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Ecological risk assessment and health risk assessment
of heavy metals in some China urban parks

FAN Liudan' WANG Mingshi'>" SONG Dangyu' SHEN Jinchao®

(1. Institute of Resource arid Environment, Henan Polytechnic University, Jiaozuo, 454003, China;

2. Henan Key Laboratory for environmental monitoring technology, Zhengzhou, 450004, China)

Abstract: Quality of soil environment in urban parks has a potential impact on the urban
environment quality’ and human health. Studies on soil heavy metals content in China parks and
conducting the fecological. risk assessment and health risk assessment are beneficial to understand
urban environmental quality and control the harm of heavy metals to human body. The research was
carried out by US/EPA Health Risk Assessment Model and the geo-accumulation index method based
on 9 heavy metal concentration in soil samples from 38 parks in 25 Provinces in China. The results
showed that the average contents of Cr, Cu, Mn, Ni, Pb, Zn, As, Cd and Hg in the soil were
66.02, 39.47, 498.65, 24.97, 48.11, 148.32, 12.82, 0.67 and 0.26 mg-kg™', respectively. Their
concentration except Mn and Ni, which were higher than the soil background value of China, and
had different degrees of accumulation. The health risk assessment results showed that the average

daily exposure dose ranking of children and adults in the three pathways was Mn>Zn>Pb>Cu>Cr>
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Ni>As>Hg>Cd; and the carcinogenic risk sequence of children and adults was As>Cr>Ni>Cd. The
carcinogenic risk index of heavy metals in soil, except As, is lower than the carcinogenic risk range.
Generally speaking, the content of heavy metals in park soil and urban soil is roughly the same,
people should pay attention to the potential health risks when they visit in the park.

Keywords : China, park, heavy metal, ecological risk assessment, health risk assessment.

B 2 Tl e JE A T Ak R A ) 388 3 S 38 A i T T B R A AR R A 1 T
B 4 BTS Yok i E Y E 4 S BER I W e A, DRI A R H 2R AR R Ol W Rk A
A 63 ARG SRR o] S AT 7E 10—20 4F 5 2 B )| B30 Babio vk 5 AR FH X B
7 SEHEN 2R AT A AR JE RARIN R AR E 0, 5T H R AR TR | B A Bl % U AH
S X LB, 2 AT 4 3 B AR G sha T 22— A A el + A7 70 25 T 4 JE A T e I i, 24
JLEE KA IXRE A IR i Bl 1 3 B0 4 1) 2 5 KU 384 .

A WS IR T 2 el 398 v 1) 4 T e R A T LR R B PR 2 A S IR AR
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1 dia ok I7 5 0F 58 71 ( Data sources and research methods)

1.1 FdERJa
AT 3 A 4% 0 SCHRGERE , Wie 88 3 [ P9 A Bl o 4 T i B 92 50080, v R 0 N el 3 4 B A i
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Table 1. Heavy metal concentrations of soil in some urban parks of China
By K 7;: ET Tzﬂéf G/ Cw/ Mn/ Ni/ Ph/ In/ As/ Cd/ Hy — BdiokiR
Provinees Area ‘ mlze i amples ATk ™") (merkg™) (mgekg™) (mprkg™) (meeke”™) (mgrkg™) (mgrke™) (mgtke™) (mgrkg™) Refeences
By p% 365 79.94 36.73 683.06 26.56 49.84 92.72 11.55 0.26 [6-13]
g L 2006.% 125 82.68 38.00 682.65 .45 48.19 150.99 0.45 [14-19]
HiE O OETH 2009.1 60.90 31.35 281.14 1.49 [20]
Je At 2012.5 185 42.89 51.52 19.42 53.82 79.13 0.45 [21-28]
Hit ARG 2014720149 25 43.64 30.19 15.29 60.71 154.24 6.26 0.28 0.1 [29]
WAk Hom 2010 8 41.13 41.38 192.08 113 [30]
it 67.20 51.80 27.20 60.40 116.00 10.90 0.45 0.13 [31]
N SN 2007.1 17 51.04 36.57 30.15 31.62 116.56 0.25 [32]
I 20022'01019%?7 134 62.67 41.47 572.39 30.48 59.82 133.85 0.9 [33-36]
M 7 77.61 25.81 30.66 76.31 291 [37]
HM 2016.11 31 77.92 35.99 14.45 0.06 0.52 [38]
R R 35 43.64 30.19 15.29 60.71 154.24 6.26 0.28 0.1 [39]
HEO M 2008420145 123 52.58 33.21 448,04 16.19 78.77 13453 13.64 0.37 103 [4047)
R 5 50.81 50.66 18.10 [48]

I 2004 25 21.27 4.57 66.87 0.72 [49]
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LK1

STRERF Y= RER
By K REEHEL R (0 M/ N/ Pb/ I/ AY c/ Hy — $ufiki

Sampling No. of
Provinces  Area e 0 (mg-kg™) (mg-kg™) (mgekg™) (mgkg™) (mgeke™) (mg-kg™) (mg-kg™) (mgkg™) (mg-kg™) References

time samples
H #S 6 91.35 63.22 115.63 0.57 [50]
Jr 2006.2—2006.3 2 23.74 24.89 15.45 16.88 259.64 16.27 0.40 0.15 [51]
r Efg BT 2008.9—2008.10 8 20.18 12.42 21439 15.31 41.42 104.45 [52]
EEOEK 200112012 39 41.36 29.29 27.12 82.24 6.16 0.17 015 [3,%]
T NCY i 48 223.00 190.20 24.10 0.23 [54]
HHh KE 2003.%% 7 5270 514.07 78.57 66.27 135.55 [55]
WLk 2013 K 18 127.68 17.85 486.62 285 30.29 80.02 10.87 [56]
B 46.10 84.30 202.50 120 [57]
TEE{EF W 10 72.93 30.24 520.05 2115 53.68 0.16 [58]
WM M 2000.F—2009.6 75 64.43 49.54 37.76 50.61 147.76 13.06 0.51 0.13 [59-62]
Wl ki 20 36.91 28.28 296.90 0.18 [63]
AR 2011.7—2011.9 8 44.83 18.61 518.22 15.46 5.53 60.91 7.88 [64-65]
Wt EI 2008.12—2009.8 75.67 12.89 17.62 2.46 0.10 0.01 [66]
FE O OBEAK 20069 94.70 33.40 39.50 35.90 111.80 11.60 0.55 [67]
e WM 201120118 24 30.03 192.75 10.43 73.26 566.00 3114 0.89 [68-69]
EIT 201120147 47 44.10 52,15 347.00 8.40 89,10 195.30 0.53 [70-712]
fi 2015.5 2 21.74 16.76 9.62 44.15 106.65 (73]
e kY 50 102.00 34.07 66:60 199.67 28.40 4.66 0.31 [74]
e 2008.4 5 66.37 52.43 30.36 48.82 129.15 4.80 0.55 0.08 [75]
BRI OWRE 2% 48.43 2.02 3113 92.80 0.15 0.33 [76-77]
i e 2007 12 61.51 17.90 26.55 10.21 0.25 [78-19]
fik i 60.00 30.80 21.40 56.00 57.00 0.14 [80]
AR 2013.6 26.10 19.60 26.10 10.92 0.07 [81]
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Igeo = logz[ﬁ] (1)

Arh, €, BIRICR n WHIRW P& B (mg-kg ™ SEIMH) | B, RAGVIRUA (il A ) HiZon R ik
e O, 2 R T B 22 S B A 30 R IR AT = 151,

AR ZHE RO bR DL 2.

®2 HERE YR

Table 2 Criteria for index of geo-accumulation

Wi H Ttems 154425 Pollution levels V5 YLFEIE Pollution degree
Igeo<0 0 Jc

0=</Igeo<1 1 T—H

1 <Igeo<2 2 oN

2<Igeo<3 3 H—aiR

3<lgeo<d 4 s

4<Igeo<5 5 SR—R R
Igeo=5 6 i
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1.3 faBRE XS PRI AF 5T 7 ik
1.3.1  FEEHR

AR KA 15 ey A+ 805 e WA PR EE TP B A i Ak O =X, b 4 R BGE o DU LR R AR 3EA
MR B TF- R AR B AR W 2R S8 W AR K 742 i 5™ o XU 5 50 IR A A 8008 XU
AR5 BT 13 (4 EL A 18 P | B0 £t B XU 1 18 42 )8 oL R A Cr Cu Mn Ni Pb.Zn As Cd Il Hg %
9 Fifr, Horp A BUBIKE AL A As Cd Cr Al Ni %5 4 "™ 5+ 3R 4R P, 3 BB REUE (R
N FHEEUE (AL ) 480 H ¥R E R TE AT .

ZTF-IF AR H Y 7R .

IngRxCFXEFxXED
ADD, =Cx—% (2)
¢ BWxAT
ZEWFIR I AR AT B H 2 2R 55 i
InhRXEFXED
ADD,, = Cx 2 (3)
PEFXBWXAT
2z R A H Y R R
SAXSLXABSXCFXEFXED
ADD, =Cx (4)
BWxXAT
I ¢ el N IR S 28 7 e O e Sl S R S S P73 e 3 B E /gl N v o Al
LADDing — CXCFXEFX IngR(‘hild XEDchild +IngRadult XED;}(‘U]{] ( 5)
AT BWohild BWadu]l
LADDinh — CXEF x Inthhild XEDchild +InhRadult XEDadull ( 6)
ATXPEF BWchil(l Bwaduh
LADDderm — CXCFXEFXSLXABSX SA(‘hﬂd XEDPhild +SAadu]l xEDadu]t ( 7)
AT BWchild BWadult
1.3.2 REBH
KT T 3 p TR ARG 45 S RO e 3127
F3 A FHEE SR AR XS N S5
Table 3 Health risk assessment parameters of heavy metals in park soil
S8 L/ h= 88 B HRUE
Parameter Physical significance Units Data
C O el AL e o 4 TR A R KT mg-kg™! 95%UCL
IngR F—H KSR mg-d”! 200( JLFE) ,100( AN )
InhR TS m>d! 7.5(JLE) ,15(HAN)
EF SRR day-a™' 365
ED E=SeeAing | a 6(JLH#) ,24(HIN)
CF Hedf B m kg™l 0.000001
SA J IRk 7 R ) R T R cm? 1600( JL##) ,4350(JEN)
SL K RENE mg+cm > d ! 0.2(JL#) ,0.2(JN)
ABS B R A PR To M 0.001
PEF WURLY)HE L R m kg™ 1360000000
BW PN B EING kg 15(JL#) ,53.1(8AN)
AT JES0 R OE Y ANy | d 2190( JL#) 8760 ( JH N )
AT 8U Y5 ZE R B[] d 25550( JL#) 25550 L)

P AR SORE P R YR BUR XU , — R G5 T (HQ) R 4, R 55 i (ADD) SR SR 2 %51
(RID) A LA, 1800

1, ADD %5k

HQ=ADD/R{D

2, RID HiG YIS %51 &,

(8)
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fE R AU B /N A8 35 e A (K B i, RIS HQ< 1 B, DA R RUBS 38 /Nl T 208 AT 5 29 HQ > 1 B, )
INAAEAEAE SO K X T 275 Y 2 B @2 i A B, AR 80 B XU RN 45 5 48 fa 3 /g HQ Z At
X B0 W 5 22 2R ) ( ADD) e LIAH N (B0 AR R 7 (SF) |, BIVa] 75 21 3508 XU
(Risk), =ADD xSF (9)
A BUE KBS E A 107°—107*, WA R iZ 4 B 228 350 XU, 25 20 51 4 T8 1 3508 XU 22 R R Ky
BB A R R TR AR AT RID F1SF UL 41557,

R4 LHE SR AR IR RID A SK
Table 4 RfD and SF of different exposure pathways of soil heavy metals

P RMD/ (mg- (kg-d)™") SF/ (kg-d-mg™)
Element FOmiz B IR i 2T N 2T TN B JHRHE fih F gk
Ingestion Dermal Inhalation Inhalation Dermal Ingestion
Cr 3.00x107? 6.00x107? 2.86x107° 4.20x10!
Cu 4.00x107> 1.20x1072 4.00x1072
Mn 4.60x1072 1.84x107? 1.43%1073
Ni 2.00x107> 5.40x1073 2.06x1072 8.40x107!
Pb 3.50x107? 5.25%107 3.50x107?
Zn 3.00x107! 6.00x107> 3.00x107!
As 3.00x107* 1.23x107* 3.00x107 1.51%x10" 3.66 1.50
Cd 1.00x1073 1.00x107° 1.00x1073 6.30
Hg 3.00x107* 2.10x107° 8.57x107°

2 R 51718 (Results and discussion)

2.1 b+ HEE SR A AT

WA, 42 [ SCHkAIE (9 23 e +- 3P G, Cu\Mn Ni \Pb Zn As . Cd I Hg ) & 535 4 20.18—
223.00,12.42—192.75 214.39—683.06 . 8.40—78.57 .5.53—190.20 ,53.68—566.00 ,2.46—31.14 0.06—
4.66.0.01—1.03 mg-kg™", Ho Cr €u . Pb Zn As Cd Fl Hg JC 2 (73 &8 20 b [ 33 58, 2
ol T SR ALY 1,08 ,1.751.85.,2.00,1.14,6.69 ,3.65 . ¢ il if5 T E & AY )& Cd Hl Hg JTE & i
H ] 4TS A Y 6.69 45 R 3465 15, Cd AE ARG i 11 100 T 3k 25 % A ARt Al i 3

RS bR SRS ARG

Table 5 Park soil heavy metal concentrations statistics

- o g Rl
A J P T Gl - i~ . "
JLE . b 22 it J&E 2250 [EIEEX Background
Range/ Mean/ Median/ . . . .
Element { . . SD Skewness Kurtosis values in China/
(mg-kg™) (mg-kg™") (mg-kg™") -1
(mg-kg™)
Cr 20.18—223.00 66.02 61.51 38.00 2.47 9.16 61.00
Cu 12.42—192.75 39.47 33.40 29.76 4.18 21.52 22.60
Mn 214.39—683.06 498.65 516.15 141.77 -0.67 0.74 583.00
Ni 8.40—78.57 24.97 21.40 15.06 2.16 6.60 26.90
Pb 5.53—190.20 48.11 43.36 31.35 2.56 10.68 26.00
Zn 53.68—566.00 148.32 122.85 98.72 2.70 9.79 74.20
As 2.46—31.14 12.82 11.23 7.90 1.18 0.90 11.20
Cd 0.06—4.66 0.67 0.42 0.92 3.30 12.26 0.10
Hg 0.01—1.03 0.26 0.14 0.28 2.25 5.49 0.07

2.2 AP M 4 AR SRR BTN 2
TR G W M B R RO AR 6. F i MR B B fee /ML L i R /N XA T SHE
B, IMUATHE. 3t AR S8 i) doe R AR LA e KAB T A48 03 ) B < H 0375 S8 B, AR, R 45 %K
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B 28 S B A v B R S . B E R e R P S T R 15 4K HEF A Cd>Hg>Zn>Ph>Cu,
Hodr Cd SR & =TS R0 3 9, He MIT5 50000 2 9%, Cu . Pb 1 Zn (9752450 1 4%, Cr Mn Ni
1 As BIT5 IR O 9459035 YL R BE DL 36 2 b FR B 48 H0hn .

6 b b HEE G U URIE AL

Table 6 Geo-accumulation index of heavy metal concentrations in park soils

TLE B/ Igeo Kl Igeo P-4t Igeo T VR

Element Miny,, Max,,., Mean,,, Pollution levels Pollution degree
Cr -2.15 1.36 -0.47 0 x
Cu -1.23 2.83 0.22 1 JT—h
Mn -0.17 -0.16 -0.81 0 Jc
Ni -1.67 1.29 -0.69 0 ¥
Ph -2.02 3.16 0.30 1 J—H
Zn -0.87 2.29 0.41 1 Jo—Hh
As -2.58 1.06 -0.39 0 J
cd -1.70 7.02 2.16 3 rh—iiR
Hg -0.16 4.05 1.28 2 h

2.3 BRI
AR e G R UL (95% UCL) B B AR A (2) —(7) Mk 3 8280 TR A R &
F 0 2 e ) e S BB B R TR TR 7.

RT bR SR ILE S A R AR 2 R i

Table 7 Children and adults exposure doses of park soil heavy metals in different ways

F-HEst L2/ TIN J WK A fih
LR W ¢/ Ingestion/ (me- (kg+d) ™) Inhalation/ ( mg- (kg+d) ™) Dermal/ (me- (kg+d) ™)
Element (mg-kg™") . N - N . N
JL# Children BN Adult — JLF Children A Adult  JLIE Children  AA Adult
Cr 79.96 1.43x107* 5.16x107° 8.21x107° 5.69x107° 5.95x1077 4.49x1077
Cu 49.69 6.63x107* 9.36x107° 1.83x107% 1.03x107% 1.06x107° 8.14x1077
Mn 600.06 8.00x1073 1.13x1073 2.21x1077 1.25%x1077 1.28x107° 9.83x107°
Ni 31.48 5(63%107° 2.03x107° 3.23x107° 2.24x107° 2.34x1077 1.77x1077
Pb 58.41 7.79%107* 1.10x10™* 2.15x107% 1.21x107% 1.25x107° 9.57x1077
Zn 183.92 2.45%1073 3.46x107* 6.76x107% 3.82x1078 3.92x107° 3.01x107°
As 16.75 3.00x107° 1.08x107° 1.72x107° 1.19x107° 1.25x1077 9.41x1078
Cd 1.00 1.79x107° 6.45%x1077 1.03x1071° 7.11x107! 7.44x107° 5.61x107°
Hg 0.43 5.78x107° 8.16x1077 1.59x1071° 9.00x107 ! 9.25x107° 7.10x107°

M 7 W LVE 9 AT 13 4 SR 3 K 3 Fh B ERIEAR 3 Rl B ERIEAR MY AR B0 H ¥ R R R
T 438 4 o B HE T - R AR AR T B BRI Al K TP W AR A g, 35 [ P At B XL B 5
14 25 55 8 AR S — B0 U B 4 R AR P 1 T R AR Sl 1o - LR AR B A Y. R, DA rp ] A2
28 bl e B B U R A 3 iR rh, JLE M R EE R A K T AN, 3 Rk R UL E AR
H 42 22 5 EHEF 4 Mn>Zn>Ph>Cu>Cr>Ni>As>Hg>Cd.
2.4 fRFEXB PR

AR 2R 7 (1% 2% 8 59t ARURH 107 38 2 a0 s o T3 4348 v A el 4 398 v 6 4 g 95 % ) B8088 JXURS: 915 4K
AR S0 XU T 50730 DL 3% 8. fh 3% 8 v IS 23 B T 41,9 Fh el & JB A 3 Rl R R ik A2 by | AR B0 XU HE
7 R - TV AR B0 > B2 IR 22 fih > W WA, 3600 - 11 i 0 2 L3 AR A4 A B3R 4 8 19 £ Bk 2.
9 Fi e 43 & (1 AR B0 WSS B 2 LE R TN, JLEIEEUE KK HEF 8 Pb>Mn>As>Cr>Hg>Cu>Zn>
Ni>Cd ; A AESUE KU HEFE 4 Mn>As>Pb>Cr>Hg>Cu>Cd>Zn>Ni.Cu  Pb  Zn f3F 250 KU F5 85 L # 2
BN 7 A% DI TERIFE IR T LB TE 2 ) 52 BN H 4R S, R AR B0 BE , [R5
ISR BRI, 7 R R R R B H O,
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Table 8 Risk index of heavy metals in park soil

F-N&ft BT IN Bk i Bl AR A FEECE MR TR A
JTLE Ingestion Inhalation Dermal CR HR

Element L A JL# A L A L WA JL# A

Children Adult Children Adult Children Adult Children Adult Children Adult
Cr 4771072 1721072 2.87x107*  1.99x107*  9.92x107*  7.49x1073  3.45x1077  2.39x1077  5.79x1072  2.49x1072
Cu 1.66x1072  2.34x107*  4.57x1077  2.58x1077  8.83x107°  6.78x107° 1.67x1072  2.41x1073
Mn 1.74x107"  2.46x107%  1.54x1072  8.72x107*  6.96x107%  5.34x1073 1.96x107! 3.86x107>
Ni 2.82x107%  1.02x107°  1.57x1077  1.09x1077  4.34x107°  3.27x107°  2.72x107°  1.88x107°  2.86x107} 1.05x1073
Pb 2.23x107" 3.14x1072  6.14x107%  3.47x107®  2.37x107°  1.82x107 2.25x107"  3.33x1072
In 8.17x107%  1.15x107*  2.25x1077  1.27x1077  6.54x10™>  5.02x107° 8.24x107° 1.20x1073
As 9.98x1072  3.60x107>  5.73x10™®  3.98x107®  1.01x107*  7.65x10™*  4.54x107°>  1.66x107°  1.01x107! 3.68x107>
Cd 1.79x107  6.45x107*  1.03x1077  7.11x107%  7.44x10™*  5.61x10™*  6.47x107'0  4.48x107'"  2.53x107° 1.21x1073
Hg 1.93x1072  2.72x107*  1.86x107®  1.05x107%  4.40x10™*  3.38x107* 1.97x1072 " 3.06x1073
DR E 4.58x107°  1.68x107°  6.30x107"  1.43x107"

1ET- AT )L E B3R 208 XUSHEFE A 15Pb>Mn>As>Cr>Hg>Cu>Zn>Ni>Cd , B IE 250 KU HE
J¥ 4 1>As>Pb>Mn>Cr>Hg>Cu>Zn>Ni>Cd ; 76 FFIR T A 3% 4% L3 E 808 XU HEF 2 1>Mn>Cr>Pb>
As>Hg>Cu>Zn>Ni>Cd , A IEEE XS HEFE 1>Mn>Cr>As>Pb>Hgs Cu>Zn>Ni>Cd ; 76 B kB ik 48 vh
JUEE AU A AR S0 XS HEFF Y8 1> Cr>Mn>Pb>As>Cd>Hg>Cu>Zn>Ni. 138 8 4 J@ op L FAL A Y
FEHEF YA As>Cr>Ni>Cd. + 3 4 J8 10 B0 KSR BBR T As J03 AN/ T 2o KU (E i Fl 107°—
107, BERH As 2 i 2222 H B0 RS R R Cr A B0 IR 18 2O 0 TRz il e 38 5 4 8 o 20k Uit
it , IS8 T
2.5 SEPNT HEE SR SR

J T AR T RAF ST T B 4 SR TS S BUIR  $E A T A 56 R 4 R TS YL BUIR Y SC
k. AR 9 AT LA o S el 3 A ) 7 e S T A A R RO Y, AN g
1) Cu 15 4™ 8, FEE B Ry - MR 7 A [ i 3 i 2 e, 5 350 4 04 7 e W] Sl AR 4.
AW FE A 1 b T el B 3 T 20 B R, QiaE N (R 22 Ll 2 Bl A g e =2 A A 2 A R TR g s
i, 2 Bl N -3 DA Sy 32 i 0 F 6 A ol v SRt T 34 B i B B T IS 3
— G NZ S| RS FRATT )8 Ty i FH 2 el 1) e T B, AR A8 0 el i 07 B2 W0 T A 24 b ) - 3 Gtk
{0, TE S P SEL IR B A 0 A Tl Bl AR B o 4 S 2 AN R R BE B 3R, A A A8 i S i —
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Table 9 Heavy metal content in China’s urban soil

b TR As/ Cd/ Cr/ Cu/ Hy/ Ni/ Pb/ n/ Mn/ E =N
No. of cities  (mg-kg™")  (mg-kg™') (mgekg™) (mg-kg™)  (mg-kg™)  (mgekg™)  (mgekg™')  (mgrkg™')  (mgekg™')  References

43 13.39 0.68 63.04 38.17 0.31 26.18 47.34 137.72 [89-%0]
23 13.87 1.06 62.43 102.29 0.35 27.27 85.62 117.43 559.75 (o1]
31 12.44 0.43 66.85 39.59 0.21 32.48 44.75 116.15 (92)
38 12.82 0.67 66.02 39.47 0.26 24.97 48.11 148.32 498.65 LN
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SRAEIE] SRAETr i b s R LSRR S B 0 B RN 7 ik AN ), 3 30 — e Y 22 5. S0P &+
SPE T 5 XS K P (S R S AT 58 X I A R BUXUBS A 00, 870l X ) Al AR X e =, A R Ak 2 AR T
BRI DL E 2 TR WA A AH R B R S8 RID R SF BYAR (R, S [ 5 v R FH B BB A7 A 22
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3 %518 ( Conclusion)

(1) FEBR T A FE S Cr,Cu Mn Ni \Pb.Zn As Cd Fl Hg % 9 Ff + e 4 J& 1925 & 2Kk
66.02.39.47 498.65 24.97 48.11 ,148.32 12.82 0.67 .0.26 mg-kg™", H:¥f Cr Cu .Pb Zn As Cd il Hg %
7 FhICER 12 e T R A, S0 v I R SR (B 1.08,1.75,1.85.,2.00,1.14.,6.69 ,
3.651%.

(2) T HEE 4R AR SUE 0 258 50 8 HEE - TR A8 > Bz R4 fk > WE I I A3 s 4% v JL 3 K
N H 28 FEHEF 4 Mn>Zn>Pb>Cu>Cr>Ni>As>Hg>Cd. L # FUS A B BUEHEFE 8 As>Cr>
Ni>Cd.
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