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Heavy metals contamination in coastal sediments by the
large discharge from wastewater treatment plant
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o AEAHNE LT ¢ Ue 24T FrEAG

Abstract

Heavy metals concentration in superficial sediment of effluent discharging area was
rapidly increased by annual loadings of Zn(8465 Kg), Ni(3,291 Kg), Cu(1,636 Kg) and
Pb(1,250 Kg) from sewage effluent of 63x10° m%yr. In a consequent result,
specially the concentrations of Zn and Cu in the sediment were three times higher
than preindustrial reference values. The evaluation by multiple ecological risk indices
showed that heavy metals contamination in sediment of discharging area was "
heavily polluted level ” by sediment quality criteria and increased 2.6 times by the
degree of contamination. It was also judged that toxicological effects of sediment
receiving the primary effluent would occasionally (16~47%) occur by guidelines for
adverse biological effect.

Keywords : $LH, §3&E 249, $5%, Heavy Metals Contamination, Discharging
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Fig. 1 Map of sanmpling sites and discharging area of
wastewater treatment plant of Masan city.
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Table 1. Heavy metals concentration in influent and

effleunt of wastewater treatment plant from 1994
to 1996

Metal(zg/L)
Sample Pb Cd Ni_Cu Cr
Influent 1706 206 12 510 308 124
Effluent 1340 198 13 521 259 10.8

Table 20 AgF7 dFE7] A0 1992
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Table 2. The trend of heavy metals content in
seawater at the discharging area from 1992 to
1996

(unit : pg/L)
Year

Metal =093 a4 o5 95 V%
Zinc 85 53 34 59 82 63
Lead 05 05 06 06 04 05
Cadmium 01 01 01 01 01 01
Nickel 16 03 06 05 12 08
Copper 09 11 07 18 13 12
Chromium 02 06 03 02 03 03
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Table 3 Heavy metals input loadings to the
discharging area from wastewater treatment plant

Metal Effluent Flowrate Input loading
(ug/L) (m'/yr) (Ke/yr)
Zinc 134.0 8,465
Lead 19.8 1,250
Cadmium 1.3 82
Nickel 52.1 63,172,288 3,291
Copper 259 1,636
Chromium 10.8 682
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Table 4 Depth profiles of heavy metals content in
sediments obtained from the discharging area(Site
A) and adjacent areas in 1996

( mg/Kg, Dry weight base )

Site Depth Metal
(Cm) Zn Pb Cd Ni Cu Cr
0- 2 3051 468 27 349 549 576
2-4 2544 435 1.1 282 473 477
4-6 1322 389 05 189 230 332
A 6-8 1233 325 09 235 213 363
810 1135 273 06 256 200 354
10-15 1064 236 07 213 197 355
1520 1022 200 - 204 181 350
0-2 2439 344 10 233 463 476
2-4 1647 358 10 223 325 386
4-6 1303 359 10 225 263 361
B 68 1132 297 10 228 230 323
810 1136 201 - 258 208 303
10-15 1105 102 03 225 213 360
1520 1005 11.0 - 200 192 319
0-2 1482 2290 04 243 274 426
2-4 1429 226 08 301 278 373
c 46 1234 191 07 216 230 365
6-8 1328 331 10 265 239 357
810 1035 212 07 167 182 361
10-15 986 214 04 204 163 327
0-2 1270 300 - 199 247 367
2-4 1034 218 03 202 205 299
p 46 1075 195 09 270 231 347
6-8 940 208 - 224 178 342
810 1219 177 01 235 190 312
10-15 1020 111 06 302 170 358
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Fig. 2 Depth profiles of zinc and copper increasing

percent in sediments obtained from the discharging
area(Site A) and adjacent area(Site C).
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Table 5. Comparisons of heavy metals content

and ignition loss in the superficial sediment
obtained from the discharging area and the other

adjacent sites

Site Metal(mg/Kg) LL.

Zn Pb Cd Ni Cu Cr Hg (%)
A 3051 468 273 349 549 576 0.18 1337
B 2439 344 098 233 463 476 0.15 14.89
C 1482 229 042 243 274 426 010 11.18
D 1270 300 - 190 247 367 0.08 10.05

LL. Ignition loss
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Fig. 3 Comparisons of zinc, lead, cadmium and
copper content in superficial sediment from the
discharging area(site A) and the other adjacent
sites.

29=E #Hrtslo] Table 60 v]wated JehRY
o WFdEe Zn FFL 305 mg/Kge=E
Heavily polluted 712 200 mg/Kgd A =
Fatg e, Cu 9A 55 mg/KglZ Heavily
polluted 71E& A3se LH=E YU G
(Fig. 4). 281 Pb, Ni, Cr& Moderately
polluted o2 H7FHUY. a8y WFAY
7 AdHE APl Site C ¢ DIAE Zn, Nj
Cu, Cro] Moderately polluted F=&°] 2™, Pb
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Table 6. Classification of superficial sediments
discharging(Site  A) and
adjacent areas by sediment quality criteria
(mg/Kg)
Polluted level Site

obtained from the

Metal

NP. MP. HP. A B C D

Zn <90 90-200 >200 305 244 148 127
Pb <40 40-60 >60 47 34 23 30
Cd - - >6 27 10 04 -

Ni <20 20-50 >50 35 23 24 19
Cu <25 2550 >H0 55 46 27 25
Cr <25 2575 >75 58 48 43 37

N.P. Nonpolluted, M.P. Moderately polluted
H.P. Heavily polluted

3.4.2 Sediment Contamination Factor(Cs)2t De gree

of Contamination(Cg)0l 2lst @S EIt

wEFAY HHE FHE TS5 2958 3
7v8t7l el 2 A9 A B4 1
#atel A ﬁ%j‘f‘j’t"ﬂ 3 33t= Background level
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2 423 A4l 9
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Fig. 4 Evaluation of zinc and copper contamination

in  superficial sediments obtained from the

discharging(Site A) and the other adjacent sites.
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%, Contamination factor(C)9l AbHrd & o}
=3 2k
Ch
Cy=—— (1)
Ch

Clo-2 = the mean content of substance
(i=Cd, Pb, Cr, Cu, Zn, Ni)
Cl, = the preindustrial reference value
for the substance.

7)ol A @ol Cy gholl wat EF Aol o
# odE 72 bg gol Buw

G <1= low contamination factor(LCF)
1 < <3= moderate contamination factor(MCF)
3 < <6=>considerable contamination factor(CCF)

wRo Exgel 53
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¢ >6=>very high contamination factor(VHCF)
F719F o] EAAL] diFd oEFE #HUY
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e A T

Aol YA 2dE Hrt A9E B 3
F8o HAZe Cigtol Zn, Cd, Curt 42 2.99,
385 T3 3.0424 A3 29 %( CCF, 3
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e Cigrol 1.07~16824 BHsgFH vang
W ZrZhe] A4Vt s $E LAdFELR H

7F S0

A
H

v

ok

A

o

Table 7. Heavy metals contamination factor(Cy) in
obtained

discharging and adjacent areas

superficial sediments from  the

Cl - value
Zn Pb Cd Ni Cu Cr
A 299 234 38 171 304 165
B 243 313 350 1.16 241 1.49
C 150 107 117 119 168 130
D 125 270 1.00 1.00 1.45 1.03
Reference 1.00 1.00 1.00 1.00 1.00 1.00

Site

aglxn e 2L JfEAHA B dAEY A
P2 ed® H7t AHCFHSE o] g8t =
H 94259 AU 24952 A7 Ao
} &3} 7+o] Degree of Contamination, Cqtg
Kk e A=

6 6 Coz
Ca= 2Cr=23 (2)

i=1 =1 ChL

G4 <6= low degree of contamination(LDC)
6 <G <B2=moderate degree of contaminatior(MDC)
12 <G <2A=considerable degree of contamination(Cpbc)

G =2A==>very high degree of contamination(VHDC)

H 94E FdA  background
= W i3 24dx £4¢YE
oul it wetd WHFHYG] diad 2¥E &

9+ Cd, Cu, Zn, Pb, Ni 283 Cr £2.8 Ay
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Table 8. The degree of contamination(Cq4) in

superficial sediments obtained from the

discharging area and adjacent sites

Sequence of C'
Ch Cop Cg Cu Cs Cw

6 .
Site Cd:.ZlC’f
i=

Cd Cu Zn Pb Ni Cr
A 1558

385 304 299 234 171 165

Cd Pb Zn Cu Cr Ni
B 14.12

350 313 243 241 149 1.16

Cu Zn Cr Ni Cd Pb
C 791

168 150 130 1.19 1.17 1.07

Pb Cu Zn Cr Cd Ni
D 8.43

270 145 125 1.03 1.00 1.00

Reference  6.00

30
B VHDC
S 24
iu}
g
-
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SirA SieB SirC SieD Refernce

Fig. 5 The level of heavy metal contamination of
superficial sediments by the method of degree of
contamination(Cd).
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3.4.3 Adverse biological effects 2| &0l 2 ot Mel9
ol "It

Dol @t AFE gt Folol
W o™ (Hakanson[1980], Long et
al.[1995], NOAA[1991]), ]9}’ #& Zpzhel gt
%zl T = }\gg_,] Z2RES r,HALoi _rng 350
AdHe AdF4HE H}%ii HAgAHNA 5}
Edo] AujA vAE o BI dlole]l W
o] 2~(Biological effects database for sediments,
BEDS)7} #&=HSith olzg dHo]g uwo]ig
TEH d7Ade FEHY HAe Fale HHY
ol EAstE FF&0] AeA nx= stol=
gl e HdAsH o (Long et al[1995], NOAA
[1991D), A E] /¥ FF59 d3F AX
w2} Effect range-low(ERL)®}  Efecct range-
median(ERM) 2.2  F&3d AAsz gt
(Table 9). ©] 7tol= 21 & H7FIA EF HA
B FF4% T H(Table 4)o HAL3lo Hrisk 2
I FAG(Site A) HHES AE Crg A
Cd, Cu, Pb, Ni 283 Zn°o] ERL~ERM 0]
Lolet B od F£ELE HAEY FHH

TFEL
-i,tc’ﬂ o3te] Y AEEO 6~47%94 A&

i

8 Site C 9 DOlA &= Cd, Cr, Cu, Pb, Zn
5] ERLel3}e] £Fo 2 HrtHo Ay gse
7F B A vERR T

Table 9.
sediments by guideline values for the incidence
of biological adverse effects

Toxicological effects of superficial

Guidelines Incidence of Sit
ite
(mg/Kg) effects(%)
ERL
ERL ERM <ERL ~ >ERM A B C D

ERM
Cd 12 96 66 366 657 27 10 04 -
Cr 810 3700 29 211 950 D576 476 426 36.7
Cu 340 2700 94 291 837 549 463 274 247
Pb 467 2180 80 358 902 468 344 229 300
Ni 209 516 19 167 169 349 233 243 190
Zn 150 410 61 470 698 305 244 148 127
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ERL : Effect range low, ERM : Effect range median
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