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Abstract In order to study the characteristics of metal pollution and health hazards in surface water
of Fenhe River Basin, this paper took collected 39 water samples from the main branches of Fenhe
River basin flowing into the estuary and main stream sections, and detected the content of nine metal
elements, including As, Cu, Pb, Zn, Hg, Ni, Mn, Fe and Co. Multivariate statistical analysis and
water environmental health risk assessment model were used to evaluate the distribution
characteristics of metal elements in surface water and their health hazards to adults and children. The
results showed that Hg, Fe and Mn were the main elements exceeding the standard in the study area,

and the polluted areas were mainly distributed in the middle and lower reaches and tributaries of the
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main stream of Fenhe River. The changes of Fe, Mn, Zn and Co in the upper reaches of Fenhe River
are large, followed by the middle and lower reache. The content of metal elements in tributaries
varies greatly. Multivariate statistical analysis showed that Hg and As mainly came from industrial
pollution and agricultural pollution. Pb, Cu, Zn, Ni, Co, Fe and Mn come from industrial and
agricultural production and transportation. The health risk evaluation showed that the total health risk
of each section of the Fenhe River basin was tributary>lower reaches> middle reaches> upper
reaches. The health risk of children through drinking water was 1.15 times that of adults, and children
were more vulnerable to metal elements; As was the main carcinogen of Huihe River and Changyuan
River; The priority control metal elements in each river reach were As, Co, Pb, Fe and Hg.

Keywords Fenhe River Basin, surface water, metal elements, multivariate statistical analysis,

health risk assessment.

GImITRBA R S AVESR | 5 A i RO R S5 o, A R A5 SURIK e A
AR RRE ™ A A TR A 35U Y. R R B JERH fioh 25 1 A8 St R /K M v 3 J o0 3 AR i A 3 1
)5 AL R, AFSE AR K 46 IR TT R S A ARAE, VA OO A B XU BT R S BT, E A
b1 22 R G PR AR 47138 (US EPA) 4 H Y N At B KU DA 75 V5 A 482 T T 380 A R A 16
%, Egbueri %57 #1517 J€ H LR X )23 /K B8 Jm . Achary S50 WF58 1 d N0 VY R i 5 b 3k
AKHE A IR AEC BIEFE T M B TR G e L B B BESE TR R E R K S K
T Cd 15 QLS5 4 Jm T 3 R A R B 16 3 4

T 2 1L PG A BB SRR A I AT HOAS 2K BE IR 24.3%10° m, o Ll v A K BT JEOR TR A Y
46%" . LI A A AR 7 HERICHY B AR HOK R TS ™ A 2 2, R N RS B AR B 2 4
BRI T A AR BRI 2, H RN T i DA T 58 A vp TR g Qe R G Jm Y KUY 4
JE YT SRR, AR Ul S R K v G T B AR R U AN TS R

AR S I TR G S K 5 S T O WE XA, 3 M AAAT I FESE B9 As, Cu, Pb, Zn, Hg,
Ni, Mn, Fe 1 Co 3% 9 i G J ST 3 25 (Al /0 A 4 AIE, AT 22 S08E T 70 M7 75 12 20 46 s DL 3R =22 1] B AH S A
FISAIR, R US EPA 7K PRI A R IXURSL A J7 12 A U7 38PN 4t 22 7K <53 o e B2 Xk Jl N ML 28 A AR it B
AR, DU BT e e K < TR I L K SR DR AT A A AR AR .

1 MRLE )7 (Materials and methods)

1.1 5T X HEAL

RGPS R R AT AN SN ORCIR A D WS R IR/ Sy N 2 TR T I N SN =2 L 2 5 A T
2K 716 km, JiBUE AR 39721 ke, 29 (5 1L PS4 AR DU 4 22—, Z4E 48 21108 m™). ¥4
TIEVEEE BRI ARG RAT I, M S R AR, dr At pE S e A R, SR R BRI
FZ ], ZR VG W0 Ay Lyt R g i, o A B — i R T 2, T AR AT TR e 43 T K 2
PN LSk A v 5 B R B PR 2 Xty , Z24F P R OK B 472 mmP, AR O, 7—9 AR BEK i A 4R
1 70% Zifq .
1.2 HEaRES S ITE

2020 4 5 F SR AR U i) 3 B S AT 1 R i T KA (L 1), R AR KR 39 41, Horpri i) | i
11 H(G1—G11), HF 11 H(G12—G22), T ilif 9 4 (G23—G31), L /KEE 8 1 (Y1—Y8). RAEERTG
FHIE K BE SR S RFEL A 55 3—5 WK, BT A HE i e TSR IR b 2 pH (H/N T 2, iz [R50 55 % J o7 )
FH 0.45 pm (B PR £F AEDE IR 1L U8 IS, AR TR 4°C B VKA N ORAF R 0. T A A i 340 R 1R T IR0 2 s
T3 % YRR W B RS I e IR, 42 ) JE 2R As. Cu. Pb. Zn. Hg. Ni, Mn, Fe Fl Co f & 5 F FH By B &
85 B TR BT A (ICPMS ) W 5 . T A7 0 2 0 5 285 SR s AR 25 21K T 5%, I ISR 308 90%—110%,
MRS AT o i 428 12K
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B T BRI S TROK IR AR | IR i A AR B R4 i i A o AR T il — 7 R R XU, TR i A R 85
HER DR AR TICR AT US EPA 2 19 7K FRAFE A e KUBS DEA A 8L, DA BIF 5 IX R 7K 8 s ot
R, J2 B O A K AR B AR O Y X B AL B S A0 e R XU , B0 P AR
B 2 OK IR AR T A BRE RS PP AR A 3 A= (1) —(3) 272,

R =[1-exp(-D;-SPF)]/L (D
R' = (D;/RfD) x107°/L (2

P, R g BUE W 5 T SO A AR FR B XU, a5 SF R S0 ) ARG SO SR R B kerd mg
R HAEBUEY B BOF- B NAEARFEXUSE, a's RID MAEEUEY) H B A S % &, kgd'mg™; D, A4
JEICE i BT H ¥R, kg-dmg s 4 0 HFEBHOKE, L-d!, BAFTLEE H SRk 25 51
2223 L-dM FLL-dY COoHESE i TR, mg L B W AR, kg, LLVE4 R FLE -3
PRTE 7308 64kg Ml 25k L R FI N F i, (NP -3 54k 75 a,
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3

) FH 7K BRI F) R A e e JXU I 2 7% 500 40 o e A 500 40 o vk A A Fp it e 1 3 ( =R (4) ) 2,
R =R.+R, 4)
AR E R 9 Fh 4B T E T, BUBYI N As, IEBUEY A Hg, Cu. Pb, Zn, Mn, Ni, Co Fl Fe, H. 2
2SR 100729,

R1 SETCEFHFESH (kg dmg!)
Table 1 Toxicological parameters of the metals

JLER o R NS
Element SF RfD

As 15

Cu — 0.005
Pb — 0.0014
Zn — 0.3
Hg — 0.0003
Ni — 0.02
Mn — 0.14
Fe — 0.7
Co — 0.0003

T "IN JEEE. Note: "-" indicates no data.

TR I (B SR XU 43R 5 N0, R™>1.0x107 a™' B by i KU 25 4%, 5.0%x107° a™' <R'™<1.0x10* a™
RF R 35 v KU S5 20, 1.0%107%a'<R™<5.0%107° a ' I S v 4 XU 5 4%, 1.0%107¢ a '<R'<1.0x107 a™* iy g 441K
XU 25 4%, RT<1.0x10°° a™* B A% XU 25 4%

2 5 54718 (Results and discussion)

2.1 &R EOMEE

G3ATT U3 AT U 0 S I b 2R K 4 R B B A A RRAE (3R 2), X be (LR K PR 5 T bR ifE ) (GB 3838-
2002) T 2545 1, BF5E X As, Cu. Pb, Zn, Ni #l Co iX 6 Fh 4 J& 70 K & & 2436 2 I 25K b i, Hg.
Fe Al Mn iX 3 Fl 42 J& JC 2 4650 70 SR SUBAR . W T34 30 A RAE S Hg se Z# A%, H b i i v if
G26 H AR, 15 YL fie ™ H 1) SO PR 8.80 A% A Uil T Ui G28 si; Fe A1 22 AN RAE MU bR (_LUiE 4 A4,
W 104, i 8 4N), S KM bR 15.33 55 4 iiF GI8 A5 Mn A 17 2R AE bR (R 1A, ThilE 74,
TUE AN, B KH bR 3.72 F5 T i G22 AL SZIR 8 SR AL He AR, S AR 12.1 %24 Y8 &4
1K, Fe A 6 A RAE AR, B AR 3.57 528 Y4 i, Mn A 3 - RAE SR, B Kl AR 1.55 54
Y8 Az K.

2P BRI A SR (gL )

Table 2 Statistics of major ions in Fenhe River basin

ey
;i??; Dfitj);?tﬁ:tl;cs Hg Cu Pb Zn Mn Ni Co Fe
wRKAE 273 055 387 201 102 110 4.87 1.66 2270

H/ME 023 026 051 2.01 0.91 0.78 1.21 0.16 16

YT FHfE 1.6 041 141 201 2.91 23.23 222 044 426.45
Upper reaches brifE2s 086  0.09 0092 0 3.62 29.95 099 042 631.73
5 FRAEL 054 022 0.65 0 1.24 129 045 095 1.48

/% 100 100 100 9.1 54.5 100 100 100 100

wRKAE 451 059 921 6.05 49.8 372 12.1 3.9 4600

SR f/IMH 154 036 112 014 11.2 19.4 253 035 140
Middle reaches SFHIE 3.13 0.5 5 3.34 31.52 19435 7.8 2.07 2139.09

bRz 1.2 0.07 3.06 2.44 14.14 142.12 3.43 1.39 1590.64
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gk 2
\;J/(ziir Dﬁ%ﬁi::cs As Hg Cu Pb Zn Mn Ni Co Fe
S Ezeh 5 FR AL 038  0.14 0.61 0.73 0.45 0.73 0.44 0.67 0.74
Middle reaches i H126/% 100 100 100 90.9 90.9 100 100 100 100
S IN[:] 473 088 8.45 8.07 372 360 12.3 443 3920
f/ME 235 0.09 1.7 1.25 2.09 152 4.77 0.99 150
TSI FHE 385  0.62 4.93 4.48 21.65 262 8.38 2.53 2088.89
Lower reaches i 22 0.85 024 2.35 2.44 12.9 75.7 2.46 1.12 1227.89
R FRE 022 039 0.48 0.54 0.6 0.29 0.29 0.44 0.59
i H126/% 100 100 100 100 100 100 100 100 100
HRKAE 21.8 1.21 3.52 1.08 132 155 7.31 1.28 1070
f/ME 1.09 029 0.55 0.56 2.46 42 1.44 0.18 110
TS FHYE 528 0.54 1.93 0.84 6.29 80.08 3.62 0.74 556.25
Tributaries bk 6.91 0.3 0.99 0.22 435 59.63 2.28 0.43 321.6
R FRE 131 055 0.51 0.26 0.69 0.74 0.63 0.58 0.58
K R/% 100 100 100 50 100 100 100 100 100
Hb K 2K b B o B A
Class III standard or standard limit of 50 0.1 1000 50 1000 100 20 1000 300

surface water

AR TR B 0 B HOR T LU AR S R BRI il L Fe, Min, Zn Fll Co 28 53 REFIK
F 0.8, 51 Fe. Mn, Zn il Co 7£ 45K FE i & AN IR E B, Wil Fiffkz. N B8 R, &8 &
YRR, PR (3R 2, B 2). &£ 4 @ r K % Pb A, Hifth o R AV 7 R BUYEK, As 1Y)

EL [=A B oy
A S FRACN 131, 78 SR B R, U R X 86 4 J JT R R A AE 0 2 i 22 5, 25 ) 22 S B
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Fig.2 Concentrations of metals in the sampling sites
(a) and (b) are the concentrations of metal elements in the Fenhe River; (¢) and (d) are the concentrations of metal elements in the tributaries

of Fenhe River
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5 [ N A0 H At XT3 4 S A A EE (36 3), ¥l Fe Al Min 75 12350k 2 T HAL AT, Fe Wk 2 IH
TIHY 3.96 1%, B Subarnarekha 1] (1Y 15.35 £i%; Mn ¥ & 278 W 9 178.22 £%; BR Hg. Co F1 Fe 4, HiAh 4>
JEICE SR TEW. i As ¥ E 5 Subarnarekha ] (E[EE ) AR A% BT (+ H-H) 25481, {EAIK F 8%
] YL ARG R 250 (FFE) . Cu., Ni. Pb A Zn & 1= = T-1H 0] FIl Subarnarekha 0] (E[1 B ), % F 257 FIKS
$7 2500 (OB . BABH T As Al Hg 5 HAB M AL, Cu, Pb, Zn, Ni A1 Co AHXH 0L T & Py & Ho At AT 3t
{HZ Fe F1 Mn ¥ BEAHXT HLA 7, 2 KRBT e BB N R 22—, T2 LA AL

F3 ENIMAFMRE B TREE (pg L")

Table 3 Concentrations of heavy metals in different basins at home and abroad (ug-L™")

TR

River As Hg Cu Pb Zn Mn Ni Co Fe
Y (ARHF5Y) 2.80 0.50 3.71 3.75 21.10 153.27 5.99 1.63 1516.81
N=R 1.48 0.98 2.09 2.93 7.30 0.86 0.78 — 382.41
B[t 7.30 0.14 36.27 19.51 52.46 597 25.11 — —
Kyt 13.20 — 10.70 55.10 9.40 5.40 13.40 — 239.80
b7 A — — 8.24 — — 5.84 — — —
Subarnarekhain] ( E[J & )4 2.13 — 3.35 — — 1.48 2.39 0.24 98.80
JEA BT ( R HIH)PT 2354 — 165 0.342 37 467 72 111 388
WA ZE T (BB 55.35 — 13.25 4.4 52.75 116 224 — —
T “— R IR

22 ZIusitsrbr
221 FHXMESHT
YA I 3 2 7K 4 vk AR OG4BT W (3 4), Cu, Pb, Zn, Mn, Ni, Co Fl Fe 2 [H]#H &A% i
MR EAE 0.8 LU L, Horb Cu Ml Fe MOC R =, 7 0.970, W] Cu Fll Fe X R N EY], HR%Z
W SRRk ; Hg F1 As A5 R %CH 0.676.
R4 ELEMMER R

Table 4 Correlation matrix of the heavy metals

Hg As Cu Pb Zn Mn Ni Co Fe

Hg 1 0.676™ 0.222 0.043 0.075 0.358° 0.386 0.287 0.167
As 1 0.267 —0.021 0.099 0.330° 0.372" 0.283 0.206
Cu 1 0.939™ 0.954™ 0.911™ 0.958™ 0.968™ 0.970™
Pb 1 0.849™ 0.941™ 0.900™ 0.9647 0.928™
Zn 1 0.826™ 0.910™ 0.892" 0.917"
Mn 1 0.942™ 0.950™ 0.884™
Ni 1 0.966™ 0.927"
Co 1 0.965™
Fe 1

T FIRFE0.0 UK L B3I IR FE0.05 7K 1 s 35 AH G

222 EWMI

3 2ok X 3 M Ec e EA TR 5, HE KMO A1 Bartlett {E 43 51 4 0.786 i1 0.00, A X 4x J& 70 2 47 F i
AT, MR AT DR 75 3k D D), 45 E R T 25 3K 92.464% 14 2 A4 HEATAE R AT (3R 5), A
1 75 2% 72.668%, fi4f Cu. Co. Fe. Ni, Mn, Pb F1 Zn 3t 7 i & J& , ST#k 353 514 99.0%. 98.1%.
97.1%. 96.8%. 96.6% 1 96.4%; T85> 2 575 2% 19.796%, } Hg. As, 51k 451~ 92.9%. 92.7%. +H
KMo T 5 E AT A RS A — 3, LT LK &R e 200 4, 0 1o —2K, B2
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Table 5 Factors matrix of the heavy metals in the principal component analysis

JuE

Element PCI PC2
Hg 0.062 0.929
As 0.045 0.927
Cu 0.990 -0.034
Pb 0.964 -0.042
Zn 0.921 -0.142
Mn 0.966 0.057
Ni 0.968 0.146
Co 0.981 0.015
Fe 0.971 -0.109
FRIE(H 6.540 1.782
Fr /% 72.668 19.796
I 2/% 72.688 92.464

YHT S G26 HAN, A SRR s He Y HbR (G26 #5322 0 AR 6 5 08 B M HE A TS 1Y) , H s
1) 32 T R R RS G L T B K RN 22 A 1 B2 ASCHE ISR DL Ik Y As BT o0 A, Horh R Ay, vl
As ZRF T A XA A9 4 25 e 5 B AR AR BT, 28 5 A0 56k K 3 hi 43 2, Ui He Ml As T GEA #H A Y
AR, AT Tl ¥5 Yo K Al 5 e S5 0830yl L UERR G7 i Ah, HACREE S & R T Rk B AL, X
TR R T L N R Ll b A = R, S AN Kk, TARMETE s A XD, 4R oT R BN H A&
B G7 AL T UK B B SN A WS, i i 5 B Ao B vy B 08k 0 7= B R 24y
Z{ R i B T S e AP i R R ol 8 L s E S RN T AB g i L . 3 ol 1 e s e T
H G7 N4 R T RS AL SR FIREAY SR Y3 AR e R WA R Y s b R i X
kg ORI b RTINS A A R L G L R L Ry L TSR R T AU T, R A AR &
TEVEYD 377 DX U Tl mh it AT 30 T 3 0 A1 A R B T Al GO R 2 vy — i B 2 A R
IR T R A, T IR R A 30K R Fe, Min, Pb. Cu. Zn, Ni fil Co #8124 Jidsl 8t 43 A
B KRIKAE . AT FA A S0 =i, 2 B S A 8wt &5 % Pb. Cu. Zn. Ni, Co,
Fe Fl Mn 7 2 8 i i L RO 8 554 £ 2 R 25468 % A Pb. Hg. Zn. Cu Fll As 5E* %1 Pb,
In 2V CH 5 EEE FIRERS. BB YIS U, 5yl oh R JiEk i Ag w1 A
X. Pb, Cu, Zn, Ni, Co, Fe, Mn B R 47 1 #H &M, 45 & F 4 1, B Pb, Cu. Zn, Ni, Co, Fe,
Mn AR T Tl 16 3l i 32 3838 15 G4 F AR T 20 1 52 . 35 28 ] KA AT, 00 3 i 02, % 42 0@ o
B TR A SEHE AT, S 1 A e K 4 8 JT R BRI LR PR s - 490,
2.3 f@ER XU T

R VEA UL 58 45 TR T 2R X AR A B XU , SR HH S I PR AR 47 58 (USEPA ) 7K BR 53 fi e JXURS: PP 452
RUTPA M 32K 4 JC 38 4 Ik K a8 42 1 1 Py f e XURS: (3R 6 AN 7). ] U A S 0 ) L 2 Ay £t e i XL
57 B 308 v 1 N 1 R SR R XU, R B 115 i, BB L %) 7 B & @ ou R a5, B 22 s ™
& F A AE S L A IR R 7K 22 4. BN RIDLEE B 3508 9 (As) 3 AT At e XU /&5 T L B AR BUE )
SIS NAEAE A {B (Cu, Pb, Zn, Hg. Ni, Mn, Fe, Co)3—4 MUY, X 5N (R 57 45 1
— 3, 1A B0 0 B R G i SO 0 RS SR . Y] T AT BE R SR As 5 R T3 AR AU
WA K 1.6x10°—1.51x107*, JL#E N 1.84x10°—1.73x 107, H b Yin] th it S 3 B 5T (Y5) As 51 #2191
OIS N ABERE KU (B R 5.59%107°, W inl B IE Sl (Y8) As S 2 A sl N . JL - 3594~ A fd B XU
(B4 AR, 4390 1.51x10°74, 1.73x10°%, & 5x107° a ' ([= bRdE 51 57 512 514 (ICRP) fic K AT #2252 KU
1B P, 6 As SV Ta) RS 5T 1 3 2 350 R, AR S K AR R XU A B E T R AR OR A
HAs SRR ILE A AEEE RS LT 5x107° a7, /5 T 1x10° a ' (B BR3P )5) | i 22 A5
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PRI AP LA B [ B2 S T 2 1 R i R T 3252 KU K ) B4, B AR As e JEE R R e T2 4t 3R KK Joit

B, (ELATS HAT 50 v O B0 KUK . B0 KU AN S As BUVR BEAT G, 30 5 BUm o B R A AR H P41k

KA NIRRT RIN - 75 6 55 A 0%, IR As WA DA ¥ 1) K B85 i R XU A8 LA 2 2 JR T R
&6 MFIKE BRI AR FEXES (<10 "a ™)

Table 6 Average personal annual health risks caused by the heavy metals via drinking pathways in surface water

PN PIEN gt .
Crowd Water Data statistics As Cu Pb Zn Hg Ni Mn Fe Co
SN 1.90x10° 3585  66.49 157 8491 1128  36.39 150.18  256.26
Uil L e/ IME 1.60x10° 472 66.49  0.14  40.14 2.80 0.26 1.06 24.70

SEHME 1.11x10° 13.09 6649 045  63.57 5.13 7.69 28.21 68.35

RKRAE 3.13x10° 85.31 200.14  7.69 91.08 28.02 123.06 304.34 602.06

YT e e/ ME 1.07x10°  10.37 4.63 173 5558 5.86 6.42 9.26 54.03
B T 2.17x10° 4632 11052 487 7733 18.06  64.29 14152 319.70
Adult N 328x10° 7827 26696 574 13585 2848  119.09 25935  683.88
YT i F/IME 1.63x10° 1575 4135 032 1389  11.05  50.28 9.92 152.83

A 2.67x10° 4567 14828 334  96.23 19.41 86.67 13820  390.40

S NE] 1.51x10 32.60 3573 204 18679  16.93 51.27 70.79 197.60
Y I Fo/MHE 7.57x10° 5.09 18.53 038  44.77 3.33 1.39 7.28 27.79

FHE 3.65%10° 1790  27.87 097  83.56 8.39 26.49 36.80 114.04

SN 2.18x10° 4128 7657 181  97.78 1299 41.90 17295  295.11
BT L i e/ MA 1.84x10° 5.44 76.57  0.16  46.22 3.23 0.30 1.22 28.44

SEHME 1.28x10° 15.07 76.57  0.52  73.21 591 8.85 32.49 78.71

RKRAE 3.60x10° 98.24 23048 885 104.89  32.27 141.71 350.48 693.33

Y He/IME 1.23x10° 11.95 5.33 1.99  64.00 6.75 7.39 10.67 62.22
L SHE 2.50x10° 5334 12728 560 89.05  20.80  74.04 16298  368.16
Children okl 3.78x10°  90.13 30743 661 15644 3280 137.14 29867  787.56

YAl i e/ MAE 1.88x10° 18.13 47.62 037  16.00 12.72 57.90 11.43 176.00

A 3.08x10° 52,60 170.76 3.85 110.81 2236  99.81 159.15  449.58

S NE] 1.73x10’ 37.55 4114 235 21511  19.49 59.05 81.52 227.56
HRTIERI I/ IME 8.72x10° 5.87 2133 044  51.56 3.84 1.60 8.38 32.00

I 4.21x10° 20.61 3210 1.12 96.22 9.66 30.51 42.38 131.33

RT FHEMEREKRME )

Table 7 Average total personal annual health risks

PN fRR RS Yy L Ui YR i YAl ST

Crowd Health risks Upper reaches Middle reaches Lower reaches Tributaries

K 1.11x10°° 2.17x10°° 2.67x107° 3.65x107°

; R 2.21x107 9.14x107° 1.05x107® 3.39x107°
['UN

Adult R 1.11x107 2.17x10° 2.67x10° 3.65%10°°

JRUBS: 5545 g g e e

R 1.28x107° 2.50x107° 3.08x107° 4.21x107

2 R 2.21x107 8.89x107° 1.05x10°® 3.48x107°
JLE

Children R 1.28x10°° 2.50x10° 3.08x10° 421x10°°

IR 452h Ak A Ak Ak
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U] b Al 30 4 ST 2 g R A BRI L EE 1 T34 A ARAg R XU K/ NI 2l Co>Hg>Fe>Cu>
Mn>Ni>Zn( b JiF H A 1 &K W Pb) 5 ¥ ) i 2 Co>Fe>Pb>Hg>Mn>Cu>Ni>Zn; ¥ 1] T i 4
Co>Pb>Fe>Hg>Mn>Cu>Ni>Zn; 37 Jit XU it ¥ A7 Co>Hg>Fe>Pb>Mn>Cu>Ni>Zn; ¥ 0] i £% 1] B 1 32
T N B LA NP2 B XURS: 7K S-S 4 I8 T8 /T 11070 a7 (55 6), 150 BI At B XU b 7T DA 4
Z W ACE. Uil T A T B Co. Pb Hil Fe LA KUl ST Co Fl Hg S B354~ AR (gt R XURS: #4328 K
THAMITE, Hit, EAEBUEYE 4B ICE H, Co. Pb, Fe il Hg W AE R G Se45 5175 G . R L3 B i
R DXLy S5 0 47 Jegs T v A XU S5 (3R 7)), BUE 4 J8 T 28 02 17 8 ) AR B0 42 8 T 3 6T AR A R £ 7 i XL
B FE .

3 M 45 T B AR S RURS:, W TR] S > Tl > i) >y ing i (3R 7), MU E R T 1x10°a ™,
ANT5x107 a!, Ja AR XU S, U Tg b T 3t AR S R XU e 5 F AR, s |k R S A, X
55Uy R A R ) TR ORI TR T il DL R RO AR RN Bh AR 6, SO AT A, TR
TERIOKERBE T, BA —EWNI5HES]. J) — W 1 SO AR 80N, 7K 3l 77 561 5%
55, KA B ¥ e 2%, KRB AR BV,

AR SR US EPA g JRURS: PFAN AR U X6 13-4 3t 358 i 3R 7K 4 J JC 28 04T T e IRURS: P, (R4 AL
RY T 1E ISR L 74 1 X 58 [ B FH R 2L, SR IX A S PRIE A — 8 58 42— 3, fETE—E IR 22,
H RSP U X 43 @ JT 2, IF 1A X 52 ma b 22 K AR T RERY SO> . CIFN NOy A iE AT, BT —
(A R T . 4 J 0 3R 114 i R RS (2% i T AR K G A%, R 25 SR A A% (R A2 ful R ), R ke, %o ¥4y
TA] It b 7K 46 J TC R AR B KU PE A S 025 e B B, ATh e i — 2B IR ADESE.

3 %58 (Conclusion)

(1) Uil i dk Hg, Fe Fl Mn X 3 F 4 J& 70 250 70 208 Hh (b R 7K 20 5% it £ 4 1 ) (GB 3838-2002)
T 2AR e, B0 A0 T op R WA S 3. Urial L Fe, Mn. Zn Hi1 Co A8 LM BEHEK, Wi, T ilEIR
Z N BRI U, 4 )m osER A i il >V i R > T L

(2) ZICGeTHRE R W], A58 IX MR 7K Hg Bk IR THRBETS g L Tk K R4 R HEL S
As EEZORIE T4 3h, H He A1 As 7] G4 A6 5 09 75 Gk U5 4n Tolk Ak ¥5 44 I ; Pb. Cu. Zn. Ni,
Co. Fe Fll Mn AT Tk 8y, i 32 38380 15 Y FAOlb Az 7= 1% 2h i 52 .

(3) {53 XUBS PEAY 2 B, 99 YT 900 3t 2 7K v 50980 400 3 o A A fE 5 i 58 110 S 247 4 A i R JXUG: ot R
AR BUR YR, BORYE As FE S T A TR S 44 A gt R XURS (B T ICRP A9 fie K ] #2532 KU
{H. As. Co. Pb. Fe Fil Hg I 1F A ¥o-1] 7K PR35 fete e XU 45 B i) A0 S 4 il 4 T e 28 U R L 28 ) gt B JXL
5 S A R T AR B AR, L EE R B 2 B A S U R I fE . T A T B i R XU 34 A v A XU S ), 3T
R R S I AT L R B XU £ K, T R R A E R, IR URH N B R A 4 i
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