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Hea\Ly Metal Emlsswns from , Coal- ﬁrgd Power Plants and Heavy Metal Pollutlon.

Characterlstlcs and Health Ri'Sks in. S’urroundlng Smls ’

CHE Kai', CHEN Chong mlng ZHENG Qing-yu?, FAN Hui® WEI Ming-lei® , LUO Peng ) YU Jm x1ng
(1.State Grid Hebei Electrlc Power Research Institute, Sbl]lazhuang 05'[)021 China; 2. Norendar Inlernatlonal LTD , Shijiazhuang 050011, China; 3. State Grid Hebel
Elecmf Power Company, S'm]lazhuang 050021, China) /

Abstract The aim of this study was to reveal the influenceof heavy etal emlsucmﬁ from the flue gas of coal-fired power plants on the surrounding soil environment. Seven
heavy metals 1n('lud1ng As¢.Cd, Cr, Cu, Pb, Hg, and Ni, were detecied in the flue gas of six coal-fired power plants in Shijiazhuang, and the heavy metals in the soil
surrounding the power plants were analyzed. The source analysis and health risk assessment of the heavy metals were carried out. The results showed that after a series of flue
gas pollutant control measures, the emission concentrations of different heavy metals in the flue gas of the coal-fired power plants ranged from 0. 11 to 6. 32 mg+ (MW +h) ~'
and Cu, Cr, and Ni were the main pollutants. The total amount of the seven heavy metal elements discharged into the atmosphere by each power plant was 33. 56-275. 71
kg-a™". The average contents of Cr, Cu, Pb, Hg, and Ni in the surface soil surrounding the coal-fired power plant were higher than the background values of Hebei soil, and
the contents were 1. 16-2. 32 times higher than the background values. The heavy metal content in the soil around the power plants was proportional to the heavy metal
emissions in the flue gas. The heavy metal content in the soil under different wind directions first increased and then decreased gradually with the increase in distance from the
power plants. Source analysis showed that coal combustion emissions contributed the most to heavy metals in soil around the power plants (41.4% ), followed by industrial
emissions (23.6% ) and transportation emissions (19.6% ). Altogether, human activities played a leading role in soil heavy metal enrichment, accounting for 84. 6%. The
health risk assessment showed that the overall health risk of metal elements in the soil surrounding the power plant was within acceptable limits.

Key words: coal-fired power plant; soil; heavy metals; emissions; source analysis; health risk assessment
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Fig. 1 Distribution of power plant and soil sampling sites
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Table 1 ~ Parameters of coal-fired power plant

WiH P1 P2 P3 P4 pPs P6

BANLA /MW 2520 2560 47.5 600 660 660

MEAHLLH 25/ MW 300 330 22.5 300 330 330

iy e 78 PC PC CFB PC PC PC

NO, #l SCR SCR SNCR + SCR SCR SCR SCR

S0, FEiil WFGD WFGD B IBEES + WEGD WFGD WFGD WFGD

UL ESP/EP + WESP ESP EP + WESP ESP + WESP ESP + WESP ESP + WESP
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JLE S HEAT R ,/E:MK?M’E%EHT/E HJ -803-
2016 RFET 7Y (9230 %1, b5t K)
SRR, BRI S R
Y HJ 680-2013"%) . N T RN BE(E 1Y G5 — 5, C
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Table 2 Content of heavy metal elements in coal samples from various power plants/mg-kg~

1

IV As cd Cr Cu Pb Hg Ni
Pl 4.13 0.12 14. 50 28.54 15.31 0.08 10.20
P2 1. 66 0.16 21.05 23. 66 20. 88 0.03 8.99
P3 1.09 0.20 19.33 29.25 16.34 0.09 13.27
P4 2.35 0.23 16.35 30. 23 21.23 0.05 11.35
P5 2.11 0.26 18.78 25.36 29. 80 0.04 9.21
P6 3.08 0.10 22.30 24.87 13. 69 0.03 11.70
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SYHTEE A PME L EA TR A AT 20 AT, T 4 ok U5 A A
K USEPA PMF5. 0 #5871 | B S50 HAR T35
0L SCHR[31,32].
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CRio\'l = Csur X VFsuma BW % ATca SFl

(4)

CRn = CRois + CR(lcs + CRpis + CRiuvl (5>

. s OSIR x ED x EF x ABS, 106
Qo = C5u X R S SAF x BW x AT, ¥

(6)

_SAE x SSAR X ED x EF x E, x ABS,
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CSsur X 10_6 (7>
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=/ L)
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U CR A KU ; IHQ 3R B0 6 47 bisk
des ., pis . iovL Fl w7r 5% 2 FUEA | 1 fsiehi /-
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Table 3 Slope factor and reference dose of HMs
B B RPRINF/mg- (kg-d) ™! EHSH T/ me- (kg-d) !
B 2 LA (SF,) ITTINE D! BB (SF,)  ZACHEA(RD,) WA (RD,) kI (RD, )
As 1. 50E +00 1. 83E +01 1. 50E +00 3. 00E -04 3.52E -06 3. 00E -04
Cd — 7.67E +00 — 1. 00E - 03 2.35E -06 2.50E -05
Cr — — — 1. 50E +00 — 1.95E -02
Cu — — — 4.00E -02 — 4.00E -02
Pb — — — 1.40E - 04 3.28E -05 —
Hg — — — 3. 00E -04 7.04E - 05 2. 10E -05
Ni — I.11E +00 — 2. 00E -02 2.11E -05 8. 00E - 04
1) “—" FR R
> Pb [ 3.48 mg-(MW-h) '] > Hg [ 1.70

2 HFR5ITE

2.1 AR ESEITER M HER

BRI T IR 25— R IV P i
T s AR e = R P E
JCRMEIE S A BOF & A0 DURE 2 8 i X5 &
TR A B AR A B 4 HE IO B ik 5 s
S 6 MR A 7 R SR A A E
MK B /IMER M. Cul6.32 mg- (MW-h) '] > Cr
[5.78 mg+ (MW -+h) ~'] > Ni[5.26 mg+ (MW +h) "' ]

mg+(MW-h) '] > As[1.67 mg-(MW-h) '] > Cd
[0. 11 mg+ (MW-h) =" 1. BREEHLLL H A $UAT 1Y 75 G
YRR = R RO T KA T e HEhR 1E )
(GB 13223-2011) ). bR AL A2 T 5K A HE i B
il (0. 03 mgem ), X HAth 7 4 Jm HE ik R il 5 JC B
E.HI AR B % EE EPA T 2011 4F 12 A Hifi
(R KR T B SRR B o b T R R R A
Jr 25 0K EPA AR EVE NS5 X LA HL T R
HahESE TR ERATLUER(FR2), WIh
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R HBERIPEESBICEA AR R E S
EPA FrufEL 4, Hob As[ 1. 67 mg- (MW -h) ="' ] Al

Cr[5.78 mg- (MW -h) ~']SF¥ {8 2# it T EPA
FruE 2011 45 5 A 3 H LG 28 B8 0 B2 HE ik
FRAE.

F4 ANEERRETNHEXSHIE

Table 4  Values of relevant parameters in human health risk assessment

E 14 155 Hf LiXivs
OISR USR5 OSIR 100 mg-d !
IR 55 4 ED 25 a
PN SRS EF 250 dea”!
NS BW 61.8 kg
28 T AR T ABS, 1 TN
LN 8 F Ik 1 A SAE 3020. 95 cm?
By R8N T s [ AT, 27 740 d
B[ yema Salny | AT, 9125 d
RET HHE SR a4 B R 5L SAF 0.5 T
RN SR IR 2 T - SR 2R KR SSAR 0.2 mg+cm
#H ﬁﬂkiﬁfﬁi%ﬁ‘iri E, 1 wed!
AP AT RORL A PM, 0.119 mgem ™~
DN RS DAIR 14.5 m gt
W A SR 75 1 P i B LE 1) PIAF 71 0.75 i
FEWAEA R A R BRI A B fspi 0.8 3 Eéﬂ .
FEAMAE AR A R R BRI T A ol fspo = 0.5 g el
TN 2 P AT ' EFI | 1875 Aeagt "
ﬁszkfm%%ﬁ%: EFO 6.5 iy
i rd -
[ %5 )W%EEFEQE}#H D e (i) Tl
F = i Table 5 Heavy metal emmslonb"from coal-fired power plam%("mg -'('MW .h) ! “.:"‘
wie | Gl F P r/ A’- ~ Cr a B He =i
Pl Fal . ‘343 ‘;-'“ 0.08 8.12 4 f's 97 i3 2.27 6.12
R B Yool I - 0.72' &7 '5.65 4.88 117 3.39-"
P3 & R + 2.71 1170 0.92 2.49 3.74
e W = L L & 0.1 5.24 4.24 2.66 1.12 6.39
5 ) ol ' ¥ o.‘g% ._r_;-_.pé.”{; 6.49 3.48 4.88 1.61 2.02
LR 2.8  0.22 2.38 4.51 4.11 1.54 9.72
ST 1.67 0.11 5.78 6.32 3.48 1.70 5.26
brifE 2 9.72 0.25 32.44 25.75 14. 45 6.02 16. 47
EPA A BRIENLZH HE L PR (A 9.072 1.3608  13.608 NA 3.63 NA 18. 144
2011 455 H 3 H LUE BT R A LA HEFRE 1.3608 0.18144  3.1752 NA 3.63 NA 18. 144
1)“—"FRAKH , “NA” Z/R A58 EPA Frife
AR T AR A 1) PR B T HECO B 4w S A 300 .
B Ni
2 R &GRS T RS IRE R =3 He
7 Fh 4 )@ JC 2 MR AE 33.56 ~275.71 kgea~' (HL =0 i
20 S iR A 5 RIS 174 500 h, PR AR 75% . ol =
L) R P P2 B RO, 209 275. 71 3 . As
kg-a V1223, 98 kgra ! X FEE H FRAANT 4 Eiso
PLA AR, HER TS e M A K. Wi T4 -
N N e 100
Jam%%ﬁﬁa 6 RIS T A 1) JE 0 B B B G h
KA E 4 Jm S N KB MMR IR K. Cr (187.76 50 H
kg-a™') >Cu(169.21 kg-a™') >Ni(128. 18 kg-a™") - =
-1 -1 0 I—I e —— |
> Pb (98 13 kg-a ) > As (49 28 kg-a ) > Hg Pl P2 P3 P4 Ps Pé
Rt

(42.74 kg-a™") >Cd(1.95 kg-a™"). HHIL AT LA H
AR P HE L Y A PR 4 B T R S i ARMK, (U2
TR TR ) AL B R T AR B BRI
A, PR R ) 45 Fh B 4 Jm ST R R XY AT, X 46T

B2 BEBRTSEHNECELE
Fig. 2 Coal-fired power plants emit the total amount

of heavy metals annually
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2.2 HJ HBLTEEEETR S
2.2.1 HEEEERAET
ARSI LR b E SR S Egit
ZRNEL 6 Fios. v LUE Y, A KR i 4
Hearh 7 MESFRITRYARE. £ REET
PIEMN KRB /NE IR K. Cr(98.91 mg-kg™') > Ni
(52.28 mg-kg™') > Cu (50.60 mg-kg™') > Pb
(48.85 mg-kg™") >As(9.02 mg-kg™') >Cd(0.19
mg-keg ') >Hg(0.13 mg-kg™"). Frill +-4E rp & 4

It M5 YK

/fvn K 75 6 18 ( GB 36600-2018) 160 1 4 J Hb 4 3¢
75 g XU 77 16 1 ( GB 15618-2018) 1), ii;gﬂirt
ﬁ%ﬁiﬂ P B, R R 3R 2 L G,
Pb, Hg FINi %5 5 Fi B 48t €& :Fﬂjﬁigrm
Tt - 5875 5o, OB B i 1. 16 ~2.32
fi5. 7 Fh 3T S R IR o B0 A R R B 0. 25
~0.74 Za], Hb, cd F1 Hg 78 5 28 5, F#on
IZICR A A I 3 507 & & 25 S R 1 B X JLFR
S JRICEEA AN B+ 5832 B 175 4L 52 ) AN ],
AR X 2 S

®6 TENEEEEEHRMESIT /mg-kg !

Table 6  Descriptive statistics of soil HEs concentrations/mg-kg ~'

H As cd Cr Cu Pb Hg Ni
SN 25.27 0.67 243.04 152.22 105. 16 0.45 _~784.00
o/ME 2.59 — 46.16 2335 16.85 0.0 .‘d_;-_‘..i":_}ZG_M.Flil
P ~9.02 0.19 98.91 ~50. 60 48.85 043/ 52:28
R (833 0.14 90. 94/ :5" 46.08 . | 49.36 0. 11 jfl.as
iz 3.83 0.14 40.52 1 19.36 | | 16.88 0,08 4" 12.87
AR 1043 0.74 0.41 038 0.35 0fss * 028"
T S S0 PR R 28 ) { | 1.6, 0.16 65/ _ Vg | 2s 0.094 | 30.8
s S| LS e e 1480 gy Fo 1.39 Ao -
q%#;’éﬁvﬁmﬂﬁi%w JXLM%E:ZHE(GB 36600‘29,{8’)/ 2@’ 20 NA 2000 ¥ 400 8 ¢ k50 ";
A T Hl - e e J%ﬁbﬁﬁe_{a(m 15618-2018) 3 25 & 0.6 250, i 100 170 3.4 s 190
D' %@r*&m N R A AR | J “ P
Y A | | ;
W%EEF ﬂﬂ;iﬁ%ﬁh? ﬂi%ﬁm% :‘Liﬁj Cu., Ph il Ni i & k850w, 47 WF W] As TERBR

e PR 3RS, TR 2 6 T“EWHEEF*B g
E/\Em?ﬁ%ﬁﬁﬁ:ﬁuﬁ il — ) R[]
EERICESTEEFRR ARBT 7 FESRE S
B KB NI M. P2 (335.57 mg-kg™') > Pl
(289.61 mg-kg™') > P4 (255.94 mg-kg™') > P6
(252.84 mg-kg™') > P5(224.88 mg-kg™') > P3
(198.00 mg-kg™"). Horr ,P1 Al P2 |8 &30 L4 v
i%)ﬁﬁﬁmwﬁﬁ P3 L) g A R

/b XL BT R E A E HE R R B, B
As m?&$,%ﬁ%ﬂiﬁ%¢ﬁé@ﬁ%%i%¢ﬁ
SRR B — MO, R i L
BTGP R ARG A 2. T
SHHERY As A1 He TR & EIEAME , LW
FoCR G2 R E R, R -5 As SRR E
T HER TR AN, PL BT T A R E R L
ZBEL DU LR O 3, Tolki5 4 /J??/'\,Pz B
T, M EZ D A TR N F 52 R0 FIR AL
SR, P3 L T T L, Bl E LR
ROX T BGE 8 3, e ) R 255040 7 JR i X8
B AR DA T 2 R A B R
LU S X S A5 & B, P2 WL T R g As | Cr,

T RGeS Tl HEBCE e b, 38 5 JE 3 5 B
A TERAF R R A, iR P2 W il £
e iSRRI R S5 A TR —E KA.
AN, Xt H A A 9T R BT AR g A e
Cr, Cu, Pb #1 Ni xR & & BIW 5, As, Cd Al

Hg %0 R S RAR L, X R B | 8 s rp i 4
150
N As HEPb
B Cd mm He
125 | B Cr HE Ni
M I Cu
Tj‘,, 100 F
£
] L
o 75
-
= 50 -
25 F
o LIL
Pl P2 P3 P4 Ps P6

M
B3 R BELTETESESE

Fig. 3 Statistics of heavy metal content

in soil around power plants
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Fig. 4 Heavy metals in soils around coal-fired power plants
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SR R Te) 5 i A . AT L Cr ST R BR T %2
FL 0 ACHE R e ) B 2 At R 2R 5 e R
As JTCEALAE P1, P2 1 P6 HL ) JEl 3 6 Bk 3 45
B N I AN (g 2= 2 N S N 5 B v U o
AN —3. Cu A1 Ni JCRAEH ) Ay 4 A4
Jr1a) b A AR TG I s 2 R X A — V5 Y YR R
Ui, WURLTG Ye W UURE 5 2 1 S S PR A O, — i
ek £ G K TH) b T5 Y 4 T AR = Ak )
X 5 A7 G A 8 N RS AR U X i ) 3 - e
G R ) TR I

PRI ) A S P AR ER
A, KB SR ) B R, 2
B NSRS R AN <k S B o B
K T RUer, 58 Ph, Hg Al Cd JCER & 7EE
HLJ 1000 ~2 000 m i 2 i3k 2 5 iy, 1 J5 4 b
i X EZRMTH T AR TG R, SR
WA P — M R (200 m LA E) i R K 7R
b e 5 0l B R A O AT [

R T G ER Sy N T QT 20 i D) | IO
A5 YL e B — W BEVE R, (0 L 9% 2] B 1T 7Y
R AL,
2.3 HEJERIESHT
2.3.1 AHKMESHT

Pearson A JCPE AT 7] #E — @ 2 B I e ey Gy
JCERIE AR R T R R 2 b E
4 J& & m Y Pearson MICTE T AN 7 Frs. 8504
B, 4 )@ Pb-Cd . Pb-Cu F1 Pb-Hg 7E 0. 01 7K3F ( XL
M) b & A1 2E, Cu-Cd Al Cu-Cr 7E 0. 05 7KF (XL
) I S R G, R B IX L6 T 2ok R H A — % A
XMk, Tz B 6] — {5 G UE 52 . Cu Ml Cd [R5
Cr, Pb Fll Hg ¥R ZEAHOC, W] Cu F1 Cd 12k
PEIFAN B — AT REAZ B BRAA R A FoAth 5 G U5 1Y
S T Ni-As £ 0. 05 7K 7 (RUI) 222 8 A %,
(R HC A T 0 22 R S 3 R 5, el 2 i
4T IR LA DL LT 5 LA A1 2
Rk, | 4 'n v / By

|
& 1

%7 YRR ABEETRESR Parson XS | | & /g
/" “Table 7 Pearson correlation analysis ofheavy metals in topsoil around coé.i—fireci power plants 4 | 5
— S Al od Vi /e c L B & ug N §
FARYY TR A B | v T f’f Vi < - —
= As F -.‘_:;- “.I .1 J . ‘;‘? “,.' A 7 ) A — P _.:"
| cd =1 [f0.036 T q ;a8 Y™ f “ v
lcd i~ o255 0,605 ::“1;“:"' iy \ P
- Cud . L0411 ofso9" | | “oan- | 1 ol 4 4
3 Pb .*'I. h -0.242 olg23s [ 0204/ 4 o722 " 1 5
Tug Y[ @ |-ods2 0235,  A-048L"  0.254 0.481° 1
fwff ™ -0.379" 0.232 9075 0.516 ™ 0.019 -0.003 1
1) * S 0.05 AT (OUM) ERFHIK, * FRAE 0. 01 AT (L) b iFHI
2.3.2 T PMF BYI5 4RI BT BT BT EEETF B ET
e N . \ . o 100
R AR ORI A T SO A T
(A S AT A= = Wy it s NS | YRR S ) Ffb Ay %
PRORE (e fE ok, ARV AR ) A be HE I K
A TR B A R TS e ok TR, R . 60
PMF A5 R R e ) 8] 30 38 rh 7 e & Jm 2R A7 %é
&R IRFEAT , HVEAG T 7 R E A BT R 1 STER HL 40
Z5RNE 5 poR. At gl Z2iE T, &
LHfE 4 AP, T 20 WERIZ L, H Q (H 20
UEE R A FRBUEITE -3 ~3 Z Il AR
TR . S (5 AR T {2 8] A 4L 45 0™ s cd Cr Cu Pb Hg Ni

R 0.44 ~0.99 Z[a], L] PMF 155148 (A fig Bt
BRI, B L IR BT 1) L

HF 1 LI As (46.2% ). Cd (35.1% ) Al Cr
(42.3% ) R E. AR RBAREE D As BORIE 2
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Fig. 5 Heavy metal source analysis based on PMF model
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(T R S TG s R P D6 . it K5 4 B3 o0 2 80 8K, 2 LL As FIl Ni
XH BT AT UL, B 2 R mi T R 5% A Pearson A ST AT X PR T 2k
RIS HEE R R EEE TR EIEL KRR, TREA MR, ol i85 HAb &8 A B AR R,

HIEE ] W IR 5 2 A SRR BEAh, T As P2 S A B 1R AE, AT LA As
HF 3 FERMOTEN Cd(52.6%) F1 Pb JCEEBNALRIE S Wik, HF 4 FR AR
(34.3% ) IAMB G A4 R BORHIRBE AN K 2 RGP G B TR A e 80l 15t 15 ek IR

PLE S50 Ph B RS BF S RISl TP STk ). 25 SRR R R HE O - 4 T 4 TR Y

HAHET Cd Y5 Y e ) ﬁ’ﬁﬂ%k%%fj_ DURRAR I R (41. 4% ), Hok O Tk HE (23. 6% )

AHARAHE Y Cd TR RA 1,95 kgea ™ XTEAR sSEBSHHE(19.6% ). G5 2, ARG shx +
e/ R, R KR A R dil £+ HEHELSEEERFEZIEH, A5 84.6%.

BOREBABR S, iR, gEEh2E I 2.4 P ESEERXE TN

Pb, Cd BLREAY EBFERY . Hk, W3 f0EL 2.4.1 FURKEITH

ik FE8 29 Ay AR 5 5 IR - A5 78 % AH 56 KL

®8 BMERIABTEFESEBERNKE

Table 8  Carcinogenic risk of heavy metals in soil around coal-fired power plants

W H T4 Pl P2 P3 P4 ps =P

CASEEIN As 7.82E-06 © 9.78E-06  5.58E-06 | 491E-06 .  6.00E-06  7.33E-06
BE A ik As 1.45E -05  41.81E -05 1LO3E-05 | 9.12E+06, | 1.1IE-05  A.36F-05
As 9.27E-07 _ 1.16E-06 6.61E-07 | ['5.82E407 | 7.11E-07 [ 8 9 — 07
T HEFORL A Cd 8/02E-09 [ % 1.03E-08 4.79E-09) | 6 20E 09 5.86E - 09 7.068<09"
Ni 3.41E-07| “373E-07  2.66E-07 . 2(22E407 |/ 2 09E-07 3. 138207
s Lo A 8. 118406 T.OME-05  5.78E-06) ; S#09E 06 _4'6.22E-06  7.60EF06 _
gl 4 7.0rk 057 4 OIE-08  4.19E-08 /) SI2E-OR | S.12E-08 6.18E-08
: ~yy. Ni 2. 9B ~06/ 8.26E-06  2.33E-06 5 1.94E-06 | 1.83E-06 2. TAE 506
' A As 3145505 4 3092E-05  2.24E 05 o0 | .OTE-05 | 2.41E -05 2.94F - 05
it . Ni 3. 32 £06 | y 3.64E-06]  2.60E -06 J 2.17E-06  |2.03E-06 3.05E 206
2 U/ ‘ cd [7.81E/-08 1.00EZ07 | 4.67E-08'  6.04E-08 ..5.71E-08 6. 89E - 08
| g ‘ i s - ‘al = _f.-“"'-l
r %9 Al B th SRR
Table 9 Non-carcinogenic risk of heavy metals in soil around coal-fired power plants
TiH R Pl P2 P3 P4 Ps P6
As 2. 16E - 03 2.70E - 03 1. 54E - 03 1.35E - 03 1. 65E - 03 2.02E - 03
Cd 2. 19E - 03 2.82E -03 1.31E -03 1. 70E - 03 1. 60E - 03 1.93E -03
Cr 3.64E - 01 4.15E -01 1.93E -01 3.39E - 01 2.62E -01 2.79E -01
ZOEA Cu 1.25E - 04 1.42E -04 9.85E - 05 9. 12E -05 8.61E -05 8.30E - 05
Ph 3. 16E - 03 4.16E -03 2.56E -03 4.38E -03 4.17E -03 4.42E -03
Hg 2.91E -03 4.01E -03 2.33E - 03 2.75E -03 2.37E -03 3. 11E -03
Ni 5.44E - 01 7. 05E -01 5.04E -01 4.20E -01 3.95E -01 5.92E -01
i e As 1.93E - 02 2.41E - 02 1.37E - 02 1.21E -02 1.48E -02 1. 80E - 02
Cd 3. 98E - 06 5.11E - 06 2.38E - 06 3. 08E - 06 2.91E -06 3. 50E - 06
As 6. 07E - 02 7.59E - 02 4.32E -02 3.81E -02 4.65E - 02 5. 68E —02
BT A Pb 2.58E - 02 3.40E 02 2.09E -02 3.58E - 02 3.41E-02 3.61E -02
Hg 3.88E -05 5.35E - 05 3.11E-05 3.67E -05 3. 16E - 05 4. 14E - 05
Ni 6. 14E 02 6.72E - 02 4.80E - 02 4.01E -02 3.76E - 02 5.64E - 02
As 4.61E -02 5.76E - 02 3.28F -02 2.89E 02 3.53E -02 4.32E -02
Cd 9.52E - 04 1.22E -03 5.68E - 04 7.36E - 04 6.95E - 04 8.38E - 04
THHER WA Ph 1.83E - 01 2.41E -01 1. 48E 01 2.53E 01 2.41E -01 2.56E 01
Hg 5. 89E - 04 8. 12E - 04 4.72E - 04 5.57E -04 4.80F - 04 6.29E - 04
Ni 2.79E -01 3. 06E -01 2. 19E -01 1. 82E -01 1.71E -01 2.57E 01
As 1.28E -01 1. 60E - 01 9.13E -02 8.05E - 02 9.83E -02 1.20E - 01
Cd 3.15E -03 4.05E -03 1.88E - 03 2.43E -03 2.30E -03 2.78E -03
&it Ph 3.64E - 01 4.15E -01 1.93E -01 3.39E -01 2.62E -01 2.79E -01
Hg 1.25E - 04 1. 42E - 04 9.85E - 05 9.12E -05 8.61E -05 8.30E - 05
Ni 2.12E -01 2.79E -01 1.71E -01 2.93E - 01 2.80F -01 2.96E - 01
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B e RO XSS I 5 , 6 22 - SR 4 W AT T
YR O A SO U Y 2, B e B M 92 8 i
FESUE RS A3 /N, AR 4R T K AE 4 Rk
AR 80 B ARBE XK Ni JeER, JEEK
KBS 6. 03E — 01 ~9.98E - 01; Cu JCEIEEE
KB % /1N, A 8. 30E — 05 ~ 1. 25E - 04. /] J& i
-3 b R 4 JE JC R AR BUE KU HQ IR R 1,

UL EAANTTR AN JE LA TE R ) 320 S8 R A e U
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HEPRAL T T2 A .

3 i

(1) SRR L0t — ROV AT5 85
w0 A AN [R) 5 43 B OC R B9 HECE
Bl 5 0. 11 ~6.32 mg-(MW-h) ~',Cu, Cr Al Ni /&2 &
BEHEROS Q). £ I R T HE 7 AR
S JBICER BATE 33.56 ~275.71 kg-a ™' ZJA], Hirh
P1 A P2 ) e R K, 4k 275,71 kgea !
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