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We measured the concentrations of various geochemical parameters (grain size, ignition loss [IL], chemical
oxygen demand [COD], acid volatile sulfide [AVS], total organic carbon [TOC], total nitrogen [TN] and trace
metals [Fe, Cu, Cd, Pb, Cr, Mn, As, Zn, and Hg]) in surface sediments in order to evaluate the pollution level
of organic matter and trace metals in sediment around Ulsan Harbor. Although the mean grain sizes (Mz) were
in the wide range of 1.9 to 8.70, the surface sediments consist of mainly finer sediments such as sandy mud
and mud. The high concentrations of IL, COD, Fe, Mn, and Cr were observed in the Ulsan outer port, while
the high concentration of AVS, TOC, TN, and most of trace metals (Cu, Cd, Pb, Zn, Hg) were observed near
the Jangsaengpo port. Based on the TOC/TN ratios, the organic matter in the sediments of the study region
is likely to originate from oceanic source such as body or fragments of dead plankton. The organic matters
such as IL and COD showed a good positive correlation with Mz, while the correlation between trace metals
(except Fe, Cr, and Zn) and Mz no displays, indicating that trace metal concentrations in sediment are not
solely dependent on the grain size of sediment. The overall evaluation results for organic matter and metal
pollution using the sediment quality guidelines and geochemical assessment techniques (enrichment factor and
geoaccumulation index) suggest that the surface sediments in the study regions are not polluted by organic mat-

ter and trace metals (except As).
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Fig. 1. A map showing the location of study area and the
sampling sites for analyzing the organic matter and
the trace metals in surface sediment around Ulsan
Harbor in April 2011.



148

(o3

. o]o]

1l

[el
Of
>

H)g] e ydE Zeo| D@l (high density poly-
ethylene bottle)ol] B2 o2, FA] YaLol AAst &
APz st} EE Ingram™e] EEUE B4
o2 §7]1&80L, COD, AVS, TOC, and TN) 2 "]
F%(Fe, Cu, Pb, Zn, Cd, Cr, Mn, Hg, and As)2
Hwang et al?®°] o]-§3 Wyloz 2453},
HAE re IIsrAH,0,)9 FAHHC)S =
F71E3 A (CaCOqe AAT 4 HAES 40
(0.0625 mm) ¥=A = A2 (wet sieving)ste] @2
I APE A= BEg v, 408 & YR
71E olg¢ AXAAHO R 40T} 22 YA YA}
WIEEE e g eR A7dE FA U
&S el A, B, AE, AES] S ol
o} ol&, FHZEo| HaYE(mean grain size, Mz)=
Folk and Ward®o] #|X| 3} AlAka]o] e FLal)om,
HA4E 5% (sedimentary type)S Folk®V] Hbyol uja}
Tkt f71E S4S veilie ILe 14 E5E
5 3]stz YaL 550°CollA 4x7k 53t BISAX] -
3|5} Ago] FARPIE o] &3 FAMORE, COD= H
QLFARFEF (Na,S,04-H,0) A4S 53 kg
YAEE(KMnO )2, AVSeE 33lra dAaas
183 ARIEer B3It 3, TOCS TN
AAS AAT 7 HHES Fudez g &
CHN 94-347](Perkin Elmer, Model 2400)2 =4

o o

hins

o o
N
N
B
=

[

¢

S A Qo] viE Asr247] (Automatic Mer-
cury Analyzer, Milestone, DMA-80)% #4131,
a2 9 vEEES EHHNO;HFHCIO=2:2:1)% ©]
L5 FEHEoRE HHEE =9 v f=ASET
zn} AZEA 7| (ICP-MS, Perkin Elmer, ELAN DRC-
o= A5t o714, miEFEEe] 735 EAE T
gk A=dS drshr] 8l ASETE A (certified
reference material) 24 Hgg A3t n|FFEHe
PACS-2E, Hge] 73-9-oll+ MESS-3 (marine sediment,
National Research Council Canada)E A|5¢} 7+-& HF
Ho R FHA Ao, 7t vidase] Bt 3o
2 Table 1o FE3I5th. gk, o] Atex f71& %
nFE4e] FEe 459 FHdy weight)s 715
o2 3, o]& ot 19 58 T E&ol AAE
Frdk9o)] EEg TASA] eyttt

)

B - H8)

Table 1. Certified and analytical values and recovery of
metallic elements for the reference material
(PACS-2 and MESS-3", marine sediment)

Trace Certified Analytical Recovery

metal  value (mg/kg) value (mg/kg) (%)
Fe 40900+£600  35698+2612 8716
Mn 440+19 41717 95+4
Zn 364123 296168 81+19
Cr 90.7+4.6 78+9 86+10
Pb 18348 17446 9543
Cu 310+12 246125 7948
As 26.2+1.5 2543 95+10
Cd 2.1140.15 1.71+0.18 8149
Hg* 0.091£0.009  0.09740.002 1062
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2. The average of ignition loss (IL), chemical oxygen demand (COD), and acid volatile sulfide (AVS), total organic
carbon (TOC), total nitrogen (TN), and trace metals (Fe, Cu, Pb, Zn, Cd, Cr, Mn, As, and Hg) in surface

COD AVS Metal
Study region %) (mgO (rngS/ ’[(‘((;;j 2;3 (%) Metals (mg/kg) Reference
22 Fe Cu Pb Zn Cd Cr Mn As Hg
Coastal zone o7 194 094 110 019 - - - - - - - - - Kangeta®
of Korea
Kyeonggi Bay - - - 030 - 24 25 - 92 - 70 532 - - Lee et al.”®
Shihwa Lake - - - - - 34 207 66 309 05 101 399 12.3 0.12 Kim et al.%®
Gamak Bay 7.1 31.0 1.02 103 014 - - - - - - - - - Noh et al.>®
- - - - - 38 28 28 114 01 78 717 9.8 0.02 Kim et al.®
Gwangyang Bay - - 009 089 - 33 18 28 8 02 51 812 - - Hyun et al.%
Masan Harbor 11.2 196 1.83 230 020 45 73 74 321 14 79 716 105 0.14 Hwang et al.?®
Pusan Harbor 12.1 175 1.18 249 0.13 - . Park et al.?”
Youngil Bay - - - 100 - 24 49 36 202 15 29 - - - Lee et al.*¥
Ulsan Bay 24)
(or Harbor) - - - - - - 60 63 46 22 237 570 - - Kang and Lee
70 97 033 107 013 33 81 35 18 03 62 499 16.1 0.11 This study
Taylor®®
iﬁgggsﬁa‘} ;’ﬁi‘;fe) 35 25 20 71 0098 35 600 15 0.08  Taylor and
! McLennan?
Threshold effect 34)
level (TEL) 206 44 68.4 0.75 116 14.5 0.11 MOF
Effect range low 34 467 150 12 81 82 015  Buchman®

(ERL)
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G = gravel

sG = sandy gravel

msG = muddy sandy gravel
mG = muddy gravel

gM = gravelly mud

gmS = gravelly muddy sand
2S = gravelly sand

(g)M = slightly gravelly mud
(g)mS = slighty gravelly muddy sand
(g)S = slightly gravelly sand
M =mud

sM = sandy mud

mS = muddy sand

S =sand
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Fig. 2. The ternary diagrams showing the sediment composition and the major sedimentary types of surface sediment

in each station around Ulsan Harbor in April 2011.
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Fig. 3. The mean grain size (Mz) and the concentrations
of ignition loss (IL), chemical oxygen demand
(COD), acid volatile sulfide (AVS), total organic
carbon (TOC), and total nitrogen (TN) in surface
sediment with each station around Ulsan Harbor.
The solid and dotted lines represent the guideline
values of COD and AVS applied in Japan for
evaluating the pollution of organic matter in
sediment, respectively.
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Table 3. Pearson’s correlation coefficients between mean grain size (Mz), organic parameters (ignition loss (IL),
chemical oxygen demand (COD), acid volatile sulfide (AVS), total organic carbon (TOC), total nitrogen (TN))
and trace metals (Fe, Cu, Cd, Pb, Cr, Mn, As, Zn, and Hg) in sediment around Ulsan Harbor (significance level:

* for 0.05, ** for 0.01)

Mz IL COD AVS TOC TN Fe Cu Cd Pb Cr Mn As Zn Hg
Mz 1
IL 06327 1
COD 0.6480.729" 1
AVS 0.186 0.107 0.047 1
TOC 0337 0202 0222 0.425° 1
TN 0.154 0.151 0.138 0.078 0.673" 1
Fe 0.697"0.602"0.586™ -0.112 -0.045 0.112 1
Cu 0.133 -0.237 -0.194 0.398 0.293 0.135 -0.087 1
Cd 0331 0174 0.121 0.781"0.551" 0.424" -0.032 0.444" 1
Pb 0374 0.195 0.208 0.334 0.405 0.408 0.330 0.776™ 0.449" 1
Cr 0.794"0.658"0.632"" 0.070 0.231 0.380 0.916™" -0.015 0.285 0.381 1
Mn 0.296 0.499° 0.389 -0.521-0.453" -0.205 0.644"" -0.382 -0.516" -0.059 0.426". 1
As  0.202 -0.202 -0.175 0.430° 0.238 -0.175 -0.093 0.873" 0.319 0.626"" -0.096 -0.321 1
Zn 0540 0.159 0.157 0.543" 0.487" 0.359 0.226 0.826"°0.727"° 0.851"" 0.397 -0.263 0.710"" 1
Hg 0.384 0.324 0.285 0.640"0.554™ 0.387 -0.049 0.564"" 0.857"0.621" 0.231 -0.376 0.468" 0.784"" 1
0.01), B8ES f71E o] Y=ol A &St o 719E gohrr] flsted TOC tigk TNH(C/N ratio)
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Fig. 4. Plot of total nitrogen (TN) versus total organic
carbon (TOC) in surface sediment around Ulsan
Harbor. The solid and dotted lines represent the
boundary of terrigenous and oceanic origins for

organic matter in sediment, respectively.
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Fig. 5. The concentrations of trace metals (Fe, Mn, Cu, Pb, Zn, Cd, Cr, As, and Hg) with each station in the surface
sediments around Ulsan Harbor. The solid and dotted lines represent the values of effect range low (ERL) in the
United States and threshold effects level (TEL) in Korea for evaluating the trace metal pollution in sediment,
respectively.
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Table 4. Classification of enrichment factor (Birth, 2003) and the number of EF for the ratios of trace metals relative
to Fe in surface sediments around Ulsan Harbor and in earth crust reported by Taylor (1964) and Taylor and

McLennan (1995)

EF Designation of sediment quality Number of EF

range Mn Cu Pb Zn Cd Cr As Hg
> 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 17 0
5-10 Moderately severe enrichment 0 6 0 0 4 0 5 0
35 Moderate enrichment 0 9 1 12 6 0 1 2

13 Minor enrichment 5 7 22 11 13 23 0 12

<1 No enrichment 18 1 0 0 0 0 0 9
Average of EF 090 362 194 291 334 190 120 145




156 ‘o S S_ : O]?__}ﬁl :

A9 Cu, Cd, Zne EF ol 22+ 0.86~7.62(3

T 3.62), 1.34~9.23(H+ 3.34), 1.67~457(FH+ 2.91)
Wolz eakelaly) St} 01;5&91 QH FHE (St
15~21)°1W 3 m|uke] Tha we EFRRHS B ¥ o
o BAEL 3~1041¢]9] EF%I]\——% Yo s =
Cuol 7% Wolxak5.32), FAHFEFH4.99), S4HLS
(3.84), 4H13H(1.0D), Cd91 785 6.5, 18
2134(3.48), &AREEH3.09), 24FI3H(1.79), Zno 735
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F7ELR o]FolA glom, 1 AlEsHE 7IEd I
WA QEFH At Ay HAE I, A
AF A3 Table 50 YERAATE EFZ 3o} fAFsHA,
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St. 4~5)3} WolxIE(St. 22)9] F SN 9
e YeR 9] RE HHELS 0~1 Akl e
HAh sEZE Phel 79 24k 3H-0.06)S A<
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H2e Cuol 45 AAYE(164), Wolxak1.26), &4t
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Table 5. Classification of geoaccumulation index and the number of Igeo for the metal concentrations in surface

sediments around Ulsan Harbor

Igeo Igeo . . . . Number of Igeo

Range class Designation of sediment quality Fe Mn Cu Pb Zn Cd Cr As Hg
> 5 6 Very strongly polluted 0 0 0 0 0 0 0 0 0
4-5 5 Strongly/very strongly polluted 0 0 0 0 0 0 0 0 0
3-4 4 Strongly polluted 0 0 0 0 0 0 0 6 0
2-3 3 Moderately/strongly polluted 0 0 1 0 0 3 0 6 0
1-2 2 Moderately polluted 0 0 1 0 6 6 0 1 1
0-1 1 Practically unpolluted/moderately polluted 0 0 7 19 16 13 19 0 5
<0 0 Practically unpolluted 23 23 4 4 1 1 4 0 17
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