 2 B B 55 0 | B[R] A
25t SQC-L 1 SQC-H -, B AT R R AP JL 1 1) /N
FEPE. PR, ARG AN R 5 A5 21 SQC-L HUL
fal -2, 19 %] ¢d M Hg B SQC-L 4 %1 & 1.89
mg-kg " F10. 13 mg-kg " ; BAFE T IESEIH SQC-
H UL F2, 18 8] ¢d Fl Hg f9 SQC-H 43 5 H
28.32 mg-kg 'F10.79 mg-kg .

T2 AW AENINE A MUY Cd Al
Hg Jfif B (. o VT K 2097 K AL
T 50T o (1 2 AR A A A 95 LA CCC ok oK B 3 o
(EITE 2 TAHF ST A SQC-Ly 1 JE it LAY
Py %) B U AR 2 AR R A T A 75 DL TR R b oK T2
ARG Ry K R A T, Y T AR Y
SQC-H. i xf b3k 2 Zdli vl 0, A W58 Cd 1)
SQC-L M & T E &b SQC-L, 5 M K ) 37 18 7 22
Fe B s 1 SQC-L 23 , {H /T [ TR &
KWAFL Cd B9 FEHEM . Cd /9 SQC-H M
T P} A Cd 1% SQC-H, 5 faf 2= Ak 1) SQC-H
B, (BN TV R R RS . A 5T He
1) SQC-L A1 SQC-H 73 5l &b T [E N 4h 45 SQC-L
SQC-H Z[a]. JEUEAE Y 25 5 32 % S bt th AN ) S
ST 7 ST I L A A 22 RN 3 o A ST U vk
(R AS B 7 P, 3 v B ST 0 R A b LA RO TR b X
UURUY () BRAE M o IR A B R S L V5 ot R
R EE AR, Xt 3% B AE i a2 DURL) o 1 3
HEAEL I, B2 A R H 2 80 Jr ik iR AE AS [ Hb IX 1
DUBR W 1 Jo e R il o M1
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LRI, 2% Ff BEUE G € JT IR B BRI A &
TGRS T RIS YY) Z AR AR R, T SEBREfsE
2 FofrT G S TR IS A7 A 1Y), AN TR ey 2 [] 2
FEAEAREARHT, AT 23 %0 A= 177 AR 0 3 MR R0

T EL I 225 P00 %8 7 7024 9 T g 22 R
PR, 5 575 R A ST L 5 )
IR A V) 5 5 215 R AR 1 AL,
RA R ERADIMPIE.

%2 BLBOATMREEEMELE /mgke!

Table 2 Comparison of sediment quality criteria in different countries/mg-kg ~'

i 5T X3k B2 Cd Hg R
rp E T SQC-L 1.89 0.13 ZN
R S BT v >4 ¢ I1SQG-Low 1.5 0.15 [11,22]
N T LEL 0.6 0.2 [64]
IS, TEL 0. 596 0.174 [16 ~18]
2 EEhZ ki TEL 0. 676 0.13 [19,20]
b % HLIK B TEC 1 0.18 [21]
faf 24 Target value 0.8 0.3 [10,11]
SQC-L P QS 2.6 0. 63 [13~15]
b ISQV-low 1.5 0.28 [23,24]
FH ERL 1.2 0.15 [45]
e [ K TEL-HA28 0. 58 — [65]
T R TEL — 1.44 [34]
o E LK R sQC 54 0.136 [32]
o K sQC 6.42 — [56]
rft LA sQC 5.42 — [56]
LREER NN SQC-H 28.32 0.79 AR5
R S BT v >4 ¢ ISQG-High 10 1 [11,22]
IV N IN SEL 10 2 [64]
gk PEL 3.53 0. 486 [16 ~18]
2 [ b BRIV PEL 4.21 0. 696 [19,20]
b % BLIK B PEC 5 1.1 [21]
faf 2% * MPC 12 10 [10,11]
SQC-H ek QSyw 15 0. 86 [13~15]
o [ A v ISQV-high 9.6 1 [23,24]
ESE| ERM 9.6 0.71 [45]
5% [ TR PEL-HA28 3.2 — [65]
ERIEs ke PURES PEL — 5.71 [34]
L SQG 5.56 0.236 [31]

1) SQC; sediment quality criteria, SQG: sediment quality guideline, SQS: sediment quality standard, ISQV-low: interim sediment quality value low,

ISQV-high: interim sediment quality value high, MET: minimal effect threshold, TET: toxic effect threshold, LEL; lowest effect level, SEL: severe
effect level, ERL: effect range low, ERM: effect range median, TEL: threshold effect level, PEL: probable effect level, TEC: threshold effect

concentration, PEC; probable effect concentration, TEL-HA28; threshold effect level for Hyalella azteca, 28 day test, PEL-HA28 . probable effect level

for Hyalella azteca, 28 day test, MPC; maximum permissible concentration, QS: quality standard, QSy_y : border between class Il and IV; * A&[E

gl DX ) I o v | D2 S S A I 5 SR

2.5 DLW T EEE

263 JSCHR[ 52 ] T AR BE TR Cd 0
Hg & 50 FIE AN A= W Wa I B H. S iAW b Cd AN
Hg & #B/NTFH SQC-L(Cd <1.89 mg-kg ™', Hg <
0. 13 mg-kg ") I, FEA R ToT5 Yool 815 4, MU
Prrf Cd 5( Hg &% & K T SQC-L /T SQC-H Hf
(1.89 < Cd <28.32 mg-kg ' 5% 0.13 < Hg <0.79
mg-kg ™) FEACH RS Y s g SRR Cd

M Hg &5 %05 T SQC-H(Cd >28.32 mg-kg ™', Hg
>0.79 mg-kg™ ') B, R E TG Y. BARE PR H
Shannon Z2HE 45 B0 1 1Y TR 5 YL A B I B 1)
Je S W0} 32 15 G TTURR ) 18 S A2 P 14 i 7, 1HL
EHITM 25 1 5 Cd F1 He S (XU )
AIPEMrEs R —30 X —Jr s i TR b oA
IFi) 7455 Jem 5 ol IRAR AL, P B AR G SO R R AR
FUCEA 4 R VG Y AR B (AR /N AT S i 22 43 R 15
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*3 MBAYMELEZEMEMLEY Shannon 354"
Table 3 Total content of heavy metals in sediments and the Shannon index
s i /Fi‘\g‘/mg-kg’l Shannon V5 YRR
Cd Hg
LRER S 1.1 0.12 2.13 LR
B 0.91 0. 09 3.14 Tei5 Y
Cd Al Hg & &/ SQC-L I 0.39 0. 06 3 Joi5 Y
T 0.97 — 3.43 Joi5 g,
ZRE 0.63 — 3.14 Joi5 Y
N sk 11. 63 0. 36 1.4 EREPS
VeI 3.21 0.52 1.6 rhiyG e
W BHAT 2.82 0.24 1.48 5 gy
a5 3.19 0.34 2.08 LR
Cd 5% He £k kT SQC-L /T SQC-H WA 1. 67 0.32 2.64 %73{7:5%’3
PR 1.08 0.42 3.09 Joi5 gL
fitg A 1 0. 66 0.13 1.01 rhig gL
REf 0. 66 0.34 2.12 LR
| 0.92 0.21 2 5 Y
I B 0.73 0.19 2.18 LR
Cd 1 Hg & #4B = T3 SQC-L [EREysS 29.02 9.75 0.24 5 Ye

D) R A

FREE BYARXS KNy 5 — W AT EUER] Cd A Hg /&
WU 200 75 4o, HLdE VAR P AR T 3¢
gi(54,66,6ﬂ )

215 Y B UTRR AN i B H v i A=
Yy, s E KA AR Y. AP ARER AT TR s
PR gy 25 | RS DR ORE P PR B
& E A — R LA RE S TR T AR Y
TG YLIE B, AR 48 i FAH Y SQC-L
F1 SQC-H EAGAS [FIRAE s I UTRRAIRE 53l 3 4.
1 (/MF SQC-L) | 4 2(KTF SQC-L /M F SQC-H)
I 3(KTF SQC-H) , MR 1Y 3 AW #E & T 4 )8
A 4 PR, SRR & B, HAAE AR Cd
S KRNI M. 41 (6.59 mg-kg™' + 4.61

30
[o:0:0:0 WIS
-
25 F = W
2 20
on
£
i
4 15 |
=
o
=
g 10
5
0 - ~
Cd<SQC-L  [SQC-L<Cd<SQC-H Cd>SQC-H
VB Cdf B/mgkg !

mg-kg ') <ZH2(8.23 mg-kg™' £4.40 mg-kg") <
2H3(15.67 mg-kg ' £9.29 mg-kg™') (P <0.05);
5 Cd R/ T R 4101 (5.84 mgekg ™' £
3.70 mgkg™' ) < 4l 2 (6.47 mg-kg™' + 4.23
mg-kg™') <41 3(10.96 mg-kg™' +1.16 mg-kg™")
(P <0.05); M Cd & HR/MIF . 41 1(5.70
mg-kg ™' £3.41 mg-kg™') <41 2(8.00 mg-kg ' =
5.88 mg-kg™') < 41 3 (14.42 mg-kg™' + 3.02
mg-kg ™) (P <0.05). FTA RIS TIBDIAE G
AFAAE Hg & 5 RT3 SQC-H BYHFE &, Rt e Al
PImd | 25| MBS Hg &, JUA 4l 1 g 2. Seit
R0 & R, HEAE S AR He 5t KNI 2 - 411
(0.10 mg-kg™" +0.07 mg-kg™') < 41 2 (0.21

0.80

g
JoN
S

1
'S
=

Y He & /mg kg™

.o
)
S

i

He<SQC-L ‘ SQC-L<Hg<SQC-H

YUY R He A B/mgkg™!

B4 EWEER Cd 1 Hg SEHLLE

Fig. 4 Comparison of the concentration of Cd and Hg of plants
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mg-kg™' £0.13 mg-kg™') (P <0.05); 23 Hg &%
HAR/NIF R 401(0. 19 mg-kg ™" £0. 08 mg-kg™")
<#12(0.34 mg-kg ™' +0.38 mg-kg ') (P <0.05);
HES He & 4 R /NIUT A 20 2 (0.42 mg-kg ™' +
0.19 mg-kg™) < 4 1 (0.50 mg-kg™" = 0.19
mg-kg ™) (P <0.05). XUt i 5L (H BB 2L
XAt T Cd Fi He & 3t OB 5 Y i ™ 0, A
Prh Cd 1 Hg &b, (AAEY 50 He & R
WAH I , 3% 7] g 2 5 A ) 3 Hg R 1 3 2o AR R
BT AL | 38 AT BE 2 K 54 S b 3R A

FLA TR Cd A He B S8 E(E S TR Cd
F1 Heg 5200 &5 (& 5) vl 41, DU Cd & /b T
SQC-L . 7F SQC-L 5 SQC-H Z [H] FI K T SQC-H HY 4

7 SSRAE S L 3 11, 6% | 74. 4% F1 14. 0% i
i Cd 1) SQC-H 1Y SR A s 3 B A B AR U B 3.
Guo 5 ST F WMV AE RN - D BB ) Cd &
I (JEF) R 64.7 mg-kg ™' (35 ~113 mg-kg™"),
Cd &R/ ME#SE T Cd (19 SQC-H; Dong 25 #f5¢
LTS IURY) Cd S35 784 mg-kg ™', &
Cd /4 SQC-H /4 3 55 AT WLITAERR M- VP BE Cd V5
Y. YUY He &t/ T SQC-L, #F SQC-L
5 SQC-H Z IR FIK T SQC-H 1Y 55 15 B RAE & H 6143
SR 23.3% | 76.7% F10% . W ULV B4R
Fr/NT SQC-L AR T SQC-H ARAE S 5 4T B H
BFAR , SR B TR Cd 1 He & & 4076 HoAH
) SQC-L 1 SQC-H =z [f].

1.0

08 F -

L
o

Hgf{¥k #/mgkg ™!
o
'S

0
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Bs5s MRAYMREELEESTIRYESELERR

Fig. 5 Comparison of sediment quality criteria and total concentration of heavy metals in sediments
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(1) M TURAIARE S b Cd A He & B 3{E (78
FBl) 4390 14. 49 mg-kg ™' (1.06 ~55.81 mg-kg ")
F10.17 mg-kg ' (0.03 ~0.33 mg-kg "), ¥ & Tl
TR A S B (B Cd B FHER B
T Hg.

(2) A AP | bR BE B S I0 FITE SefEk,
il THIVCOLR Y 48 Cd Al He w128 3 uE(E ; IF
5 P AN SE (R | RS A 4 1 D S R A %
XL A3 AT 8 WL DU Cd A1 He 19 SQC-L
23524 1. 89 mg-kg ' H10. 13 mg-kg ™", SQC-H 435
7 28.32 mg-kg ' A10.79 mg-kg ',

(3) K HEvEM 5T Cd F1 Hg & A LA
WILUUERY Cd A1 He & /N T SQC-L Y 8 i Rk
S 43 9h 11, 6% F123.3% , Cd Fil Hg & & AE
SQC-L 1 SQC-H Z [a] (9 s o5 2R #E A5 L i 43 501 Ky

74. 4% F76. 7% ,Cd F1 Hg & KT SQC-H )5

AAE LB 5 D 14. 0% F1 0% .
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