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Abstract: Surface water and shallow groundwater within the flow of an electroplating factory was analyzed in order to study the resulting impact.
The analysis method of ICP-AES was used to analyze content of zinc, manganeses chromium; copper and nickel in surface water and
groundwater samples. The results indicate acidic pollutants of zinc; manganeses chromium; copper and nickel were discharged from the factory
with concentrations of 1.34, 3.77, 28.1, 6.40 and 9.37 mg*L™", respectively: and pH was 2.32. They all exceeded permissible levels
according to Integrated Wastewater Discharge Standard except zinc. Factory discharge is responsible for the longitudinal distribution
characteristics of heavy metals in the stream water downstream from the factory. Heavy metals variations in the well water do not suggest they
were affected by heavy metals in the stream, indicating that the migration rates of heavy metals in soils were relatively low. Risk assessment
shows surface water quality significantly deteriorated. Nickel and manganese in the stream water exceeded the standard levels seriously; and
chromium and copper in some samples were also above Grade [l standard levels according to Environmental Quality Standard for Surface
Water. Moreover, all studied heavy metals in 14 groundwater samples measured within drinking water standard except manganese in 4
groundwater samples, which were Grade IV according to Quality Standard for Ground water.
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Fig.1 Distribution of the sample sites
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Table 1 Sites and pH values of stream water samples

_ KFE s G
1ebE S >
1 2 3 4 5 6 7 3
BEHEYS O EE B /m — 0 50 100 150 200 250 350 400
pH 2.32 8.11 8.21 8.00 8.15 7.85 8.08 8.07

D KRS H S

(2) \EEJBUTFEDAARAE 4R IR R 73 (1)
AR 2 TR, 55 0 m A& Cu AN IS =4 3N
4.50 mg*L"'F13.80 mg* L™, 1B T HES AL 5
XTHEAH LG, 0 m Ab Cu FIT Ni [ 55 5243 0l o2 6 FELAR 112
21,0 1% A0 &b 2] 50 m A5 1 B SRR B, 4RM
2] 250 m ALFEARLRFFAAL, Bl f5 A 350 m £ 400 m 4b
H—MS TR, Hrb 400 m O AR BT X K
(R 2D, ZnMn F Cr AR AR I H AR 7] 1) 2% (0] A2 4k

KEZ,CEANHE 0 m W F =415 4 0.354+ 0.459 Fl

0.854 £2 BASHBHEEEEE" /mg L !

Table 2 Contents of heavy metal in wastewater

and control water samples/mg®L ™!

B Zn Mn Cr Cu Ni pH
S 1.34 377 28.1 6.40  9.73  2.32
CK 0.009 0.109  0.010 0.040 0.181 8.03

1) S KIEIKFE, CK AXHE
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Fig.2 Spatial distribution of heavy metal in stream water
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Table 3 Correlations between heavy metals in wastewater

and stream water samples

Zn Mn Cr Cu Ni
Z/n 1
Mn 0.985" " 1
Cr 0.978" " 0.998" " 1
Cu 0.915" " 0.839" " 0.816" "~ 1
Ni 0.992"* 0.964" * 0.950" * 0.951" " 1

1D * % &R p<0.0l
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Table 4 Heavy metal concentrations in well water samples/mg®L !

2D Zn Mn Cu Ni pH

F 0.040 0.068 0.009 0.007 4 0.003 6 8.52
bRtk 0.024 0.059 0.000 8 0.0046 0.0029 0.158
/M 0.013 0.001 0.008 0.002 o 8.16
I KAH 0.091 0.189 0.010 0.019 0.009 8.76
AR A % 60.2 86.8 8.72 61.9 78.8 1.86
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Fig.3  Distribution of heavy metal in some well water samples
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FIR K HE 4 @ & s WUF A Cr> Ni > Cu > Mn >
Zn, Hor CruNi 5 Cu MIIRFE Sy A R I, 1% LBk
JHEG 1 AR 4 1) A 3 vt HE 81T, B DA HEYS
WA R 5 — I PR i, JF Bzl itk
i CrC VDHIBE T2, R EURKH Cr LN B A7
FE . 53 3 b 2 7K R 835 5 B AR HEDS) %] KR I 2K
S8, DRI, 55 280 G B 1 DA — bR e v . PR 4
HRW, Cr B AR I N ™ R HE R R 56.2 fiFs H
U Niy WHEBORHE 9.7 £ Cu 0 3.2 ff; Mn 3%
EHETBOPRME ) 1.9 £%; pH B K KM AR; Zn WH B
I HEBObRAE , (H Ck B — 8 U X S5 i) i H
WA OG, ) RN o SRE A E T
B, P LA KR Cr V5 B d 0 7, W) AR BE AT Nis
Cu A1 Mn, B H* WHEC. i1 T K R & 804 56 45 4k

x5 SKEEHBARERE/mg 1!
Table 5 Permissible levels of Integrated Wastewater
Discharge Standard /mg®L~"

UG HAEHER, SRS DK RSB H 1S
SR, AN AR FE R I A S HE TBOhR T
2.2.2 MK

MR 7K T KO B v 43 Ja 2 5~ 3 b
Ni> Cu>Mn > Cr> Zn. Ni~ Cus Mn Al Cr 7 12 AH X 8%
e, R HE UK K R A E I S AR 2 M
A Cr M7 KA T A2 4k, R or BB E A JE 0
FUR S R B34 B PR . Zhang 251X 6 Fh 42 )8 A8
] 7 g 08 ki 48 rh W B AN RS B PR REEAT T AR
5L, L IEXT Cr R B E ) 2 P Cus CdsZn
HUNi 3. IR W, o R E S R o5 B 5 R
VETTR D) AN - SR B [ 52, X T BE S Cr AR R T
fK.

AR Hh 2 7K IR 855 R B AR HEDS) i K O T 2K
L, FARHEBR (A W3R 6 BT . vl LU Il 7K e BA
ANV 6 ANFE A AR, BNEFEHES 0~ 250 m
Z A bR Cu AHEYS 1 1 b AR Zn WA
B ais pH AE 1E & 30 Bl 2 3[R, ef 2 HE AT K AR
A PEA AR S5 T 4 1 B i, i LK AR Cu
J 2K Zn 1 Cr 43 004 T 28K ARAE i)
SRS LR, Cu 7EHES N Ab & 5k 255 V 2R0K
T, el T 28K Zn A 6 ANMFE AT, BRTERE RS
10 ~250 m Z W KR T2 1T KK Cr 7R HE
15 R 2 MR RS BIE 55V 2RK i, IFF 4 4
FERIC100 ~ 250 m) B 2 V 2R T, BE ARG 1 B 2
AMFE E(350 ~ 400 m) W FE 2 [] 2K7K )5 . 75 M4 Mn A
Ni 3l 75 4R v 2 AR W A 7K s 2 7K U5 kb 78 151 H

SERALY ] IR CE EHVOE B AV — v
TR lb ;ﬁ) ;w;;wﬁﬁ LOS” FRAERRLAE (0. 1 mge 1) A1 2 I H b vl B 41 (0. 02
P T JND — DA . i . - . o N -
E e SEES] ) kL R r mg* L, DIEH, NI %nﬂﬁﬁffm,%ﬁiﬁfmﬁ 190 f%; Mn
3 B RO 0.5 WA P A b, ACE BE RS 1 Bzt 1 AR b I
BoRERY 4 BB U 2.0 TH L0 XF R NG A M (9 S EAT VR, R 2 B
A Gkl SURN ST #i0 bod S Ay Ee et
6 H — VI HE A 6~9 . - ,
b - TR K AR A
F6 HWRKKBEREIREE/mg L]
Table 6  Values of Environmental Quality Standard for Surface Water/mg® L™
2= T
7 H 1% E2 % IV % VE
1 pH {HCE R4 6~9 6~9 6~9 6~9 6~9
2 £l <0.01 <1.0 <1.0 <l1.0 <l1.0
3 2 <0.05 <l1.0 <1.0 <2.0 <2.0
4 S <0.01 <0.05 <0.05 <0.05 <0.1
T K4 JE PPN 45 R o, UK P E 4 R N A Y5 G . EAR G T K HR N AT Mn A%, (5

sl ™, LR Mns Cr A1 Cu B H BB 20 FF A3
NIRRT K AR HEFR (B )R Zn 5 pH

FEJE T CroNiv Cu M1 Mn CAN A5 2 18 3 HE TR
b, S EAERTREE) HES 0 ~ 400 m Z 18] (¥R IE
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FrAE i 5 oo 2% W) 5 R T KK B R
BenT W, )RR XM A S RGN T —
7E FITELE A A KUK
2.2.3 HiRK

H R 7K KO R o 3 4 i 25 &7 0 I
Mn > Zn > Cr > Cu > Ni, 5 KAEAE— % W 2 5, nf
At ph R RAS 1R T B0 AR . KO b vt A

Prtoei) 5 MG w5 (R 7). Mn JUHRILS| T 2R
PRAERIRE A 6 4, N IKARAEIFE R 4 4>, IV R
IKARAERIRE ABAT 4 4S5 Cr & BIHENI I, B A 14
AR IA R T ebnife; HRERE TR TR T
1 2R8I 20K pHIAE] 1 JOKHIA 6 4 IVRIA
8 A~ R P AT 7E 1) H <52 Jeg i b B0 A, FE A
R AR O K GE S IR B E K50 , {5
B ICEAN pH A IV SRR (R 7K s 2838 24 A B 5
RSO K

£7 WTKEBFAEE /mgl!
Table 7 Values of Quality standard for Ground Water/mg®L ™"

5 A G

[ES IES IS S V%
1 pH fE 6.5~8.5 6.5~8.5(6) 6.5~8.5 5.5~6.5, 8.5~9(8) <5.5,>9
2 i <0.01C1D) <0.05(3) <1.0 <l1.5 >1.5
3 B <0.05(11) <0.5(3) <1.0 <5.0 >5.0
4 S <0.005 <0.01(14) <0.05 <0.1 >0.1
5 B <0.005(10) <0.05(4) <0.05 <0.1 >0.1
6 i <0.05(6) <0.05 <0.1(4) <1.0(4) >1.0

D) 55 T N I EUAR AR HE IR AR 2 FEARE S L 14 4

3 it

(1) ELJE Zn-Mn. Cr~ Cu A1 Ni 7E 0] 7K H 5 72
I AREAEARALL, 2 4 ANBY B, B8 1 B BU R R BE, 5 2
My BUEEARAAR, 28 3 BB R BR RS, 28 4 B BURFEAS
AR X AT R A EH R — 5 Y U5 DA R ] K R R 45 LT
Y W B 5 3 W VR FH 5 L2 1

(2) &R Cr 7RI K A o0 A FRAE 5 FF i A
ToKs MHE4)E ZnMns Cu M Ni ZEFHKF A0 5
AR PR AN B AUAR DG, R W R 7K I AR 52 B3]
K ESE s, e R EE LD 5
P B, B Bk 2= | IRk, MR K R 4 JE 1 o A
REAE T B AL R AR AR T R

(3) HLBE T )] i HE S Zns Mins Crs Cu AT Ni
LRV 4y, HY OB AR RN ™, pH (A F]
2.32; K EEJE T BT A: Cr> Ni > Cu>
Mn > Zn, 30 HE 8O B8 B b 7 1 2 Cr RS A
56.2 fi5; HUKIE NivCu A1 Mn, BN A F2 B M i o HE
JEFRUE: Zn 703 A I HE bR HE, H Tk 31— 52 1
WL

(4) B4 & A1 K FE & S AK IR Ni > Cu >
Mn > Cr> Zn, 5 8% HEBUW R K FEA W) & VF A
gERLR I, WK T E 4 8 Mn A1 Ni HE bR B Ok T
Cr A1 Cu B 5850 % 5 CAS [ R B Hb 8 3o (11 287K b
HERRAE; E4JE Zn 5 pH ARG YL

(5) HEAp @ AEFHF AKHE &5 MRS Mn > Zn >
Cr> Cu > Ni, S KAFAE MU ZE 00, W] RE2 i 1K
YRAS R BT E0 PP 45 R AR, K B g BR Mn G
B AN E T IVIOKZ A, HE 5w ik 3
[ 2REC 2R L EoK T N S fatn EdbAT 70, J&
TV MR KK TR Mn TC 3R AR & 2 1) Ab BE 2
Hb, LB I KB E B WS O K AR AE .
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