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Abstract: Selenium has an important impact on human health. This paper takes Gaocheng as a research object to test and analyze
the content of selenium and heavy metal elements in different media in the study area with HG—AFS and ICP—MS method. Based

on the discussing of the characteristics, main causes and sources of selenium content in soil, the health of the local ecological
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environment is evaluated. The results show that the average selenium in the surface soil of Gaocheng is 0.32mg/kg, and the
enrichment coefficient reaches 1.68, which is generally higher in the southern part of the study area, about 171.12 km’ reaching the
standard of selenium—rich soil. The selenium enrichment in soil is mainly caused by human beings, and its main sources are coal
burning and irrigation water. The selenium content of agricultural products in the selenium—rich area is much higher than that in the
non—selenium—rich area, part of which meets the natural selenium—rich food standard. The selenium intake of residents is about
123.47 mg/ d, which is at a reasonable level. The heavy metal pollution degree is Cd> Hg> Pb> Cu> Zn> Ni> As. The ecological
risk assessmen of a single heavy metal t shows that Cd and Hg are the main hazard elements, and the other heavy metal potential
risks are low. The human health risk assessment of heavy metals indicates that the non—carcinogenic and carcinogenic risk indexes

in the study area are within a safe range, and oral intake is a source of health. Children are more vulnerable to oral intake than adults.
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Table 1 Input and output flux calculation parameters

5 S 4R AL il
S FRSURE it 2548 I T AR m’ 0.0629
H X2 IR R m 0.15
q e kg/m’ 1400
W T e R T E 5 kg 140007
G, FE LK m/F 230
G, FEATAE =5 kg/Hi 1300
Ga N kg/T 400
G LI T = kg/T 100
G, FORFF R kg/HT 500
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Table 2 Standards for dividing the pollution degree of the
land accumulation index
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Table 3 Hakanson potential ecological hazard evaluation

index
EREERE B b R 1R % W
E <40 40~80 80~160 160~320 =320
RI <150 150~300 300~600 600~1200 =1200
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RHET . AEEENSZ I8 &EUERRFE T
5O EPREE AR, 2014) .

4 HPRE

41 RETEMTEZSERS T
X 2% 2 A AR SR 2 SR AT S b (R
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Table 4 Exposure parameters of heavy metal health risk

5 SRR L&A BN = JLESHE
ED TR a 25 6

BW TR kg 56.8 15.9
EF ERES d/a 350 350

AT P 2RI TE) D U 26280, A8 9125 EUJ 26280, IEEUE 2190
IngR  WERAHE Mg/d 100 200
InhR IR ok m’/d 14.5 7.5

S4  BEEERTAR cm’ 2145 1150

SL SRREEI A5 mg/(cm¥/d) 0.2 0.2
PEF #RKAHTAHE T m'/kg 1.36x10° 1.36x10°
ABS PRSI T 0.001 0.001
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Table S Reference measurement and carcinogenic slope factor for different exposure routes of heavy metals

R 2% 11 & RfDImg/(kgxd) U K7 SF/(kg*d/mg)
A ] IR r IR 3IS
Cd 1.0x10° 1.0x10° 2.5x10° 6.1 6.3 6.1
As 3.0x10* 1.5x10° 3.0x10* 1.5 4.3x10° 1.5
Hg 3.0x10* 3.0x10* 2.1x10° -
Cu 4.0x107 - 4.0x107
Pb 3.5x10° 3.5x10° 5.3x10*
Zn 3.0x10" - 3.0x10" - -
Ni 2.0x107 2.3x10° 8.0x10* - 0.84

6) W5 X %) 40T 34 5 1 0.32 mg/kg, = T
TP J5 X 50 A b [ 4 58 A JZ 348 (0.29 mg/
kg) (F E BRES W B3 L 1990) , 2l Jb-F- i S (e
) 1.68 1% o N[ - HESS T o 4 AP 25 75 e
(0.3497 mg/kg) , HRJZ ) 1 (0.2679 mg/kg) , B A
+ H AR (0.1830 mg/kg) , B X P 4 e A LUAE
+ T, P AR e R A T AR
KBS REA2.14%8 8 h SRR AR S, Ui A 7E
AR S), — R F 2 BRI Sh i
SO T A R T Sk BB R B AR A
BT 3k e (1), B T35 0.9 mgy/
kgo MRS (1989) (AR5 RS (2000) 4 1 &
Tl 7K 23 A 12, Hobw(Se) > 0.4 mg/kg B A & il
+ 49 BT XA il SRR U Y IR R 171,12
km’, F-¥4 55 & 0.47 mg/kg.
4.2 B IEERFERIF

BT - S5 R PR AT A SR R [ AR BRI A K
(BAMREE,2020) o T JRAFTE 4 5K RS
122 TR NI, R b A AE R L AR AR E
FIVHBHE 4 AR I8TH IX R HE ) PRl (2R Sopg 45, 2012)
ELAWIE &8 1S INE N E T e SO N
FREE I & ARG, e 5 NGB C R 53 % 1)
(R FEAE,2020) . A2 HAEZ VIR, A K
JE 2R )2 - 1 A0 S H A T X e AR R
[ FEAH 270 B8 20~40 km, K25 100 km, 7 [X B3}
Tz RGN

43 S TR G X i 9 X ARG (X B B i 3]
T 355 S5 AT A (B 2) o AT LLR 3R 3 45
RN ik 3R )2 BIR R AL R F AR, ek
2 I TR T A E I B R RS, FEAE
HITE 0~15 em BYBFHL)Z , 1 W - 07 AS L 45 b o
PR A G 8 & i 2 1, A AR R e N2 3 & 45
THEEH., S EBREMRLXNS %

Se/(mg/kg)

0.35~0.40

0.25~0.35

<0.25

P 1 BRIIX SR 2 il 75 oA
Fig.1 Distribution of selenium content in surface soil of
Gaocheng District
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RCHT X 5 2 Y 2 A5 DAL X3 2 ) 32 2 + el Y &
SERRPEAT WA S 25 55 G X SR AT 25 IR I AR 2SR
BeGE A

bR AKBE A AT SR, A XX Y
TR T K S (E4) o X P HLT AR &
B, 8 1 &K 241 Se & & 7 [l 0.000094~
0.02277 mg/L, - & & 0.0029 mg/L, & ] Jb - &
¥916.(0.00074 mg/L) (R 3CHE , 2008) 1 3.92 %, 1M &
i DX 1T 7K S 24560 75 2 0.008 mg/L, it i T3k & il
X, BT DAE R A O 3 R AT R ORI . i IX
MR KA FE AN KON R B AN i
/Ui PR AT SR ) D 285 L R T TR ] DR 25 55 R R
AL A g PR T Z A 1) T R 1 T K
Al S T s DFFE X IR LA £ Oy 3=, 48 ks
SRAE R P T A R HE A S (E R4,
1992) , I WF5E X B AA pH LU BstE R 3, A BT 3
HH A A1 25 1 R B0 B8 5 F 1) T bk (AR - 46
2019; F B 5245, 2019) 5 HF /K 5 8 X A7 F Bk
5, BT X B P AL = AR R, AR I 1) AR R
[ia) AR W] SRR A K S , 3 B T Il ) A (22
1655 ,2020) 5 b~ /K HEFTA F R0 , nDREAR o 2R [
o L% U A @1 e A1 i o AL OF:E

Se/(mg/kg)
0.0 0.1 02 03 04 05 06 0.7

0-0.05 | - .
0.05-0.1 | i‘ =
0.1~0.15 | L
0.15-0.2 | e

0203 |
03-04 | | /N
0.4~0.6 |
0.6-0.8 L
0.8~1.0 (o)
1012 | X 2
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1416 | 7
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(5] 2 TR -5 ) TG 5 AR Ak ]
1— i X5 2—3b X 5 3—{IK AT [X.
Fig.2 Variation of selenium content in the soil profile of Gaocheng
1—High selenium area; 2—Transition area; 3—Low selenium rea

Gy A, 38 I KA ANRE S A BT, 25 R R
KA PERH Se 4475 i 5.09 mg/kg, ili % 5 7 pe 8
BB RO 2 DXORT R A A T e e (D S)
5 R A IX — 3, Fe ik 7.97 mg/kg, -1
5.98 mg/kg. b oE R B (ZiEH5E,2009; 5Kk 75 2
85,2012) , B P 32 R UE TR PR A R a8k
I K HE R K RIS X PN - B R AT T 2R Y R R R

A 3 G DX A B T T 2B B IE
FiRgEE . RIEA(1) L (2) AR R AR I
H T K ) 3 B B A 43030 4 0.0084 mg/kg il
0.0117 mg/kg, it LA & AilG DX AR AT p AR A4 RN R
JK N SR R A R A=A g+ A §=0.0201 mg/kg;
P (3)~(5) AT 15 B Al [X 28 FORFERT /NZERFSLE
JINFE F S T OROFF S 3 R A& A4 1) i o = Sl ok
0.000691 mg/kg. 0.000629 mg/kg.0.000178 mg/kg,
FH OH P AR HR R AF AT 1 B i A = AL+ A X+
AH=0.0015 mg/kg, PRI AN X A34F + el 4
JiiE: A=Ar—Ac=0.0186 mg/kg.

4.3 ERINEEEITEMN
4.3.1 A5 Ak
TR YNNG S S = N B 1 O 2 S

Se/(mg/kg)

0.0 02040608101214161.8
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Fig.3 Variation of selenium content in the soil profile of
central and southern Hebei
1—Cixian; 2—Baixiang;3—Wu’an
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Table 6 Statistics of selenium and heavy metal elements in surface soil

BRME/ (mgkg)  f/ME/(mgkg)  FHIE/(mgke) trdEzE AR RHU% s HIEWSME /(mgke)*  EHERK

Se 1.59 0.03 0.32 0.14 42.14 0.19 1.68
Cd 8.58 0.04 0.21 0.22 106.59 0.09 233
As 52 1.28 7.95 2.18 27.38 13 0.61
Hg 3.59 0.01 0.06 0.07 122.11 0.04 1.5
Cu 243 4.5 24.66 11.37 46.12 21.8 1.13
Pb 630.4 11.7 23.65 13.76 58.2 21.1 1.12
Zn 858.4 21.6 77.01 28.48 36.98 78.3 0.98
Ni 96.2 9.4 27.05 3.12 11.52 30.2 0.90

T AE S R E 22 AR (B X 100 5 7 45 AR B=RE PR L 3RS Sl 08 SCR (2545, 2010 B £, 2017) 6

Se/(mg/kg/m?- a)

<0.86

0.85-1.05
1.05-1.64
1.64-1.84

>1.84

@000~

Pl 4 L3R DX T 2K 5 B A1 15 P 5 B IX R RR ARl 5 A 4]
Fig.4 Distribution of groundwater selenium content in Fig.5 Distribution of selenium content in atmospheric dust in
Gaocheng District Gaocheng District
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x7 EMRMIEETWX/NE . ERKR RS EXT L
Table 7 Selenium content comparison of wheat, corn and
pear in selenium—rich with non—selenium—rich areas

BX A X
¥k, PEEE CTPEIEE R/ (mgke)
eSS PEARY o Pk mg/kg
/(mg/kg) /(mg/kg)
Ei@NE 15 0.208 20 0.082
N 1 0.159 1 0.037
AN 0.1<Se<0.3
FRIFEL 6 0.035 10 0.025
TARBEFH 3 0.124 5 0.080
[ 6 0.0033 9 0.0021

TS5 T NRZ R BARE 3, e LD AL
RGN B, v] LIS e D RE (327655, 20103
TR IEAE ,2018) , 8 AT LA I A A Qi A B Co Bk i
B (2 RAE, 1998 AEDK AT, 2018) , X g 1 Bty
L HAT T L (WRAEAE,2004) . BRI 25 2 Fh
Yg (i S A5, 2019) , PR AAARSHAf AT — 5 A3
IR e AR FR AT AT TR A PR A
B R s 2 Fh o =, P iR AR i A
J7 3, AR 90% 1) HE A S8 5K U8 F 0k (55 B %4,
2005) PRI AR B BT i
B KO-, (B /K A 3 P A 2 KT

397 D G DX R T KR AR T R4 A 7
i, X AR 5 AT (2 7.3 8) o HinT b
B HLITARUE(DB13/T 2702-2018) , & Al 4 Wil &
Fik=0.1 mg/kg . JKH=0.01 mg/kg.

T A X5 3 A XA 4 e A 22
e G DX /N R NGRS ey R
B DX 2.54 F5 1 4.30 4% 5 & Al DX ORFEFF AT OK
FFAL i 2 AR E A X, 43510 1.55 F5 A1 1.40 f% 1
T DX RS T (1A G 55 R o8 T RS, 2 oK
FFSERY 3.54 4 , HOT-35 8 it i A C Bl bt
E A7 DXRN L A DX R ROF P S 5 e BAIKTA OC  l
PRI 5 B A0 DX RS AL B AR R BAE OCHRUE , (EF- 25780
i TAEE X, R IE E NI A 1.57 £ o

*8 EMXMIFEWXIEA AT S RIGERSEXT L
Table 8 Selenium content comparison of pork, liver,
kidney and eggs in selenium—rich area with non—

selenium—rich area

& X LA X
M L, PSR PEERE R (mgke)
ESTIEA)

/(mg/kg) /(mg/kg)
R 4 0.19 2 0.15
FEF 3 0.62 1 0.48
5 3 1.79 1 1.30

=0.2

371 1 0.051 1 0.036
9372 1 0.266 1 0.070
173 1 0.256 1 0.146
Tkl 1 0.18

WRZ BB AATEZES . Bl A=A
(] B AR 55 1t 1 e TR B AN DX, — R 30% 48
i, HARER = A SO0 A7 AE T W i i 22
S SN ) kD = g gt B i o R TN = Y 7 1
(DB42/211-2002) H Pl 7 1 25K =0.2 mg/kg,
ST A DR AT A e A o . T IR
R B & AR (L e v AR
A RS RIEE EENE N EY .

T MG DX R A i T AR E AR X, 2 AR E
DX A 2.27 £ o MR BRI AS & B bR, A A
DX 3 A0S FEAE 5, A 2 AR A A v, HL
SRS S bR

WF 5 B 3 P 1A 2 55 T 3.0 mg/kg IS A
i o B (4 JRURS: | BIF 5 DX - AT 5 2 d 5 M 1.59 mg/
kg, NAEAE A 438 A B8 XU A o s, AdA
il &5 i 55 0 B RROK R B A A R R . MR
TTb b X B S5 48 PR A e B (il 4R, 2008) , F2 22
R IR H B S BRI 5 ) (376.34
g)>iR 3% (366.8 g)>/KH (360 g)>H 25 (43.1 g)>%E
25(39 @) , WOKBEAHE N 793.5 g, AR A B/
HLZ20 5 X Py BB YA /NE FE K, TR
A AT e B v T X /N AT A5 0 9 X

®9 tEESREFFMRRERS RS

Table 9 Classification statistics of cumulative index of heavy metal contaminated soil

D) p— _ - Ciilis S - _
Jei5 Y LIRS 5 Yy rh— G g EygYge  EWEGY WEGG
cd 0.49 205 3053 302 25 5 2 3
As -1.35 3589 5 1 0 0 0 0
Hg -0.23 2250 1228 99 9 7 1 1
Cu -0.49 3298 247 45 5 0 0 0
Pb -0.46 3478 104 10 1 1 1 0
7n -0.65 3538 45 7 5 0 0 0
Ni -0.75 3594 0 1 0 0 0 0
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Table 10 Statistics of potential ecological hazard index of heavy metals in soil
TEHEEH Ei=R LIl — e ,
Lt Hhag i R 5 ik
Cd 13~2860 68.68 107 2937 502 39 10
As 0.98~40 6.11 3594 1 0 0 0
Hg 6~3593 59.45 829 2243 479 28 16
Cu 1.03~55.73 5.65 3592 2 0 0 0
Pb 2.77~149.38 5.60 3593 0 2 0 0
Zn 0.28~10.96 0.98 3595 0 0 0 0
Ni 1.56~15.93 4.48 3595 0 0 0 0
RI 28.86~3686.57 150.97 2235 1304 40 12 4
N TEESRIFHETFHHRFE(ng/kg d)
Table 11 Average daily non—carcinogenic exposure to heavy metals in soil (mg/kg-d)
ADD,,, ADDy, ADDerm ADD
IDIN JLIE BN L3 [DIN JLIE DN JLEE
Cd 3.48x107 2.49%x10° 3.71x10™ 6.85%10™ 1.49%x10” 2.86x10” 3.50x107 2.49%x10°
As 1.34x10° 9.59x10° 1.43x10™" 2.64x10° 5.76x10* 1.10x107 1.35x10° 9.60x10°
Hg 1.00x107 7.17x107 1.07x10™ 1.98x10™" 4.31x10" 8.25x10™" 1.00x107 7.18x107
Cu 4.16x10° 2.97x10* 4.44x10™ 8.20x10” 1.79x107 3.42x107 4.18x10° 2.97x10*
Pb 3.99x10° 2.85x10" 4.26x10™ 7.86x10° 1.71x107 3.28x107 4.01x10° 2.85x10™*
Zn 1.30x10" 9.29x10* 1.39x10” 2.56x10° 5.58x107 1.07x10° 1.31x10" 9.30x10*
Ni 4.57x10° 3.26x10* 4.87x10™ 9.00x10” 1.96x107 3.75%107 4.59x10° 3.26x10*
ADD 2.71x10" 1.94x10° 2.93x10” 5.34x10* 1.16x10° 2.23x10° 2.72x10™ 1.94x10°
R 1 EESEHEFHHEREmg/ke d)
Table 12 Average daily carcinogenic exposure to heavy metals in soil (mg/kg-d)
ADD,,, ADD,, ADD e ADD
BN JLE IDIN JLEE DN JLE [DIN JLEE
Cd 1.21x107 3.28x107 1.29x10™ 1.86x10™ 5.18x10™" 1.86x10™" 1.22x107 3.28x107
As 4.66x10° 1.26x10° 4.97x10™ 7.17x10™" 2.00x10" 3.17x10* 4.68x10° 1.26x10°
Ni 1.59x10° 4.30x10° 1.69x10” 2.44x10™" 6.80x10° 1.08x107 1.60x10° 431x10°
ADD 2.07x10° 5.59x10° 2.20x10” 3.18x10™ 8.85x10™ 1.40x107 2.08x10° 5.61x10°
x13 TIEEERIFBURERNRIEE
Table 13 Non-—carcinogenic health risk index of heavy metals in soil
HQ, HQum HQuerm HQ
HUN JLE IDIN JLFE EYN JLFE BN Lz
Cd 3.48x10" 2.49x10° 3.71x10° 6.85x10° 5.97x10° 1.14x10™ 4.11x10" 2.61x10°
As 7.67x107 3.20x10" 9.54x10° 1.76x10™ 1.92x10™ 3.68x10" 7.69x107 3.21x10"
Hg 3.35x10" 2.39x10° 3.57x10° 6.59x10° 2.05x10° 3.93x10° 3.56x10* 2.43x10°
Cu 1.04x10° 7.43%10° - - 4.46x10° 8.55x10° 1.04x10° 7.44x10°
Pb 1.14x107 8.15x107 1.22x107 2.25%10° 3.23x10* 6.19x10™ 1.17x107 8.21x107
Zn 4.33x10* 3.10x10° - - 1.86x10° 3.56x10° 4.35x10™* 3.10x10°
Ni 2.28%10° 1.63x10” 2.12x10° 3.91x10" 2.54x10" 4.69%x10™ 2.56x10° 1.72x107
HQ 9.25x107 4.33%10" 3.46x10° 5.76x10" 8.56x10* 1.62x10° 9.34x107 4.35%10"
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Table 14 Carcinogenic health risk index of soil heavy metal

o CRu, CR, CRucm CR

o LN JLE LN JLE LN JLE LN JLE
Cd 7.37x107 2.00x10° 8.11x10™" 1.17x10™" 3.16x10° 5.01x10° 7.40x107 2.01x10°
As 6.99x10° 1.90x10* 2.14x10" 1.41x10™" 3.00x10" 4.75%10" 7.02x10° 1.90x10*
Ni - - 1.42x10° 2.05%10™" - - 1.42x10” 2.05x10™"
CR 7.73%10° 2.10x10° 1.50x10° 3.58x10™ 3.32x10° 5.25x10° 7.76x10° 2.11x10°

SERAE D, — R LD AR A5 b 1 TSRO R
SR BIE (2745, 2011) 5 7K LY Ml 5 G X A
TSR ; PAZEE F LASE I O 3, IO il DXOR% PR i 3%
(B 5 B S i X X0 Z G 459 1 5 A /K B i X
IR A (6) TR AT AR H B8 A SRl
A4 78.28 mg. i 3¢ 22.01 mg. K 1.19 mg . [N
8.19 mg. 85 2K 7.45 mg, ¥k /K 6.35 mg, 13} 123.47
mg. YT (1989) WA A Fk [ B AT 1Y H f A%
TR 17 me/d, HEFEHEATE FEIFE 50~250 mg/d, i
BEA TS24 FFR A 400 mg/d, 123.47 mg/d iE AL T
HEAFHE A I, 3 /N F i 32 (AL BR, b F A Bk
KB AN 2 e fat R XU o

ZE B IR E A DX I KRR AR Al
B, 7 R AR B AR 7 R R B K
P& AR R KO A B X (PRI XA
HEEJEITRBATHICHE S L, 5 E 48T
R B EIEASE, UL & B s X A RS
G XU [FIRE R g, PR A s i b 7 4 S AR S XL
B TP . BT Cron &R AE 1:25 J7 i3k b~y 4
R ISR T LR 5T A6 Cd As . Hg . Cu,
Pb.Zn Ni iX 7 FP 4 @ TR TITN .
432 F 48T EAL RN

4 SR A B s BMIIR Ol Ca>
Hg>Pb>Cu>Zn>Ni>As (£ 9) , Hirf Cd V5 YL 2 ) fix
5, A S 7% I RE i JCT5 G, AR 3 32 SR [ A
FERTG G BTG e i 2, 7 BV A Y 84.92% , 18
BB IRFE—WEIG Y. Hg.Pb.Cu.Zn,
Ni.As $8 B E AR <0, SR L T 15 YIRS, Bk Hg ot
RO, HARTTR TS PREAR BT 38 90% LA -,
FIX ALK B T5 Y IE AR E, Horp Cd V5 e R
m T HATER TS G E R
433 F4 B £ SR

BRI E 4 JE A A S KBS S EOR B (£ 10)
As>Cu>Pb>Ni>Zn H.5 53 {H 4R <40, Zn FI Ni £ #f
FEA IR R 2R , As . Cu FIl Pb HA AN IR S AR4%

AR . Cd Fl Hg $5 £ [ R 13~2860 il 6~3593,
AEAEAS R R B 1 A 25 XU, 27 DA S5 IXUR: Sk =, 0
1) o ERE B 81.7% 11 62.39% , A 7L EB 4R
Ik F 5 —Hg s KUK, Pt Cd i Hg R iF5E X 2 A
TR, BEEGRIGYIEE , CATEMFRIX N5
e R AR S S E R e, N5 | E A

AF 7% DX 7 A 25 XU 8 2031 [l oy 28.86~
3686.57 , AEAEAN R FE B 1 AR A KU, AR v 25
o, 5 HAR IR 62.17%F1 36.27% , Bifi 5 16 5 7 i
A8 R T P LR )N o
4.3.4 AR R G F A

i 3 X AT IX A B B0 H X 5 EE R kT
PR 2 12, 7T RLE AR BUE MEBUE A R i1
1) %% i 1 = BMIRAK YR i ADDuw>ADDyeew>ADDin,
PRI H 35 28 558tk 3 B JER 2 Al R R TR A 2~5
ANBCRG; AA 4R AR BUE H ¥ 25t = 2K
IR A Zn>Ni>Cu>Pb>As>Cd>Hg , i H ¥4 7% 55 o
rh v B Y N Ni>As>Cd ; 2 i EE 208 A A &
SR )LIE H YR 5 m T AR Y 5
Fa PR BUEIT AR AL, R H ¥ R R L
AR = TR

fa R RS TR 25 R s (13 .38 14) , AR 2
8 1A% 10 AR SO AU KU 5 E i EUIRAR
ADD,>ADDqo>ADD,,, 145N i T HAA B, 5
H 359 58 55 1 25 SR — 25, DRI 048 A 7 A i B XU
() 3 & 42 . USEPA (1989) #F 58 1A 4 24 HO &%,
HO<1 B, A 30 KU 8 /Nl 7T 208, >1 W 3RR £
AR 20 KU , AN R 8 4 R B0 fil 5 XU 5 2
i FR A Yl AS>Pb>Ni>Cu>Zn>Cd>Hg, & 4 &
BATHUR R XU 5 B8 <1, BIBFSE X 8 4 T f A A4 fie
FRANEEAE B S ity 3 250 XU 5 )L 28 S E B0 XU P 4k
B TN, B o 2 86 % . A9 10°~107
(Ferreira— Baptista et al., 2005 ; 1 1i 2% 45 , 2020 ) /&
CR 5%, CR; 1 AT #2232 KU v [l , AS () 2 4 1) B0 gk
e JRUIRS: i 5 Hh v BRAR Yl As>Cd>Ni, 5 43 J& L
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TS AU F5 B T 10°~107*, L XU 35 50
TN 5 B30 KBS 18 B L 53 518 7.76 %
1071 2.11x 107, LI H 4 g B0 KU Fi5 ZIORN S8k
I KU P A Ak T2 A Bl Y, R RIS IX 3500 XL
B, AN X AR AR I i fa . otk
HUE A BUR Y H 255 S R R KSR 2, LE
3 e TN, U [RIRE RS 458 T L2 i fdt B
5 3% FN gy , PRI 3 % TR 9

5 45

(1) FEIk 2 T (E 0.32 mg/kg, 5L
VI SEA LU R REGA R 1,68, ik F P 5
FERE TR Sk A S R B M AR BT R
3 55 5 L 249 17112 ke SA 2 & A0 + S AR, B Al X
Ty E i 0.47 mg/kg;

(2) & 5 3 P LA A R R 3, F 2R A
SRR FNHERE /K, EE R A AR i A i R TR AR

(3) & Al DX A4 7= i il d s i T AR & il IX,
GYIREN KR B AR, R B H A A 2
123.47 mg/d, b FHEFEVE I, XA R 5 2K (2
o NIRRT B B

(4) 5 42 g Vo e 72 B fh B X R Cd>Hg>
Pb>Cu>Zn>Ni>As, [§ Cd LI TS5 e 41, HAv
GBI LLTCTT YN 32 5 FRIUER 4 W AR AR A XU 1T
MR Cd R Hg b EEfEEITLR , KR E S m BT
DAV 51K 5 7 4 N A fi o IXURS: P-4 2R B T X
Ak 2ok U KB 5 b T2 A N, B
BB , 1 AR AR 7= A f R XU 1) F2 B3 4%, LR
T N 5 Z B 5%
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