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Assessment of Heavy Metal Pollution and Its Health Risk of Surface Dusts from

Parks of Kaifeng, China

DUAN Hai-jing', CAI Xiao-giang”, RUAN Xin-ling', TONG Zhi-qi', MA Jian-hua'"

(1. Institute of Natural Resources and Environment, Henan University, Kaifeng 475004, China; 2. Kaifeng Environmental Monitoring
Station, Kaifeng 475000, China)

Abstract ; Fifty-two dust samples were collected from four parks [ Longting Park (P, ), Tieta Park (P;), Qingmingshanghe Park
(PQ) , Xiangguosi Park (P, )] located in Kaifeng City, China. Concentrations of Hg and As in dusts were measured by atomic
fluorescence spectrometry ( AFS) , while Cr, Cu, Zn, Pb, Ni and Cd were analyzed by inductively coupled plasma mass-spectrometry
(ICP-MS). The heavy metal pollution of dust was assessed using Geo-accumulation index (/,,,) and pollution load index (PLI). The
health risk due to exposure to heavy metals in dust was assessed using the model recommended by USEPA. The non-carcinogen ( HI)
and carcinogen health risks (TCR) were also calculated to evaluate the potential risks to adults. The results showed that the average
contents of Hg, Cu, Zn, Cd and Pb were much higher than those in control samples and the background values of fluvo-aquic soil in
China. The samples were seriously polluted by Hg and Pb, besides, there was moderate pollution, slight pollution of Cu and Zn, and
no pollution of As, Cr and Ni. The PLI from the 4 Parks indicated that there was serious heavy metals pollution of dust in Py, moderate
pollution in P, , and slight pollution in P, and P,. The average HI of heavy metals in the four Parks was lower than one. The average
HI decreased in the order of P| >Py >P, >P,, while the average TCR decreased in the order of P, >P, >P_>P,. The contribution
rate of HQ,_ to HI was about 43. 51% , and that of CR,_to TCR was about 70. 11% .

Key words: park ; surface dust; heavy metal; health risk; Kaifeng City
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Fig. 1 Location of the sampling parks in Kaifeng City

F1 FHTHRRRERELEER
Table 1  Surface dust sampling park information in Kaifeng City
N R B 2 el 15 ] BB A 2 el T AL/ hm? SR
P, ol b 1953 4F 18 86. 60 ( /KIK I FH 47. 30) EX4A %
Py RPN 1955 4F 11 51. 24 (KIHHEFR 9. 62) E% 4A %
Px B B PG B 1949 4§ 7 2.00( K3 IR 0. 00) E%4A %
P, i 1998 4F: 16 40. 00 (7K BRI 8. 00) FZR5A 9%

1.2 FESh b3

BT 5 0 B AT S BF 1 423 2 100 H
(0. 149 mm) Je Jgfiii. K42 As Al Hg & R 1: 34
1% R FRIR R T M 1K 22, AFS ¥ (DB51/T 836-2008 )
ME LA AFS-3100 BYBGE I F 2966 EE T (db
UL AR AT . JKZR Cu, Cr, Pb, Zn., Ni I Cd
O iR FH A R - SRR - = AR T A AR 3R 1CP-MS &
ME XA X Series 2 H e R4 45 B 1R 0 3%
X ( 2 Thermo scientific). TZEAMHT Rt FRr, JK 2
As . Hg HIEZARE IR 5L (ESS-2, #5758 | Kb
Cu, Cr, Pb, Zn, Ni Fl Cd J ( GSS-3, #5458 ) #AT
S, AR IR AE 95.3% ~ 104. 3% 2 [A],
A7 S 56 v 22 HBTE 10% LA
1.3 JKAFESEG TN Ik

535 2R H Hb B 2 48 %X ( geo-accumulation index,
Igeo)*ﬂ‘]’—iyéﬁ‘ﬁ F8 %4 (pollution load index, PLI) PEH}
KARTEERIGYLIRGL. A B HAT A AR,

C
I, =1 (7) 1
= T RSB, D

K, C, WELSE SN, B, HEEJE n K
AT RAE, 1.5 2 T IH BR TR P 1 X 2% 55 7] g
ST FEZ S R e 4 R B 1, 195 B 0 Hbs
WP N L, <O, 5 Y 0 <1, < 1RT5S; 1 <
1., <2 Amrhisdy; 2 <1, <3,i5Y; 3 <1, <4,
TWEISY; 4 <1, <5, F 1594 5 <1, AT
YL A E R0 (PLL) it A= R .
CF, = ¢,/¢c, (2)
PLI = /CF, x CF, x --- x CF, (3)
K, CF, KA ESE i 5YRF T, e, WKADE S
J@& i WS e N E AR | TS, PLL A
FEAZME SIS Y Am e AL 5 Yo bR
NP PLIST HTET5 Y, 1 < PLIS2 R I5 T 2
<PLI<3 N TG Yy, =3 NimET5 L.
1.4 FGJE AR RS %k
1.4.1 BEEHER
A P ) 4w T O -0 EERA
WP A | Rz Bk 422 ful M Wik 3 & 8RB AR AN
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Tl 6 B TR L T AUAS ™ 158
ZF-OHEERA

x IRo x CF x EF x ED
CDLypn = - : (4)

BW x AT
ZENFIREEA .

¢ x EF x ED x IR,

CDLwsn = “BW AT x PEF (5)
25 7 R A
¢ x CF x SA x SL x ABS, x EF x ED
CDITMM%/\ = BW x AT
(6)

A, CDI A 48 Z 8 5, me- (kg-d) ™' ¢ MK
PELROWSE , mg-kg™; BW A AR EE KT,
ks SA ST REHE il K 2R I B2 BRTRTR, em 5 TRo Ky
BAME mg-d "5 IR, HWASHE m*-d™"; ED Ny
R, a; EF NRBWR, d-a”'; CF N R
B, kg-mg ™5 AT FA R A ] CIEBUE MEUE)
d; SL KB ETE , mg- (em®-d) ™' ABS, &Rk
W 50 PEF S KAHEA T m® - mg ™'

ZHRIFE G AN T 0 (DB11L/T 656-2009)
UK FE N AMESERFFE R > 50 (4) ~ (6) NS
BOBAE AN R . TRo 9 100 mg-d ™', IR, 320 m’-d ",
PEF }1.36 x10°m’ +mg ™", CF Jy 110 °kg-mg ™', EF
$9250 d-a”',ED 24 10 a, BW 4 60 kg, SA 4 350
em” ,SL 4 0.2 mg- (em®-d) ~',ABS, 4 0. 001.

TEZ R i T BUm F AR B0 S8 1) AT
BUEAF. 72 AR 80E 4 )8 2 87 i, BACE
¥IED K10 a,#t AT 10 x365 d. 168 8 &
B R RN AR ED 10 a, F9R 558 &
S EEENHEA A A (70 a) , N BB E 48
FRER T AT HUE R 70 x 365 d.

1.4.2 XU AR
ARG 8 PP E 4 JE (Hg, As, Cr, Cu, Zn,

Pb. Ni, Cd) #FHEA M2 M AR B0E R RS, b As |
Cd. Ni, Cr, Pb EASUEMEET > k80w K
DR B (HQ ) F XU 6 %4 (HI) >k R AE, iF 5 A
:—Et[24~26]j7:

CDI,
HjS = Rij <7>

HI = Z ZHQﬁ (8)
A, CDL & & @ 5 j Fh R R IR AR I R
mg-(kgd) ™' RID, WEHEJE i WS %K &,
mg- (kg-d) ™", BP0 A (] 547 0 i 43 A AN 23 5
N BN 1 e Ky HQ, R dEBUR E &R
55 j R R A A 0 BTG F HR (XUBE S ) 5 HI Ol 8
FhEE 4 Jm a3k 3 ol R R A 10 T B0 B0 R B AR

B M HI B HQ < 1 B, 3R 5 4 Ja A £t BRE XU
AL s I > 1 B, R A7 7 T 4 R 0 R XL
5, A B, fid e DAL Agf K

B A B 0 KUK 45 £ (TCR) SR R AR, R A
J—:t[24~26]ﬂu1;‘:

3
CR, = > CDI; x SF, (9)
j=1

7

(o]

5
TCR = > CR, (10)
i=1

A CR, WEUEESE it 3 RSB R BAI
WU HE % CDI B0 & &8 5 j Fh R ER R
B mg- (kg-d) ™'y SF A5 ey i BO AR
T, (kg-d) -mg™"; TCR Jy 5 Fl 2 & 4 Jm 10 {at
B FEEL. 24 TCR <10 ~°, B M ; 10 7° < TCR
<107, AT 32 A B0 KUK 3 TCR > 10 7%, Ak
AN iR 7 R R R S

Z:7% [ N AN S 78 SR R Tk [ 37 b 2R
BEIPAH S0 ( DB11/T 656-2009) , A [ 5 43 & 4% #h
FEEE IR RID F1 SF WL 2.

*2 BELETEREERREM RID 1 SF

Table 2 Reference dose (RfD) for non-carcinogen metals and slope factors (SF) for carcinogen metals

RID/mg- (kg-d) !

SF/(kg+d) -mg ™!

TR FOBA BRI TR FOBA BT TN
Hg 3E-04 2.4E-05 3E-04 n.a. b n. a. n. a.
As 3E-04 3E-04 1.23E-04 1.5 7.5 1.5
Cr 3E-03 6E-05 2. 86E-05 n. a. n. a. 42.0
Cu 4E-02 1.2E-02 4E-02 n. a. n. a. n. a.
Zn 0. 30 6E-2 0. 30 n. a. n. a. n. a.
Pb 3.5E-03 5.25E-04 3.52E-03 n. a. 0. 0085 n. a.
Ni 2E-02 5.40E-03 2. 06E-02 n. a. n. a. 0. 84
Cd” 1E-03 1E-05 1E-03 6.1 6. 1 6.30

Dn.a. FRTEEE; 2) ABFSE G, BRI IEH RID, B4 C°F #1 CF 19 RID, HIEFI KA Eh — KT 400 mV, Cr'* KB4 gEE LN

Cr®* LA B R R S U RSV AR O BFER T C®* 11 RED
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M3 AT UL, JF F P K2 e K 4 He Fil Ph
SEETWwA S, C, 4% A 138.99% F
153.89% , HiAh T 4> J%’i@%?qﬂ#WBUS 69%
~73.09% ). 5IF £ XK 42 4R
B M, AR KRR As, NiSE & RIET S

r. Ni ‘P35 & 2T -8 R (EHZ 5, Hg, Cu,
Zn, Pb, Cd & EYm T HE FAE, 50 5 H
HEAHAY 10.0, 10.2, 6.6, 3.4 F1 1.8 1#. %Eﬁ
/\Iﬁ("‘kgxﬁﬁi)@LLﬂKHE 2.
ESNTTR/N T A b HAFAE— m%ﬁﬂ(i’%
3). K7k Hg. Cr, Cu\ Ni ﬁ%%@f}uﬁ Py >P, >P,
>Pp As RN Py > P >Py>Py Zn FEE
WA Py >Py>P >P, Pb HFHEMN P >Py >P,

s fHSk, Hg, Cr, Cu, Zn, Pb, Cd /& T HH 51H, >P,,Cd FERH N P =Py >1> >PQ HH FE S K
Sr AR R 16.7.1.1.2.0.3.0.5.6 f13.1  Z2FR As Fil Pb 240, i 4R GBS T840 3
5. S A A, AR KRR As. DAL
x3 mLELZESESHIT
Table 3 Statistics of heavy metal contents in dust samples
N EEJE S E/mg-kg !
Hg As Cr Cu Zn Pb Ni Cd
o] 0.53 8.20 71.30 94.28 419. 12 139. 85 29.05 1.36
B/Mi 0.10 3.67 38.43 16. 45 90.27 29.8 16. 82 0.28
Py(n=16) ¥ 0.27 5.92 51.74 36.96 202. 66 65.92 22.87 0.82
SD 0.11 1.29 8. 42 18.20 75.92 31.99 3.44 0.34
C,/% 40.77 23.51 16. 17 46. 66 36. 42 47.03 15. 05 41.47
TN 3.36 16.95 65.33 60. 65 551.03 1 488.27 30. 22 3.08
/M 0.11 2.76 46.59 20.57 131.51 38.49 21.8 0.43
P (n=18) I 0.61 5.50 46.01 38.91 234. 80 210. 68 24.13 1.13
SD 0.77 3.05 6.48 10.13 99.93 352. 61 2.08 0. 64
C,/% 106. 43 52.78 11.58 25.92 40.79 132.59 8.57 54.17
TN 0.33 7.39 73. 66 47.74 438.96 401.73 25.40 1.75
/M 0.13 1.87 22.13 16.79 99. 47 27.47 12.33 0.46
Py(n=11) ¥IfE 0.20 4.41 47.74 32.20 255.27 126. 88 20. 05 1.05
SD 0.05 1.58 16.07 9.57 103. 71 117. 50 4.45 0.38
C./% 27.05 36. 78 33. 64 29.71 42.02 83.70 22.40 36. 45
KM 3.60 6.58 64.33 208. 90 470. 41 415.93 29.83 1.41
/M 0.21 2.50 51.01 41.63 221.19 69. 68 22.52 0. 80
Px(n=7) ¥ 1. 06 4.07 58.01 82. 12 320. 94 185. 00 25.47 1.13
SD 1.36 4.45 58.13 100. 82 323.16 197. 15 26.11 1.09
C./% 89. 03 32.95 7.15 64. 85 26.72 56. 54 9. 66 21.27
ISP 3.60 16.95 73.67 208.9 551.04 1488.27 30.22 3.09
B/Mi 0.10 1.87 22.13 16.45 90.27 27.48 12.34 0.28
&MY (n=52) YA 0.50 5.12 53.25 44.29 240.27 144. 84 23.15 1.02
SD 0.69 2.19 10.05 32.37 97.47 222.89 3.63 0.48
C,/% 138.99 42.82 18.86 73.09 40.57 153.89 15.69 46.91
T R i R 2 1 e g (23030 0.03 8.07 47.37 21.74 79.45 25.83 26.43 0.33
e ) - 75 31 0.05 9.70 66. 60 24.10 71.10 21.90 29.60 0.10

2.2 HEJRWTEYRHIE

PERETF BT R i KR T 2R B EAE N B, H,
A (D) RS R KA T 4w IW&EIEJ‘F;
PRER S ESR (R, AERATIL, KL H
F1Pb 75 Gy Hh B ™ B?féﬁ,.\ﬁjf’?mﬂu
b HA A SR He WER IS UL L T
P s g | s LR 3 5 G iR SR R 8

27 1L, I AR S B RY 88. 46% ;5 T Pb 7E£5TG
PR R AR, Hodr DU v ds Y T 7 e v
FESBCH 21, HRESBEY 40.38% . KA MAFTE
—ERRJEH Cu, Zn A1 Cd 154, JR4 Cu £b TS
Ju R RE s B 33, o SR ASUE 63, 46% 5 KERSY
FEAH Zn T Cd Ab T 5875 YL R g Hhis 4y, 36 5 R
FERELHY 88.46% ; K2 As, Cr A1 Ni V5 YL 2 4
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AN ) 4 s Y
31, & w T R Hg > Pb > Cd > Zn > Cu > Cr

>Ni>As. BT H, Heg 45 A Bl 2R i E B
15 9L R, HOR & Pb.

x4 RELEEEWIL REFRSEEERERBSN

Table 4 Geo-accumulation indexes of heavy metals in dusts and the number of samples in different pollution categories

B L, R IR 75 e B B B 5 7 4050 %
LR e T RS BEg bl sk REER O EER RESR
Hg 1.22 ~6.32 2.87 — — 15.38 51.93 21.15 3.85 7.69
As -2.69 ~0.49 -1.33 98. 08 1.92 — — — — —
Cr -1.66 ~0.08 -0.42 98. 08 1.92 — — — — —
Cu -0.91 ~2.76 0.33 26.92 63. 46 5.77 3.85 — — —
7n -0.36 ~2.25 0.94 7.69 50. 00 38. 46 3.85 — — —
Pb -0.42 ~5.34 1.35 — 9.62 40. 38 17. 31 3.85 11. 54 17.30
Ni -1.68 ~-0.39 -0.8 100 — — — — — —
Cd -0.67 ~2.78 1.04 5.77 38.46 50. 00 5.77 — — —

A (2) F1(3) 15 345 A2 bl T I i Al
PRARTE AR PLL AR E5E S (K 2) , NIEL 2 BT,
0N B 2R T 4 SR A PLI B R/ IR R 2 Py
(3.05) >P;(2.38) >P;(1.89) =P, (1.89). Py Ky
SREETS Y, Py P BTG Y T Py F Py WU DR B R
15 Y.

Pr

E2 {BAEKEEELETH PLISFRRAIEL
Fig. 2 Average PLI and pollution levels of dust

heavy metals in different parks

2.3 RAHES R ERXE TN
2.3.1  AEBUEERRE RS A

FEHREC(4) ~ (8) 2 T A5 2 I Bl 28 el K
REXT LS 3 PR ER IR A A R AR U
it B AU BRI 48 45 (HQ ) FIXURS: B 48 80 (HI) |, 45231
W5, AT UL 4 AN B R A 8 e 43 @ 1Y HQ
FHL ¥/ 1, AR B0 fd e XU, 1 HQ
MK ENAMER A : As > Pb > Cr > Cd > Hg > Cu > Zn >
Ni. JKZ42 As, Pb I Cr % HI #1957 Bk % 2 5 N
43.51% ., 32.47% F119.09% . MAS[F] 23 bl JK 2 5

&R HI(E 3) KA, P, (0. 184) > P (0.167) >
P;(0.134) > P, (0.129) HZ )7 255 LB, &~
Fel i HI 2252 (P >0.05).

0.24

0.16 +

HI

Px

B3 BFAERKEECEIFBEXRIEL
Fig. 3 Average HI of dust heavy metals in different parks

2.3.2  BUmRMRFERXS TN

Fe RS (9) A (10) 43 S E B A 2] 4% A Bl K 24
As, Cd, Cr, Ni, Pb i CR FITCR(Z5). £S5
AL FEETT A Bl R AR 25 B CRy, L CRy,
Fl CR /T 10 B g, T8V K 5 1K 241
FE B HAF ) CR, AT CR, KT 10 50 9, 1748
— B [ NAR T Tt 32 0 B0 KU 23 el IR A 7 4 1Y
SF TCR > 10 ~°  FAE A AT i 32 1 S0 KU (615
SLHEEM. WA FE KA 5 4 )8 TCR (K 4) >k
&, FH TCR KM ;P (3.89 x 107°) > P,
(3.57 x107°) > P, (3.32 x10°°) > P, (3.27 x
10°%) HE ARG (P >0.05). CR, %} TCR 1Y
Trmk KA L TE 39.29% ~ 89.38% Z ], ¥ K
70. 11% , As J2 1t 22 1Y 800 KU R 7
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x5 KREESEMAEBUERRRGERN SRR RN E RS

Table 5 Non-carcinogenic and carcinogenic risk indexes for adults with heavy metals in dusts

e R XU 24 1 IS ON ;1 e/ IME i SD C./ %
Cu 6. 83E-03 5.38E-04 1. 45E-03 1. 06E-03 73. 09
Zn 2. 19E-03 3. 58E-04 9. 54E-04 3. 87E-04 40.57
Pb 5. 14E-01 9. 48E-03 5. 00E-02 7. 69E-02 153.89
- As 2.22E-01 2.45E-02 6. 70E-02 2. 87E-02 42.82
A 2o KU Q Hg 1. 52E-02 4. 42E-04 2. 11E-03 2.93E-03 138.99
Cr 4.07E-02 1.22E-02 2.94E-02 5.54E-03 18. 86
cd 6. 59E-03 6. 04E-04 2. 17E-03 1. 02E-03 46.91
Ni 1. 78E-03 7.27E-04 2. 14E-04 1. 36E-03 15. 69
HI 6. 13E-01 6. 68E-02 1. 54E-01 8. 50E-02 55.04
As 8. 30E-06 9. 18E-07 2.51E-06 1. 07E-06 42.35
Cr 7. 42E-08 2.23E-08 5.36E-08 1. 01E-08 19.25
S CR Ni 6. 09E-10 2. 49E-10 4.70E-10 7.50E-11 15.95
S cd 3. 10E-06 2. 84E-07 1. 02E-06 4.79E-07 46.70
Pb 1. 79E-08 3.31E-10 1.75E-09 2. 69E-09 153. 89
TCR 1. 04E-05 1. 93E-06 3.58E-06 1. 26E-06 35.06
N — KERTREREE ] FEAL | R4 B B B SR A 4 S A iR 2 7 AR
Zn, Cd, Cu ZE10 =991 B v Ph 5 5
50X10°¢ % SIS N A Ve s,
JRR AT RE S S BT YL Wy i T s R B O, A AT
40x10¢ BB AT I B PR SO, 2k, T
E30%10° ALY EALYIHE AR S & RABEA A+
. YIS, T 1 b 2 B 2, AT B W K 2R R Ph R
RO R AR 5 Y R B AR T IR R
-6 S r s e y— g
1010 A AR (B R AP i S E s e 4

Po P
B4 EAEESETFHREXEIEHXLL
Fig. 4 Average TCR of dust heavy metals in different parks

3 itig

3.1 RAFEEEARWESHT

NP TR A T 4 R R TR AR R A%, E B R
Hizgi, Tolk & MR i T 2 52 . ARG 5%
rhNBE 2R He, Cu, Zn, Pb, Cd B FH & & 5
1 e TS B AT BT R K T R,
FRPH O ZE NGB, R 2
He SE BRIk T A W IR T 4 8, R IR A & 2%, B
T Tk, A2 ke YR A1, B T BB S 5T — ok UA.
KEFE S He 19 22 FFAE 0.1 ~5.5
mg-kg VB R SR ¥ He & RN 0.22
mg-kg "7V I dETIT R R ) BRI SR T, SRR R
FEAER, #E 2012 47, FFBf 77 S I #E & A 503
x 10* % PRI, TR MR 8 1 A RS Hg LR AT
& K 42 Hg 1 2R U5, JE i iy oF X &
%[10,21,24,3840]’55@7%% Pb\ Zn\ Cd\ Cu %gﬁl
FL R EEORIE. LRSS R B L i 1 i A

Vi BA A — B [ T 2 Bl i 24 v T G 4 i ke A
55 J] R g b, = S8 SBOR 11 PR T, DR b = 3 P A 95
Vi b s R RS Rg i KA v Ph 1 i, X — S AR A
AR AAR] THESE 2 JF R R 2012 4E
JiE, RANAAINA Sk E 62 x 10* 1, Hoh A A4
PA R 32.8 x 10* 4, 5 A 14 A 50% .
Iz AR, FFE T A R AR 2, = 2012
SRR, PR ARIE P9 AN & 184 416. 2007 AR,
Iz A2 BRI ZAEZE T Sk ML) A
JITHE AR 14 28 300 155 G A Bl 22 36, 3 T R 2 Tl
JKZEHCd, Pb, Zn, Cu {5 P H MR H Z —.
T A KA As | Ni fr 2K FHEsE, mTaE 2+
Heak A As | NI Fr i 32 a7 20 I R L A R
B m, B FHREESREMWRE
PRIEIO, 28,4199, 34 2360 SRR A0 Bl KR Cr 25 S i T
FLFR 0 S, WA N A S, U
PG o N = e 3 9 W e 2 3 D18 A L I [E NG A R
S R HOREZ — B TIRARESE 455k
2T BR S 25 SR,
3.2 ARIRVAE K AE 4 I 15 Y 22 553 B

TR T AN [R) 2 e 2 5 4 g ¥ e e B 1 22 531 ]
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fil g el Ao [l | A PRl B, K Sk T
ANV R VA W BRI R N A S ]
K. MEFK R 4 R TS Y e ol L B As A1 Pb
20, B e R A E IS T 40 3 AR, X AT RE S
LS VR Ay v [ g 5 3 4 B9 o 80 B, A el B [ 2K
i SFNE R AR NRZ  MiE KA KRR Cr,
Cu, Zn, Hg, Ni, Cd %45 508 540 1235 i ds %
FHET G, A I B T AL R R L B
12 75 B TR A P A T = R 4, ) L 8 2 i i
K, BB PR EE K R A A R AR A A8 R
AP B RERLBERERMWERNZ
L1316 20,24, 382300 e )N Bl K 242 5 Y B AR T A
<, 5 PR T il 5 L A S T B 6, e
(VAR e = 7 i IR 1 K e = ) S A T A
KE 47,3 hm®, AT TR 54. 62% , KIS ATE
4 el R R R R TR A K S R 2 A ) TR
TP O T 5 T3 T 3 e Rk B el 24 o 4
Ji T YR A T 5 el s el s 1) ¢ el B it A7
B A G, T W LT 1998 A A Xt AN, B
KA 1T ay BREE S B AL 75 T T BT AR 0B, 0 =
B A A /0 | IS 1 A A el 8 24 ¥ e A
FRXHEARG. A el ) o T RRUXoF b 38 IR 2 o A
Wi, 235 (1] Google Map #3f 4 A>3 bl i1y T 24
B8 Aremap 10. 2 318 4 AN Fel 1) 2% 3 1
I s N el A 2 b T MR G 458K (12,2 hm?) |, K
BN el A B el e Uk 22, 3 5o 10,7 hm®
10. 3 hm® , [ 5 A9 2 3 11 AU /N (0. 5 hm* ), A el
eSS R AN R 2 /N T wk= £ TR TA U RS =SSN
IR/ T5 Lt M2 K A4 B A 3 AT BE AL 2 A VS
YPAFAE 2T L —JRRL A, A TR BE A 07
()22 /D S KR E 4 J@ TG Ytk L. PREH
FEET R IR 4 A RT3 AF MR EA , M
] S B 7 T AR 1) A Ui 4 A e [ 2014 4F,34 T A
Ye (hm?ea) ~' ] AR3E 2\ bl B T R A1 T % o
/212014 4£,0. 81 J7 AWK+ (hm®-a) 7' ].

4 Hig

(1) FFET AR KA Hg, As, Cr, Cu, Zn, Pb,
Ni #1 Cd BY-F- ¥ & & 50 %28 0.50, 5.12, 53.25,
44.29  240.27. 144.84  23.15 1 1.02 mg-kg™';
JRZEH Hg, Cd, Pb, Zn, Cu B T ANIEESLE, Cr
B TR GIRESE N M As JB T AREESE.

(2) AH =5 R K A2 V5 Yo SR G oM s B IS g, T
N ACE S 3 Rl R I S /N T B R

bl 15 YL S WO R V5 Y.

(3)4 DAFI KA 8 FPE AR HQ J HI 24/

T 1 AR AR BUR R XU, P2 HQ BRIk

A:As >Pb>Cr>Cd>Hg>Cu>Zn>Ni. 7EAEEE

SRS HQ A HI BTk 2k 43.51% , As S

F 2o KU A 1

(4) TEBUE KBS PO v, DU R Bel I 442 42 )

B Cr. Ni, Pb XJ AR CR <10 °Z 4, As, Cd X

BB CR B 5 FIICE Y TCR 7£107° ~ 10 Z il

J& T AT i 32 4 S0 KU, (L5 25 1 AT B

M. CR KVTH TCR B BTHERZEAE 70. 11% 47, As J&

I TR B XU T
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