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Evaluation of Pollution Level for Organic Matter and Trace Metals in
Sediments around Tachwa River Estuary, Ulsan

Dong-Woon Hwang*, In-Seok Lee, Minkyu Choi, Chung-Sook Kim and Hyung-Chul Kim

Marine Environment Research Division, National Fisheries Research and Development Institute, Busan 46083, Korea

Grain size, the content of ignition loss (IL), and the concentrations of chemical oxygen demand (COD), acid volatile
sulfide (AVS), and trace metals (Fe, Mn, Cu, Pb, Zn, Cd, Cr, As, and Hg) in surface sediments from the Tachwa River
estuary, Ulsan, were measured to evaluate pollution levels and potential ecological risks of organic matter and trace
metals in estuarine sediment. The mean grain size (Mz) of sediments in the study region ranged from -0.8-7.7 ¢ (mean
2.8 = 2.4 ¢). Surface sediments in the upstream region of the Tachwa River were mainly composed of coarse sedi-
ments compared to the downstream region. The concentrations of IL, COD, AVS and trace metals in the sediment
were much higher at downstream sites of Myeongchon Bridge in the vicinity of industrial complexes than at upstream
sites of those in the vicinity of the residential areas due to the anthropogenic input of organic matter and trace met-
als by industrial activities. On the basis of several geochemical assessment techniques [sediment quality guidelines
(SQGs), enrichment factor (EF), geoaccumulation index (Igco), pollution load index (PLI) and ecological risk index
(ERD)], the surfaces sediments in the study region are not highly polluted for trace metals, except for As. However, the
higher concentrations in downstream study regions of the Tachwa River could impact benthic organisms including

shellfish (i.e. Manila clam) in sediments.

Key words: Sediment, Trace metal, Organic matters, Pollution, Tachwa River estuary
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Fig. 1. The map showing the location of study area and the sampling sites for measuring the organic matter and trace metals in sediment

around Tachwa River estuary, Ulsan.
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No. o 20 40 60 80 100 type

1 SN (@05 (229
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7 AN (g8 (200)
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15 O (gM ( 6.81)
177 M sM (6.12)
18 | M ( 7.69)
19 s s s p zS (4.12)
20 MY sZ (5.81)

I Gravel XYY Sand 22 Silt &3 Clay

Fig. 2. The percentage composition of gravel, sand, silt and clay
and the sedimentary type with each station in the study region.
The values in the parenthesis of sedimentary type represent the
mean grain sizes of sediment (Abbreviations: sZ — sandy silt, M —
mud, sM — sandy mud, (g)M — slightly gravelly mud, mS — muddy
sand, zS — silty sand, (g)mS — slightly gravelly muddy sand, (g)
S — slightly gravelly sand, gS — gravelly sand, sG — sandy gravel).
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Fig. 3. The distributions of ignition loss (IL), chemical oxygen demand (COD), acid volatile sulfide (AVS), and trace metals in surface sedi-
ments of the study region. The black bars represent the concentrations exceeded the sediment quality guideline of Japan for organic matter

and NOAA for trace metal. The star marks for trace metals indicate the concentrations exceeded the values of threshold effect level.
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HAE I FHE2 F 0.5 mgS/g o1 w2 =5 U E=E ool = At HA=ollA Hard dA-a e} v]asy

yglon E5] Y& ¢J722St 17-18 olA=4.0mgS/go]  H(Table 1), Asiete] thzx 2 ¢l slLejel F7 skt &
o) s e ek 3ttt o] ol dRelA sl AE(Hwang etal, 2013a) k= IL, COD, AVS W57 28] 0]
Fe E4E 7% 55(0.2 mgS/g; Yokoyama, 2000)5 237 A &9kon, hite ¢¢H(Kang et al., 1993)3} 3ok vty

= Ao g Uehdth A ¢l Ygkel Sekvk(Jeon et al., 2012) E| &0 A H1E IL

ool Arts HorS u, Bj3hd skt E]&= F IL, COD, I} CODO| H]af H]S28hA U Wokom], AVSE= 34l o4 =94t
AVSE= HENE SAHOR R} IR AR T E FERE L, oo o A 1 a7 A8 Q1 7HaH(Noh et al.,
54& 7= ALz YElth HE CODe 739 Aoul § 2006)2} 18l 1} o] =R AR A 7F E R = o] 9l HE
2o AAEONA L 57 FHEL HE w2 555 7|22 Q1 Wyke] FARH(Park et al., 1995)7} nhilak(Hwang et

Ho| x|k, A¥k# 0 2 IL, COD, AVS 25 A H k= shqol al., 2006)9] At BRI 1/2 o4 o w2 Uehy
A L 53] YL MR P Y& WEEANN 2 A At
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Table 1. The average of ignition loss (IL), chemical oxygen demand (COD), and acid volatile sulfide (AVS), and trace metals (Fe, Cu, Pb,

Zn, Cd, Cr, Mn, As, and Hg) in coastal sediment of Korea

Study region L COD Avs  Metal (%) Metals (mglkg) Reference
YIEOON (%) (mgOJg)(mgSla) Fe  Cu Pb Zn Cd Cr Mn As
Korean coast 6.7 124 0.24 - 37 35 122 03 58 - 9.1 0.05 Kangetal. (1993), Raetal. (2013)
Geum River
caniary 19 44 001 95 27 49 01 45 467 7.3 0.01 Hwangetal, (2013)
Nakdong River . - 19 94 27 31 - 17 320 - - Kimetal (2000)
estuary
g:;"“yang 44 96 041 38 15 27 90 01 74 838 96 0.01 Jeonetal (2012)
GamakBay 74 310 102 38 28 28 114 01 78 717 9.8 0.02 Nohetal. (2006), Kim etal. (2012)
Shihwalake - - ; 34 207 66 309 05 101 399 12.3 0.12 Kim etal. (2005)
Masan Harbor 112 19.6 18 45 73 74 321 14 79 716 105 0.14 Hwang etal. (2006)
Ulsan Bay(or . - - 60 63 46 22 237 570 - - Kangand Lee (1996)
Harbor)
70 97 033 33 81 35 189 0.3 62 499 16.1 0.11 Hwang etal. (2014)
Busan Harbor 12.1 175 1.2 - - - - - - - - - Parketal. (1995)
TaehwaRiver 59 99 08 26 38 28 157 03 43 626 10.2 0.06 This study
estuary
0224 si2k 2l BEZEM et al., 2004; Kim et al., 2012), /8 (Kim et al., 2008; Hwang

o
e 2b ol =1 B A= 5 vl e s =5 Fig. 3ol LR L
o}, 7} njekads e L Fe 0.91-3.56% (B 2.56 +0.61%),
Cu 7.7-69.7 mg/kg (B 38.1+20.5 mg/kg), Cd 0.07-0.60
mg/kg (B4 0.29+0.16 mg/kg), Pb 14.4-42.3 mg/kg (Bt
28.1+8.1 mg/ke), Cr 9.2-55.8 me/kg (B 43.3+12.2 mg/
kg), Mn 298-1,582 mg/kg (B 626+330 mg/kg), As 2.5-
19.3 mg/kg (<t 10.2+4.7 mg/kg), Zn 48-254 mg/kg (Bt
157+ 58 mg/kg), Hg 0.004-0.134 mg/kg (B 0.059 +0.041
mg/kg) HLATE Mn®] ¢ 7HE & Mz} L 525 23
9 HEH Y& St 1804 7P WAl M B2 St 8
oA 7M=& FEE Btk 11 & n|FaSES W Mot
IL & YERE Ao £22] St. 2 (Cd, Pb)et &
9] St. 10 (Fe, Cu, Zn, Cr, As, Hg)o| A 7}4 W& b Fe o 3}
Al B9 St 9, Cus ¥4 %9 St. 15, Cda} Zn2 4
E3 &2 St. 18, Pb2 & vk ofafj 9] St. 11, Cr2 &
ARTE J1%-0] St. 19, Ast= 4t al $19] St. 3, Hg o] 1
U] St. 12014 7HE & T 5 i AR o &
71E AL frAFSHA|, Fedlt Mg A| 9]t H= mleg45-50]
WS FHeE YA FAHER o] Fol 7l AR HETH= Al
A B A=l A sl A w2 s =E Hlon, Cudt
g OF 3u A= w2 =5 UEhltE duba o g At &
AE S rEase seiie B8 v 7718 o
of oJaff A=, o] Hof FHtE ALt tF-5(Kim et al., 1998;
Cho et al., 1999)°|ut, Bt 24 91 WWH(Hyun et al., 2003; Lee

s

Tl of

and Kim, 2011; Hwang et al., 2013b), 3}-%(Cho and Park,
1998; Hwang et al., 2013a)% t}oFst s dFetg oA = E4 =
T FES s ded f71E A 2 Y A
< Hlrkar ofe] Azl ofsf Har| et et st
T ¥ E2=9] 49 Cu, Cd, Zn, Pb, Hg B Y=}
O] AMHA (r=0.48-0.72, P<0.05)& H.o|il, Mne &-9] A4
(t=-0.51, P<0.01) Bglon], E3], Cu, Cd, Znl 47|12 =
AL el ILE 22 ko) A (1=0.50-0.65, P<0.05)
< WOl Mnih= 59 A (r = -0.55, P<0.01)= UERHSL
CH(Table 2). ]+ e} 512 B4 & % Cu, Cd, Zn, Pb, Hg,
Mne] 57} B2120] Qmut 9718 depo] o) 1 st
e 5 Qs onlgtth shARE, BiEh skt = El A E
% Cr, As, Fe-2 1 =9} L, COD 51} 53 A& 1
o] 2] g¥o} o5 HFFEEL thE oA Q] adlof o5 Eet
A, AU E A= 3ao] T2 Ha ARt
oAl Fedt ngfa<s Atolof] F513H & Holx] ¢h=
Ch= AR S e off, Al =919 S ATA] E A A o
© 2 HE t7|u shdE B3t g ESY 4, B 55
< A8 gt okt B8 =] A Sk -2 Q191ERl a1l
O] FFE AA WAL Q= A o2 A7

QHH, "3 ol B4R F vde S Batse oA
Al 7} 21 43t 2AFHKang and Lee, 1996; Hwang et al.,
2014)00lA Harel E|AE F v B e R R T Mn =
Rort 11 9 wFaES Blsssh AV Wdth ERL Ate o
o] = 99 d3FS e a7 (Hwang et al.,, 2013a)0]Lt
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Table 2. Pearson’s correlation coefficients between mean grain size (Mz), organic parameters (ignition loss [IL], chemical oxygen demand
[COD], acid volatile sulfide [AVS]), and trace metals (Cu, Cd, Pb, Cr, Mn, As, Zn, Fe and Hg) in the surface sediment of Tachwa River

estuary (n=20)

Mz IL COD AVS Cu Cd Pb Cr Mn As Zn Fe Hg
Mz 1
IL 0.906" 1
COD 0364 0471 1
AVS 0.803" 0.867" 0.623" 1
Cu 0.640" 0.641" -0.226 0429 1
Cd 0.718" 0.647" 0.048 0.617° 0.796" 1
Pb 0.500° 0.385 -0.258 0.359 0.800" 0.851" 1
Cr 0437 0326 -0.193 0.171 0.601" 0463 0.704" 1
Mn -0.512° -0.546" -0.077 -0.501 -0.510" -0.670" -0.342 0.193 1
As 0259 0.157 -0.109 0.178 0429 0490 0.714" 0.695" 0.146 1
Zn 0.589" 0.508" -0.040 0.486° 0.730" 0.882" 0.906" 0.713" -0.356 0.682" 1
Fe 0.048 -0.041 -0.171 -0.152 0.225 0.0563 0.378 0.846" 0.573" 0.637" 0435 1
Hg 0.480° 0418 -0.258 0.380 0.845" 0.765" 0.906" 0.618" -0.341 0.570" 0.754" 0.265 1

*Correlation is significant at the 0.01 level (two-tailed), **Correlation is significant at the 0.05 level (two-tailed).

57 (Kim et al., 2000) 5H9] B4 & 5 v|ga42 Bt
T HrH= Pb B|<:3k 8k 1 9] Cu, Zn, Cd Mn, As, Hg-2- oF
2-4H)] =2 == QITH(Table 1). E3H Fafjore] uhmaf 21 ¢l tfut
gjel o g gl Foka]o] eakst S5 ik(Jeon et al., 2012)7} 7Hat
THKim etal., 2012) B A& & v|ga< Bt Bok= Cra
Mn2 W31 Pbit} As+= H| S8t R, 71 9] Cu, Zn, Cd, HgS =
S FEe Ty, Ata it 2ol SR e th=Aof] ¢
gskar S-2juetollA 71 Bl A4S e go] 4zigh Ao R o
A Q1= A3} (Kim et al., 2005)L} v Hwang et al., 2006)
Hrhe Ag 253k U whe vk 719 Cu, Pb, Zn, Cd, Cr,
Hg2 2-58 W2 5=t

EX= & 0lgda4 28% # flei: 87t

2
A HAE T vFES s=e HAE W A4k AR

o
o] Wate] RS & Bubohlet 3L i FOR §5
Ho] BolAHaS Fo) £ GFAL] ABo) Sef-5HEw

A Aol SRS Ak 70 A4S dEd
t}(Croteau et al., 2005; Lim et al., 2013). w}2}A], B &&= 5 0]
Sade] HEEE W 2918 Hlels AL njskEdo] ofat
sfloF 278 9 A A ol vl A= G IS Skt WS- 783
HHH 0 2 o] A% 1 Q) © m(Yuan et al., 2012; Ra et al., 2013),
A7 H42 AR vlas gl ne o dwg B
SR ket ol B ) nlakd SE7 A
of| m| 2= k= AEH AR (bioassay)e 53l Yok =4
52 7], el 3 A g ] AR E ©.910) Garg oput
Aefeha] 71 & okt i o & njskael o3k B E @
I W A== Frael YrH(Lee and Lee, 2002; Hwang and

Kim, 2011). o] 1ol 4= ehA] A3t vk} 2Ho] SQGs, EF,
L., PLL ERISB7P8H S o] 8-3te] el Ul B 4=2] °4
= 9 4o o Slelm e WSt
SQGs= o83 B &= 2 HF7h= oA A= W oA A
BF%5z0l, 1= NOAAOA ARE8HAL Q= B4lE L Q71
5191711 ERL gta} $-2lutete] sjopsatiol o 222 A
gk e F ngasel ditt 71+ $ shei71edd TEL g
Hasto] opi gttt o] ERLY TEL o] nlaka<:
e Aao] BRI g3l fle= AvlRith WA, vl=
NOAA°X = B& = 5 ndas &8-S B7Fsh7] f1al <Al
of ol e 2 4 9= 971 wIFE4H(Cu, Pb, Zn, Cd, Cr,
As, Ni, Hg, and Ag)°ll tisto] 7|&& AAel +aL 3lon, o]
elo] Aol ofd WA S(Ag)E Al2iet 2t v]g
=43 ERLEHS Cu 34 mg/kg, Pb 46.7 mg/kg, Zn 150 mg/kg,
Cd 1.2 mg/kg, Cr 81 mg/kg, As 8.2 mg/kg, Hg 0.15 mg/kg ©|
t}. o] 7|EES A= Felt M A 93 v|E w4 5
Zobu|as) B, Cd, P, Cr, HgS B A X of| 4| ERLECH &
ATh(Fig. 3). SFAIRE, Cu®] 7 A 2070 43 Z 1170 A 3(
W& ARzl St 93} 3729 St. 11-20)0f4] ERLEHS %
sl om, Zno] 79 XA 2071 B F 97 FH(FEL A
T2 St. 93 5HF-E9] St 11-16, St. 18, St. 20)o| 4] ERL %+
= 2SI en 53], Ase| 7-f-olli= AA| 207 AR 1270
A- (P2 AFZ0] St 1, St. 3, St. 893} 51-5-2-9] St. 11-16,
St. 18, St. 20)0 4] ERL Z+& 27}atgic}. 3t ©-aji}eto] &
Gt HAlE T nldad 2 9e Bk f1dl 871
u|2F2<4x(Cu, Pb, Zn, Cd, Cr, Ni, As, and Hg)ol| tfs}o 7%
2 MR8 1 9lon, o] Ao ATLFHo| ohd Ni& A9]

oxl o] of

[o

ofr 1
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3} 7} o]eka< 1 TELZES Cu 20.6 mg/kg, Pb 44.0 mg/kg, Zn
68.4 mg/kg, Cd 0.75 mg/kg, Cr 116 mg/kg, As 14.5 mg/kg, Hg
0.11 mg/kg °|t}. o] 7|EHES Lig o]85to] Yol g3
B3 5= 2 A H|ste{of = Cult Zng A| 9|3t v|ga4:
of thsto] vjasl ©H, ERL¥} frAFSHA Cd, Pb, Crd 2= 7
ol A TELE. o S3teh(Fig. 3). sFA|wh, Hgo| 7d-%- %14 2074
A% 2 AR (HEL SRR St.11-12)0] 4], As= A 20
N AT 370 (IR AREY St 33} 5HR-EH2 St 12,
St. 18)°]l 4] TEL g2 =75l th(Fig. 3).

E ohE o487 e BRI = EEE W vdE4e]
AAARN o@E dol= F7Por AFsidy EH=
T HEES FEE 7122 G4 AR (1), Q)2FE
7t 5 BRI, e Adstglol B4 e 29=8 4
HoIH(Table 3). WA, EF ¢] A9 o]Ho]= EF = 1.5 & 7]
TOE okt W2 72 0 HEA] 2 AHE, o|ket & 7
Sofl= 2] Q191AQ1 agle] o3t e P o & Frtaf gkort
(Zhang and Liu, 2002; Hyun et al., 2007), 2|~ Birth (2003)
+ °]5 EF g2 7 AR S0 AlE3to] B o] tigt n]wk
=5 29 B7P1ES AN AL(Table 3). o] kol A = Al
31 BrP|Es A8ste] EdE e HdEE Bkt 1
A}, Hge EF #40] 0.1-2.2 (F+t 1.0) Y2 P20 E 54
o7 ARF HAE(S 1-10) 1.0 B} Yol ©FE]x] ok
AHell(no enrichment)UFEF 9131, 3HRZ A AE(St. 11-20)2
1.0-2.2 Afo] 2 ¢zt @ A ¥ AFell(minor enrichment)E LEF

Table 3. Classification of enrichment factor (EF; Birth, 2003) and geoaccumulation index (I_;
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STk Mn& EFgHo] 0628 (B 14912 WL ofg)a:
o] olXL AHE(SL. 11, 13, 14, 16, 18, 20)0]A] 1.0 K.} do}
2 A= -2 AEl(no enrichment)s YR $1L, 1 9] 3
=2 1.0-2.84F0] 2 k7t 2 % AFEll(minor enrichment)E Lt
el it Pba} Cro 79 EFgto] 2+ 1.2-3.3 (FH+t 2.0)1}
1.0-2.2 (B 1.7) ©I91= Pbof| QlofA] St. 102 A L]shH +
nEES B s AAA 1.0-3.0 Ao = o7t @ g 4
Ell(minor enrichment)E WEFY AT Cul] 7Z-$-ofl= EFgto]
0.6-4.0 (B 2.1) HYE HENE FA 07 AFRZO] St 2,5,
7,82 1,05tk Lol © 5% 9k AbEl(no enrichment)£, 3+
22Ol St 11, 13, 15, 17-19%= 3.1-4.0 Ao] 2 Ho] Mot ©
G Alel(moderate enrichment)S, 1 9] AHE2 1.0-3.0 Alo]
2 oF7F @ F%l ArEl(minor enrichment)E YER AT Zn &
EFZ}o] 1.8-4.9 (F+ 3.0) Helgon, WEws S402 A
FEL1.8-2.9 Afo] 2 7t 2 ' AFEl(minor enrichment)E,
SHRFE-S St 195 A|9Jet = A olA 3.3-4.9 Ato] = A
3t @ At (moderate enrichment)E UER| QI ¥, CdS
EFgo] 1.1-8.4 (B3 43) ¥912 T}2 n]aka&a} go] Ui
AHE(St. 4, St. 12, St. 14) O] 4 4.5-5.0 Afo] 2 kst © 4
el (moderate enrichment)2} &3 AHFZ A E A 1.1-2.6
Ato| 2 of7t @ % AFEll(minor enrichment)S WFERH 2121,
TEIL BHFES St 195 A3 s A ollA] 5.5-8.4 Abe]
2 23] A%t @ JAME (moderately severe enrichment)S Lt
ERiQlct. £3], Asoll 3lojA= EFgEe] 3.7-15.8 (H+t 9.1) ®

Miiller, 1981) and the number of EF and Igen

geo”

for the metal concentrations in estuarine sediments around Tachwa River

L . . Number of EF and |
Range Class Designation of sediment quality gea
Fe Mn Cu Pb Zn Cd Cr As Hg
EF >50 Extremely severe enrichment 0 0 0 0 0 0 0 0
25-50 Very severe enrichment 0 0 0 0 0 0 0 0
10-25 Severe enrichment 0 0 0 0 0 0 9 0
5-10 Moderately severe enrichment 0 0 0 0 8 0 8 0
3-5 Moderate enrichment 0 6 1 9 3 0 3 0
1-3 Minor enrichment 14 10 19 1" 9 20 0 10
<1 No enrichment 6 4 0 0 0 0 0 10
Average of EF 14 2.1 2.0 3.1 43 1.7 9.1 1.0
I oo > 5 6 Very strongly polluted 0 0 0 0 0 0 0 0 0
45 5 Strongly/very strongly polluted 0 0 0 0 0 0 0 0 0
34 4 Strongly polluted 0 0 0 0 0 0 0 1 0
23 3 Moderately/strongly polluted 0 0 0 0 0 1 0 1 0
12 2 Moderately polluted 0 0 0 0 3 8 0 5 0
0-1 1 Practically unpolluted/moderately polluted 0 3 10 7 14 6 4 3 2
<0 O Practically unpolluted 20 17 10 13 3 5 16 0 18
Average of | 11 -07 -02 -02 05 08 -04 20 -16




pon, HENE FHOR FFEY St 2, 6, 7914 = 3.7-
4.9 Apol2 A3t @ JAE](moderate enrichment)E, A-F2
9] St. 4, 5, 8-10 £} 51F-22] St. 14, 17, 1994+ 5.7-10.0A}
o2 AFs] Agt ¢ FATEl(moderately severe enrichment)E,
2] A-EANA = 10.0-15.8 Alo] 2 41243 @ GA El(severe
enrichment)& YElY| ¢ich.

1, EE EFRF iR 2 38 1 gh(Table 3)2 5 75k
Aol & B7F71EMiiller, 1981)2 2-8-5t] A-si L =
450 0d=s Weleleh 7 A3k M 1 Zko] -1.6-09
(Et-0.7) HY 2 HE2 AFZY] St. 7-99| A5 0.1-0.9 ALo]
2 2 YPEA] Y2 4==(practically unpolluted)} 27+ 2 HH
“(moderately polluted)?] S7FHAS YeRar 19] A
S5 i Hol B e QU] oL el Al YER
ch. Hg} Cro} 3-- 1, kel 242F -5.1-0.2 (Bt -1.6)2} -2.5-
0.1 (HF-0.4) HY = Hgol -9 M= o 2ISt. 112} St. 12,
Cro] 79 HEuL 4729 St. 87 5H7-%:2] St. 16, 18, 1994
TF0.0-0.2 Ato] 2 & F & 4] oF2 =t o 2 P 2 5
AAE YehaL 2 9 AHES 29 g2 Hof B g H
A 9F& 3291 AL0.2 peRdey. Pbrh Cue] A9o= 1 7ol
7+7}-1.1-0.5 (F4+-0.2)2}-2.3-0.9 (H+-0.2) H 2| & Pbo] 7
& Wz ol &St 11-16, 1894, Cul 79 W& ofef
H= A H0lA] 0.1-0.9 Abol = @ F | A] OF2 it ofE 2.
H e SHAS YEhaL 1 9] AHES 5o i 2o
B @ GEA] 2 et AR YEiTh Zno] B¢ 1, 4
0] -1.2-1.3 (4 0.5) Yoo, 2w AFRZ0]St. 2,6, 10
£ 59| 3he R0 SER] FE S2G, SIREL St 11, 16,
182 1.0-1.3 Ao 2 OF7F @ Pl s, e Q] AR ES
0.0-1.0AF0| 2 @ FE|A] OF2 =it o7t @ Pl o] b
SAIE WER AT R, Cd2 1 ghel -1.1-2.1 (Bt 0.8)
Q2 ohE nFaSat o] HEL REY St 2, 5-89014 5
o] e Hoj e PuA] 2 v, 19 HEN ARE AR
S} 51729 St. 19 9|4 0.1-1.0A0| 2 © P E] 7] oFo 2w}
oftt e o SUHAES UEl o, BEaL off&
o] St. 18 A3t AHEL 1.0-1.9 Afo] 2 2t 2 H &
=, St. 182 2.00. 2 oFft @ ¥l i} 7oA e dH =9
THAAE HEHI ST 531, As9] 9ol 1, 4401 0.1-3.1
(B1-2.0) H9 & P20 AFFZ0] St. 2,6, 102 0.1-1.0A0] &
QAR 2 i o L 9E Y A, HEL
ARl St 4,5,7 & &2 St. 17, 19+=1.2-1.8 Afo] 2 oF
F o dH S, BEL APFES St 32 oF 312 A5
S AH A S, 19 AHEL 2.0-2.9 APO|Z 7 0 &
oA L9 o] SAHAE HER ST
AN FAEY vgaS 29 WAL= A= E
B7Fsh7] Yfste] dAte o Wi Al 5 rldeES 25 7=
AT A (4)2h(6) &= 5H 2+ 41 PLISHERI
AFsto] BlAE0] e 9 flei=S ok ttk(Fig.
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4). |8 E F =2 52 &2 EA 5= Fed A5 8F-2] #-3) 1]
gFazo] 913 PLIE 0.5-2.5 (B 1.7) WY 9loH(Fig. 4A),
W2 AFRZO] St 2,6, 102 1.0 1]gFo.2 9 Q] x] ko A}
l(no pollution)] A © & Yepstot 1 9 AHE21.02 %
ko] 2 A (polluted)E H ATt 53], HEuL 5H7%52
o HA YE0] St 115E P2H &9 St. 187H4+= 2.0&
Zipsto] thE AHEET @ o] 4lgh A & UEyitt ERI
L= 48-368 (B4t 205) M. (Fig. 4B), PLI gko] 1.0 1]qt
o|Qd WEu ARZ] St 2, 6, 102 100 B]YHS LFERH o] B
A ol AAlsh= el FAAQ F3S ulE flaldol
w2 Ao YePg o, HEu RS St 53 St 72 7
7} 1092} 10424 o= H &= A&l YalldS & 4= = AH
(moderate risk), HE1L AFZ2] St. 1, 4, 8, 99} 31722 St.
17, 19%= 155-192 Afo] 2 A A AEof] Abdat QaiA S % 4= 9l
= Alefj(considerable risk), H&n A-F29] St. 33} 51729
St. 13-15, 20-2 224-291 Afo]| & A A A &0 - A5 9]8)|4
= & 7 e AHl(very high risk)?l 21 S 2 LEpth 53], 1
£ 3HFZL] St 11, 12, 16, 1823002 Z3}5ho] 2] A A&

A3t $1ei-S = 4= U= AEl(disastrous risk) T}, SFA|9E,

_(

U W3 o2 2|5ek w7 AT QoA ok 2 A 4
= Holal glof, EFolA A = & e Y
vk 2 Ql4 2 opd 2o Azt

o] nFE4] L H e W A XY=l Tl #fs]
ff Hd, Aol Bjebd st i 25 HAE
© 2 Cu, Pb, Cd, Zn, Cr, Mn, Hg®] 7% H]| & Q194
e glont ob Seiet uhE 09lE A obd

il

o =
=2 O
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Fig. 4. The bars showing the calculated PLI (A) and ERI (B) values
with each station around Tachwa River estuary. The solid and dot-
ted lines represent the boundary values for classifying the pollution
level of trace metals in sediment.
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A2 A 4319 0.2 uhx|ete] A4 UE} o SA A0 2A
o8 74317} o932 & 0] cH(Choi etal., 2011). o} = s}
SFL o] 27t SHISS uet S0 2R E 718 2 v
S 0] £9) 7R o] T 8wk ehek ok Al B
A8 4420l SAkRle] o], Tela o okt g 4
AR B TOA AR 4 W A B A $I%
2ol hejth o] Rk o, $ARUORA 0§74
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