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SUMMARY

I. Tittle

Development of Marine Ecosystem Health Index (MEHI) in the special

management areas of the South Sea

II. Necessities and Objectives of the Study

1. Necessities of the Study

Coastal marine ecosystems continue to be under unrelenting pressures
from future population growth, increased development and climate change.
Its capacity for self-repair is losing with the increase of anthropogenic
production. What is the present health or condition of the coastal
ecosystem? What condition is serious if our coastal are unhealthy? With
these questions, US, Canada, and Australia are currently assessing coastal
ecosystem health by the systematic monitoring program and continuing to
identify and wundertake management actions to improve the health of
degraded coastal ecosystem. For evaluating marine environments we are
relying on only several items to estimate the water quality. In fact, we have
no idea for our coastal ecosystem health assessment because there are no
biologically specific criteria responding on the effects of various pollutants

Because the human uses of coastal areas vary widely, the resulting
stresses to coastal environments also vary. Diagnostic indicators used to
assess coastal marine health should be selected depending on the
characteristics of such pressures. In examining the relationships between
abiotic  stressors and biotic responses, indicators exhibiting clear
stress-responses would provide appropriate options. Marine life within
coastal habitats is divided into the plankton, nekton, and benthos, and the
scale and type of stress both vary with the different biological habitats,
which determines the direction of the biological responses. Thus, for the
valid assessment of coastal ecosystem health, we must consider aquatic,

benthic, and tidal zone ecosystems. We should then select ecosystem-specific
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indicators from physicochemical stressors and evaluate the subsequent
biological responses within each ecosystem. Furthermore, a set of practical
indicators should be generated by considering the characteristics and uses of
a local coastal area and the key issues at hand. The values of indicators
should be presented as indices that allow understanding by the general
public as well as by practitioners, policy makers, environmental managers
and other stakeholders.

2. Objectives of the Study

For the purpose of development of technical tools for assessing coastal
ecosystem health and practical service of the health information, this project
is currently driving a research goal to develop Marine Ecosystem Health
Index(MEHI) based on organizing, simplifying, and generalizing the holistic
data of marine ecosystem. Based on the previous study in Jinhae Bay and
Gwangyang Bay, health assessment indicators according to the relationships
between chemical pressures and biological responses were selected and
indicator criteria was also determined. Finally, the numerical expression tool
applying the selected indicator and the criteria was generated for the
integration of bay ecosystem health assessment. In this fiscal year, 2014, the
indicators selected and the criteria established for the ecosystem health
assessments of Busan coast and Ulsan Bay are revised to apply the
assessment technique previously developed in Jinhae Bay and Kwangyang

Bay during last 4 years.
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III. Contents and Scopes of the Study

1. Research Period

January 1, 2014 - December 31, 2014

2. Contents and Scopes of the Study

As a serial assessment of marine ecosystem health in the special
management areas, the coastal ecosystem components were monitored in
Busan coast and Ulsan Bay. Water environments focused on the
eutrophication and sediment environments on toxic organic compounds and
heavy metals were monitored to understand the environmental status by the
chemical pollutants. Community structures and population dynamics of
plankton and benthos were investigated at the same time, which was
intensely analyzed in the relationships with the chemical factors. For the
ecosystem health assessment in Busan coast and Ulsan Bay, the indicators
were selected on the relationships between the chemical pressures and the
biological responses. Finally, the health score integrated four divisions (water
quality, sediment quality, plankton, and benthos) was displayed. In the case
of Jinhae Bay, the annual health map was consecutively updated from 2010
to 2014 and provided the scientific information about unhealthy areas and

indicators in Jinhae Bay.

IV. Results

1. Water quality

The water quality index for Jinhae Bay, Busan and Ulsan areas was

determined as the following.

DO grade x0.33 + chlorophyll grade x0.33 + DIN grade x0.17 +
DIP grade x0.17
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Water quality index is classified into five grades. The first grade ranges
from 1.0 to 1.49, called "Excellent'. The second grade ranges from 1.50 to
249, called "Good". The third grade ranges from 2.50 to 3.49, called "Fair".
The fourth grade ranges from 3.50 to 4.49, called "Poor". The fifth grade
ranges from 4.50 to 5.0, called “Very poor".

The water quality around Busan coastal area showed a little seasonal
variation, with "Good" in spring, autumn, and winter and "Fair" in summer.

The water quality around Ulsan Bay showed no seasonal variation, with
"Good" during four seasons.

The water quality of Jinhae Bay showed a seasonal variation, with "Good"

in spring and winter and "Fair" in summer and autumn.

2. Plankton

The plankton health index (PHI) was used to assess the pollutant-related
marine ecological health of coastal areas in Korea during an initial survey
conducted from 2010 - 2012. Pollutants that were harmful to total
phytoplankton and which promoted algal blooms included inorganic
pollutants, and organic pollutants. The latter comprised heterotrophic bacteria
and Escherichia coli. Objective values and scoring criteria for four PHIs were
determined using statistical analysis (Z-score) and the guidelines of United
States Environmental Protection Agency, with five PHI grades assigned.

In the second survey period, from 2013 - 2015, the four PHIs were
widely applied at Jinhae Bay, Busan coast, and Ulsan Bay. In 2014, the
frequency of the fair and poor grades were 75% in Jinhae Bay (12/16 sites),
23% in Ulsan Bay (3/13 sites), and 12% in Busan coast (3/25 sites).
Comparison with 2013 data revealed improved marine health (fair — good)
in four sites in Jinhae Bay, five sites in Ulsan Bay, and 12 sites in Busan
coast. While improved ecological health of the coastal regions between 2013
and 2014 is indicated, the semi-enclosed Masan Bay region of Jinhae Bay,
Ulsan port in Ulsan Bay, and the Nakdong estuary/Pusan port in Busan
coast require sustainable management to aid the recovery of marine
ecological health. Jinhae Bay, Busan coast, and Ulsan Bay have different
geological characteristics, such as semi-enclosed type or estuary type. Jinhae

Bay, which is semi-enclosed, and Busan coast and Ulsan Bay influenced by
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port and river were particularly polluted in the vicinity of pollutant-enriched
urban and industrial areas. PHI grades in Jinhae Bay, Busan coast, and
Ulsan Bay can be useful in formulating pollutant management guidelines in
urban and industrial areas.
The objective value of PHI was verified by an analysis of the seasonal
and annual fluctuation of PHI in Jinhae Bay, and a bioassay conducted in a
mesocosm enclosure (1 ton). Heterotrophic bacteria displayed seasonal trends
(high in spring and summer, low in winter and autumn) and less
fluctuation annually. However, harmful algal blooms and total phytoplankton
appreciable fluctuated in 2013 and 2014 respectively. Further studies need to
consider complementary parameters to reduce the annual fluctuation. In the
bioassay, the threshold value (the nutrient concentration permitting 75% of
maximum growth rate) was similar between the mesocosm bioassay (6.37 N
uM) and microcosm bioassay (6.12 N uM) in the 2010 - 2012 survey. The
specific cells density of total phytoplankton and harmful algal bloom species
in the mesocosm was 2.2 x 10° cells L™ and 2.0 x 10° cells mL™ respectively,
which was very similar to the objective value determined as the 0 Z-score
in the same survey period. The chemical oxygen demand was 3.62 mg L’
in the mesocosm bioassay, and was also similar to the objective value of
3.77 mg L™
The adequacy of the indices and suitability of the objective value confirm

the suitability of PHI for use in the assessment of marine ecological health.

3. Sediment

To establish a database on toxic contaminants in Busan coastal area and
Ulsan Bay, sediment samples were collected in 2013 (common stations,
Busan: 25; Ulsan: 13) and 2014 (specific stations, Busan: 12; Ulsan: 19) were
analyzed for organic pollutants and heavy metals. Additionally, amphipod
(Monocorgphium acherusicum) toxicity tests were simultaneously conducted for
the same sediment samples. Based on the chemical data and sediment
quality guidelines, sediment quality index was derived for both bays.

Organic contaminants and heavy metals were widely distributed at both
regions. In Ulsan Bay, the contamination levels of PCBs, BTs and NP were

higher than those of Busan coastal area. In Busan, not only organic
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pollutants but heavy metal such as Pb, Zn, Cd, Cu and Hg also showed the
high level of concentrations in inner part of Busan, Gamchun and Dadaepo
harbors. It could be assumed that Busan Harbor is highly contaminated area
which is closely attributed to a lot of large vessels and ship-building
activities. In Ulsan, the relatively high levels of heavy metal and organic
pollutants were observed in the inner part of the bay and Onsan industrial
complex. Emerging contaminants, HBCDs and BTBPE (flame retardants),
were higher in Ulsan than in Busan, which seems to be related to the
development of petrochemical industry in Ulsan.

The contaminant data detected in two areas were compared with the
sediment quality guidelines (SQG) derived by Canada CCME, US NOAA
and Australia/New Zealand ANZECC. In Busan coastal area, 3~57 % of the
sites exceeded the low-SQGs of PAHSs, lindane, DDTs, dieldrin, endrin, PCBs
and TBT. TBT was the compound most frequently exceeding its low-SQGs
in 57% of the sites and high-SQGs in 22% of the sites, indicating that TBT
is the main chemical of concern in Busan coastal area. At most of stations
in Busan coastal area, heavy metals like Zn, Cr, Cu, Pb, As and Hg
frequently exceeded their low-SQGs. In Ulsan Bay, the site for PAHs, DDTs,
dieldrin frequency exceeding SQGs was a little limited than those of Busan
coastal area. The 16~25% of the sites were exceeding the low-SQGs of PCBs
and endrin. The concentrations of TBT were exceeding its low- and
high-SQGs of ANZECC in 91% and 34% of the sites, respectively. Heavy
metals exceeded all low-SQGs of CCME, NOAA and ANZECC and
exceeded the high-5QGs in 3~19% of sites. Comparing between the
contaminant data detected in two areas and the SQGs for heavy metals
recently provided by Korean government, Zn, Cu, Cd, As, Hg and Pb were
exceeding low-SQGs (TEL) in 3~97% of the sites, while Zn and Cu were
exceeding high-SQGs (PEL) in 8~19% of the sites.

In Busan and Ulsan the Amphipod mortality rate was in range of 0~33%
and 1.3~53%, respectively, and exceeding 20% of level in 2 stations of Busan
and 3 stations of Ulsan. Among 69 stations in both regions, three stations
were considered as ‘Toxic’, 2 stations as ’‘Toxic Potential’ and others as
"non-toxic’.

Comprehensive evaluation of contamination status of two areas was

conducted, applying to sediment quality index (SQI) of Canada. The SQI

— XXXi —



scores calculated from low-SQGs and PEL were in range of 18~100 and
54~100 for the Busan coastal area; and 25~100 and 71~100 for Ulsan Bay,
respectively. Inner parts of Busan harbor and Ulsan Bay were observed as
the regions of concern. TBT and heavy metals were the major concerned

target constituents in both regions.

4. Benthos

For the development of a marine benthic ecosystem health Index, seasonal
tield-works for sampling macrobenthic fauna were carried out at 54 stations (25
station in Busan coastal area and 13 station in Ulsan Bay, and 16 stations in Jinhae
Bay) and added hot spot stations at February 2014. Each infauna was classified and
assigned into each functional group by feeding types and life strategies based on the
literature data, and the benthic index at each station was calculated using the
benthic pollution index (BPI) using the percentage composition of functional groups.
We tried to use BPI as an assessment tool for macrofaunal community
health status by categorizing the BPI values into 5 grades. If the BPI value
of the community is more than 60, the health status of a macrobenthic
community will be assessed as ’Excellent’ (Grade 1) and as ‘Good’ (Grade
2), if between 40 and 60, as 'Fair’ (Grade 3), if between 30 and 40, as "Poor’
(Grade 4), if between 20 and 30, and finally the health status of a
community will be assessed as "Very Poor’ (Grade 5), if the BPI value is
less than 20. In Busan coastal area, 11 to 18 opportunistic species appeared during
study period, and Pdoydora figni was the most dominant species. The mean value
of BPI ranged from 48 to 57 in Busan coastal area. The overall benthic health
status was from "Excellent" to "Good" except at station 11 and 13. In Ulsan Bay, 11
to 19 opportunistic species appeared during study period, and Grrifama tentaculata
was the most dominant species. The mean value of BPI ranged from 53 to 62
in Ulsan Bay. An azoic condition with no fauna appeared at st. 3-1 in
February and st. 2 in August 2014. However, benthic health status was
estimated to be from "Excellent" to "Good" over than 80% of study sites seasons. In
Jinhae Bay, opportunistic fauna accounted for the most abundance of
macrofaunal community in all seasons. The mean values of BPI were very

low and ranged from 12 to 26 in Jinhae Bay. At some stations of Masan
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Bay, Haengam Bay and Gohyun Bay, an azoic condition with no fauna
appeared in summer due to the summer hypoxia, and at some sites an

azoic condition prolonged to autumn.

5. GIS mapping and statistical approaches

DB was implemented for the data observed in three bays including Jinhae
Bay, and GIS technical supports for the visualizing of data spatial
distribution were performed at 2nd stage of project. The amount of
monitored data are 14,305 and GIS thematic mapping amount are 646 maps
for three bays in 2013, 2014. Also, MEHI were developed in Busan coastal
area and Ulsan bay that selected new study area. In addition, 1st on-line
information system was constructed to take advantage of the results of
project MEHL

6. Ecosysten Health Intergration in 2014

In 2014, the ecosystem health assessment in Jinhae Bay displayed
relatively unhealthy status of grade IV from three hot spots of Masan Bay,
Haengam Bay and Gohyun Bay (health map in upper left). Comparing with
the result in 2013, the unhealthy status of grade IV in Gohyun Bay was
expanded. Although other areas except these hot spots were recorded the
fair graded health, the health condition needs to be evaluated regularly and
traced steadily. The annual health result from Busan coastal area in 2014
showed a hot spot of grade IV in Busan Namhang (Stn. 11) (health map in
bottom). In the case of Ulsan Bay, "Good" or "Fair" of grade II to III were

recorded over the whole area (health map in upper right).
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Bay health: eastern shore degrading, western shore improving

C‘. Upper Western Shore 2013
Moderately poor ecosystem health. Improved the most in overall Chesapeake
score and scored the best dissolved oxygen score. Over time this Bay Health:
region is showing a significantly improving trend.
- Patapsco and Back Rivers UpperBay C .

Very poor ecosystem health. Although overall health
improved, this continues to be the lowest ranked
region. Four out of the seven indicators had
failing scores. Over time this region is showing

a slightly improving trend.

Moderate ecosystem health. This area remained
steady in 2013 with small improvements
UppesrhWes\em C f in some indicators and small declines in
ore /\/ others. Over time this region is showing a
e . significantly improving trend

Patapsco and
B Lower Western Shore (MD) Back Rivers 3\ €] Upper  Upper Eastern Shore D)
astern
Poor ecosystem health. Failing scores for s}smgre Poor ecosystem health. Most indicators

showed a decline in scores with only
marginal improvements in benthic
community. Over time this region

Upper
Lower Western”_ 151
four out of seven indicators are leading Shore (MD) %
to continued poor health. Slight

improvements in benthic community

were offset by declines in total { G is showing a significantly declining
phosphorus. | K Choptank trend.
. c- Patuxent ) River )
.l: Patuxent River Potdhac River Choptank River C-f=
Poor ecosystem health. This River Moderately poor ecosystem health.
region remains steady in poor c Continued decreases in total
health. While some indicators Lower Eastern phosphorus and chlorophyll were
improved, other declined. This c- Stiore (Janglen offset by small improvements
region had one of the lowest in other indicators. Benthic
dissolved oxygen scores Rapp;:\‘/’i’r‘”“k community continues to be one
of the highest scoring indicators.
C-|= Potomac River :ﬁf:r Lower Eastern Shore =
Moderately poor ecosystem health (Tangier)
Continued improvement from a low Moderate ecosystem health. There
score in 2011. This region remains in were improvements in the total
the middle ranks of all regions with nitrogen and aquatic grasses scores.
average indicator scores. All other indicators declined.
C-|= Rappahannock River Mid Bay -
G James
Moderately poor ecosystem health. One River Poor ecosystem health. Most
of the only areas where water clarity indicator scores decreased, with
improved, but is still failing. Other indicators dissolved oxygen scoring the poorest
showed small improvements. of all regions. Over time this region is
showing a significantly declining trend.
B vork River Lower Bay [BIE
Poor ecosystem health. Continued Moderately good ecosystem health. Continues

improvements in total nitrogen, total phosphorus, to be the highest scoring region, especially for total
dissolved oxygen, and aquatic grasses has led to nitrogen and total phosphorus. Aquatic grasses and
an increase in the overall score. dissolved oxygen also improved.

C . James River  Elizabeth River -
Moderate ecosystem health. Second highest ranked with highest Poor ecosystem health. There were improvements in all
scores in dissolved oxygen, aquatic grasses, and chlorophyll. Over indicators. There is no benthic community score for 2013. Over
time this region is showing a significantly improving trend. time this region is showing a significantly improving trend.

Figure 2—-1-1. 2013 Chesapeake Bay Health Report
Card (www.ian.umces.edu).
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Cover crops

Reduce erosion and the
leaching of nutrients to
groundwater by
maintaining a vegetative

cover of cropland and

halding nutrients within the

root zone during the winter,

Riparian buffers
Significantly
reduce nutrient
and sediment
inputs to
waterways.

Animal manure
management
Lagoans, ponds, steel ar
concrete tanks, and

" storage sheds are used
# forthe treatment or storage
of waste,

Enhanced nutrient removal

Wastewater treatment plant

upgrades allow for the most

efficient nitrogen and

phosphorus removal

¥ processes before water s
discharged back into the system,

Septic upgrades

The replacement of

Stormwater
management
Includles rain
gardens, green
N roofs, biofiltration
systems, and
riparian buffers.

systerms with more
advanced systems that
have additional nitrogen
removal capabilities.

Figure 2-1-2. Best Management Practices (BMP) in Chesapeake Bay
(www.ian.umces.edu).
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2. =2 =R AMEfA A3 H7F A . Marine National
Park Sanctuary (MNPS) - ]amnager A7 Hrh

o AE WRo| 4TUFY Jamnagars A4l AAAd e} ko] 7
Foz sjAee Wy, 45, vhARe] A4zt st se) A
A BES QEWE W, WFY WYASHY BRI

Intergation & Application Network (UMCES, IAN)%} National Centre for
Sustainable Coastal Management (NCSCM)$} StEUVH-S F53t 10734
B A

o Jamnager 3| F=2 ZleiA= A dHAS EHstA o]E HFoR
13712 AejA 1734 B7F AxE 2T (Fig. 2-1-3).

With increased port development Used to cool power plants, seawater |  While banned, mangrove cutting The direct release of urban area
and subsequent deep-sea | discharged from an open system may affect or destruction makes the coast waste and sewage into
dredging activities, sediment may sea temperatures and pH, leading to more vulnerable to erosion and tributaries or the sea may cause

be deposited on corals. | mangrove death and a reduction in fisheries. destroys fish nursery habitat. an excess of nutrients and toxics.

: 3
i 5 ‘
?Win‘ﬁ.*m o

Unregulated coastal
development and illegal
mining can result in fewer

sea turtle nesting sites.

Evaporative salt pans discharge bittern,
(concentrated magnesium and potassium
salts) into the sea, potentially increasing

salinity in the groundwater and soil.

With an increasing number of Increasingly intensive fishing
ships and tankers at single pressure and increased bycatch
point moorings, there is an may lead to biodiversity loss
enhanced risk of oil spills. and fisheries declines.

Figure 2-1-3. Potential pressures affecting the MNPS Ecosystem
(www.ian.umces.edu).

o Jamnager H7he 30 AF (FEASF, AAFAF, AEGS
BAFE AEsta A dEles (s, BaER, viohah et AEA <
oL (AHHed, LHsE, dAsiE, sAAdEE)E FdskE 13709
XLL o ZIWksta AF. ob&e 7 XlEQ] ZI1EAE AP TESAHAR

£ EiE dAsta 5 (Fig. 2-14).
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Index Indicator Threshold Source

Water Quality Temperature =30°C*
‘ pH 6.5-8.5" CPCB
Turbidity 30 NTU ! CDA
Salinity 33 -39 ppt
Dissolved oxygen =4 ma/L' CPCB
Ammonia as N =1.2mgl’ CPCB
Fisheries Total catch mean = STDEV ® calculated
* Diversity % species landed/expected * calculated
By-catch % of total catch - targsted * calculated
Biodiversity Bird richness % observed/expected * ¥
? Corals Ratio livestotal (live + dead) * calculated
Seagrass % area observed/expected * %
Mangroves % area observed/expected * GEC
2012 GPCE data Insufficient data % 2007 GEER data
Jul 2012-Jun 2013 Fisheries ' Aug 2012-Mar 2013 GEER £ gource to be detenmined
Departmant data and Zoological Soc India data

Figure 2-1-4. Jamnager oA=& &2 MEH HZHd HWIHXNESX JIE
(www.ian.umces.edu).

o Jamnager 9ol AAA Bt AAE 449 FHo= Uro] AFA 6T

AZ 137) AZEY HHE £} o
& ol GRAFE
3.

ARG o7t dF

Marine National Park and Sanctuary-Jamnagar monitoring sectors N Grades

western Mnps [ 1slands Mes Central MNPS Q 10050%
Gulf of e o
0o s 1w 20km Kachchh
60-40%
© 2020%
Q@ 200%

Gulf of
Kachchh
210pygrsITY
S10pversiTY &
Q. R J
Okha @ .
Jamnagar ‘
e SlopversiTY
° Sikka
Positra
.
Salaya
WESTERN MNPS ISLANDS MNPS CENTRAL MNPS EASTERN MNPS

Figure 2-1-5. Ecosystem Health Reporting Card in Marine National Park
Santuary—Jamnager (www.ian.umces.edu).
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&3t EAsA T &Ef7]1 84 (dissolved organic carbon) FE& A A 2-H
A X(F)l A HTCO(high-temperature  catalytic ~ oxidation)  /NDIR
(non-dispersive  infrared gas analysis)®] HHOZ < FHRIISALEAT]
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128°25'E 128°30'E 128°35'E 128°40'E

Figure 4-1-1. Study areas and sampling stations in Jinhae Bay (a), Busan
coastal area (b) and Ulsan Bay (c).
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WHRE 20129717 65t vl #AS3 A5 ALHA ST HaFEY
HEkel, 622 uMe 71X 2 At &EF7EALE T2 4 5899 VE
< 9A A Foll, 4 T5 7Y T #HeE TS WUFATh JIEA
6.22 IM< 35859 72 & AU 25739 7IE2 311 uM(ZI€A - 7IE
A/2), 1559 71L& 0 uM(Z1FA] - 71FA), 4589 712 933 uM(71+A
+ 715X /2), 55732 712 124 iM(Z1EX + 71EX) o2 AU 157
0 uM HE 155 itM(15% 7% 255 7159 S8 7HA, 2552 156 uM
B 466 M58 7% 35w 7IEY FW)7HA, 35 E 2 4.67 iMTF-H
777 WMGBsH 7I€d 45T 7Y SAR)HA, 4552 778 uMF-E| 10.88
M@se 719 555 719 SXH)7HA, 555 1089 uM o]F o2 At

% TH(Table 4-1-1).
=771 oA 2007dFE 201213744

k|
h=]
Hol| #=3 HuFES H#el, 038 uM

A&
< VEAE Xéé}%lt} %i‘vﬂrﬂ(’d SFS 71FX9 038 pMS 3559 71FL
2 AP 2579 71E2 019 uM(ZI=A] - 71#A/2), 15859 71&2 0 1
M1EA - 71EA]), 4559 71+ 057 pM(ﬂ%i] + 71%X/2), 5552 7
0.72 uM(Z1=A] + 7]FA) 22 AAT 1552 0 uM F¥ 0.095 uM(1

= =4 + )
v 713 255 719 SAR)7HA, 2552 0.09 pM—rH 0.285 uM(25 3
= =9 5

71& 357 7= FF) A, 35 F 2 0286 utMF-H 0475 uM(35 3 7=
W 45w 71EY] SR MA, 455 0476 uMHF-E 0.665 iM(45H 713 5
53 71Fe TN 7IA, 55 FL 0666 M o2 A th(Table 4-1-1).
FE4 TES 20108 FE 2012@7kA] ek Fefrtol A #Z3 G54
A2E AFREFANA Zscore FOE TFS UFAL 15FS 128 g L

i

o] &}(Z-score #ol -1.3 PIRh, 25FL 1.29~256 ug L' (Z-score #Hol -13~
05), 35 HL 257~6.06 ng L' (Z-score #k°] -0.5~0.5), 4532 6.07~12.06 ng
L (Z-score ol 05~1.3), 5%5F< 1207 ug L' o] (Z-score ol 1.3 3o
2 A3l h(Table 4-1-1).

FEMLE AEY FFo TS vHA @S 5 mg LT
At o™, hypoxia FEIQ]l 2 mg L

I}E 157°0=
3l

, 25 ES 41



~50 mg L7, 359& 31~40 mg L7, 453& 21~3.0 mg L'o2 A qud
(Table 4-1-1).

Table 4-1-1. Five classification criteria for dissolved inorganic nitrogen,
dissolved inorganic phosphorus, chlorophyll-a, and dissolved oxygen.
oo FEX- PPN fa=x7)0] A2 S
(M) (M) (ug L) (mg L)
159 1.55 ©]s} 0.095 ©]3} 1.27 °]3s} 50 =%
259 1.56~4.66 0.096 ~0.285 1.29~2.56 41~5.0
359 4.67~7.77 0.286~0.475 2.57~6.06 3.1~4.0
45w 7.78~10.88 0.476 ~0.665 6.07~12.06 21~3.0
5549 10.89 o|4 0.666°] %+ 12.07 o] 2.0 °]3}
53 Af
4718 A AANAE AZEA AFeE UyHARY; (1) 9 RYEH; &
2R dzst 9 ) FFY FIFTFO o AYHA JFE e A P
Z, 3) %A HAFFo 5] BHAA FFL W= A k2 o] A7HA
IFe FAASE AFsEY BE FoF 29002 F§dy] g $UT
AEAE FAT DA, 9B §EMLS B7 3% HEAE FAT
SEFNA%0 e A 17%9) AEAE FAT gepd Aa)-FELA
$d AFE e Lol syt
L2242 THX033 + E§EALTF*033 + 272425 E%x017 +
S E2F7A5Fx0.17

TFAATE A me} 55502 ER7sttH(Table 4-1-2). 1552 1.07-F
1497+ A o] “Excellent"oll s]@E T 255 1.50FH 249712 0] "Good"ol
igEtt. 3552 2.50FF 3.497tA|°]™M 'Fair'ell sjFETE 45H 2 3.50%H
4.497+A o] “Poor"ol|l siFHTE 55w 4505 E 5.07HA°lH “Very poor"l
& FH .
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Table 4-1-2. Five classification criteria for water guality index.

537 AR el
159 1.0~1.49 Excellent
25w 1.50~2.49 Good
35w 2.50~3.49 Fair
45+ 3.50~4.49 Poor
5% 4.50~5.0 Very Poor

o
g

8 278 AH
g 7HH = A& AolMtt 35Fe BAA, G stralgelss 2%
H= WERT YA 5}10—:‘1011/‘1% led< Bt 571244 s 35H°] 5
M 7&’%, %%01 107H A 5‘31—301 107H AR, AEHd &&F7Ex0

L AL El oﬁfrﬂ oH—*rdﬂm °1:LoH9"aoﬂH 58< UERTh 20149 A
Lo FAFH AN A5 FEAFE 25F°] 1970 A, 3585l 671 A
Ho g, Hlald ¥53HGood) FH-& WEFATH(Fig. 4-1-2).

20143 B(5E)0l ZARE §E4AE BE FHAAM 155 S YEATH(Fig
4-1-3). 454 1570l 7]l 84, 255l 137] A, 355°l 571 B4, 45
ER =
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DO Chl-a

128°50' 128°55'E 128°0€ 129°5°E 129°10°E 128°50' 128°55'E 128°0€ 129°5'E 129°10°E

WQI
128°50'E 128°55'E 129°0'E 129°5'E 129°10'E

35°5'N 35°10'N

35°0'N

DIN DIP

128°50' 128°55'E 128°0€ 129°5°E 129°10° 128°50' 128°55'E 128°0€ 129°5'E 129°10°

Figure 4-1-2. Water quality index (WQI) around Busan coastal area during the
winter of 2014.
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DO Chl-a

128°50' 128°55'E 128°0€ 129°5'E 129°10°E 128°50' 128°55'E 128°0€ 129°5°E 129°10°E

WQI
128°50'E 128°55'E 129°0'E 129°5'E 129°10'E

35°5'N 35°10'N

35°0'N

DIN DIP

128°50' 128°55'E 128°0€ 129°5'E 129°10° 128°50' 128°55'E 128°0€ 129°5°E 129°10°

Figure 4-1-3. Water quality index (WQI) around Busan coastal area during the
spring of 2014.
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2014L:1 qE5@BE) AR &4k E 1530 2371 AAH, 2530 14 A
wol N BHeg, #
% ‘/‘rE‘r”‘E‘r(Flg 4-1-4

G
swaol 1170 ABH 0] 47
=

(i

20143 7FS(11Y€)0l A §&E4AE RE AHAAM 155FE UEG
(Fig. 4-1-5). dELE 15T°] 37 A% 1 137) AA, 35F°
oA UERA, o2 Hla] $o ST Ryt L2/ AaE

3f| &

N A, 4550 571 FA, 555°] 10/ A=, 04—‘17401] H]

_1_4()3_4
ol 2
o

oﬂ ox
—_

o

01” = fr ot ©
O>"

=]
2 Tue UEHH §&5F 7|0 2550l 570 AAH, 355°l 107 A, 4
sHol 1 BA, 55H°l /) AR, §EF7 1]‘/\ of Hsj @& sFS 2
Rew, AFH HeE E& TEe WEHT 2014d 7HSoll FAFEE] o
l 7%, 35 H° 87H Aoz, Aed =
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DO Chl-a

129°0°E 129°5°E 129*10'E 21 129°0°E 129°5'E 129*10'E

WQI
128°50'E 128°55'E 129°0'E 129°5'E 129°10'E

35°5'N 35°10'N

35°0'N

DIN DIP

128°55'E 129°0'E 129°5'E 129°0'E 129°5'E 129°10°

Figure 4-1-4. Water quality index (WQI) around Busan coastal area during the
summer of 2014.
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DO Chl-a

128°50' 128°55'E 128°0€ 129°5'E 129°10°E 128°50' 128°55'E 128°0€ 129°5°E 129°10°E

WQI
128°50'E 128°55'E 129°0'E 129°5'E 129°10'E

35°5'N 35°10'N

35°0'N

DIN DIP

128°50' 128°55'E 128°0€ 129°5'E 129°10° 128°50' 128°55'E 128°0€ 129°5°E 129°10°

Figure 4-1-5. Water quality index (WQI) around Busan coastal area during the
autumn of 2014.
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20149 AL2L)ddl ZAF

& uehit §2

oANM 155

wol 10 A, 555°] 1074
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g

A

=
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F7EA 2w

Kl
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Hlo
ol

e

=2 AZEn 20143

HA7 2

s

S

g =0 ¢

B
nj

2 YA,

Y2 3HGood) T2 & UEHTH(Fig. 4-1-6).

2014 =(5€9)

35H°l 3/ AA, 450l 3/ A

Fol ot srobzlth §ERIIAL

=N
[€)

3

ol H|

[}
=

5ea°l 77l A¥e=, A
3sw°l 27 AA, 455°] 3/ HH, 5

2]
v,

o=, §EF7Hd49)

wol 70 AA

=N
[€)

A= A H

Kl

w}

oA 5

25H°l 1178 84, 35w°

t}(Fig. 4-1-7).

270 Ao =2, vad %35 IHGood)

_32_



129°25'E

Figure 4-1-6. Water quality index (WQI) around Ulsan Bay during the winter
of 2014.
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129°25'E

Figure 4-1-7. Water quality index (WQI) around Ulsan Bay during the spring of
2014.
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20143 A E@BE)ol FARE E4kAE 1530 1271 ™ol 257 17
Ao Z, &2Hs A3t BE AHAA 155 YEFIthH(Fig. 4-1-8). A=
2 15w°] 1070 BA, 2550 270 A, 3550 I BHo=E, 4+ A
35 e UEHT &&F7dAae BE AHEAA 5555 UHEN, AFH
SEF7A L 3 2ol ARG AR eyt &E5F7|00% 45F°] 1
N AHola 55wl 127 BHoE §EFI ALY VAR, oEH &
7190 9% 2dx w9 AR AoE Ueyth AFHdE BE BA
N FFE el m AASHA Lottt 2014 oA Foll SAFFr s oA
&5 FAATE 2570 I BHolA 3Tl 4N AHOE, ¥ Y5
¢HGood) FHE UEATHFig. 4-1-8). AF5Ho BE AHAA FUE 240
AZSHA oA N AEEHIE diAde] dojuA L%y WEd FE&
Hluwz 453 Jej= S = AT

20143 7FE(112)0 AR £EdLE BE MM 15FS YEY
(Fig. 4-1-9). 954+ 15w°] 370 #A, 25w 770 A, 35+w°] 374 BA
o2 oFHd v i & TFE RAT §EFHAE 2530 4 A
A, 3570 3/ AAH, 557°] 6/ BHFO=E, qFH vl FFol 4IP3 *
ol &EF7IIE 15w Ul BA, 25w 570 BAH, 45w 10 ABAH,
558° 67 AHoR, EEF7AALet nVIAZ AFH M Tuol 4T
3] ol th 2014 ThEol AbFHE el #E3 FHAAFE 25F°] 10
N AA, 3570 3/ AHo=Z, ¥ud F353(Good) FHS eI TH(Fig
4-1-9). webA 20140 24 FHEAFAA BEI FEHE BE AlEAA A

WA FE3HGood) HHE UEIHT.
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129°25'E

Figure 4-1-8. Water quality index (WQI) around Ulsan Bay during the summer
of 2014.
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129°25'E

Figure 4-1-9. Water quality index (WQI) around Ullsan Bay during the autumn
of 2014.
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ufb, 20143 Rk SR

20149 ALRE)dd A §E440E ZE HAHNA 153 S YE th(Fig.
4-1-10). 54 1570l 1) AA, 2550l 571 AA, 35F°] 571 HH, 45
wol 37 AA, 555l 27) A2, vk} Pekutol A 4~55HS Kol o
Y o] dF4ol s A AstHEAT. FE=FTALas 1550 1271 A
A, 25w 270 B, 3585l Ul HA, 555 1 BHFOE, il 15
HOIRAA T, phabnt st gl A FolA SeEe B, AEHd st
e Tl EEFELT gEer fidHe Jom dAddHd. §EF7|Ud2

7(

wol 871 ARelal 35 gl 8/ HHew, Aed &7 T +4
S gAZ 53 Ao E et 20149 Aol MsigtelA #F3 +HA
T 1sw°l i AA, 255 137 AHF, 355 2 HAHo=, ¢33

© AAAA 155E EAT wol Pdutel] fAF FHoAR FLHA 5
Te Uele, olAL B dgnto g JIet o £EFIHALTF K
I e AL AANHET EE25F711L 1570l 671 AHela 257l 1070
BRor, Agd nla] TFo] 43 okt HA sl FFEl 9
& 292 A9 e AeE et 20149 woll JaRtelA #5352
Age 15w°l 8 AA, 255 70 B, 357 UVl oz, FIds] &
5 3HGood) =48-S YEFUTH(Fig. 4-1-11)
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Chl-a

WQI

128°25'E 128°30'E 128°35'E 128°40°E

Figure 4-1-10. Water quality index (WQI) in Masan Bay during the winter of
2014.
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Chl-a

WQI

128°25'E 128°30'E 128°35'E 128°40°E

Figure 4-1-11. Water quality index (WQI) in Masan Bay during the spring of
2014.
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20141 A E8Y)dl A §E4kAE 1530 o/l B, 3530l 571 BA,
of W} Sl 433 =oFHTH(Fig. 4-1-12).
5o AFst AstAl dold, EF0A

o
e
AZoR dagdo] Aasilr] Mot 454s 1ew°l 41 44, 255
o] 370 AH, 35Hol 47] AA, 4550l ) Mo, Yt 455E H
o, dFHAE o] Y ol AF2ol s AA <fsHUT. FEFVIAL
= 25w°l Ul AA, 35d°] 41 BH, 4550l 3/ A4, 555°] 8/ A
o2, vhibvtat Figtel M 55Ee KA, 5l viakvtd ddvro = g
Be o £EF7EA7E #YHL i §EF7IAE 35Hel 7 A, 45
"ol 478 B, 55l 57/ Ao, §EFAa0t VAR vhakntst 3§
ARt A 55FE Hof, o FHol vttt FUwrom v @2 o] §EF

FAAFE 2570

2014 7He(119)ol 2ARRE §&EAAE BEE AAANA 158E dERG
(Fig. 4-1-13). dE4+= 1550l 271 AA, 255 270 AA, 355°] 871 HH,
4550l 4 AFo=E, PATolA 455 Ko, 7tSHAE o] Y FHo]
FELC Y A A4stEJT. EEFVIELE 25850 3 AAH, 355 5
N 84, 45w°] 271 BA, 6550l 8/ AHow, vpibika} vt 555
< Ho, 7MeFoE vtk gETto® ujg @ o] §EFIHALIF F
AHL do EEF7IE 255l UK AAH, 3550l 270 BH, 4550 470
AH, 5550l 9 BHo=, wiaknta} dokubiEvt ofye}; MFRtl = 555
< 3 | AZgt
7
%!

B} ThFig. 4-1-13).
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WQI

128°25'E 128°30'E 128°35'E

Figure 4-1-12. Water quality index (WQI) in Masan Bay during the summer of
2014.
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Chl-a

WQI

128°25'E 128°30'E 128°35'E

DIP

Figure 4-1-13. Water quality index (WQI) in Masan Bay during the autumn of
2014.
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o
T e de 3357 AT HCOD)S HAEE Friso] gor}, ol
7 Ho S

T ARk WS AAdsky] ARk e 2oy FoAdo] AlkEY S
SHFAENA FE Hrhe dEAd ddede] 2Ade MAE i obyEt
FAES T 7le B 9% AdE AHSH dHAA Frtd ¢ Ao
AT NFEA AR dFe v F A= FrAEo dd g

=3
o
ol
o
2
£
U
e
B
~
(@]
—_
‘P
N
(@]
—
N
rV’
re
-
=2
2
o
o2
=
_ﬂ
Y
ol
d
=
1o
ok

it o2 4
ER

AARste], AFHOE ZAARE AT 9 THdste e AA3A
Z3IATh 194 Ja| g FfgolAe] 29

D ol P ot oo 2
ox Mt o ox i of

il

K3

] SA4& 7Nt g 3 7

=9 AXE A} A, FrIeddd T Hrles A=EdaE T

Aot FelF548 2=F%ZE (HABs, harmful algal bloom species) o=,

712 @ o Hrt= FE5G S EIElol (HB, heterotrophic bacteria)9} o %

o (E col)°] AABHAT (Fig. 4-2-1). AR H 4712 AxQ 7|EX 9 Ao
3 i

o
(Table 4-2-1). 2TA A7 (2013-15)0l A= Xafivbg E§ste], Fibafiq 3 &4
oz ARG S FASAT HaTelA AEH BHAE AFE Ag/A
Fhx FEE, AH, AEE Aol KBy, (& FYUEH SR AR

(annual report)E AE38t7] A AL =AE FIEHAT. FAdsig R 4t
Sd 3 g

(

tre 2000@ % o]F EMTAY Hoz A FATFAMAL Y3k ThoFst
AL Ao, G54 HEdelN FEHE f-7] odEd B W oy
g AN AYFVOZRY FUHE AR o8] AF HBEFAES
W 8 olgEAle]l RAHL Utk weld Asjuta ofgd Pas|dd 2
ARk A f-F7] LEE did EFAESY S AT AHY dE € RS
Ste= A A T3t} oo B AFoA = n, Batsly, 4| Y-S
ddo=E 1A A AFE A& thek A3 2AAFd HQ3k 7|EX9 A
E 9 RRAR A4S AEsel, 6 AuA AZA5d FRna s
1) 12H A28 NEE(AMSEZIE & A2, HABs, HB)Z S&ol0 Z-scorelll 2st &8 2LYS
E HIgo=Zz 58222 USRI, Z-scorel 00l oiEol= g2 JIEX=Z2 &d6I¥ 1D, gtel A,
S ¢S S3F6IUS; 153(<-1.25: 16%), 2532 (-1.25 ~ -0.5: 15%), 352 (-0.5 ~ +0.5:
38%), 452 (+0.5 ~ +1.25: 15%), 553 (>+1.25: 15%)
2) W&EIZ=(Ecoie X2t HAHE2 UEIWX 20t 0l=22 EPA J|E(threshold value: 225 cfu
=

/100mL) 1 SHYRDAN(FR =EHLR) M 2011-3445 =g SASZSIIEY JIEX L S=2
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1231 (2010-12)_Z10H, 3

>(nr ) )5 "E >

EECETSIEE

22 H (2013-13)_TI0H, S &, S

Figure 4-2-1. Summary of selected indicators based on the planktonic
organisms and the process of 1% step (2010-12) and 2" step (2013-15).

Table 4-2-1. Scoring criteria for plankton organism index (total phytoplankton,
HABs, HB and E£.co/) based on data from 2010 to 2012 in Gwangyang and
Jinhae bays.

- Total
53 HABs HB E.coli
- = Phytoplankton 1 1 1
Gz (cells 1) (cells L7) (cells mL™) (colony L™)
1 <1.7X10° <1.5X10° <9.0X10° <2.0X10
) >1.7X10°, >1.5X10°, >9.0X10°, >2.0X10,
<5.5X10° <1.1X10* <1.5X10° <2.0X10?
3 >5.5X10°, >1.1X10%, >1.5X10°, >2.0X10?,
<2.4X10° <1.3X10° <2.7X10° <1.0X10°
A >2.4X10°, >1.3X10°, >2.7X10°, >1.0X10°,
<8.0X10° <9.6X10° <4.4X10° <2.0X10°
5 >8.0X10° >9.6X10° >4.4X10° >2.0X10°
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BHANE AERIEZSZIE & /WA4, HABs, HB, I3 d5)2 dFZAE,
e gkol A 123A(237] AH)E FAHEY T 1643, Fas oA J&574 s+
ME3 AR 27 E (I 7tA F 2570 A, AN B E
71 &2 3ok stRAA F 137 AAAA A, EA4, s, FA ZAE T
R Sas

7S 4 - FFFE 200 ym meshZ FEZTHIES

= 0.2um membrane filter2 40-100 mL2] 3[4
M Petrifilm(Z.coli/ Coliform Count Plate)ol] HZF3stRth. 1 & 3559 3
G710l 484X W AT & A4 JHAFE AFTTH FAlO ARRIS FFE
o= MAH3g 50 mLY Tube (Cornical tube, SPL,
L 93, SFEHELHs0lE (HFTFE 1%)=E A3t
S 02 um AR AHH
NEE 2 & Aot A 051 mL)= FH3l AHF
DAPI (4 ,6-diamidino-2-phenylindole)2 583t  AAste  FFHuH
(Axioplane, Zeiss)© &2 1,0008] 3stollA 7 L AFsidtt. 24 MEFS d99
fieldoll A & AlZ57F 40070 ol HEF A<sta St
AAANA A S FES SAtsted F dbElg ot AEFS AFESIAT
(Porter and Feig, 1980). Chl. a&% ZHE 984 E3F 300-1000 mL(A A
metA OF)E AdelAl GF/FEE (47mm Whatman glass fiber filters)® o] 3}
i, I FEE= 15 mL FEA Yo AV ¥s BAdd & ARAE
90% acetoneol] 2 24AIZF WA BEALE FEF T FFZH7](Turner

Designs 10-AU Fluorometer) = 23} T (Parsons et al. 1984).



ol
o

g ot o] A&t 1914 55FoE YERAUT
(HEZdIE oF + HABs & + HB & + &+ &) / 4
12345 S3(8F)

o RAAE AE A5 WEY 24

2 AFY AZAZATY 71X = 19A4(2010-121d) K39k geFvte A A
AHE 2AE FHAHRE Z-score TAHS o] &3t AASIATE ol W
2 ARAARE "o E FaFo] HAAQ] VEXZA GEE F Je FH
Ao, A& dataZ} FHE Wt Z|EX 7 dF WAL F e THE
ot olol AEAHQ AAAES #HEE I IEAY HsHdES EUEHHSE
AL WA Qsit mEkA 1, 2848 TE AEHoZ dFXRAIL 73
B ATrs gidoz 201337 20143 EHFAEIAIE FAHEHANS W EHA
E AE A7t ofEA WMEHEA I FolE fosta, & VA A4
A&

2t =3 H A A Bl Al (mesocosm) ol A1 &) A =778 A 3 (bioassay)

FRrlE Axe A5e fdl 194 A534(2010-12) 914 € 1L 1%
of B=HALY (o138 bicassay) 232t Hlu Bl AAFE sl7] AsiA lton
T2 TZH B e) A (213} mesocosm)oll A bioassay =33 Th thaFg A&t
RO A 2] bioassay 2S5 HIw 3 of=z] WA HAAYEANA AAAY
A A ANA Doy e AdstaA skt

St e riede] daAlAdT4a pierdlAl FHMTE 671 mesocosm
(Iton)°oll F4 +, 124 ZF AR 8EAT. o] F FYFH < Table 4-2-23 o] 5

HAE 243t mesocosmoll FUASALL, HAEF AEY] HIES 11002
gEAT. d4FE L Sodium nitrate (NaNOs;, Wako, Japan), 14t 2 Sodium
dihydrogenphosphate dihydrate (NaH,PO42H,O, Wako, Japan)= ©]-&3}<,
Y w25 =dsidn. A, PlEESE, E9HERE F/10 medium -

T 7]Fol 2F0o] BE mesocosmO FYUIFAT
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Table 4-2-2. The concentrations of N, P treatment in mesocosm.

Treatment concentration (uM)
1 5 10 20 50
1.0 2.0 5.0

o)
©
—_
e}
a1

& (COD, chemical oxygen
o
=

A Lo, HFAEA E}

Weyste] ZAME vE glo], ©]ol mesocosm bioassays F3l SHEZDS F¢
of W2 COD ¥x9 W3ale dolsly, FZoMe AL 754 wots) 1
UTh FHEEZIAET FEHISHH s A=A $AT WHer
Ptk COD A4S |$AEE NaOHZ golelslste] ZatsiAel =%
A EES BE v AR THE WAL, 89 ‘:i}%}%ﬂ} Faks 2
gl= ol doldes AL FA o3 F/]% fore goriE A
Fe AR (Bl FTAHE 1998). EUEE S md 09:000] F 1493 3
= AT

3. d7AT 8 B

7h sk A A3

Qs A AEEFAEY HF MAFE FALG #4 05 x 10° cells L7,

A 0.7 x 10° cells L7, 34 1.0 x 10° cells L?, A 714 =3 5A 9 =
Aol 74 YT (Fig. 4-2-2). FAAE s £ (AH 5, )9 42 24

x 10° cells L'(AH 5), 31 x 10° cells L’ (xm )= E2 MATE EHoY,
ZFdfG(A"A 25)dAE 01 x 10° cells L' 02 HFshA 5ol Hla) 108 @&
MA+E HERSIT. SA ¢ %—74] ol mhakek YZoA 25 x 10° cells L
(A, BH 1), 21 x 10° cells L' (24, B4 2)02 AA3 =& MAFS
BEoy, 19 AFHAAE 1.0 x 10° cells L' olste] dxS Vet 3t
Als vttt =3 23), 1@HHA 19), +><46L(x4;<4 5914 1.3 x 10°
cells L o]0z HAAAFY 28] ¥ AAFE Uehdnh. dsivte] A&
EFHFAE NMAFe] Bxe Ald wet sgEE AR & 5SS Bion,
TG &Lt AAAA G, RGN =4 Yetve =3t 54

o

l‘l
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Fali54 AEMHABs)S dHAC 7HE =L HIMAF 2= (1.8 x 10°
cells LYE BJa, FA 713 @& FoAAF 4= (09 x 10° cells LS
et AT A9 FA1= 1.0 x 10° cells L' 2.2 4418 HAMAFE 2Ach
(Fig. 4-2-2). 7} =& H@NASs D=E Rl sAldE vkt A2 (B4
1-6)°ll A Karenia spp., LAY A+ (A 18-20)91 A4 Prorocentrum spp.,7F 3
skl UEelwta, I 9] siYgolX = Pseudo-nitzchia spp./t 2 QEE HIATH
SANE 7 e FFMAFE B oy, vk AUE (A DedME =
AZZEN A 7HE =e 8.6 x 10° cells L' O 2 #Z=E 93, Heterocapsa triquetra
=0

F499 vt golHB)E A0 B 52 x 10° cells mL' &2 AA3] &
o HAG xS BHA, &4 25 x 10° cells mLY), FA (24 x 10° cells
mL"), 54 (21 x 10° cells mLY) 9] &#AZ HFMAGFY =S Jehf ot
(Fig. 4-2-2). dHAIIE S)sl4ske] mEo] B3] Yojubs Fd 84 12 x
10° cells mL' o2 WA BE3¢ 3, vhabet HuUS (34 1-2) oA 143 x 10°
cells mL™ o9 E& MAF LEE Jetl Atk A FACE v, 2
S, FatolA 2.0 x 10° cells mL” o] 49 & HB ¥x7t #=29Aa, 5
Gl (A 24-26)2 Aoz e A UEE YT Ao s
AL AL 2 A- HBY MAFE TSl v, a5 mdto]
galA kol SAdel AR Wnk(eiabgt, WEEh A F)elA = AT
LHERA AT

WA (E coll) 7+ A Ralivt AA AAoA #ASHAL, B WA

tlo o A
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Figure 4-2-2. Seasonal changes of total phytoplankton, HABs and HB in Jinhae
Bay 2014.
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128°25'E 128°30'E 128°35'E 128°40'E

35°0'N 35°5'N 35°10'N 35°15'N

34°55'N

L1

Figure 4-2-3. Seasonal changes of E. coli in Jinhae
Bay, 2014.

2014 Rsgro A EFAERZ] EXEAHLS 5o wdko] YT}
S He "o Yo duldez vty vkE g ynloln o
Ba7l 8 Yoy w2 MAFL=Er 32d AL 4 F AT o
ogE BEx 5L 2013 2AEAHS} FASIH oW, AAE AAS B e
2}ol S YEFNRITE 2013 Al AE SAlol T 2.0 x 10° cells L' 082 &
Z5gol, B 2AAY A B MASFE 0.7 x 10° cells L' 2 A3
3 YEhgth o33k xtols 5YF AAYo s Bt e FgE e Halako]
ZAA 710 et g5 4 S AASIE, ol gl AolE Restr] A4
2l RYEFo] Rt=A] g ojof & oz FAE AT

l
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ARE & AEEFAE NAFE A BF 15 x 10° cells L'Z A 3]
=7 Yekhga, A4 (0.5 x 10° cells L), &4 (0.2 x 10° cells L), 34 (0.1
cells L0 urEP;m (Fig 4-2-4) A oA slAo] F AEZHIE

=2 = g (A 10-23)04 YEFR o,
T HEZHAEY 7H7<ﬂ‘r7} o Er = Holen, g&4 shyoll AT 4
A 23 (44 x 10° cells LNYolA 7Fd & AASF7E #=HAT £3F 3HA 9
A e (H 1023)9 B MAF 22 x 10° cells L= DA
MAFES =4 detwon, & AddA yebd BdiAdls 2o A
208 =2 EAS HAT 53 2HEZFF, Chaetoceros spp.(TFE7F)7F A
oA B 66% 2 FFst, sHAld e r & FH=EEGIAE
Al d=o 7104'0‘}93‘:}.

HABs®| H@MAsE 34 (03 x 10° cells L) > &7 (02 x 10° cells
LY > 34 (02 x 10° cells L") > &A (0.1 x 10° cells L")9] <=M =2 e
ot (Fig. 4-24). H2F Fag7 (F4kg, gl A 574]54 Al
Heterocapsa spp.8] A2 o2 2 /MAFE HIH. A FAtslg WS
Ao M= Pseudo-nitzchia spp., FAFNS YFAAANAE  Cochlodinium
polykrikoides’} 58 HABs 2.2 Ve 53] sHAld FA4tsde] E% 3

HAHA 19X = Cochlodinium polykrikoies®] =& NAT WE7F #SFH,
oot AAl sl LAY HE=AE(C polykrikoies)©] F-Akal G7kA &4k
Hoj et Aoz At

HBS H#dEE A9 shACl 27 25 x 10° cells mL”, 24 x 10° cells
mL' 2 FA (FT:11 x 10° cells mL et A4 (B 1.6 x 10° cells mL") =
O AdFor w2 MAls 2E=E UEMWAR (Fig 4-2-4). si9E £3F 54
2 frIEEY Wb w2 9E A skl AR sl (A 10-23)3%
CEo] sl wgho] ARl 74k Adwt WS84 24-25)04 Aoz o=z
= UES T

=

—

(%]
N T
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Figure 4-2-4. Seasonal changes of total phytoplankton, HABs and HB in Busan
coastal area, 2014.

WA (E col) S5 SHAl 237 BAAA #AZFHo (92%), M =&
HEE B, g MAFE 283 cells L'CZ 74 &9k} (Fig, 4-2-5).
oz FA9 FAN 2zt HF 70 cells L7, 64 cells L', 02 #=H At}
% E coli B EROZ sHAE 4S5 Ao FEAATHARY =

E&iou} FA FANE 34 A2 YEH JATEY L %
E4E et olafdt AgoA, Faksde G52k sty 5o
%‘%k—% Wol, e @& Fdo] stAll JFHL U
A 5 A2 (A 19) oA A&HHow
coli & ¥3x7} 3&% H Re= 4%%@

o o o w

o
ty of rlo o A 1R do

nllo
kv
o
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Wy e

B HTE FHCE AT USA HAHOE He ST B, 55
Aol =g B v ohie, Fo Gu BT, AAAAALA A, F
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Figure 4-2-5. Seasonal changes of E. coli in Busan coastal area, 2014.

d

ok 24 2AF A3

ZF NEZSFIE JF MAFE 34 (03 x 10° cells L) > &4 (02 x 10°
cells L") > 34 (02 x 10° cells L") > &4 (0.1 x 10° cells L") 9] X2
o WAlF BEE BRI (Fig. 4-2-6), FAlG sjnte] nla] @A) e

=]
9
e BEAT Y HREFAE BxoA HEF £4T A2
=

x 10° cells L' 714 Ho WEZ Bt 3] 84 " d= ("A
1-5)o A= Scenedesmus spp., Ocillatoria spp., Microsystis spp. 52l
ZFY 27 MAs7E dS5ERNeH, AH 50A vEbd oA
MAG WEE Microsystis spp.7t 0.8 x 10° cells L' 2 &7 #=5
Aitolty, Ao g 4Rt F HEZHIAEY NMAlFs T4t
ol Wil dA3] ko, stAC G =RH FAd
=2 BEo] FolHo=w YERT

HABs®| H# 7NA 4= FA) 02 x 10° cells L7, EA Al 01 x 10°
cells L'2 27} Yebta, B4 Ho HABs MAGE o2 Ao nls) A

3l g JMAFE UErAY. FA o UEhd 8 HABsv HSH} I (BA
1-4)o A= Ceatium spp., Prorocentrum spp.s9 SFHREZFRIF G s =
A yUetgtey, I 9 sigelie=  Pseudonitzchia spp.7t H3tA T (Fig.

4-2-6). 3tA = Cocchlodinium polykrikoides¥} Pseudo-nitzchia spp.7t T2 43
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=i, 53 C polykiikoides’t B3 L3 GollAE Foidoz =2 H
YER AT ol 20143 stANE H=EAE C polykrikoides7} &3l kol
7MA F8 AL gebd 4 QTh
HBE &lAldl H 25 x 10° cells mL'C.2 714 =2 AASTES BY1, H
317 &7 (AA 1-5) oA 34 x 10° cells mL' o] && AAF BES
UERA AT} (Fig. 4-2-6). A2l HB Ho 7/MASE 2.3 x 10° cells mL" 0],
A otE 2l 24k Ho)Z< AH 138 AT HAA sGelA 1.9 x 10°
cells mL? o|og 3124 B3xdE EAS BYgt. 249 549 HB H+
F2+ 1.9 x 10° cells mL™, 1.4 x 10° cells mL™ o|™, B33 2 (A
AUFoz =2 MAS 2= E YeRIT 2302 HB /A

>
offt
e

& 1-5)<>ﬂA
T H3PE dZA oA dF FHAcRE 52 UEE B, HIHFCZRE
o] f71dEZE fFYol HBY /MAF dxo] FFE FUS A2 AdHA

= A0 Mg = BT AAS (654 cells L)E #ZEH
i, 2 %o w2 EXNE (127 2APEACAA #5HE)E Zilon, 53 HI
7 AZAA 159 HF MASFTF 1,140 cells L'e2 A3 =4 Jehut
(Fig. 4-2-7). 3HA|®] E cdi = 100%°] 2XH=E HYou, F& AAFE (212
cells L2 #ZF 0o, A W) 36 @A debdeh EAe FA E ali 9
By 22 g7 A TR, HF MASFE 22 105 cells LY
177cells L™ %ot

AR EuTe FRAEALE R29EI USHE $ 4

o8 Gao] = 7
0% BEHY, S5 AEFOLIE F2H K410 572920 1B
E i A% Bxe] 932 wxs oz BrEgn. =8

S4719e] f7] 29 Fo] Sk )
37 99102 A89 5 AL Ho
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Figure 4-2-6. Seasonal changes of total phytoplankton, HABs and HB in Ulsan
Bay, 2014.
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Figure 4-2-7. Seasonal changes of E. coli in Ulsan Bay,
2014.
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Figure 4-2-8. Results in scoring of total phytoplankton, HABs, HB, and
E.colf in Jinhae Bay, 2014.

Figure 4-2-9. Results in integrated scoring for total phytoplankton,
HABs, HB, and E&.coli in Jinhae Bay, 2013(upper) and 2014(lower).
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Figure 4-2-10. Results in scoring of total phytoplankton, HABs, HB, and E£.co/i in
Busan coastal area, 2014.

FAarel o] 20133 20149 FRAE FHATE G5, FIAANA S
AE THOE FZo=z FF°] YmA(Fair & Poor) YEMY, AWz o=
FHT AFEZAH AolE el 2013 d 3 2014137 HlwolA EAol HB
o & MAF dxo & 3579 HITo] dHHLE & 5AHS AL
A, 293 fARRE Ao ® HUFEAT (Fig. 4-2-11).

Figure 4-2—-11. Results in integrated scoring for total phytoplankton, HABs, HB, and
E.coli in Busan coastal area, 2013(upper) and 2014(lower).
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Total Phytoplankton HAB HB Ecolf

Figure 4-2-12. Results in scoring of total phytoplankton, HABs, HB, and
E.colf in Ulsan Bay, 2014.

Figure 4-2-13. Results in integrated scoring for total phytoplankton,
HABs, HB, and £.co/i in Ulsan Bay, 2013(upper) and 2014(lower).

_62_



Figure 4-2-14. Results in seasonal integrated scoring for total
phytoplankton, HABs, HB, and E.co// in Jinahe, Busan and Ulsan
Bay, 2014.

T AEEFAEY MAlFs A A w1, FAC FA e A
AA AFE Uegol, A FAE uFE 35w olsh, &A% s}ﬂlL 4
H# o149 W=7l &9kt (Figure 4-2-15a). SolH o2 201430l FA9 3}

Aol ddoz o F AEEHIAES NMAFTE R, 201499 T50l %
o2 A H7F 2 F IS AAEIH.

HABs 7Hiﬂ—’?—b— FT AEEHIES FAEHA EAIL Al dUdeR =
2 NMATE Hole A-AE EAS et 53], =49 A= =2 A
2= y_o]t— EAS BPT, 201395 EolHow ZAL ZFA

o}-}h

filo

Pseudo-niztchia spp.8 "i-¢ & /WA4 "=ol| s HABs® Tw°l 45 &
o2 YERT 3 gZ2 ERAE AR HlEt A9 AHE=R
HABst A4A 9 & HAE 2y Aoz A=t} (Fig. 4-2-15b).
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Figure 4-2-15. Seasonal and annual variation
of plankton indices in Jinhae Bay (2010-14).

vt 3 # 20| AY B Al (mesocosm) ol A 2] A&7 7 4 F (bioassay)

1A ZA7171(2010-12) 0 5383+ microcosm bioassay @A Al &&
FaE2 % /NAF+= in vivo fluorescence (FSU)E SA3dt] YEFRAL, 20
A ZAZIZE] 33 mesocosm AT AL} o] E Hlwst] HEEZSA GG

ﬂl

50%° MFEE FYE FEE ALFSIA T mesocosm bioassay 23 G YA
TR} ES4E AEZIYHIE F NMAIFY F43% HelE BRYy, dIES
TR X2 dEzF= BEUHHO AHKEFE HA AF EE7F PolA
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o] F3+ mesocosm bioassayoll Aol A4 FE& 637 yME H7HEAD
microcosm bioassay ol 41| 6.12 uM3} FAFSA] L ERS T

Mesocosm bioassay Microcosm bioassay
2 1.8+ —
: L ] —— 1.64 ‘a}
101 e ° 14. e M
Tul | mwaze il waws
:"3 Wy 10 . "
-] / d.a el
gnn E 0s(8
£ 04 g 064
® il I.13x S o4f|
0.27 6 3? M r ;#i) 9 r =094 | A3X R=098
| p 2.56+x 02 Tx+229)
O e S B R P

Nitrogen 2 AHIZE [« M)
75% Mesocosm Microcosm
JZE 6.37 8.12

Figure 4-2-16. The specific growth rate of the total phytoplankton.
the red lines indicate Ks and the threshold value, which is 75% of
the maximum growth rate; meosocosm (left), microcosm (right).

3184 4kA 8 F-7F(COD, chemical oxygen demand)w ¥WHA S
I AR EZA -850}, mesocosm bioassayZd o} A AIRE
= AXE 7IEA 9 BHEA= sty dd =AeAH. A,
Frke] ZAE7(2010-129)0 A COD T55 FHAYEARES] 7|EX A%
of &8 FYU3 TAYHR Z-scoreE &3t FUHS FIIEAH (V]
2); 3.77 mg L") (Fig. 4-2-17). MesocosmollA A4t AAFt 637 uMeoll F3}
E COD 559 #< 362 mg L'2 3, sFoute] dgzAto A Z-score 7]
#X 377 mg L9} FAE g& JERAT (Fig. 4-2-18). & A EfA
A7t @A dojue A4S F WSt dte A AR HE
= AT

i l‘-lN oL

O
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0.6

054 = n=506
: i 3.77 Min.; 0.7, Max.; 9.22
Mean; 3.77, SD; 1.63

Density

Z-score of COD

Figure 4-2-17. Z-score of COD in Jinhae and
Gwangyang Bay, Korea (2010-12).

Ay

[e)

T EEZAE /NAF = mesocosm biocassayoll Al 128 o2 HAA A <l

AAs FYU BANA AEZFIAEY AAo] oDA WIsiH, tEo A
AE FFLe AR N AESIFAEY MAFT @RARY 71EX
dut ztolE Hole=A AFstaA stk A4 637 uMell siEsks 4
BEZIE NAFE AT 23 22 x 10° cells L'ZE AR 7|&2] &
T(1.2 x 10° cells LY 2ot E3ko}, 353 B9 (05 ~ 24 x 10° cells LY
of £&=o AAH (Fig. 4-2-18)
TEHIFHEYoIHB)= F7ILHE] AERE &I, FU9YEe |
T AEFHIE =3, FQ FUIHAEE FHE 7192 7 AT wEA H4)
AejAll A 4% COD2F HB ¥ Chla (AEZHIAE] HEFS HIIS=
ARt W) E A A 43 A3, CODS HB /A7 & F(+) 9 4
AAA (p < 0001, R> = 0.735)2 R, CODS Chlas %(+)e ABaAA (p
< 0.05, R® = 0.237)2 YERHAT (Fig. 4-2-19). 4t 637 uMoll sigsts =
&g o whg|glo} MAFE A4 A7 21 x 10° cells mL'E 19A 4 2A
3

3t 713 (2.0 x 10° cells mL™)9} AR 38 UERIRIT (Fig. 4-2-18).
olg gt HAAENA] AHAr}t BFdRol|, AEZFIAES] MAS2L HB A
T FRAES ol &3 YA AAHS Hriske ARE SRS &
E7t5d AR AGHIT. oy 1942010 - 12d) F&FT, X3R4
Z-score 7129 EfFAdo] AFHAS ¥ vk ofye, 294 (2013 - 159) F
Ab, SRR A g @A Ao e THH R HUL b F Bl R
F7HE AT REE, 5 A FO| HAAZ| ] mtE w2 HAE Bl w5
AH(FT, W, TP EA wE) #EHe @A rEA 2 FHIE
olof & Ao=w AZHET EH, &

=~ h =
Sagels (s, B, B4, SAS FHHoT wstr] 9lshel,



20159714 BFEAARE FRF T, T RAAFE HEs, 9
gHolq BgHOR WY & 9t J1Ee EAH o ARG Aot
COD

4
==
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S5 UHHIZI0 MEEZIE M=
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| i 4=
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e I e e
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1.5 pESS IER ==
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Figure 4-2-18. Specific values of COD, HB, and total phytoplankton in
red dotted line indicate the objective values

from field survey, blue dotted line indicate the specific value in threshold

the mesocosm bioassay;

value (6.37 N uM).

Nitrate concentrations (uM)

HB by COD (R* = 0,735)

HB (x10° cells mL™")

Chiorophyll a (ug L")

(] H] 10

COD (mg L™}

12

£ 1]

Chla by COD (R® = 0.237)

e et

[

4 ] 3

COD(mg L")

[ ® Acive = Model

Conf, imterval (Mean 95%)

Conf. imerval (Obs, 25%) J

Figure 4-2-19. linear correlation with HB by COD(left), and Chl.a
by COD (right) from mesocosm bioassay.
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Figure 4-3-1. Survey locations for surface sediment in Busan coastal area.
Red and black dots represent sampling stations in 2014 and 2013,
respectively.
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Figure 4-3-2. Survey locations for surface sediment in Ulsan Bay.

Red and black dots represent sampling stations in 2014 and
2013, respectively.
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information of surface sediment

Sampling locations and

Table 4-3-1.

Busan coastal area.

~olwlalow o oloan oa nnelalcelolan g anole e oleolal¥ne ooy
Z31%12°R12Fdgd| N FFISCNE ST BRGNS B S BES RN 5SS
[F)
=
(¢
<)
Emoo bbb bbb bls [fb|b|ib|in|ib|in|ib|in|h|ib|ib|ib|ib|ib|in|in|in|ib|in|ib|in|ib|in]| || bk
%3%%3%333%%%%333333%3%3%333333333333%%
@olaleinin e =nlowan oolo = %e ¥e oeln e on®alow=vano -
ST R 2S8R IO F|NB|YF|F|8|* &8I FR YN E I
el
‘B
=
R E R R R R R R R R R R R R T
R R S R S R S R R S A S A RS AR S AR S RS AR RS A RS SRR SRS RSO
. W R R B B | PR N el
e A A A A LR A e B Rl A R e dE:
o S P R T B P P N T R B i <4 R
bk AR A A A A e A A A 3% %)
zTAT A A AR AF A DD || = o | o | o ||| N | N T o+ |1 | o
o+ | o | ok | o | ok | o | ok o~ | m- | ok | o
| | T (| T | | | [T
BRI R CICIEC R A K o K R R K
bbb ARk Ak Ak Ak Ak A A kA Ak ARk ke atk o e e S S R S S R
K== NY NN IR IR N R TN RO N
ob| ook | o ok ok ok ok o ok |- ok | A ok ok s ok | s ok |3 ok ok ok ok | ok | gh | Mo | Mo Lo | Mo bo o | to | Lo | o Lo | o
ot e . i el e 1
— | N i — AN <N i i i i
A \ N NED Ol 1N e L |HIOO| 1 | OIINO|ONO|I—=NeH <H IO |\O
@1112234555556789111121311511112222222
N eyl Yl e Ry oYl o oY fea Ry RNl Y - Riaa R o Y [ oY faa o oY - Y [ oY foa RYea Yy o[ oY feaRy- oW a Y foa Y FoaRoa Y] fo oY foaRoa Yo a Y] )

_72_



Table 4-3-2. Sampling locations and information of surface sediment in
Ulsan Bay.

k| A9 FH g 7% (Longitude, E) 9% (Latitude, N)

U1 A <4k 129° 23’ 1.0” 35° 31" | 388"
U2 kAt < 4kek 129° 2 | 447" 35° 31" | 2057
U 21 EAkAQt 44 129° 237 | 1377 35° 317 95"
U3 4rA 4k 129° 23" | 3547 35° 307 | 439”7
U 31 L4kt <443 129° 237 | 3307 35° 307 | 131”7
U 32 kAt 44 129° 237 | 3467 35° 29’ | 57"
U 33 22kt 244 129° 237 | 576”7 35° 297 | 4847
U 4 24k o A e 129° 227 | 1947 35° 29" | 574"
U 41 24kt g A 129° 217 | 574" 35° 307 83"
U 42 S4kAt g A 129° 2’ | 5057 35° 307 17"
U5 kAt < 4kgk 129° 237 | 5547 35° 29’ 0.6"
U 51 kAt 4 129° 237 | 4007 35° 287 | 2877
Ueé kA% Ealasly 129° 237 | 274" 35° 277 | 3907
U 6-1 kAt 4 129° 237 | 105”7 35° 277 76"
U7z e s o 213} 129° 25" | 302" 35° 28" | 1387
U 71 24kt Wol 7 g 129° 257 | 401”7 35° 28’ | 5727
U 72 SAkAL 4 129° 247 | 4997 35° 277 | 395"
U 8 S4kAt 24k 129° 24" | 278" 35° 267 | 4167
Uuo 24kA 24k} 129° 2" | 599" 35° 267 | 194”7
U 10 s s <4k A8 129° 21" | 21.37 35° 277 | 1607
U101 | 24kd¢ 4 AF 129° 21’ 347 35° 277 | 3557
U 102 | 24kdetH 24 g 129° 2’ 44" 35° 277 47"
U 103 | &4kd¢H 44 A 129° 217 | 388”7 35° 267 | 3207
U 104 | &4kd¢ 4 A 129° 2 | 316”7 35° 26’ | 582"
U105 | 244 24 A 129° 2’ | 2527 35° 277 | 28”7
U 11 iy 24 Alg 129° 27 | 2567 35° 257 85"
U111 | 24kd¢ 4 AF 129° 2’ 207 35° 257 | 2697
U112 | 24kde 4 A% 129° 217 | 4227 35° 257 | 322”7
U 12 24kA %t 129° 23" | 307" 35° 247 | 458"
U121 | &4kd¢ £ A 129° 27 82" 35° 247 | 11.0”
U 13 24kt 129° 27 | 4967 35° 227 | 562"
U131 | &4kd¢ 4 A 129° 217 | 5617 35° 237 52"
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= AAR H 200 mLA HEZEW9o g 16
sttt += A =l gk WHEFE 2 (surrogate standards, Table
4-3-3)% nﬂ*o‘}oq QTEE‘ T3t AFESFA T
L4 8 (Soxhlet)S ol&dt FE=H F=AL FHEUHUH w57
(Kuderna-Danish concentrator, K.D. &%7])& A&3t 12 mL FFCE F
=3kt —r%gﬂoﬂ x9d 71 Fe A T7YHE AREs] AlAS AT
1% AAR FE42 HEAdstd At/ LFrvd Z2He ARRSH] 184

AAE AR AP/ EEEG AholE 10 g SEIGA% FEFE)} 20 g
ARAAB% FET TS A2 FAG, 100 ml JEEemes As %

Z9e EEAUY §ENL I TR v5T T IS IZED
#l3] (HPLC, PhenomenexAt2] Phenogel 100 A°] Z%¥ 250 x 22.5 mm id.
size-exclusion column)dll FIHAIA £3 2 F7} AADAE gtk A5
Azazvteddy HAHEe A 292 Jd8is=H71E AHESH] 12 mL
FEoRE 5 & x4 15 mLE XSt =g o R guf xS

Bv Ie: HATFA(N2, 99.999%)E ©l&3t 05 mLE SFAZHY. 55
H © ZIAZEZvEIHEZ JEEFZEHGC internal standard)s H7}HgH
% GC-vialdl o &FAth AIEEAL 7t2a2vfEdHI-AFEA7]|E o] &3t
o 77184 = }%E} PAHs 240 Al8% 7t~32ulE D8 n)-2 G54 7] 9
ZA3 FA- A o] & Table 4-3-49} Table 4-3-5°] 7] <3} T}

Table 4-3-3. Surrogate internal standards for the analysis of PAHSs.

Surrogate standard GC Internal standard
naphthalene-& pterphenyl-diy
acenaphthene-djo

phenanthrene-d>

chrysene-do

perylene-d»
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Sediment
homogenization

v

Chemical drying with Na,SO,

* e e e e . -{ Surrogate standards

Soxhlet Extraction
(DCM 200 ml)

4

Deactivated Silica/Alumina

column chromatography
(DCM 100 ml)

v

HPLC clean-up

{4——————————_—-{ GC-internal standards

Instrument analysis
GC/MSD for PAHs

Figure 4-3-3. Schematic diagram for the analysis of
PAHs in sediment.

Table 4-3-4. Analytical conditions of gas chromatograph and detector for
PAHSs.

GC condition (HP GC 5890)

Column DB-5MS (30m x 0.25 mm x 0.25 gm Film)

Temperature program 60C (2 min) — 6C/min to 300C — 300TC (13
min)

Carrier gas He 1.0 mL/min

Injection port Temp 300°C

Injection mode splitless

Injection volume 2wl

MS condition (HP MS 5972)

Interface Temp 280°C

Ionization Voltage 70 eV

Monitoring method Selected Ion Monitoring
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Table 4-3-5. List of guantification and confirmation ions for mass selective
detection of PAHSs.

’?rgle)rx(l)\;(i;ncliiii Compounds Abbreviation T:;r}zet Confrill;r/nzation

8 to 23 min Naphthalene-d 136
Naphthalene Naph 128 127
2-Methyl naphthalene 2mN 142 141
1-Methyl naphthalene 1mN 142 141
Biphenyl 154 152
2,6-Dimethyl naphthalene 2,6mN 156 154
Acenaphthene-d 164 162
Acenaphthylene Acnl 152 151
Acenaphthene Acnt 154 153, 152
2,3,5-Trimethyl naphthalene 2,3,5mN 170
Fluorene Flu 166 164

23 to 32 min  Phenanthrene-do 188
Phenanthrene Phen 178 176
Anthracene Anth 178 176
1-Methylphenanthrene ImP 192 191
Fluoranthene Flrt 202 101
Pyrene Pyr 202 101
Terphenyl-di4 244

32 to 52 min  Chrysene-d» 240
Benz[a]anthracene BaA 228 226
Chrysene Chr 228 226
Benzo[b]fluoranthene BbF 252 250
Benzolk]fluoranthene BkF 252 250
Benzo[e]pyrene BeP 252 250
Benzola]pyrene BaP 252 250
Perylene-d> 2064
Perylene Per 252 250
Indeno[1,2,3-cd]pyrene IcdP 276 138
Dibenz[a,h]anthracene DahA 278 139
Benzo[ghi]perylene BghiP 276 138
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A 1301- %4

1559 fA7192A8FEPCBs 2 719404 F/)9 HFss
42 Hong et al, (2003)°] 7]Z3std &4ttt 717124 ALS Al A
Ael S dA ST PAHsS E4WR I SUsITH(Fig. 4-3-4). 2t B
%, A7/ gFry 23 m=2viEady a8a HPLC 23 34S 7
5 7txaZ2etEO e/ a1 AHEA7])(GC/HRMS)E AHE3le] 4314
o w714 iﬂlﬁ}ﬂg 4o ol&3 HEEAF} TI7IEACd AEH
GC/HRMS %712 Table 4-3-63} Table 4-3-7° 7%}t

A v7]°§£\_7ﬂ F=2 5% 71947 §9%F 22F PCBsE 744
o #FrIdaA wFe 35 ZREAA e, 4T IAEEZEA SRR
33t & (HCHs), 7% S22% 313E(CHLs), 6% DDT 3t3&E3 7[e} A2
A (cyclodiene) 3tgt&E= T4 EtH(Table 4-3-8).

L= =i
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n
Jo
N
2
b
X
ot
n:_?L

A
)
il

N

Sediment
homogenization

v

Chemical drying with Na,SO,

¥ 4._--------'-:-‘ Surrogate standards

Soxhlet Extraction
(DCM 200 ml)

Deactivated Silica/Alumina

column chromatography
(DCM 100 mi)

L]

HPLC clean-up

* 4----------%-{ GC-internal standards

Instrument analysis
GC/HRMS for OCs

Figure 4-3-4. Schematic diagram for the analysis of
PCBs and organochlorine pesticides in sediment.
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Table 4-3-6. Surrogate internal standards for the analysis of PCBs and
organochlorine pesticides.

Surrogate standard GC Internal standard
DBOFB TCMX
PCB103
PCB198

Table 4-3-7. Analytical conditions of gas chromatograph and detector for
PCBs and organochlorine pesticides.

GC condition (Thermo Trace GC Ultra)
Column DB-5 (30m x 0.25 mm x 0.25 ym Film)
Temperature Program  100C [5C/min, 1min] — 140C [1.5C/min, 1min]

— 250C [10C/min, ITmin] — 300C [5min]

Carrier gas He 1.0 ml/min
Injection port Temp 260C
Injection mode splitless
Injection volume 1 b
MS condition (Thermo DFS)
Interface Temp 280C
Ionization Voltage 35 eV
Monitoring method Selected Ion Monitoring

Table 4-3-8. Target chemicals of organochlorine group.

Chlorinated pesticides Chlorinated biphenyls
DDT compounds (DDTs)
o,p-DDE  p,p’-DDE TUPAC No. 8, 18, 28, 29, 44, 52, 66,
o,p-DDD  p,p’-DDD 87, 101, 105, 110, 118, 128, 138, 153,
o,p’-DDT p,p-DDT 170, 180, 187, 195, 200, 206, 209

HCHs (a-,B-, y-, 6-HCH)
Chlardane campounds (CHLs)
a-Chlordane  y-Chlordane

cis-Nonachlor frans-Nonachlor
Pentachlorobenzene
Hexachlorobenzene
Aldrin, Dieldrin
Endrin
Endosulfan II
Mirex




3) Polybrominated diphenyl ethers(PBDEs) 2%

A E ANFE59 PBDEs9 #4-2 Hong et al, (2010)°] 7]1x3t £243}%]
o A AAEWHS okx A AZF PAHs, PCBs, OPCs 43 st
AABAR S gre 5 FUtE 297 AEgt 248 a2 EaRaE AN 4
/87 AE7t ZaaEntEIRY s A7 devt 2 g T4 AETt 1 g A
A AEI 4 g a8a T8 A1 g €22 1 om A F8 ZH FXA
713 E&7]181 60 mL (DCM:Hexane, 1:1 v/v)& ©]83to] &FA|ZTh &

29 IJHLMEZFIE 0|83 12 mLFFLE FF F 34 20 mLE 9]
g3te] & X&st v XFH ARE IeE AAVE ol &3t HF 0.2
mLE FFAIX] & ZAZEvEIYEZ YWHEEFEYGC internal standard)<
quyo}oq GC-viall &Zth 77184E aazneEddd-AFEA 715 AL
&tAth(Fig. 4-3-5). PBDEs 224 o] &3 WEREZEZF 7|7]EA ] o]g&d
7t=azntEadg Y, d-Er] 231 42 Table 4-3-99F Table 4-3-1001] 7
=3t E40 AH8E A AT o] S Table 4-3-11° YERH AT

Sediment
homogenization

v

Chemical drying with Na,SO,

* 4.__----—--4-{ Surrogate standards

Soxhlet Extraction
(DCM 200 ml)

v

Deactivated Silica/Alumina
column chromatography
(DCM 100 ml)

v

HPLC clean-up

Acid/Base Silica
column chromatography
60 ml (DCM:Hexane, 1:1 viv)

* 4------------{ GC-internal standards

Instrument analysis
GC/MSD for PBDEs

Figure 4-3-5. Schematic diagram for the analysis of
PBDEs in sediment.
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Table 4-3-9. Surrogate internal standards for the analysis of PBDEs.

BDEs Surrogate standard

BDEs GC Internal standard

B3C1,-BDE 139
BC1,-BDE 209

PCB 189

Table 4-3-10. Analytical conditions of gas chromatograph and detector for

PBDEs.

Polybrominated Diphenyl Ethers
GC condition (Agilent GC 6890)

Column
Temperature program

Carrier gas
Injection port Temp
Injection mode
Injection volume

DB-1 (15m x 0.25 mm x 0.25 m Film)

50C (2 min) — 20C/min to 200C — 10C/min to
320C (5 min)

He 1.0 mL/min

50 T — 700 C/min to 700 C

splitless

1 pl (purge time of 2.0 min)

MS condition (Agilent MS 5975)

Interface Temp
Ionization Voltage
Ion source Temp
Monitoring method

280°C
70 eV
150C
Electron capture negative ionization mode(ECNI)

Table 4-3-11. List of quantification and confirmation ions for mass selective

detection for PBDEs.

Brominated diphenyl ethers

Target ion (m/z)

quantification confirmation
BDE- 17, 28, 47, 66, 99, 100, 138, 153, 154, 71 81
183
BDE- 196, 197, 201, 202, 203 409 407
BDE- 203 642 640
BDE- 206, 207, 208 487 489
BDE- 209 487 484
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gol 01 N @4+2 5 mL d7lske] 30 B3k B @) 443
b Ame gazzug 5 mLe Yol 2 Bt 18 3
o =

E YARY7IE o83t 6,000 rpmolA 15 E3F A4k Fho o 3

HEzedagss Ao & Az st 99 Fe44de 3 3 uEId
HEzavaos 29 ARE 34 ¢ $5718 ©l&st 05 mL7HA|
FEAY 58 HAE FEdd R U2 248" FEE o] &3tk
AAZH, Fo] AAD FZHLE oMAE 15 mLe H7iste] &uf A&t &
W AgE FE2AL AeE AaES7|E olgte w5 & A A
AFAE A AP 5 3= JAD kits ol&3st H=w FEES FEA
3} st AADTHLI et al, 2001). Aa& 7FAZ 05 mLoldtR 5% H 4A

2
Fo| V22 nEag YEEFEL S HUS s 15 mLe =2 gLite =z
SR F FZARFE T HAF FIrt 05 mLEA T EHHLS
GC/MS/SIM 7| & ol&std AR F AFEAS P Th(Fig. 4-3-6). 4]
53 717 Table 4-3-12, Table 4-3-139l 7]1<3I]

el =L A P = oo R ol B TR
o},
Sediment
homogenization .
4-----------_;-{ Surrogate standards
Digestion with HCI '
(pH=1)

¥

Extraction with CH,CI,

v

Concentration and solvent exchange :
with acetone

v

One step TMS derivatization and Cleanup

4

Concentration with nitrogen gas purging

*4--_-—-—---;-‘ GC-internal standards

Instrument analysis
GC/MSD for Phenols

Figure 4-3-6. Schematic diagram for the analysis
of alkylphenols in sediment.
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Table 4-3-12. Analytical conditions of gas chromatograph and detector for
alkylphenols.

GC condition
Column DB-5MS (30 m x 0.25 mm x 0.25 gm Film)
Temperature program 50T (2 min) — 100C (20C/min)
— 200C (10C/min)— 290C (20C/min,3 min)

Carrier gas He 40 kPa 50 mL
Injection port temp 280°C
Injection mode splitless
Injection volume 2wl
MS condition
Interface temp 280 C
Scanning range m/z 35 ~ 400
Ionization voltage 70 eV
Monitoring method selected ion monitoring(SIM)

Table 4-3-13. List of quantification and confirmation ions for mass selective
detection of alkylphenols.

Targe avalyes o Quinifiation . Contrmation, anerl
4-t-Butylphenol(t-BP) 8.94 222(12) 207(100) IS:*
2,4-Dichlorophenol(DCP) 9.13 234(16) 93(100), 219(51) IS
4-n-Butylphenol(n-BP) 9.92 222(17) 179(100) IS
4-n-Pentylphenol(n-PP) 11.20 236(14) 179(100) IS
4-n-Hexylphenol(n-HexP) 12.47 250(12) 179(100) IS,
4-t-Octylphenol(t-OP) 12.72 278(3) 207(100) IS,
4-n-Heptylphenol(n-HepP) 13.65 264(10) 179(100) IS,
Nonylphenol(NP) 13.80 221(32) 207(100), 193(13) IS,
4-n-Octylphenol (n-OP) 14.62 278(20) 179(100) IS,
Pentachlorophenol(PCP) 15.05 323(43) 93(100), 321(24) IS,
Bisphenol A(BPA) 17.37 372(10) 357(100) IS;
Bisphenol A-d14(BPA-dl4) 17.31 386(9) 368(100) IS;
Naphthalene-aB(1S:) 6.72 136(100)

Phenanthrene-dl0(IS) 14.47 188(100)
Pyrene-dl0(IS;) 17.06 212(100)

* IS: internal standard.
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5) {7154 3}3 = (Butyltins) 41

EZHAE T FEFHIRNEY] B934 Shim et al.(2002)9] WHE o]
&3ttt EAAAF L 69A ARBo=E 1) ARFAdx 9 #4, 2) AlEY 4t
A2 (acid digestion), 3) &WIF= (solvent extraction), 4) FE=A3}
(derivatization), 5) A (clean-up), 6) 717]&4] (Gas Chromatograph Flame
Photometric Detector:GC-FPD)°]t}(Fig. 4-3-7). Z& A3 FE=A7F<= =5
3 AF7I2 MAHst] 450C 1> 2E (muffle furnace)oll 5417t ©]/ 71EgH
3, 4% Ao 718 gFE22MWE(DCM; dichloromathane) &2 A 2 &1
A8 ATH

HAeg2 $A0xVE Ax & F 4o =4 3l ojgde EF A7

o

A
2
e
R
S o

<, 9AApERo| Eafjste] Al A (Sieve: 200 ym mesh)SFATE £ g

ge 50 mL ZTz=2gd MR FH Wil olF A AAHeA dojd
T e EAdAE BAS] Al WHEFEZH (Tripentyltin chloride) s Al &
of M7t & 50%(v/v)el @4HE 10 mL EolA] 3083t AT ol F, 0.1
% tropolone®] ¥ HEFEEZWEES 20 mL Eo] wHb7]olA 3AIZE E50F
At F=d AR 4000 rpmellA 1083 dAEE ARl F 4 mLe] #7118

S= 15 mL #8 Al@8e A4 Fot 71‘——_]/\7}/\01]/‘1 FE8WME 7 ul A=
=8k, n-3AE 2 mLE o] &l AT T2t HEulol=
(n-Propylmagnesium Bromide, 27 % in Tetrahydrofuran, ca. 2 mol/L, Tokyo
kaseikogyo co., Japan)E 250 ul ¥1 ER7IE 4oiA 2083 HASAT 04
N S4Hs 4 mL F7bsted 43t ARl 3 3,500 rpmol A 1023F 94 #8 F
= ks o] 83t EAstAIzl Z =224 (Supelco) ZFH(SPE tube 8 mlL,
polypropylene, frit polyethylene 20 im)oll AAstAtH AAE As5e 1¢E 4
A7F2E ol AEREE FF A & GC WRIEEFEEEA HEDGRYEH
(TeBT: tetrabutyltin, Aldrich, 93 %)& ¥ttt Z18la 7|71&47]1<Q 7t==a=w)
Ees)/ BE RS2 24549 cHTable 4-3-14),
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Sediment
homogenization ' N

 Z «-—--------f-{ Surrogate standards

Digestion with HCI (50%, v/v)

v

Extraction with CH,Cl; + 0.1% tropolone

v

Derivatization
(n-Propylmagnesium Bromide)

v

Florisil column Clean-up

*4.----—----;-[ GC-internal standards

Instrument analysis
GC/FPD for TBTs

Figure 4-3-7. Schematic diagram for the analysis of butyltins in
sediment.

Table 4-3-14. Analytical conditions of gas chromatograph and
detector for butyltins.

GC condition
GC Hewlett Packard 5890 Series I1
Detector FPD tin mode filter for 610 nm
Column DB-5 (30 m x 0.25 mm x 0.25 gm Film)
Carrier gas 35 mL/min for He,
Make-up gas 170 mL/min for Hp, 100 mL/min for Air
Injection port temp 250°C
Detecter temp. 225C
Injection mode Splitless
Injection volume 2l
Temperature program 50C (2 min) — 150C (10C/min, 2 min)

— 280C (10C/min, 3min)
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HAHE A5FY BEEAGAASFEMHBCDs, TBBPA, BTBPE)S| #4772
Al-Odaini et al.(2013)< 7|2E 3stdth &40 3 22 =+ Figure
4-3-8° YERUTE HHEL FAAZRVE Ax $ £49 ALstanh A
29 HA% 10 g& &0 ¥ dS2=1T 240 mlet 37 16A1%F LS4
F=oAT. = A 4 sdFg=ol tiFd HFEFEZ (Surrogate standard :
13C-TBBPA, 13C-HBCD, 13C-BTBPE)< XH7}std 3 4&S Fot=dl A5t
o F2d FEY4L 5718 At 12 ml =5 Adg7t 2He AHE
st} AAstAn. §=ds IdAGMEe=r19 derE dLVPAE o83t 02

T=5H ANEE UWREIEFEYGC Interanl standard
13C-BDE139)= #H7}3 & GCwvialdl &%t A% #2412 High performance
liquid chromatography-atmospheric pressure chemical ionization-tandem mass
spectrometry (HPLC-APCI-MS/MS)E ©|-&3t 7]7] B4t BgA 3
A A AH8E HPLC-APCI-MS/MSe] HA3s =d3 AP AL o2&
Table 4-3-153} Table 4-3-16° YERH AT

r off

==

_l

Samples
(10 g dry weight)

\ -
O L Surrogate std.
~ o,

Extraction
{so:ﬂlet}

<

Concentration
(rotary evaporator)

a4

Clean up / Fraction
(5% deactive silica)

204

Concentration
(rotary evaporator / nitrogen gas)

\ o
C, PR s e R LBDE spike
~ N

LC-APCI-MS/MS

\

Figure 4-3-8. Schematic diagram for the
analysis of TBBPA, HBCDs, and BTBPE in
sediment.
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Table 4-3-15. MS/MS optimization data.

Analyte Precursor Ion Product Ions DP EP CEP CE CXP

78.9 10 10 -40 40 10
HBCDs 639.8
80.8 10 8 -40 40 10
TBEPA 5132 78.8 -80 10 -40 40 -10
: 80.8 -80 -8 -40 130 -10
78.9 50 10 30 -65 -8
BTBPE 328.9
80.8 50 10 30 -65 -8
BC_HBCD 652.1 78.8 20 3 -40 - 60 -10
BC_ BTBPE 334.9 78.9 -80 10 -20 52 -8
C_TBBPA 555.0 78.9 -50 -10 -30 -90 -8
3C BDE139 590.7 78.7 -50 -7 32 -70 -10

DP: Declustering potential; EP: Entrance potential; CEP: Collision cell entrance potential; CE:

Collision energy; CXP: Collision cell exit potential

Table 4-3-16. Souce parameter for optimization.

Curtain Gas(CUR) 20
Collision gas(CAD) 6
Nebulizer current(NC) -5
Temperature(TEM) 320
Ion source gas 1(GS1) 40
Ion source gas 2(GS2) 0
Interface heater(ihe) on

2

&A% Z(Labconco Freeze Dry System)
(Pulverisette 6, Fritsch Co., Deutschland)® &4 =
of EXAANAA A AP Zodd ol do] Basint HAE W
Hg A& EHlE ANE ¢F 01 g& Teflon £7]d 23 I
suprapur-grade)®| HF9} HNO3E Z}zt 7hste] 2413 o] Ao & ts
HCIO4E 713t & HZE F74<5 Qi 7FE3olM 180T 24413 7FE st &
71We AEE A3 39 H(Windom et al., 1989). ©o] & E34bs S
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A AZLF 1 % HNOBE 7hefl HEE 87] W ZAE = 10 mL2 %5
©] ICP-MS(Thermo, Elemental-X7)Z Z43tdth +2(Hg) 42 #38 A=
5 QEO0C)AA s HxAA &5 AT F US EPA method 7473
oste] Al W FEF W2lS o] &3 Hydra-C(Teledyne Technologies Co.,
USA)E o] &35t 435t HA=o T4 AIEE 4557 fsh
NRC(National Research Council, Canada)®] | IFEHE FFEZ MESS-3%
ANEeot 5L WHORE Agsted SAH3sIA o, 95.9%(Co)~101.7%(Hg) S ¢
res Bt

UEE IN gabd Jidstgas o] §8te] Frigka 3 frle<s A
H YEE47](Masterizer 2000, Malvern Instrument)E ©]-&3
At HHES F/7|ekA(Total Organic Carbon) F3F2 € AISE 1IN

25

s
. b
Ao e 3
s 77

2

AASH LM F4 A (Total Nitrogen) T2 38 A=
ZY7; Tin capsuleo] 2 F WA&EA7](Flash 2000 series, Thermo

Scientific) 2 =43} o}

. HAE waAF 54 A9

1) AES AH ¢ 1
HHe 54 A=
AR AR 5YF HHE A
ot AHEE AHE H
Aol wEeka, AH SA 38R
AT 2ukEgT Ags Ado] AA L Bousfield (1973)
7] AA WA EE REEfiA, B

A3 AEAEHE ARAFH F 25 oY

Monocorophium
acherusicunt
(A. Costa, 1851)

2) EFE o] &3 HAE =4 HU}

92R HAE 54 Wbs 4PAEQ
AAX GARE 10€7 F FHAEANA
kst o)l& ZF AdFe txzFolA A} Figure 4-3-9. Benthic amphipod
28 m= NGBS nmale] AEGGFS (Monocorqph/um acherus/gum),
L ) test species for the sediment
B7Vsh= Al o] THUSEPA, 1994). toxicity test.
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7h A=

HAle A4 ®H7teE AT A¥N==Ee AXAAY GA4R<] Monocorophium
acherusicums ©]-83FATH©] &, 2008)(Fig. 4-4-9). ©] T g Aty =
el zsttiol] = YA HA = A4t dixHd AXAEZA -7
Ut doke] HAE 54 ofF AP AldFolth(Aaeatd T4, 2006). A

h Mg 2|

} “4011/‘1 AHE HAES Ak 24 AHE AR, AHE ABZE
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S (%) = (Nf / NO) X 100, M (%) = 100 - S
[S: =S Nf = HF AE/WAT; NO: 2715 WA, M: AAE]

7y ARE AEEo] tixTF FAF Aol deA AFE Lolrr] st
o] Student's t-testE AAIstA FA9 FFE FHSIATH

Table 4-3-17. Experimental conditions for sediment toxicity test with
amphipod, Monocorophium acherusicum.

3 Ay =4
& A7 109

o 20°C

27 24 N3 AL =T

4% 8] 1L 52 wlo]7

B B3] 200 mL (YAZ7] 300-m =5
32 800 mL (§+: 30 psu)

HE B 3 4 8

B2k A €719 20 it

7] 2

Hol FoJ N

HE = ATE (BEE)

Figure 4-3-10. Photographs of 10-day sediment toxicity test with amphipod
Monocorophium acherusicum, in a laboratory.
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3. A7AF B B
kel 3771 AR E2TEA= #7154 &4 PBDEs, PCBs, DDTs,
HCHs, CHLs, PAHs, BTs® #E=(XF% 7I¥)= 44 034~126 ng/g
0.02~63.3 ng/g, 0.004~133 ng/g, WZHE~374 ng/g, VIHE~023 ng/g
3.88~5346 ng/g, WIHZ=~3919 ng Sn/g9] HAE Btk AFEEAGAA
HBCDs, TBBPA, BTBPES| &#=(U1FF 7€) 44 0.05~234 ng/g T4
%~3.81 ng/g, 0.01~7.62 ng/gO = UrE]r‘X,\LE]r Z=F£9] A9 Zn, Cr, Cu, Ni,
Cd, As, Hg 183 Pb v+ 27 44~462 ng/g, 20~88 ng/g, 5.73~799 ng/g,
7.88~359 ng/g, 0.08~0.91 ng/g, 4.4~16.8 ug/g, 0.01~0.29 ng/g, 19.5~108 nug/g
Sﬂm%E.%ﬂ%qﬁg4&n)$ﬁﬂ§ﬂH rled=de Ex= Fawk
152?; PAHs > BTs > NP £Co 2 ZAWHA 02 10 ppb ©]/d9] &< HS

FAGAA 2 {Frlg9aAY 22 3ES PBDEs > HBCDs > PCBs
DDTs 52 <£©Z 10 ppb ©l3}l2 #<& L}E‘rkﬁﬂ} < F2(Hg)# 7}

(Cd)& ALt EA¥ FEo4 10 ppm «44% Holi, B& &

of ¥lsf & (Cu)= zpol7F & A2 YEEH.

o 7 ol
N

JH

o

=
_4

ﬂlJlﬂVHml

oo
N

4d 2t F

k

i Br.llsan (n=37) -

103 -

jz%iéf g %:.
by

&
H L
103 T T T T T T T T T T T T T T T T T T T T 10°

TEPTOESC SRS TS T

i L 10°
L 102

F 10!

"y
-
o [Tf= »

Concentration (ug/g dry welght)
L 3

Concentration (ng/g dry welght)

Figure 4-3-11. Distribution of organic pollutants and trace metals in
surface sediment from Busan coastal area (BT*: ng Sn/g).
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=4el e 327 AA EFHEAE F /7154 =4 PBDEs, PCBs, DDTs,
HCHs, CHLs, PAHs, BTsS #%=& Z7Zt 05~49 ng/g 0.1~855 ng/g,
0.04~539 ng/g, "IAZ~051 ng/g VIHZE~005 ng/g 48~2870 ng/g,
6.88~2543 ng Sn/ge| WHE YERHT AHFAEAA HBCDs, TBBPA,
BTBPES] F=(AFF 71F) = 247 1.79~208 ng/g, ¥1HAE~0.7 ng/g, 0.15~51.3
ng/gel HARE HE=HAY. F55Y 4%, Zn, Cr, Cu, Ni, Cd, As, Hg, Pb
&= A4 90~775 ng/g, 11~90 ng/g, 25~731 ug/g, 8.13~429 ug/g,
0.17~5.32 ng/g, 6.15~88 ng/g, 0.04~2.60 ng/g, 27.3~878 ng/g WS HY T
(Fig. 4-3-12). &4t oA F71LPEH Y &E&= BTs > PAHs > NP 0.2
10 ppb ©]4e]al, HBCDs > PBDEs > PCBs > BTBPE 59 o2 Ry
3} O BX A4S Bt deidzel B8 AddA 88E< HBCDs
o] A9 71&d & &HA Ade BEEA dAA PBDE FERT o=
S FE FEE U FF ALAA #Fo]l 428 Aow AmdT

2

- UI'Isan (n=32) s

SN IP é%é"”’

I At T
L

E 1[]1

L1071

| *
| &
|
1072 4 I L 102
] I .
10+ : T T 10°

18 G b & P PP g @&;JC?;@QZ@&Q @*’5 é;’\"'::g)xﬁ c;y-':q ??\9%,-\% &

Concentratlon (ugfg dry welght)
-
I+
-{IH*

Concentratlon (ng/g dry welght)

Figure 4-3-12. Distribution of organic pollutants and trace metals in
surface sediment from Ulsan Bay (BT*: ng Sn/g).

71eHED LA EE v, FYE(BTs)S

< Hlud fAsit RRd sekE

3l < HaA oz 1007 F EA v, Ralkejodo] AHA

A7k A3, Aiws FEel A JEEth 4T HAEA PCBs,

HBCDs, PAHs, BTs, BTBPES] B¢ 239 =7} Atgoz &l f7129E
4ol H1 FE=E HBCDs$t BTBPEE Al¢ldta #4134
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7].. J\‘:JL_% ﬂ -l q] PAH §].6‘]— /] ooﬂsﬂﬁ 1:11 E/K-]

oeheFs &3k 4 (polycyclic aromatic hydrocarbons, PAHs)= 271 ©]%
AAve7 249d frlededzs a4 TdEdon. dse +
T44E0H F7lEe B8 dad A= TAHE Aoz dEHA 3
T}(Blumer, 1975). 2F3tel =A187F agol] wel PAHS L F%3171
shal glom, o2 Jlsf &4 oA Fd ededE ERFHL U diF
A471Y PAHE "5 EPACA F8 2HdEARE AT 165 PAHsE F
= #EHa lod, #7A PAH 5, <

d&oltt. PAHE &0 gk &=t S7Iste]l ¥ar &Ao)r] o 771

9l
8

=oly JAA EZ tigt $&FHo] o, dFidAeE e wdd Hla) FH
HAE A HdHoRE 2 FEE UEIH(Means et al, 1980; Schlautman
and Morgan, 1993). ¥ AFoA= F4bat 24ksly £5E 2= W PAHO &

Ad¥g L odd FHoks 93] 16F PAHsS TlEo FFHLES AAG=E &
Z PAHs%E 22413ty ch

PAHsE 2013%3 ZAHd =
ng/gol A ) 5346 ng/go E VERRTH H
2 1387k =2 3904960 ng/go 2 HEH AL

47 PAHs % 520~2,698 ng/g B 317+585 ng/gl® UEIRTH
(Table 4-3-18). B3} gt A= ZAPE A vlaf Egkth

Table 4-3-18. Summary of PAH concentrations in surface sediment from
Busan coastal area.

(%9 ng/g dry wt)

EAANZ] | BT Ha - HY | B+ WX | I0HE
2013. 2

= 16% PAHs 37 3.88 - 5346 390 + 960 92
2014. 2
2013. 2

= Alkyl PAHs 37 | 520 - 2,698 | 317 + 585 102
2014. 2

Y FFHAE Y PAH 55 52 AHREWH, BlldA 7 &S 16
PAHs&%(16 PAHs: 5346 ng/g; &4Z PAHs: 1515 ng/g)E HEJ I, Alkyl
PAHs= B5-2 (16 PAHs: 1,706 ng/g; &2 PAHs: 2,698 ng/g)olA FAEH
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T /M =2 EE AEHY dF Ad=s AQsial "diFE (73 %7HE)ol
200 ng/g °lst= UERETHFig 4-3-16). 53], 9%

(B16-26)1 4 B 25 ng/gl & e 0¥ FFS YEYY,

g JHE(B1~B15-1) B 544 ng/g O 2 3o

) A% =3kth. E3), B5, B11, 1811 Bl5o] <1F
&9

e Hal
wabo] AT PUER B LUEE BT o

2L L.

et
X
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L°}
(Fig. 4-3-17, Fig. 4-3-18). & S
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7143 g HHEANA AFAZ g, 283 HAHES 428
F714Y, dA7|¥9eo 2 AyAEE PAHsS o224 AdAFo=Z A
t

& A JATh(Venkatesan, 1988; Soma et al., 1996; Jiang et al.,, 2000; Silliman

et al, 2001). F574 7] B, YA AL Hsh Lol ¥E FEL AW
o o}, 7 544 TUH AZE Fol A4 FYRY ol A
o

Howw PAHZF §9HE A0® et
20070 ZAE RaEY Azel wws HW(Fig. 4-3-19), 16 PAHsE
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5.76~954 ng/g (B 1784218 ng/g), €% PAHst 1.68~873 ng/g (-
1174164 ng/g)el HMHAE meiiﬂ%ﬁ,mw)ﬂﬂﬂdﬂﬁzm&mmﬁ
o AR ESHAEL oldxAd W& HEHoz 2ui7tF =A HEEHU

I%OMié&ﬂ?%%%ﬂ7wié%gﬁﬁﬁiiﬂt“WP%ﬂ%ﬁmlﬁ%
H A ol 24 ARAo " nHwslrlE oYt} AR qm4

Az WaHe A
FYLEA dERANAE FARY IZA A3 & 57 A=HA Ao ¢
HHow Bl Wad oz wuwd
5000 =

g ] B 16 PAHs
° 3 EZA Alkyl PAHs
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o
1=
S 000
=
m
E 2000
z
-
3 {
w» 1000 ;5
2 .
o . g & #

0 _ﬂ e I e B o] E TT - J——T - &

sZpezesszzazescsii=lslaltEliiiifiiins
Station

Figure 4-3-16. Distribution of PAHs in surface sediment from Busan
coastal area.
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Figure 4-3-17. Radar graph of PAHs group analysis
from Busan coastal area.
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Figure 4-3-18. Composition profiles of PAHs
in surface sediment from Busan coastal area.
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a) 2007'd - 16 PAHs

128°40'E 128°50°'E

35°10°N

35°0'N

b) 2007d - Alkylated PAHs

128°40'E 128°50°'E 129°0'E 129°10'E

35°10°N

35°0'N

c) 2013~2014d - 16 PAHs
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d) 2013~2014d - Alkylated PAHs
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- i =

Figure 4-3-19. Comparison of spatial distributions of PAHs in surface
sediment from Busan coastal area surveyed in 2007 and this study.
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d

1-2. &4 35 EHA E9 PAH L9¥s 9@ £
S

AT AT 137 A™ES T8I 32 FHAAMY TF HHE U 16
PAHs = ¢+E 48.3 ng/gol A 2,870 ng/gel MAE 7HAH, HFL 3164569

o oE

—

ng/golth. ¥Z PAHst 55.7~1,323 ng/g, Hi 257+296 ng/g]Th(Table
4-3-19).

Table 4-3-19. Summary of PAH concentrations in surface sediment from
Ulsan Bay.

(%9 ng/g dry wt)

ZEANN7] | BT | HL2 - AWM | B £ WA | I3TE
2013. 2

> 16F PAHSs 32 | 483 - 2,870 | 316 + 569 140
2014. 2
2013. 2

= Alkyl PAHs 32 | 55.7 - 1,323 | 257 + 29 150
2014. 2

O

BEXE HY, 4ol ¥5 FF0]
=L 2 A yEist AR U714 7HE
< FX(16 PAHs: 2,870 ng/g; €2 PAHs: 1,323 ng/g)7t A=H AL, T+
= U3-3914 16 PAHs= 1,860 ng/g, &2 PAHst 715 ng/go & UEET
olglgt IR AHS A8y, F 3270 AH T 2070 BH(62%)N 4 200 ng/g
o]t &2 EFGTHFig. 4-3-20). Ar3tsteA] 9 Ak o] IFHE A (U1~U4)
I oy A6 AHI F- U3, U7-1914 doizoz Eo U A 9

“
How dogsE FEIF it TS R

o Hir

A 535 HZE U PAHY FH 299 e FE3517] st =4 BEE
Ah B Qkoh(Fig. 4-3-21, Fig. 4-3-22). £4FAQ%T} 24 A fIAd Alse= A
W2 02 #FAMRE PAHsZA S 7HA T AAY 4014 67)9) o] thi-Z Al
A w3, ddzdll Alde] o E 5T ol SAFARMA 24FARbe] ARG
Ll FFES W glom, AixV]d FEHo ¥ fYel FH 294
Yo gt Aot aga A2 gElzg e Aldoe] A yEhd A
e dZAE PAHssIEo]l =7 A=Ho AR7I¥ #d= <5 wkg
stal e A= B

2
2 25 HAE U gxFoZ 99" A U3-3, Us-1, U7-190A4

g3t WILE & ThFig. 4-3-22), U333 U718 A=E
AFRE PAH 24& HIG. o= 943 fd9ol o3 9dFe T2 e o
Btk ol AL Ud 2AL7F A o=, Avpdz g Advrdsd
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A

A s = JHE*O] ﬂéﬂb Ao Z FAE)

2008 =AME &AM AR @A AHE vl wsl B Qkth(Fig. 4-3-23). oA
ZAAZO A 16 PAHsE 26.1~4,749 ng/g (8¢ 3944833 ng/g), ¥Z PAHs=
23.1~1,254 ng/g (BT 1824243 ng/g) -2 YEPGTH=ES] X, 2010). o] 2
o} Hl3IH 16 PAHs= &% A9 o, 4 PAHsE &% I7I8te &
de UEht 28y s o xAbet FeidE A RFOA dEF ST
Aol westa, AFgAlAe] $1X|% =
ARNA & TE7F #SHL
s¥T}.

B 16 PAHS
@7 Alkyl PAHs

PAHs Concentration (ng/g dw.)

Figure 4-3-20. Composition profiles of PAHs in surface sediment from
Ulsan Bay.
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Figure 4-3-21. Radar graph of PAHs group analysis in surface sediment from
Ulsan bay.
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a) 2008'd - 16 PAHs b) 20083 - Alkylated PAHs

129°20'E 129°25'E 129°20'E 129°25'E

35°35'N
35°35'N

35°30°N
35°30°N

35°25'N
35°25'N

c) 2013~2014d - 16 PAHs

129°20'E

35°30'N

35°25'N
35°25'N

Figure 4-3-23. Comparison of spatial distributions of PAHs in surface
sediment from Ulsan Bay surveyed in 2008 and this study.
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U 235 HAE U PCBS F7]9aA sigtEe] 2dds 4 &4
PCBs, DDTs, CHLs, HCHs & X3%3l= 71944 sdES gASTE
ZA FAHAA FFAHol T AEFAHo] A3 UxFHA FAHLEEAY. v
o]

o] trekdt wjdolM HEHI Uth (Iwata et al, 1993; Muir et al., 1995;
Allen-Gil et al., 1997; Hargrave et al., 2000; Montone et al., 2001).

1-1. FHsl g/ e4et 3 E X E9 PCB o988

Akl 377 AAelA AFHTY HA=E AR F PCB 3E¢=2 & B
0.02~63.3 ng/g o1, 2.6 ng/g S = UESTHTable 4-3-20).
SHAE U PCB SFEQ 2EEETE HYU &R A9 FA4FFoA
2 AR Aol IF7 Bl 3 ng/goE I A UERL, tSo
2 54k W B5-13% thtiE3 B15-1 AR A ZH2 393 ng/g, 28.5 ng/gl =
= AEFAT G54 FH AH™A B199A 0.02 ng/gl 2 7 A AE
HA. A7 dHs d3 FrEFo] v F4He FW(B5~B15-1, Hit
% 12.3 ng/g)¥ T84 FH(B1~B4, 4k 2.01 ng/g)°l &3t (B16~B26,
044 ng/g)B Tt Ul o2 E& PCB 5=& YeiWon, 24d YZoA 9
% 2 (B5~BS, B11~B12- © d%Fe dEyln ol A
gkEo]l B 2AALTE AAF B4k Yol F oddYES o Eoh(Fig.
4-3-24, 4-3-25).

Tk sl o] PCBs &%=+ 200088 F4ty HAE ARIAA AEd B 5
% 579 ng/gt 2001~2007'3° AHF A= ARAAN AEd HE &
ng/gHlt}h Yo} HAH o R 7HAhsteE FAHE EATHHong et al, 2005, Choi et
al., 2011).
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Table 4-3-20. Summary of PCB concentrations in surface sediment from
Busan coastal area.

(&9): ng/g dry wt.)

PCBs 0.02 - 63.3 6.85%12.6 1.32

)
3

=X =k ®
=] t o
|

L+

PCBs Conc. (ngig dw.

o

= ol moT oW
o - m L o e R

B11
B1-2
B2-1
B5-1
B5-2
B5-3
BS-4

B8
H
B8
Ba
B0
B11
B11-1
B12
B12.1
B13
B13.1
E14
B15
B15.1
B16
BT
B18
B9
B20
B21
B22
B23
B24
B25
B26

Figure 4-3-24. Distribution of PCBs in surface sediment from
Busan coastal area.

128°50'E 128°55'E 129°0'E 129°5'E 129°10'E

35°5'N 35°10'N

35°0'N

Figure 4-3-25. Distribution of PCBs in surface sediment from Busan coastal

area.
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TEE YEA I, 2010~20123 9 Z=ARE JRHE T 1.81 ng/g) B ERH(E
7% 0.65 ng/g)BTHe oF 4~13¥] £ FTEE UEHH(FFsEHgr|ed,
2013). AR A ] PCB LG5t T2 A(Aafwt, Fakuk, Fake]o)o] ]
3 =ob A& w7l 83 AR ARHTH

Table 4-3-21. Summary of PCB concentrations in surface sediment from
Ulsan Bay.

(491: ng/g dry wt)
Compound FH2-FHu Hd+HA} girds
PCBs 0.1 - 8.5 8.72+16.7 243

—100
80 -
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30 ;
20 -
10 ;

PCBs Conc. (ngfg dw.

m
3

U4
U4-2
us
LI5-1
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3.z
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Lid-1
uT-z
u10-1
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U1z
U1z
u13
U139

Figure 4-3-26. Distribution of PCBs in surface sediment from Ulsan Bay.
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129°20'E 129°25'E

35°30'N

35°25'N

Figure 4-3-27. Distribution of PCBs in surface
sediment from Ulsan Bay.

1-2. Fabel o/ e4tnt £ 55 E PCB 24

ikl 2E5EAHE %‘- PCB 3}3t=2°] homologue 74HE EH Hepta-CB
7} 28% = 7 e H|FE A5, Hexa-CBel Penta-CB7} 25%, 21% =
el Tetra-, Tri-, Octa-CBs7}F 1 ©< <£°=2 eI, Di-, Nona-,
Deca-CBst @A 4% wro= v ¥FS 2ASFATH(Fig. 4-3-28).

=Mk PCB 3tt=9 Hv =4S A3 H Y Hexa-CB9 Hept-CB7} 7H&
=< HFQ 35%E AASIAAL, S ©]o] Penta, Tetra =22 UEFTH(Fig.
4-3-29). WetA F Y E5F High-chlorinated PCBs7} $-A|gt PCB #|H <&
e, ol F o] AR L dFe Bl S 9u|gi
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Figure 4-3-28. Relative composition of PCB homologues in
surface sediment from Busan coastal area.
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Figure 4-3-29. Relative composition of PCB homologues in
surface sediment from Ulsan Bay.

1-3. FAts g/ 4ttt ESE A= F7198A oo 2dd%
ksl 3770 HHE AAHA 2 DDTs, HCHs CHLs &% 2]
0.004~133 ng/g, 0.002~3.74 ng/g, HIH=~023 ng/gol, HFHkS
8.62+23.1 ng/g, 0.32£0.63 ng/g, 0.03+0.052 E}FTH(Table. 4-3-22).
DDT 3§E&E9 FHEEE BA F448 W= (B5~B5-4, B11, B11-1)3% 733
(B13-1), tttha(B15-1)oA Ao E w2 52 A=Y, PCB 3%
FrAFSHAl AdbA o ® HAMSE WSolA wi vpgEFo R d4E adtes oA

= HATh

1:1151’,?4_‘_—_ 211-71-
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=S FEE AEFR, REFoE RE AHA HAR Fe BEE
WT(Fig. 4-3-30, 4-3-31). HCB, Dieldrin, Endrin 33&9 sx== Z+Z u]f
=~0.52 ng/g(B 4k 0.07 ng/g), "1H=~0.16 ng/g(H % 0
%~0.39 ng/g(B % 0.04 ng/g)2 BHE YEFAT

20010l FAbs oA AL DDTS(%# 352 ng/g), HCHs(¥# 1.57
ng/g), CHLs(3# 1.10 ng/g) AEE Hustd HIHFo= Hihdles F
B AT FAHT, 2001).

Table 4-3-22. Summary of OCP concentrations in surface sediment from
Busan coastal area.

(9: ng/g dry wt.)

Compound Hao-FH A+ H 2} riris
DDTs 0.004 - 133 8.62+23.1 1.01
HCHs 0.002 - 3.74 0.32+0.63 0.16
CHLs vdZE - 023 0.03+£0.05 0.01
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Figure 4-3-30. Distribution of DDTs, HCHs and CHLs in surface sediment from

Busan coastal area.
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Figure 4-3-31. Distribution of DDTs, HCHs and CHLs in
surface sediment from Busan coastal area.
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A 3270 HAE FHol4e DDTs, HCHs CHLs %Eﬂg%% EAFAL
0.04~53.9 ng/g, 0.002~0.51 ng/g, "1AZ~0.05 ng/gel L, 2
ng/g, 0.1+0.11 ng/g, 0.01+0.01 ng/g= EFSLTH(Table. 4-3-23).
DDT 3l3t=9 FHEEXE B, U3-394 539 ng/go 2 71 =
e L, FE °]o U9, U102 A3 FoA dides =2 &5
=4 DDT 3tgh&9 a5 LA =AM FAled i dojzlo=s
< #e UERT
HCH 3&=3 CHL &S
005 ng/go =2 71¢ EA AEHU, 2H

~ O.u.,
4
)
rlo

1l ou N %E%
Ueldlon, dAzoz Eoldt g3t BEE Holx| ¢k th(Fig. 4-3-32, 4-3-33).
77

20010 FAs| ol =ALE DDTs(H o 4.83 ng/g), HCHs(BF 0.
E%E}(Oﬁ"k/\ ,2001).

Table 4-3-23. Summary of OCP concentrations in surface sediment from
Ulsan Bay.

(%1 ng/g dry wt.)

Compound FH2-FHu Hd+HA} rirds
DDTs 0.04 - 53.9 2.84£9.45 0.74
HCHs 0.002 - 0.51 0.1+0.11 0.06
CHLs nAZE - 0.05 0.01+£0.01 0.005
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Figure 4-3-32. Distribution of DDTs,

sediment from Ulsan Bay.
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Figure 4-3-33. Distribution of DDTs, HCHs and CHLs in surface sediment
from Ulsan Bay.
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14, R4S/ 00 BSHAE] FI19aA Sk 24
s E3HAE F DDT @2 o4aA 2 tANEe THuE

p,p’-DDD7} 33%, p,p’-DDT7} 32%, p,p’-DDEZ} 21% = YESal, 1 9 Al 7}
A ol AAEAY FAR Fe 15% HITeE Yyt &ARke M=
p,p’-DDT7} 32%, p,p’-DDD7} 29%, p,p’-DDE7} 21%2Z YEFSTHFig. 4-3-34).
Ao B9 A8 A A Fo EaA=E<] DDDS 2A4H7E A vEhd
T 3ef, FA FUE DDT7F SAA %i—oHElML =2 O%}% X%l

a) Busan coast

B0 -
50

30
20 ]

Relative composition (%)

o,p DDE p,pDDE o0p-DDD pp-DDD o,p'-DDT p,p-DDT

b} Ulsan Bay

B 8 &8 88

=

o,p-DDE p,p’DDE op-DDD p,p'-DDD o,p'-DDT p.p-DDT

Relative composition (%3

Figure 4-3-34. Relative compositions of DODTs in surface
sediment from a)Busan coastal area and b) Ulsan Bay.

Habse o] HCH 33dE2 olddA =A4nE ®»i y-HCH7F 36%, a-HCH
7} 27%, B-HCH7} 23%, 6-HCH7} 14% 2 Webgty, 2478 B-HCH7F 41%, ¥
-HCH”} 33%, o-HCH”7}F 21%, ¢ §-HCH7} 6%< ZAWE e th(Fig.
4-3-35). HCH 3}t&2 HCH F9A7F €9 technical HCH$ y-HCHE
A gg dH(Lindane) 0.2 AY4kE] o] ALE-E o gt} Technical HCHY &9 A
59 7L S Zth(Walker et al, 1999); a-HCH(55-80%), B-HCH(5-14%),
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¥-HCH(8-15%), 6-HCH(2-16%), e-HCH(3-5%). Technical HCHW a-HCH®| 74
A7 EeollE =7ehal o-HCHE ddide® 2 dde 7 &sli7h o
2 &7 T A%Ao] Wt Wi, BHCHE o-HCHS9} y-HCHOl sl 244

o] =t} F2ka] ool A2 Y-HCHQ] AR & 242 A2 999 §F4
o] AAMFE AAZT A2 AFAZA S ARgo] 1970 FRE o] & Al H
A solE Egetarl, "ol EekE A BRjle] o(lice) AANYO] = Fol
A BAMAE ABEIL S AR B Aok eabke] A9 Ras g o
ZA A&Ado]l A3 B-HCHY/F Aoz =2 248 Jelith

a) Busan coast
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E 0 ]
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Figure 4-3-35. Relative compositions of HCHs in surface
sediment from a) Busan coastal area and b) Ulsan Bay.
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Al EAHE F CHL g3dE9 FA4HE XYW trans-nonachlor, y
-chlordane, a-chlordane 3}&E°] Z+ZF 58%, 18%, 18% = YEsal, &4
trans-nonachlor, y-chlordane, a-chlordane 3}3t=9°] Z+Zt 53%, 25%, 17% % S+
ddo] FAGE =AvE YEeElATHFig. 4-3-36). 14049719 3IFEE FAH
technical chlordane®]+ a-chlordane, y-chlordane, heptachlor, trans-nonachlor,
cis-nonachlor7} Z2+2¢ 24+2%, 19+3%, 10+2%, 7+3%, and 7+1%7} &5 o] S
Th(Iwata et al., 1993). YWFH O E trans-nonachlor®t y-chlordane® H|(N/C
ratio)g ©| &3t FUAE Z ¢ MAFFES AGstE ¥l FOoE AES)
™, N/C ratio’} 045 ETh @& A9 HZ ol Ae

trans-nonachlor’} &< % &#o] y-chlordane®] H|3
o] Ao R Falo, euH HAFTANE I #ho
ATFAHY A5, FAagS F

B+ 0752 YEga, 24k 25 HEE 4 AAHY N/CHIZF
o=

R
462H, FH wE AT #3012 gl A

Hir

frore oo rr

e}

a) Busan coast

g B

5 8 8

[
[=]
1

Relative composition (%)

o -chlordane v -chlordane cis-nonachlor trans-nonachlor

120 b) Ulsan Bay

100 4

B o ®
o o o

Relative composition (%)
[ ]
=

a -chlordane y -chlordane cis-nonachlor trans-nonachlor

Figure 4-3-36. Relative compositions of CHLs in surface
sediment from a) Busan coastal area and b) Ulsan Bay.

- 118 -



/4 355X =9 PBDEs 2889

PBDE 33EL HEA A Zo 2y, TV, A=AA, AE

5ol BELEHA ALgEolgt =W PBDE A2 19931 16,800 =l A

2004'd 69,000 Eo 7 F&3] ZFUislon, F BEA GAA A& 54%9

23} (Cischem, 2005). 2009%d ©] % Penta-, Octa-BDE &£&&E°| ~&5&F %

o] A FANGEED 55 2o ZAF FANGEZD] HIAUTH
Aol A e £F5E A= W PBDE 3= == 0.34~126 ng/gel
2] 1

1=
T

B F3t2 19.5+30.6 ng/g= UEFThH(Table. 4-3-24). PCB 3}3t& 7} wpzk7bA]
H4HeH(B5~B9, B11~B12-1) WZolA wpg&Eo g Z4s A 3 F
X Aal, B5-49F B5-394 Z+2F 126 ng/g, 123 ng/gl = 7 =
UEtTh ARk oz RAakgk O - (B5~Be)olA & FEE UEWen, o
o2 FI4Y dFS o= AH BlolA 414 ng/glE =
3 Yth(Fig. 4-3-37, 4-3-38). ©]¢} 2 PBDES] #H2 oy
5

I HEol Y40l F 2ol Ha dee AT

tlo ki &

3
o 13
r 10 ol

Table 4-3-24. Summary of PBDE concentrations in surface sediment from
Busan coastal area.

(49: ng/g dry wt.)

Compound Ha-AHU HdrHzt gk
Y PBDEs 0.34 - 126 19.5 £ 30.6 6.32
%' 140
9120
2100
S 80
S 60
o
» 40
a 20
£ o
B PELBEE B EBB DR ERRNERNE

Figure 4-3-37. Distribution of PBDEs in surface sediment from
Busan coastal area.
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Figure 4-3-38. Distribution of PBDEs in surface sediment from Busan coastal
area.

o
B
2
2
X

°] ¥Z¥2ZE Y PBDE 33ES =W E 05~49 ng/gol™

ik 813+9.28 ng/g= UEFIATH(Table. 4-3-25). A% PBDE d3E9 2
FEExE BHY HASERF 2 FSAF AAZE 2R BH Ull-2004 49
ng/gl® 7Mg & TEE HESHUL, AT UvhelA ngEo g d5F
daste e A geo® " JdH AR Ul HfsstdArt &
o] AE A UL0lA 22+ 199 ng/g, 187 ng/gl & =2 TE2E HAEH

ATH(Fig 4-3-39, 4-3-40). o|to] B AFA G = tEA AFSsH AfF
A4 &-5°] PBDE 3¢E2 F 299 o® ASHT

B &4kntol A S E PBDE SHEE9 w5 AVFEE(Wurl et al,
2005)2F T AtolA ZHHE FE(Chen et al, 2006; Pan et al., 2007)Et}
Aoz & FFolAer, dE 2AFHOhta et al., 2002), ¥|= MZTHA
23 379 Yololrtel 73 (Oros et al, 2005, Samara et al., 2006)9149] F%
Ho= 253 Stth(Table 4-3-26).
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Table 4-3-25. Summary of PBDE concentrations in surface sediment from
Ulsan Bay.

@9l ng/g dry wt.

2 PBDEs 0.5 - 49 8.13 + 9.28 4.71
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PBDEs Conc. (ng/g dw.)
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Figure 4-3-39. Distribution of PBDEs in surface sediment from
Ulsan coast.
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Figure 4-3-40. Distribution of PBDEs in surface from
Busan coastal area.
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Table 4-3-26. Concentration (ng/g dw) of PBDEs in sediment from other
countries.

Location > PBDEs" Reference

Busan coastal area 0.02 - 21.7 This study

Ulsan Bay 0.07 - 7.83 This study
Qingdao Coastal (China) 0.1 - 55° Pan et al. (2007)
Yangtze River Delta (China) nd. - 0.55° Chen et al. (2006)
Singapore 3.40 - 13.8° Wurl et al. (2005)
Osaka Bay (Japan) 8 - 352° Ohta et al. (2002)
Niagara River (USA) 0.70 - 148" Samara et al. (2006)
San Francisco Estuary (USA) nd. - 212% Oros et al. (2005)
Bo sea (China) 0.07 - 5.24" Wang et al. (2009)

*>PBDEs (excluding BDE-209)

°Sum of 17 BDE congeners, except for BDE-209

‘Sum of BDE-7, 11, 15, 17, 28, 47, 66, 99, 100, 153, 154, 183

‘Sum of BDE-47, 99, 100

‘Sum of BDE-47, 99, 100, 138, 153

‘Sum of BDE-28, 47, 66, 85, 99, 100, 138, 153, 154

8Sum of BDE-47, 99, 183, 204, 205

"Sum of BDE-17, 28, , 47, 66, 71, 85, 99, 100, 138, 153, 154, 183, 190

1-2. F4tel| 9 /40 258 A E2 PBDE =4

BAasiga &4 HZAHE0 A PBDE A4S A9 KW, Deca-BDE =,
BDE-2097} 86%, 82%% =& WlFT< AAsAth(Fig. 4-3-41). EA =AY =
< BDE-2099] A& $-luelo|A Deca-BDE &3 E©] Penta-BDE, Octa-BDE
TFERTG AEHA AFEEHNY HE F dYsy Ao 7 oY 2E
Nona-BDE, Penta-BDE th& o2 AstA #& Yo, o]= PBDE &34&
o AREI - o] FAFSITE A e AlARHTL

=

b

gt 5 HA= W &2de e L9ds % 54
Alkylphenolpolyethoxylates(APnEOs) 2] ol =)l nonylphenol(NP),
t-octylphenol & <ZHAE 313 (alkylphenols, APs)¥} chlorophenols,
bisphenol A(BPA)= WEHIAZN=EAZE HEd L A=F7Id=olth
(Madigou et al., 2001). AEgt 7147 gk AHE o2 I3t APnEOst= &
dE& D VM AlAlE RS AHEE Y oyt AWEAAER “}O]
/\}B_Qo} SktH(Hawrelak et al, 1999). APnEOs= & €A 8351 A=
of o3 &ali7 wE ¥ ol gl (La Guardia et al, 2001) H& 5 UA
A5 ofstARE o]F9] EaqtE<l APst L 723 543 IAA
2 Qdt AN AEKAH H FFHY EAHS Holal UTh(Ferrara e

o Ir = x'ﬂ
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al., 2001; Keith et al, 2001). ©]&gF EAL A= F AA o g WERA LS
2hg-g ot7] wEo] 9% AX=olA = APnEOs9] A4t# AHEES 4 EE
Agsta & AA ol (Madigou et al., 2001; Isobe et al.,, 2001).

a) Busan coast
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Figure 4-3-41. Relative compositions of PBDEs in surface sediment from a)
Busan coastal area and b) Ulsan Bay.

1-1. Fatsf /4 2SHA e s 3gdE 29d8F

Farel e 3771 A BTEHAECAA mddEE FE=Y v WHele 2-377
ng/gol™, B+ 40465 ng/g, =3Hak 22 ng/gE U EFSLTHTable 4-3-27). F4Hah
o Y A B5-39A4 377 ng/glE VI w2 TEE AEFHUL, B5-19
A 147 ng/g, B5-4°14 113 ng/g <22 =4 YElYTH(Fig. 4-3-42, 4-3-43). =
s edREzE AUt Rt dntEso] B F4+s U S(B5~B54)
7 g Y& e A4 B163 ng/g)olH £ SEEE B

=4tk 3270 A BFEHAEANA mEdE dEY w5 HeE 3~429
ng/g ©l™, B+ 49481 ng/g, SXtEk 22 ng/g= YEFSLTH(Table 4- Sh
stet abdex] Aol AT HH UM 429 ng/go 2 /M EL FERE
L % 5

58
&

R, FAE A2 AT AH U414 101 ng/g2 THeoR B %
T & WYUHFig. 4344, 4345). RA oA ZHE sEd wa) Aoz
Be fzoln], kUMEe] QEETE 4T YZoq upgEow B4 g

- 124 -



AL Jeith ols =4 8 485l kddE HPE FL o
93 9eS AT

nf P>
ol
ol
o 1r

rie

Table 4-3-27. Summary of NP concentrations in surface sediment from
Busan coastal area and Ulsan Bay.

i‘?l’v?—l: ni/i di wt.i

Busan NP 2 - 377 40 = 60 22
Ulsan NP 3 - 429 49 + 81 22
400
300

g

NP Conc. (ng/g dw.)
g

=
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Figure 4-3-42. Distribution of NP in surface sediment from Busan
coastal area.
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Figure 4-3-43. Distribution of NP in surface sediment from Busan coastal
area.
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4-3-44. Distribution of NP in surface sediment from Ulsan
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Figure 4-3-45. Distribution of NP in surface sediment
from Ulsan Bay.
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v E3 HAR U A/1F4580E o9dy 2 54

F715435HE F ELFEFA(TBT; tributyltin)2 1960 F-E Atz 3 <
TEEY 2EAE RS e WeERd AMEFHOST WeEsYl =dd
FUTxE LD AMEHOZRE £59 TBT+ s vIEZ A EAA7A
FIFE FE W 540 23 EFAdZ A g TBTE #4559 1 ng/L
olale] FEAAMNE AEFFY FHANA XA~ e FEST QgL 3
Ao BAE FolAe TBTE w77 @4 o275 3o ml$ 2 5%
oM HlEZH AE vA= TBTY 54 FFoz A=S FAL=Z 19804
5B TBT AH&S =Rt =4l A7 7+(IMO)+= 20083 Bl Re Az
of TBT & WexEs9 AFS FA AT FUE 20008 &3 Aute]  TBT
AFES GAZ o7 FrA|Ete] 2003 olE RE Aldbe] TBT AMES AHAFA &)

1-1. B4y 25 F

2013 ~2014d 2¥

71745 Ee] Ldds
°of F37h AR ZSHAENAM HAEd"

5 A
, A, B 2 NS e TH(Table 4-3-28).

£
2
2L ofy
2

o ¥

FEFMERE 5529 HA

E3FHAHEANA AZE monobutyltin(MBT), dibutyltin(DBT) ¥ TBT %% 7t
7 w4 E~321, uAE~967 9 "lAE~1644 ng Sn/g WFZF] HAE IS
M, YA FEEREAA)E 47 135£303, 75197 F 126+350 ng Sn/gol <
BHAT. FHEFA 3¢gE (BTs: [MBT+DBT+TBT]S F#)2 HATE=(EEE
H=H) £ 3361845 ng Sn/g #HOE UEMST

Table 4-3-28. Summary of butyltin concentrations in surface sediment from
Busan coastal area.

Concentration (ng Sn/g d.w.)
Compounds . .
Min-Max Average+SD Median
MBT AHZE - 1321 135 + 303 34
DBT nAE - 967 75 + 197 9
TBT "AE - 1644 126 + 350 6
Total butyltins (BTs) HHE - 3919 336 + 845 49




AmRe ATl I AZ B15-1914 TBT, DBT ¥ MBTE Z+Z} 1644,
967 2 1308 ng Sn/g2l HAUle= #Fol AEHIUL F WARZ =& TBT 5%
© A Bl1191A 1263 ng Sn/gS] #= UEII O UW(Fig. 4-3-47), BIsE %=+
3919 ng Sn/gl & 7MY E& FEE B 53 TBT F2egUol FAF O
2 M 52 FEE Holv HAEY A¢ F¥E TBTA o AEES)
o] AH= ZF 171_}01 Aojx 7] wi&Ee TBT ™Al 10od o]F A=
M3 e =7 HEHE A2 ASHTShim et al, 2002). Choi et al.
(2009) 46}‘3& TBT A™AAl A FARl S o] FARRE ZAMBAHAA HAEF
o] TBT 57} =4 AEd A €Aste 4FS Bttt I 2 2AH4AFH
o] B5-2~B5-4 @ B13~13-12] 57§ A lA TBT % BTs ¥+ 247 119~772
ng Sn/g, 278~1750 ng Sn/g #OE H2 FERHAE EAYTL

_{ (
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3000 ~ B MET
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10
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Figure 4-3-46. Distribution of butyltins in surface sediment from
Busan coastal area.

a ZTEH=T 7IFARE=S =24 2 BA
Ao RFTEXHNET FEFTHMIFEY LHEAS AHREY, Y
%% MBT, DBT ¥ TBTS 7 33E
% 248¥le A7 0~100%, 0~73%, 0~100%°1™, - 48%, 21%, 28%=
MBT > TBT > DBT <2Z MBTS =AW7} ta =4 239 thFig.
4-3-48). A3 B26°lA TBT= HEH A &oF MBT ZA4H &= =4 i}X]%}OﬂE‘r
43X B26S AT FHEFA 3E F TBT9 DBT ¥ DBTS MBT &

olle Fo3 AAAAZS B9t TBT ¥ DBT DBT % MBT 33&E lg_u:.
2rol FAAA ABAFE 44 12=0.99; p<0.001, 12=0.95; p<0.001 Fo=Z FA
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e o

g FAAAE B A TH(Fig. 4-3-49).
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Figure 4-3-47. Distribution of TBT concentrations in surface sediment from

Busan coastal area.

Relatlve composition (%)

- 2]

NN
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Figure 4-3-48. Composition of butyltins in surface sediment from Busan

coastal area.
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Figure 4-3-49. Relationship of butyltin compounds (TBT vs DBT
and DBT vs MBT) in surface sediment from Busan coastal area.

1-3. &t 2 HA=FT F7IFAE=Y 29T

20131 3~2014'F 29 &4M0k 3270 2AMAAE = U13-13 AL 3170 BH 9
3 E A Eol4 MBT, DBT ¥ TBT 3%9 HFEFX45F=0] EF AEHAUTH
ZZo|Xq HE¥ MBT, DBT ¥ TBT ®=& Z}7Z} 7~1890, v|HZ~376
n A =~1086 ng Sn/g A Fe WAE Bon, JdsEETHAH)= &4
4704346, 68105 H 1414250 ng Sn/g®] #= E A TH(Table 4-3-29). BTs 3}
FE+ 7-2573 ng Sn/g #oE YEIGT

(

P =
ojN of

N

i
il
Lo

Table 4-3-29. Summary of butyltins concentration in surface sediments from
Ulsan Bay.

Concentration (ng Sn/g d.w.)
Compounds . ;
Min-Max AveragetSD Median
MBT 7 - 1890 470 + 346 435
DBT "HE - 376 68 + 105 11
TBT "HE - 1086 141 + 250 14
Total butyltins (BTs) 7 - 2573 679 = 595 503

Ao g FAsda vwste] &4t RFEAES TBT v €5 BHS Al
oty W AL HYTh 4 ZFHAEFTY TBTY 338 LY9REE
AR 4T WS S4e SRt fAF SRy FElAds dSAA
U3-3914 TBT+ 1086 ng Sn/gel i 55 EIth Blse =& €4+ A
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=L A4S HAo umd 4Rk 207 F=APEAE (U1, U5, Us, 6-1 2
U7-2~U13--1)°1412] TBT F%+& 4~39 ng Sn/g HAAE W& BE¥X HIFS 1B
T} 22b X U115 A9 ZE HHoA MBT a=¥9+e 7~1890 ng
Sn/gﬂ Ho= %_—5711 A=HJT. 53 AHO2 = U4oﬂA1 MBT =&

EUh FAs A vaste] &4kt A A
AH o2 &S MBTY %“éﬂ = =4 WS "Ed B ek @y 24k
FHol A g, 3tst 2 FPTA Y LHT Fdol VIJPES AR A
Hoh BTs BHFEEE 679 ng Sn/gloE &2 7

=

oot X1

I 5T
[ DBT
2500 | B MBT

Concentration (ng Sn/g d.w)
o
2
1

500

Figure 4-3-50. Distribution of butyltins concentration in surface
sediment from Ulsan Bay.

—_
S
o
>
=
2
il
oy
Jo
N
X
1
ot
n:?i'
il
o
BN
oX

g
r
o)

125 F 2l
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A RSHEHAEFANA F FEF4 FE T MBT, DBT 2 TBTY Z s3tEF
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é
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Figure 4-3-51. Distribution of TBT and BTs concentrations in surface
sediment from Ulsan Bay.
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A71344, A= 54 A EgE Qe FIFURl HAL 70 %7HA]
A7V =7 = A &+ Tetrabromobisphenol A (TBBPA),
polybrominated diphenyl ethers (PBDEs), hexabromocyclododecanes (HBCDs)7}
ATk PBDEs®| iAol &AL oejuetol A A& 38l A (Table 4-3-30)
At BEA ddAe et JY Srbskal o Ay BEA ddA”d
HBCDs, TBBPA, BTBPE= &4 FolA 740 =i A=A Wl 2= 54
o] A& 71 EH |t (Legler, 2008; Covaci et al. 2011). EEA FAA F4
< Table 4-3-319 A8ttt TBBPAE A&l ¥-63 ddAZ H7lsEo 44
§EHA &= Wi, HBCDs, BTBPEE H7HE dAdAIRA JFS AHstaL Hg
= FBoA dA &= 2 = Ao wEAd 4 wd F9 HBCDs &5
HBCDs AH& S7Fgel st A 200 5t A% S718) 2 o =3 3hFA
o] 2 54 wFo HAAIFOE HEHA I JH(Covaci et al. 2006, Isobe
et al. 2012).

[
o
oy
4
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Table 4-3-30. Overview of recent regulations of Flame retardant (MOE,
2005).
HES F1.3F A
- Ay wARA | mgaw | o A
dAAA E2 3448 71 &
ALdg FFo A
sty A7), ZHAA|EF | WEEE A3 20063 12€
A BE3 44 &
ANz ESAEeE ®17,A _
RoHS A A 2006 7€
A4 AFANA ARE FA o = .
Octa-BDE — - a4 &4
EUNA A4k, AAEA | AFEFA A A
. 20043 8¢
of 3 =& A8 54 | (76/769/EEC)
sl A7 =% Z o) &
43 4 7]FolA sag g
s, U5 9 &4 3
" ok, EUA A
g]o] g4
ALdg3} o A
st A7), AAAF | WEEE A 3 2006312
A BE3Z dadx i
ANz SAEeE d17,A 1 3 e
2] = 2 _
Penta-BDE | 2} A Z o)A A& 3| A 2006%2 7€ el e &4
2=z}L qﬂlq
dAo=E & FH A 76_ 20203
=°F, EUAF
EUN A A4E, AlAEA] | AFEFA] Z 3]
_ 20043 8¢
25 A (76/769/EEC)
Agdg3} o A
3t A7), & A| F ol A N
) e WEEE A3 2006
BE3 ddA g B
= B A
NZEAHE 7] 2 _
Deca-BDE ) _ rald &4
ARA Zo) A A& 2 | RoHS A3 20083 e e
A &2 9] o9
S — =
43 2 J]FolA sag g
WE 3F 2 &4 %
#oF, EUA 3
]9 s
Qg o A
st A7) 9@ AAAF _
A A 5 2 &Y =
TBBPA A BES delA 2 WEEE A 2006 3%
]
EU A A4 AR & | AFEEA A A
e o °© = re 1984 11¢
PBBs ] A& A _ | (76/769/EEC) oA 8
BUSIA Ak, A% S | ao0ew 74 )
A A EA o o
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Table 4-3-31. Toxicity of brominated flame retardants (MOE, 2005).
gAA =4
FTH(EEAD)

Penta-BDE oA LHHH A Ao, mFR A= &) Fo]At

Octa-BDE Ay 21 o], EmbryoX|AHE & 0]1 =4 4 =5

Deca-BDE ARB=A 7HsA, EFE7bsA

TBBPA %oﬂfﬂ AR b5 7HsA

HBCD WA =AY, ANAEA

11 Babsl, $4 E5H A E AFEHEA G 2dRY

B S 3770 - A AFH BHE Alm 5 HBCDs, TBBPA, BTBPE &
= H9= 47 0.05~23.35 ng/g, U 4 Z=~3.81 1 ng/g, 0.01~7.62 ng/gol [, ¥
TS 4.30+4.69 ng/g, 0471075 ng/g, 0.8411.33 ng/g= L}E}‘/LE}(Table

of Q1T Tl

43-32). HBCD 3389 SHEEE B, =ML & = 3
Q)

A<l B15-191A4 2335 ng/gl & 7Y H2 TEE A=HJL, HH B5-14]
so® & 52 A=HdY. AN F¥B5-B15)d 9 FH
(B1-B4) A NA H54 A AHEY FHFor £& LAEEZE UE
Wk ol FUd A4 g AdutshEo] W R4 HIH e dYY dFS
e 9740 F 299UdS AlAREY. TBBPASF BTBPES] 2943 HBCD
of Hla} €53 F& FFELE YEWIL AAZHCE Eo|3 FIHEZE HO|A

Table 4-3-32. Summary of the contentations of HBCDs, TBBPA and BTBPE
in surface sediment from Busan coastal area.

(%9 ng/g dry wt)

Compound Ha-HY W+ Hzt rRigdy
HBCDs 0.05 - 23.35 4.30+4.69 2.74
TBBPA nAE - 3.81 0.47+0.75 0.19
BTBPE 0.01 - 7.62 0.84+1.33 041
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Figure 4-3-52. Distribution of HBCDs, TBBPA and BTBPE in sediment
from Busan coastal area.

=4 sl 3270 ARlAA xFHF EZHE Al® F HBCDs, TBBPA, BTBPE
T= + 27+ 0.38~208.32 ng/g, "IAH=~0.70 ng/g, 0.15~51.29 ng/g°l A
I, HoEe 1559+35.68 ng/g, 0.21+0.21 ng/g, 3.85+9.95 ng/gZ U EMTH
(Table 4-3-33). A4 BEA dAAe LAREE B 24T US4 950

d
f
e d
o
o
),
32
=
N
Zi
fr
lo
off
bt
i

- 135 -



128°50'E 128°55°'E 129°0°E 129°5'E 129°10°E

|

35°10°'N

z
o
3
N
A |z
5 12
) 8 16 |8

128°50'E 128°55°'E 129°0°E 129°5'E 129°10°E

o

35°10°'N

z
b
a
N
AL
5 12
o
i 8 1%“ 8
128°50'E 128°55°'E 129°0°E 129°5'E 129°10°E

35°5'N 35°10°'N

35°0'N

Figure 4-3-53. Distributions of HBCDs, TBBPA and BTBPE in sediment from
Busan coastal area.
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Table 4-3-33. Summary of the contentations of HBCDs, TBBPA and BTBPE
in surface sediment from Ulsan Bay.

(%9 ng/g dry wt)

Compound

Ha-FH)

Hd+HAz}

S3tek

HBCDs

0.38 - 208.32

15.59+35.68

8.29

TBBPA

HAZE - 070

0.21+0.21

0.12

BTBPE

0.15 - 51.29

3.85+9.95

1.22

HBCDs Conc. (ngfg dw.)

) TBBPA Conc. (ng/g dw.)

BTBPE Conc. (ngfg dw.
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Figure 4-3-54. Distribution of HBCDs, TBBPA and BTBPE
Ulsan Bay.
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Figure 4-3-55. Distribution of HBCDs, TBBPA and BTBPE in sediment from
Ulsan Bay.

1-2 FA4bsl o, &4 2352 =9 HBCD 3g&9 =4

FAbsl e, &4k 254 HBCD o] dA| 5 y-HBCD7} 656%, 73% = 7}
24 & YEFA S (Figure 4-3-56). ©l&= YREAQ I3U-9 HHE AF4

oA BRu® Ay gomw 4§ HBCDE y-HBCD 75-89%, a-HBCD

10-13%, B-HBCD 1-12%%] HI&E FA4H Joerm= olF Z wgsta Ut

3tA9F y-HBCDE 160 °C ©]4o] £xolX €& o-HBCDZE 718 3% oA

AA WEgo] dojdti(Covaci et al, 2006). EA&g AFol= o-HBCD7}
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HBCDs % 78% A== A3 H|&S AAsHA dtt. webA] o-HBCDS} y

-HBCD®] H|E ©]&3l HBCDs9 7Hd<s F5E & Ut ol AFA &=
=AY Bop Bl A a/y BlEo] B =3dth(Fig. 4-3-57). ol& Tl Ho]
AMZ U2 HBCDs 2399 &S &2 s 9oudt. &4 P39 =
NEZA FYE& HBCDsS| Abgo] Bol AHdesg @e o/y HIE UEIL )
om, B4k A7 HRE EAEA AYEE, 7HEES AMEol mE HBCDs
o] §Zo] FHHLE H2 o/y vl FFE vA= ALE FAHHALT

Relative composition (%)

a -HBCD g -HBCD y -HBCD

b) Ulsan
100

B0 -

60

20 A

Relative composition (%)

(=]
L

a -HBCD B -HBCD y -HBCD

Figure 4-3-56. Relative compositions of HBCDs in surface
sediment from a) Busan b) Ulsan Bay.
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Figure 4-3-57. The a/y ratios of HBCDs in the
sediment from Busan and Ulsan.

A2 BHAE W A BEA GdA B EaiabEe] LddE®

el

g

¥a
A

20092 PBDEs, 2013'd HBCDs7} 25&% qfofel =4 550 23 HuA
ol WA AT FAAY T8It w55t JUTHUN. 2013, Covaci et al.
2011). TBBPA-DBPEE EEA'FAA Q] decabromodiphenyl oxide (DBDPO)<
AAEAR et iAAlE As AAEHASH(Jpn. Chem. Week. 1998)
2,3-Dibromopropyl-24,6-trobromophenyl ether (DPTE)= Z&Z=ZZd Fghs
g /AR TS HTHICPS. 1997). Pentabromocyclododecene (PBCD)&
HBCDs®] E¥ ALJde] o3 Eajb=2 F= S7oA4 A AF FJAt
(Harrad et al. 2009). 1,59-cyclododecatriene (CDT)E HBCDs7} 3llY E 4 & ©]
U SHANA mdE Zgel o8] HEo] AAd dH e LAY
(Davis et al. 2006). HBCDsol|A| H.&(Br)e] g 7§ AAE =7 PBCDolH, B
= 5/ 257 AA" FEZE CDTolw. HAAASZ Alqf, thA B4 ¢
Aol Azt 8+ 100,000~180,000F 2.2 F4 FTH(Harju et al. 2009). webA],
ol g WAl FAA IetE B FeAES F T TRt mi”d A B st
A AEH]A 3 ) tHGauthier et al. 2009, Kolic et al. 2009).

1R sba ]/ eabtt EEE A2 AREA dolA L BalaE g

FAaksled 3770 BAHAA AHZ} EHAE AE F DIPE, PBCD, CDT,
TBBPA-DBPE % Hel= 27 vHAE~2695 ng/g PIAHE~6289 ng/g,
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0.35~4.54 ng/g, "HE~7.92 ng/g°lNiL, T2 7.06£6.79 ng/g, 6.11+13.73
ng/g, 1.68+1.17 ng/g, 1.64+1.62 ng/g= Y EFTHTable 4-3-34). DTPE= A4}
gFol Bl &R ALV A g Ed WS AA B15-194 M &2
TEE =34 HBCDsY #al4h=<l PBCD, CDT$ tiA|dAA<
TBBPA-DBPE:E 9% 012(131)?% kg FH(B5-1~3, Bl11), A F(B13,

B13-1) NEZFB15-1)A =S LUEE HIYT HBCDs9t FAMS S AEE
UrE}”*EP o] &= HBCDsi‘r 2ol TUE AL B AutsEo] Be FAakadd
Bl%ﬂg‘ﬁ%A T Be T4 F 244

= 0] .S
L T o=
Aok IR Ho] LHdETE wAL YR AEH

4-3-58, 4-3-59).

Table 4-3-34. Summary of the contentations of DPTE, PBCD, CDT and
TBBPA-DBPE in surface sediment from Busan coastal area.

(9 ng/g dry wt)

Compound Ha-H Ha+Hzt F3Ek
DPTE HHZE - 2695 7.06+6.79 5.50
PBCD HAZ - 62.89 6.11+13.73 1.21
CDT 0.35 - 4.54 1.68+1.17 1.35

TBBPA-DBPE nAE - 792 1.64%1.62 143
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Figure 4-3-59. Distributions of DPTE, PBCD, CDT
and TBBPA-DBPE in sediment from Busan coastal
area.
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N

sl 3271 AAA AMHATF HAE= AE F  DITPE, PBCD, CDT,
TBBPA-DBPE &% W= 44 vHE~2533 ng/g, VIAE~2652 ng/g,
0.66~10.92 ng/g, "IAZE~734 ng/g °IANIL, HIHLS 966519 ng/g,
3.45+4.75 ng/g, 3.14+2.09 ng/g, 2.65+1.86 ng/g=E EFTHTable 4-3-35). 471
e BT FAERT 24t 52 R FES BT B4R A9EE

_1

o] gk 4elA o3 FHIAEES o Bol AEHIL e Aow 34
. DTPE= W W59 571 o8f Bt} wof & =3 Wi edEx
€ H3H ole FeEol uE =Ry 4% IAF=EHA vt S
o] Ety | AEE olFd + e HTY DIPEY] #FUo] ¥AY jle AL
2 F5 9k PBCDE 34 2 AH U334 M 58 =2 A4S
=Stk CDTS} TBBPA-DBPEE AAXd ¥ FH Us-1oA 7HE =& 5=
g Yeidon, gt Yo oz A4z Frrt gadte A4S By

(Fig. 4-3-60, 4-3-61).

Table 4-3-35. Summary of the contentations of DPTE, PBCD, CDT and
TBBPA-DBPE in surface sediment from Ulsan Bay.

(%1 ng/g dry wt.)

Compound FH2-FHu Hd+HA} rirds
DPTE vHdZE - 2533 9.66+5.19 9.19
PBCD vHZE - 2652 3.45+4.75 2.29
CDT 0.66 - 10.92 3.14+2.09 2.49

TBBPA-DBPE nAZE - 734 2.65+1.86 2.03
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Figure 4-3-61. Distributions of DPTE, PBCD, CDT and TBBPA-DBPE in
sediment from Ulsan Bay.

=

Y T35 Y9459 =& Cr 200~876 ppm, Co
42~148 ppm, Ni 79~359 ppm, Cu 57~7993 ppm, Zn 44.4~461.8 ppm,
As 44~16.8 ppm, Cd 0.08~091 ppm, Pb 19.5~107.8 ppm, Hg 0.01~0.29
ppme FEHAE UENZ JUTh(Fig. 4-3-63). HAH FIFE BAFEE
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Zno] 1657 ppmO2 7P E=kom Cu(932 ppm)>Cr(60.2 ppm)>Pb(39.0
ppm)>Ni(24.5 ppm)>Co(11.0 ppm)>As(10.1 ppm)>Cd(0.27 ppm)>Hg(0.09
pm)e] o2, Aazte 1,900019 £ FEXAo|7F EAlStE ASE Ve
Cde FA4td W59l B5-1 AHANA HAds=E Elow, Cu, Pb 2 Hge A
2 A IS Bl AHANA HAFEEE BEAT Crd Ni2 74HdEd Y
B13 A A, Zn3} Ase= B15-1 oA He=E YeERU I o], 24
net Fad die FE7) AolstAl YERS T (Fig. 4-3-63).
Hase BHE U 845 T2 A9 A3 EA uet 4
=

(Bl1~4), F4Hgt FAB5~15) 2 G574 FH(B16~26)2
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116 ppm) ©]3te] T=E HAT Ni 9A ZE HH oA TEL@A7.2 ppm) ©]3}
9] F=5 Yeh Atk Cust Zne Lig o843y J=rAHS HASH
HANY. YEEA F Cud =& 971 BHNA TEL(20.6 ppm)3 PEL(64.4
ppm) Atold FEE HYgow, 7/ AH(AH 11)& PEL(644 ppm)S =33}
A e AR Uewd AERAY F Zno sE& 1970 ZH oA TEL(684
ppm)¥ PEL(157 ppm) Atole] =& B on, 67 BHE PEL(157 ppm)<
Z33tE Aoz Jehytth Cust Zn7b $-Eluet Fo|71F(TEL) =& #E7|E

(PEL)S Z3shs A9 R4bg, Hagd, 133 9 duzd 5 37 A9
o Aoz Yeh} olE A F& P57l W & AR YEgth Ase
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Hh= B1~B1-29} B4HsE, BEAbdd 2 AN FUES 295t= FoE
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Figure 4-3-62. Spatial distribution maps of trace metals in surface sediment
from Busan coastal area.
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Figure 4-3-63. Spatial distributions of TOC, TN, mean grain size and heavy
metals in surface sediment from Busan coastal area. Dashed and solid lines
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represent the TEL and PEL values of sediment quality guideline of Korea.
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129°20'E 129°25'E

Skm

129°20'E 129°25'E

0 15 3

129°20'E 129°25'E

0 15 3

129°20'E 129°25'E

Figure 4-3-64. Spatial
sediment from Ulsan Bay.
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the TEL and PEL values of sediment quality guideline for Korea.
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Figure 4-3-67. Ternary graph of textural parameters in
surface sediment from Busan (upper) and Ulsan Bay

(lower).
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Table 4-3-36. Pearson's correlation coefficients for sediment textures.
organic carbon and metals in surface sediments (n=37) from Busan coastal
area.

Mz Clay Sand Sit TOC Al Li Cr Co Ni Cu Zn As Cd Pb Hg

Clay 094" -

Sand -018 0.01 -

Silt 009 -011 -099" -

TOC 081" 080" 006 -014 -

Al 058" 072" 011 -017 049" -

Li 085" 080" -038 031 062" 071" -

Cr 083" 082" -013 005 078" 069" 088" -

Co 084" 08" -014 006 065 085 093" 089" -

Ni 092" 09" -022 014 076 073" 094" 094" 095" -

Cu 019 020 028 -030 0547 -010 -003 019 000 008 -

Zn 046 050" 031 -036 081" 020 022 048" 026 038 083" -

As 066 072" -005 -0.02 078" 060" 055 064 062" 064" 052" 073" -

Cd 027 039 049" -052" 061" 022 001 029 010 020 048" 081" 057" -

Pb 036 038 025 -028 074" 007 015 038 017 027 094" 094" 065 063" -
Hg 016 014 019 -020 060" -012 -006 015 -0.12 005 065 078" 041 070" 079" -

ogdEAeE 001 FEEEH)0AM fo

L HgEAFE 005 FE(EZ)M {72
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Table 4-3-37. Pearson's correlation coefficients for sediment textures.
organic carbon and metals in surface sediments (n=33) from Ulsan bay.

Mz Clay Sand Silt TOC Al Li Cr Co Ni Cu Zn As Cd Pb Hg

Mz - ~
Clay -0.68" -

Sand -024 065 -

Silt 027 -069" -099" -

TOC 036 003 -008 008 -

Al 066" 073" 029 -033 -031 -

Li 065" 049" -010 007 -018 069" -

Cr 069" 054" 002 -005 -020 074" 091" -

Co -039 029 016 -017 -017 026 031 040 -

Ni -076" 0717 022 -025 -014 076 087 095 045 -

Cu -004 028 022 -022 014 019 006 034 014 033 -

Zn 013 044 025 -027 020 032 021 045 029 045" 095 -

As 016 038 024 -025 001 038 008 036 010 036 034" 087 -

Cd -002 030 028 -028 013 017 007 034 016 034 098" 093" 090" -

Pb 000 018 019 -020 011 009 -001 029 018 029 096" 086 089" 097" -
Hg 007 029 033 -033 010 013 -002 020 059" 026 053" 058" 048" 0527 054" -

OB A s 001 =FEEER)M |2

L gEASE 005 FEH)OM R
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Figure 4-3-70. Correlations between total organic carbon and metals contents
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Figure 4-3-72. Mortality of amphipod exposed to sediment from
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A Fske gl 20129 €% F5<(As, Cd, Cu, Hg, Pb, Zn)oll ti&t
NAHAE 71ES TAE e, 20130 Cr, Niol tiall 7|EXE F7F LA
ATt frILdEAA g ZIEAE obF FH A Utk B AT =
= HHE 7+ A 2 AT f

H] a3} A ot

Fakel o 3770 BRI A4 327) AR A AP BFHAEA SAHE #
71e9=4Y F55Y FEF iUt CCME(Canadian Council of Ministers of
the Environment), 7|7 NOAA, &F/wZ&ZIE ANZECC(Australian and New
Zealand Environment and Conservation Council)ellAl #QFst B X & A&
7 Table 4-3-38° YERHAT. 7Autie] H2E dir|Ee FA%ES HEs)
= AE BHoZ MHAFOSH, ‘interim sediment quality guideline (ISQG) ¥
‘probable effect level (PELY = A|AIHIL It ISQG #t °lstd 4% sz A=
SHal Y&l vEHA Ee FEE TAHEY, PELe 23T A5 Al el
WA 7hsAdol =2 FEE AT ol9F H|=3Al vl=m NOAAT ‘effects
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4% ANZECC %ol Har|Ee AR A=, 57% AAHAA ISQGE %34
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Table 4-3-38. Sediment quality guidelines of Canada, USA ,Aus/AZ and Korea for the Target Toxicants in Busan and

Ulsan Bay.
Canada US NOAA ANZECC Korea
. . Busan Ulsan
Compound Unit 1SQG PEL ERL ERM ISQG-Low ISQG-High TEL PEL
Acenaphthene ng/gdw 6.71 88.9 16 500 16 500 - - nd-60.3 0.18-34.6
Acenaphthylene ng/gdw 5.87 128 44 640 44 640 - - nd-24.8 0.37-50.5
Anthracene ng/gdw 46.9 245 85.3 1100 85 1100 - - 0.09-81.5 0.52-49.6
Benz[a]anthracene ng/gdw 74.8 693 261 1600 261 1600 - - 0.17-487 2.25-164
Benzo[a]pyrene+Benzo[b]f | |\ /¢ 5., 88.8 763 430 1600 430 1600 - - 0.31-1133 4.92-847
luoranthene
Chrysene ng/gdw 108 846 384 2800 384 2800 - - 0.11-455 2.91-245
Dibenzo[a,h]anthracene ng/gdw 6.22 135 63.4 260 63 260 - - 0.03-124 0.31-72.5
Fluoranthene ng/gdw 113 1494 600 5100 600 5100 - - 0.28-756 6.71-298
Fluorene ng/gdw 21.2 144 19 540 19 540 - - 0.07-62.9 0.41-27.9
2-Methylnaphthalene ng/gdw 20.2 201 70 670 - - - - 0.12-27 1.05-34.9
Naphthalene ng/gdw 34.6 391 160 2100 160 2100 - - 0.56-41.2 2.19-43.5
Phenanthrene ng/gdw 86.7 544 240 1500 240 1500 - - 0.29-381 2.85-156
Pyrene ng/gdw 153 398 665 2600 665 2600 - - 0.37-179 1.79-76.5
Lindane ng/gdw 0.32 0.99 - - 0.32 1 - - nd-0.38 nd-0.27
Chlordane ng/gdw 2.26 4.79 0.5 6 0.5 6 - - nd-0.23 nd-0.05
p,p-DDD ng/gdw 122 7.81 2 20 2 20 - - nd-29.8 0.01-2.23
p,p-DDE ng/gdw 2.07 374 22 27 22 27 - - nd-10.5 0.01-6.41
p,p-DDT ng/gdw 119 4.77 1 7 - - - - nd-68.6 0.01-33.3
Dieldrin ng/gdw 0.71 43 0.02 8 0.02 8 - - nd-0.16 nd-0.05
Endrin ng/gdw 2.67 624 - - 0.02 8 - - nd-0.39 nd-0.04
T-PCBs ng/gdw 215 189 22.7 180 23 - - - 0.01-59.1 0.09-80
Heptachlorepoxide ng/gdw 0.6 2.74 - - - - - - nd-0.01 nd
PCDD/Fs ngTEQ/gdw 0.00085 0.0215 - - - - - - - -
TBT ngSn/gdw - - - - 5 70 - - nd-1644 nd-1086
NPs ng/gdw 1000 - - - - - - 2.09-377 3.27-429
mpsty |2 o w0 w0 fme w0 (@, e e
Chromium mg/kgdw 523 160 81 370 80 370 116 181 20-88 11-90
20.6 64.4 5.7-799 25-731
Copper mg/kgdw 18.7 108 34 270 65 270 (Lin ) (Lix ) 5.7-1855(Lix. 4) 10-397(Lix 4)
Nickel mg/kgdw - - 20.9 51.6 - - 472 80.5 7.9-36 8.1-43
Arsenic mg/kgdw 724 41.6 82 70 20 70 145 755 44-17 6.2-88
Cadmium mg/kgdw 0.7 42 12 9.6 15 10 0.75 272 0.08-0.91 0.17-5.3
Mercury mg/kgdw 013 0.7 015 0.71 - - 0.11 0.62 0.01-0.29 0.04-2.6
Lead mg/kgdw 30.2 112 46.7 218 50 220 44 119 20-108 27-879

- 172 -



Table 4-3-39. Percentages of sediment samples in Busan coastal area and Ulsan Bay exceeding the each SQG value.

B4 S
Variables Canada US EPA/NOAA ANZECC Korea Canada US EPA/NOAA ANZECC Korea
ISQG- ISQG- ISQG- ISQG-
ISQG PEL ERL ERM . TEL PEL ISQG PEL ERL ERM ] TEL PEL
Low High Low High

Acenaphthene 11 0 5 0 5 0 11 0 9 0 3 0 3 0 9 0
Acenaphthylene 11 0 0 0 0 0 11 0 6 0 3 0 3 0 6 0
Anthracene 3 0 0 0 0 0 3 0 3 0 0 0 0 0 3 0
Benz[alanthracene 11 0 3 0 3 0 11 0 6 0 0 0 0 0 6 0
m%[a]mrewaem[b]““ora 14 3 5 0 5 0 14 3 9 3 3 0 3 0 9 3
Chrysene 11 0 3 0 3 0 11 0 6 0 0 0 0 0 6 0
Dibenzo[a,h]anthracene 16 0 3 0 3 0 16 0 19 0 3 0 3 0 19 0
Fluoranthene 11 0 3 0 3 0 11 0 9 0 0 0 0 0 9 0
Fluorene 3 0 8 0 8 0 3 0 3 0 0 0 3 0 3 0
2—Methylnaphthalene 5 0 0 0 - - 5 0 3 0 0 0 - - 3 0
Naphthalene 3 0 0 0 0 0 3 0 3 0 0 0 0 0 3 0
Phenanthrene 8 0 3 0 3 0 8 0 6 0 0 0 0 0 6 0
Pyrene 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0
Lindane 3 0 - - 3 0 3 0 0 0 - - 0 0 0 0
Chlordane 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p,p—DDD 30 5 22 3 24 3 30 5 3 0 3 0 3 0 3 0
p,p—DDE 14 0 14 0 14 0 14 0 3 0 3 0 3 0 3 0
p,p—DOT 38 19 38 8 - - 38 19 9 6 9 3 - - 9 6
Dieldrin 0 0 51 0 55 0 0 0 0 0 19 0 19 0 0 0
Endrin 0 0 - - 22 0 0 0 0 0 - - 25 0 0 0
T-PCBs 8 0 8 0 8 0 8 0 16 0 16 0 16 0 16 0
Heptachlor epoxide 0 0 - - - - 0 0 0 0 - - - - 0 0
TBT (as Sn) - - - - 57 22 57 22 - - - - 91 34 91 34
NPs 0 - - - - - 0 - 0 - - - - - 0 -
Zinc 59 16 835 3 19 3 95 8 84 19 75 3 38 3 91 9
Cromium 76 0 3 0 5 0 0 0 75 0 6 0 6 0 0 0
Copper 78 19 41 8 24 8 81 11 100 19 75 3 44 3 97 19
Nickel - - 73 0 73 0 0 0 - - 91 0 91 0 0 0
Cadmium 8 0 0 0 0 0 5 0 19 3 6 0 3 0 88 3
Arsenicx 89 0 86 0 0 0 3 0 97 3 88 3 25 3 0 3
Mercury* 22 0 14 0 14 0 22 0 41 9 38 9 38 9 16 9
Lead 73 0 19 0 19 0 19 0 94 6 38 3 31 3 41 6
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&, Dieldrin, TBT, 5%/ 7F old aigdd <+ Aot

Te5Y AF ¢4F 4ol UeUA &L A AHAA Azl=9
A7|ES 92 At MiATEE 1A AAHE W 45 H™¥E Ve
A5 AL At ddHeRE &5 HHAAA ZIEAE 2HsH Zn, Cu,
Cd, As, Hg, Pbo] 7|EXE d1 Slo] F8 AXE=E AEHojoF & o=
SEt gEo] VEXAE 2HeE WL I 23 AEE HIHE AF AHA
of HIIAA FGE 2P E Aolo] MEAL F4F vl Ut

g, Frtel e Fulke] Ax @ LHAEE Holy 549 AF LFxAb
28 FE H§ AL EE8E =ol7] Y3 BIUIAE FEAA AYste=
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o 7% drwg zAtEAE JelE golth A4E HAE A5t el
Aol wet e oA 9AIZ SE3tEth: (1) excellent (SQI value of
95-100), (2) Good (SQI value of 80-94), (3) Fair (SQI value of 60-79), (4) Poor
(SQI value of 45-59), and Very Poor (SQI value of 0-44).

<Nt HARA S 454>

: ‘# of tests variables) .
F=|  Yanae2) x 100 = Scope
total # of variables/
; mdne ' ;
F,=| | = Amplitude
£ (0.01mdnc+0.01)
l)
N non—compliance,
=1
mdnc >
# ol lests
) (failed test value;)
non-compliance, = | ————— | -
guideling;
mdnc Mean degree of non-compliance;

;
P

Individual guideline;
Total number of guideline used.

: Fy+4
SOI = 100 2

J2

O

BAZRAZ AT A=A v, vy, SF/7EREY HAE HILVEA
& A3t A& FAEdd 4Nt HAHES HAYEAFE Figure
4-3-74~779) YEFATH B 377 EFEZFHE HAHEAFE
20-100; NOAA_ERL, 25-100; ANZECC_ISQG low, 21-1009] ®$S Jebith
(Figure 4-3-74). CCME_PEL, NOAA_ERM, ANZECC_ISQG highE & &3} 7
AR HAEX G AS ZHZE 66-100, 78-100, 66-100°0.F THE-IE] A ol A]
Yel T CCME_ISQG, NOAA_ERL, ANZECC_ISQG lowe] A

=& &3 AFE vustH, ANZECCY ISQG lowEs AL
o FArelH el e AGEHTE 7HE xﬂfﬁ}ﬂﬂ UERTE ol F4ks 9] A E
LANEHE AET Slo] ANZECCO #dirr]Foe] CCMESF NOAAe®! wls] %
< HEES FE VIEYEs YustH, ole HAE div|E ABEEY Ao
fEo g sjAEct ANZECCS A9 thadZo g TBT7F ZdHo] Y& ut
H, CCME®} NOAACIA+= TBTY 7|&X7F WAt gH, CCMES 7§

o,

‘excellent’ £

i
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PCDD/Fs¢ NPs®] 7|&x|7} & wkaA NOAAQ‘r ANZECC
A 71 gtk ol FAk Y A E
2 a#Eo oF & AAMRHH o] 9} ELOI ZA}XIOU L4
a7)Ee] AR EHJAEA ofdA 9 o 5
Uetd 5 ok oldg AR S E%s} | Hsﬁ CCME«] JJU]%
Qe 2LdEA &2 TBTY Nickel?] &
(¢l 3% E CCME/ANZECCE %33 % E}Al Akl B EE 94 A=A
E A4H43siE, 1ISQGeF PEL< A 83 HAEA & 22 17-100, 58-100= U
EbA T (Figure 4-3-76~77). HAs|d 2 E 2 ®d 57 HHo] ‘Very
Poor’, 17} A& o] ‘Poor’, 87 A& o] ‘Fair, 167 o] ‘Good’, 77} A Z ol 4]
"Excellent 2 YEFIL, FA4HE Q13 gulaZgtoe] 71 @2 EHAHEXSFTE U
Ebyith. olol= FF<43 TBTY % PAH 3%, DDT 33E, PCBY H&=7}
HAE 7|EXE 2Hsta AT

22 F2EAES SQIE= CCME_ISQG, 38~93; NOAA_ERL, 45~97;
ANZECC_ISQG low, 30~979] WS uEWi, CCME_PEL, NOAA_ERM,
ANZECC_ISQG highs #-&3sto ALtd sQIel 74 Z+2 70~100, 80~100,
75~1002  OjFEe A ANA  ‘Excellent &  UEFHTHFigure  4-3-75).
CCME/ANZECC HA = 7|EAE A &3t HAEATE 4AHAsHH, 71+A ot
e A8 A$ 571 HFHo] ‘Very Poor, 670 AHZHo] 'Poor, 87 Ao
‘Fair & YEMA AL, 7]|EX] A3E A8 A dFEE A-HoA ‘Excellent &
Ut th(Figure  4-3-76~77). &4RF WS (UL~U5)F 24 E@A B2
(U10~U10-5, Ul1-2)ollA & FAE=AFE YEtWll=H, oldl= TBT7F 43+
® 7138ta 31, PAH 33HE, PCB 83t&3 D =

CCME, ANZECY #71&d HAE dAuriFdd glugtelA H AF
Tus HVEs A et HHEATE ARG BS, T =
zﬂr AATFENY 23 BE(F2)9 Tad wep A5 ghol

S el oy AubAQl FEdFS CCME, ANZECS Hir|&ws 1
9]— A2 f-AFSHA T (Figure 4-3-78).

A Od%ﬂ vie} o] Al FH/Ho

T+ AZ g8 2¥95ge
X}OI Eo g2, A
7154 =420 HHE
A3E B HigE
L EFA T (Figure 4—3—79).
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(a) 1SQG (CCME) (b) PEL(CCME)
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Figure 4-3-74. Sediment quality index (SQI) of Busan coastal area derived
from (a) CCME interim sediment quality guideline (ISQG), (b) CCME
probable effect level (PEL), (c) NOAA effect range low (ERL), (d) NOAA
effect range median (ERM), (e) ANZECC interim sediment quality guideline
low (ISQG-low), and (f) ANZECC interim sediment quality guideline high
(ISQG-high).
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(a) 1SQG (CCME) (b) PEL (CCME)
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Figure 4-3-75. Sediment quality index (SQI) of Ulsan Bay derived from (a)
CCME interim sediment quality guideline (ISQG), (b) CCME probable effect
level (PEL), (c) NOAA effect range low (ERL), (d) NOAA effect range
median (ERM), (e) ANZECC interim sediment quality guideline low
(ISQG-low), and (f) ANZECC interim sediment quality guideline high
(ISQG-high).
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Figure 4-3-76. Sediment quality index (SQI) of Busan and Ulsan Bay
derived from the combined guidelines of CCME and ANZECC.

Figure 4-3-77. Distribution maps of the sediment quality index (SQl:
CCME, 2002) in Busan coastal area (upper) and Ulsan Bay (lower)
based on the combined sediment guidelines from CCME and ANZECC.
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128°55'E 129°0°E 129°5°E

Figure 4-3-78. Distribution maps of the sediment quality index (SQl: CCME,
2002) in Busan coastal area (upper) and Ulsan Bay (lower) based on the
combined sediment guidelines from CCME, ANZECC and Korea.
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a) Busan coastal area

Metals only

b) Ulsan Bay

v

Metals only

Figure 4-3-79. Changes in sediment quality index according to applied
target variables.
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B5-4)3% 24Habd e QI A (U10-2~3, Ull-1~2, Ul2-1)dlA XTU>1, @7
T APTE>20%E YERH oY, XTU 4ol 1S 23ste iy AfolA &
7t APES 0%V MO R 54 dehiA e Ao HuEh ol A
A EAtE 48 L9542 AEEEI e T UdSe AAsE o
2 PGrlolA FE3 PNECHS ¥ A= S4S 7|€o=2 3 FHE&E
7IEEs GET AoE B[ Aol FASk AAE Fol ofyr] W&
of Aolg AzE vehd S ook a3 oW ATelA obgd =y M4 3
& o st HAER 77T ARBLY, Y BA JFS AR
@ Wl GFo| F@sojor F oz AnHL
a) @ Busan
Ulsan
'ﬁj -
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Figure 4-3-80. Relationship between amphipod mortality and (a) sum of
toxic unit of all toxicants, and (b) sum of toxic unit without metals in
sediment from Busan and Ulsan Bays. Note: PNEC is estimated from PEL
(CCME) and ISQG-high (ANZECC) for organic contaminants and PEL
(Korea) for heavy metals.
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Aad AMAY =

1. A787
Autx oz AN Wt mE ANYEEH] FHusE Fopnr] 9
& WEF, AAF % FAT s= T2 SHAT (Berge, 1990; Dauer

and Alden, 1995; Vandolah al, 990) 8y HZol+= shdy e 23t
g x5 7H AXAEA L 2 Hrlstr] A& AMA=ATFES
A=t ok FREAAAE X]}LI_O = o] &3 Azti's B=ASF (Borja et al,
2000), 7]=¢] Chesapeake Bay®] 74-¢ tt¥st HE GETFlet HAG F
Fol w2t F&st $E33F WYEFHFAST  (Benthic-Index of biological
Integrity) (Weisberg et al, 1997)5 AF&3stal Qlth. I &= AHejA S A
AAQAEE FFsted 4= Trophic Index (TRIX) (Wollenweider et al,
1998), EAW FEHHFE ©]8&3% Ecological Reference Index (Langston et
al. 1987; Reish and Gerlinger, 1984) & T4t A& o] &3t A A AW e A <
AZEE Brista v 28y SledA s FuFEAFE ol &ste B
(¥ & %, 1997), log-normal curveg ©]&3 HH (4 I 3, 1997), LA A
Folu WZFl &Lk G4 FY :fL%‘JZ“ Hlgol o8] A4S HIIRE
H (A F, 1997)5°] oy, HITole HAFFEY A4 71%3+ infauna
index® A% AAHEATE /\}%3}04 1734= BI7rRE A7 S7hska
ATk (¢l 5, 2003; F 5, 2003; Seo et al, 2012; Lim et al, 2013).

2 AFNA @AM sES] AAE FUb A" Ags AMLEAT
(Benthic Pollution Index; BPI)°|th. AA L @A T+ =i /‘11—: 1995\ d ol A &
ALH Y=l (Sl FATY 1995), A& 2 Hlw oA Word (1978)9]
WA sE 24X 4 ITI (Infaunal Trophic Index)E& WA AIZl SHH/PIHO=R
A ABE] AAEAS 1ET SFEH7E HH F stuelt (o] 5, 2003).
AXdA T AMsE0] f7le 2dd g vkE
2Edt= 7MY stoll, AXEES 2A 4719 ”él%sé:iii T3+ Word
(1978)9] A FE4 (IT)= &3t 1-100AF°] 9] < ] = ol
o (=AY, 1995 ©] &, 2003, H 5, 2003).
Xi’\']‘g%—gl AZ= #H7tol 7Hg dd ol &H M% Ho”ﬁ | AR of= g stgt

lﬂ

e AR BE B m% a5k

3k
ol %ﬂEX4OH@1‘ﬂ S3s gxdldoer AdAste AAd=E =8k, 7S
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A5 AASFATE (Seo et al, 2014).
2 AFolA = BPIE ol&ste SldAgs gl Fabdet, 4Ry, a8
sieke] 2014 AEE AMAZ=E H7bskaA o
2. AT
7k A
HHE2 20149 2¢5H 114704 AR A, APddM d=R
A3 FR71"4E (TOC) FFS SAsIAT. d=842 2014d 2207 35}
R AEEAS 28 AFHF A®R T 5ge HlolA Fol 10%9] HArsr4
2 f7l=3 01 N-HCZ &t s AAD §, NES oA 2 =53 AHA
2 T8l 49 olste] AFE AJS & Ro-tap sieve shaker® 15%3F A dg +
AE TEHEHE FA HMESS T3ACH, 49 o] U AE 2g5 01%
calgon €9 ¥ WAl & XA AFUE 47120 Sedigraph 5000DE
o] g3t U=FA WMEES Folk and Ward (1957)/] Inclusive Graphic
Methododll &J3te] W& T3ttt 53 %HH F71e 4 (TOC) 2 ¥ 37
S 100ColM 2443 o] Ax A7 & B3 a}oiu} Hmi}a AEe A
ZAA, IN Fd4te 2 F7]8k4 (inorganic carbon)E A A% § CHNS analyser
(EA1112, Thermo scientific)E ©]-&3} H F7]& 4 (total organic carbon) %
F= SAHsAH-
. @AM sE Y 2 24
HFAMsE AP HHe APA 5L A7l FFEHAS™, van Veen
Grab (E9 Ud : 01 )= o]l&sted A 234 HbE AfFstAT A F
AbAt 2570, &4kRE 1370, T 1670 HAH A o] R H Tt (Fig. 4-6-1). 2014
d 2ol FAkARb 127, 4R 1870, FSiwk 12709 A zA AHS F71
2 zAEEH. ARE HEE5S AdoA S (Mesh size) 1 mmQl A& ]
ot AMAET HH=s FHsien, JIEES 10 % 54 £=22d %"”
°2 uAY F APdd=m st AddoM 4 ERTER AEs
A" A= siFdn At A T E7kA T4, Al
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Figure 4-4-1. Sampling stations for macrobenthic infauna in Busan coastal
area, Ulsan Bay and Jinhae Bay (Red circles: hot spot stations).

o ARZEAF A=

1) AXLFAF AL

B AT = AAREe 2o 71x3tY infauna indexE& A3l 7
A AA 29GR4 (Benthic pollution index, BP)E A&3le] Z+ s o) @A
AEeeddel 355 H7bsl 2z &l BPIc 3AAsETd 74
o] AR E o] §3dto] ANFHAAY, gro] Aold4E w3 A= don,
AxAEe] 2d® A4 AAstal = Aoz H7HEH (Lee et al, 2003).
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BPI2] Al4kaS o3 Zth

BPI = [1- (axN1 + bxN2 + cxN3 + dxN4)/(N1 + N2 + N3 + N4)/d]x 100
714 N1 S22 of 72 219 7H7<11—re, 2v EFEHAHEAAS] A
A 229 MATE, Nde LGAA T 71859 7
Asg YeEbdt. ZF 7lsaY @A Tl TJJro} 7F5 A= a=0, b=1, =2,
d= 30?1 Fo]H T BPI=0°|H AATHo]l BF LAAATLE FAHH Qe
$-o]™, BPI=100°] AAAFETFF o] oAHf2Ate} SAARIo R FAdEo 3

%g Uebdth FAA Ao FAE 2o AE BPL S 008 Fth

3. A7Z243 ¥ E9

LR

(

=
ro
b
0}

of
Jo
N
i
o 1_,>,

s}k

=

Hakddeke] EAE Jd=& 27111 phiel B, 954 379 I8 A
HolArk Abd HAde Ha, 1 9 e Ud 44 Bt 7
2bAte]l M f7I®kA (total organic carbon; TOC) &#2 2¥€d& 0.1-1.7% 9]
HHE B, 549 0-1.2%, 8€ol= 0-1.0%, 11€l= 0.1-20%2 HHAE

= 0
HAT TOC #FF2 T Al AEEZSR G574 799 FHENA
7H wekal, 2€ele A A 5 A AH 529 AH 5104 47
1.7%, 1.6% = dH o2 =A YEIST (Fig. 4-6-2).

Sqkke] HAE Q= 0.62-104 phid] BAZ, 354 H 99 AUAH 103
NA= AHE EAHAY 3, 1 9 AFEdAE U4 H84E Bt &4
9] TOC &S 290+ 0.2-1.9%% HAE B, 54+ 04-1.8%, 8Ll
= 0.6-1.8%, 11¥l= 03-1.8%¢ HYES Ytk TOC TFS ZTEAH 2Ab
T o] & AolE HolA Fgou, ALERA Ao

o
L,
2

()

o [

Me 24kge Ao =
mEEML, BolRl I g =E =4 UElW Y (Fig. 4-6-3).

285k A E S5+ 87-114 phi®] HYE Ho ZE Yo Yyd HH
Aoz yehygt Asvke] TOC g3e 2¥€d= 1.0-35%2 HYE B, 5
dol= 0.9-3.0%, 8¥ol+= 1.0-3.0%, 11¥€+= 1.1-3.0%9 WS EYY. TOC
e vhakgh, FAh, AEW 5N, 2dET 5 Atel AdHT HAHENA
dHAC2 =7 YElSH (Fig. 4-6-4).

Al A9l TOC &2 3T (B 2.0%), =4 (1.1%), F2FAt (0.7%)
o] o2 yehgth FARARY TOC #FHFe 29 Hde] A Ao ARt
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15% ool #E& Ea, I 9 A-dds ZF 1.0%0l5te] dozez v
TOC &S EATH 4Hte] TOC a2 2¢€< ALAHA ozl F&z
HE2AA F2oA 1.5%0149] Ao sE w2 S By, I 9 A
E 24 A AHENA 15%014 082 el oy 1 ¢ AHELS 15% °]
st2 Uetth Jafinte AAE 5EY HHAAT 1.5% oldte] TOC &
B, 1 9 BASMAE 2.0-30%4 Mrﬂﬁog 2 TOC ¥&Fs BAo
o, A-e wet 3.0% ol =L #Fe Kol FAAQMY S4NtHRE AolE
=R A=

Figure 4-4-2. Spatial distribution of TOC (%) in Busan coastal area from
February to November, 2014.
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Figure 4-4-3. Spatial distribution of TOC (%) in Ulsan Bay from
February to November, 2014.
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Figure 4-4-4. Spatial distribution of TOC (%) in Jinhae Bay from
February to November, 2014.

2014 2o S’ A ETES 4719 VleT o2 TED A, AF 1
of &3t Fol 51F°|RA, I T BEFY Glyea nicobarica’t 22.0% = 1+
ol A 714 43t A T (Table 4-6-1). Z1F Tol| &3l F2 40F5°1Ax, 1
T T ER/Y Magelona japonica, Aphelochaeta sp.7v 217t 454%, 22.0% = 1w W
oA $HSAT. 1F Mol &3t FL F 2F UL, 1 F THEFY
Sternaspis scutata (52.4%), Scolectoma Iongifolia (12.9%), Heteromastus filifornus
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(11.5%)7F L& WolA sHetAqth LAAA Tl £33 IF IVllA= & 18F
o] Ed3Y, IF YUEFY  Spiachaetopterus koreana (29.3%), Cirratulus
cirrata (27.0%), Po]ydora Iigni (125%)5°] ¢A3AS. S koreana= 733 QA
A3 13914 1,035 A/ m>7F 2@3Q T, C drratas 53 W ALEA AH
2 B5-39llA 1,500 MA/m’, P. lignie AZA A% A2 A 11614 575 7HA
/m?7t FAEA A F EF AR FHAAT F $HsE A4S By

2014 5€ole IF I &F3sheE Fol 57F0lRA, 1 F HERFY G
nicobarica’} 14.7% 2 1& WolA 7 A3 (Table 4-6-1). 15 119 <
"‘}i T 4650193, 1 % O RF M japonica’t 56.3% = 1& oAl 7}

FAsAH. IF 1 & & F 20F°1U, 1 F 1:}5%19] S.
scutata (54.5%), H. filiformis (18 1%)7F 1% WelAd 880t LAAAFo
£33 OF IVIlAE F 14Tl s, 15 =R/ P ngm (75.3%)7}
7V AsdT 2493 549 A OFE F8 FHFA= & Aelrt |l
ZF O FH $RHF 9A E AolE HolA skt

20149 8€ole & Io &3k Fol 42F°IL, T T UEFY Nephtys
olz;gobranduaﬂ 151% 2 & el 7Fd -39 (Table 4-6-2). L& 119
&3l T 39F°|a, I F YUEFS] M. japonica, Prionospio cirrifera’t 22}
37.8%, 223% = 1&F WA HSAT. 15 1o &3t T2 22350|U,
1 F BEFY S scutata (42.7%), Praxillella pacifica (20.8%)7F 15 WolA 5
Hatdeh. LEAAFTol £33 IAF IVl s & 15650 3L, 15 HE
T P ligni (491%)7F 7V SHSIA AL, S koreans, QA ES Theora fragilis
S0 OX‘] }—93\]:]-

20149 11€0l= 5 Il Fsk= Fol 7T, I F HERY G
nicobarica’t 231% 2 1% WolA 71 $H3ATH (Table 4-6-2). 1% II° <4
st T2 28F°lAa, I F BHEFY M japonica’t 621% = 1E WA 7t
% —?—7‘4 stA T I1&F 1o &3t +2 19F°I%ly, I F BUE7Y S scutata
(24.7%), H. filitormis (18.0%)7} 1& WolA -3t LAAAFol £33 1
% IVlAE & 1120 24 o}aajv_ 9% ORRe P lgni (97.2%)7F 7V %
Atttk o] F& AZA A A2 AA 11T 49,280 A /m*t EA 3
o 5 A, 1 9 5 Q?ﬂ%‘-"/] A3 58 13914 5 AAl/m*Tro] &

40 o

l
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Table 4-4-1.

Species richness,

density

(ind./m2)

and dominance

(%)

of

each functional group of macrobenthos in Busan coastal area during February

and May, 201

4,

Functional Species

Date . Species name Density %
group richness
Glycera nicobarica 14 22.0
Group 1 51 Glycinde sp. 10 15.0
Ampelisca sp. 5 7.8
Magelona japonica 98 454
Group I 40 Aphelochaeta sp. 47 22.0
Feb, 2014 AH}D]H:S&I'HJVﬂ’Ia Japonica 13 6.1
Sternaspis scutata 137 52.4
Group III 20 Scoletoma longifolia 34 12.9
Heteromastus filiformis 30 11.5
Spiochaetopterus koreana 47 29.3
Group IV 18 Cirratulus cirrata 43 27.0
Polydora Iligni 20 12.5
Glycera nicobarica 17 14.7
Group 1 57 Glycinde sp. 12 9.8
Goniada maculata 10 8.6
Magelona japonica 144 56.3
Group I 46 Magelona pacifica 22 8.5
May, 2014 SJhocorqj‘:hiwn sinensis 13 49
Sternaspis scutata 141 54.5
Group III 20 Heteromastus filiformis 47 18.1
Praxillella pacifica 20 7.7
Polydora ligni 195 75.3
Group IV 14 Spiochaetopterus koreana 42 16.1
Sigambra bassi 5 2.1
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Table 4-4-2. Species richness, density (ind./m2) and dominance (%) of
each functional group of macrobenthos in Busan coastal area during August
and November, 2014.

Functional Species

. Species name Density %
group richness
Nephtys oligobranchia 17 15.1
Group I 42 Glycinde sp. 14 12.5
Anatanais normani 14 12.0
Magelona japonica 78 37.8
Group II 39 Prionospio cirrifera 46 223
Aug, 2014 SJhccoroghiwn sinensis 16 7.6
Sternaspis scutata 75 42.7
Group III 22 Praxillella pacifica 36 20.8
Heteromastus filiformis 26 14.8
Polydora ligni 75 49.1
Group IV 15 Spiochaetopterus koreana — 37 24.0
Theora fragilis 25 16.7
Glycera nicobarica 17 231
Group I 37 Goniada maculata 12 15.9
Glycinde sp. 8 11.3
Magelona japonica 73 62.1
Group II 28 Amphisamytha japonica 11 9.7
Nov, 2014 Pista Crzl'stata 4 3.7
Sternaspis scutata 32 247
Group I 19 Heteromastus filiformis 24 18.0
Sipuncula unid. 1 20 15.1
Polydora ligni 1,972 97.2
Group IV 11 Spiochaetopterus koreana 30 1.5
Macoma sp. 11 0.6
2) <)

20149 29ol= & 19 &3t Fol 39FoE /P By, I F UEF
o G nicobarica7} 21.8% % 1% WolA 714 434t (Table 4-6-3). 1% 11
of &3te T F 35T, I F UEFRY Aphelochaeta sp., M. japonica
7V 247 36.0%, 314% %2 1 WolA AHsIAT F 1 &k & 14T
|, I FT BEFY Scoetoma longifolia (48.6%), Hetelomastus filiformis
(16.6%)7F L& WA st LAAAF] &3 T1F IV Hoh= T2
Z 19%5°|93, 1% YEF Dovillea matsushimaensis’} 37.8% % 1§ ol A

7V S-SR, Grriformia tentaculata (16.9%), Theora fragilis (16.5%) 5%
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skt

20143 5€ele= & Id &ske Fol 36Tl I FT HEFY G
nicobarica7t 23.6% = 1% WA 718 A3 T (Table 4-6-3). L& IIo <
e S F 29%F 02, BR[O Aphelochaeta sp., M. japonica’t ZtZt 60.1%,
21.3% %= & WolA A-sAT. OF 19 &3t €2 F 15T2E, R R/
o] S longifolia (51.2%)7} L& WA 7V HSI L, H fliformis= 20.8% =
SHIAT. LA Fol £33 IF Vel FIE FL& 1550, dEF C
temtaculata, Capitella capitata’t 2t2t 32.1%, 22.3% = -+3138tA

2014 8¥ellv= & 1o &3te FL 9%, T F UERFO Chone
sp.7F 17.7% 2 15 Woll A 714 483t (Table 4-6-4). 15 119] &aks =
< F 30F°I, I F B Gaprella sp., EFS Aphelochaeta sp.7}V 7t
7y 423%, 329% 2 1F oM 71 ™A I2F I &3he & F
12F22, OREF S logifia (60.1%)7F & WolA 71 -39,
Praxillela pacifica, H. filiformiss = -39t LHAAIFo] &3 IF 1V
&£3le F& F 15507, URFY C temtaculata’} 451% % 15 WA 7%
AR, AAFTE T fragilis= A 3HA .

2014 11delle IF I &ahe 2 3150, I F HEFY G
nicobarica’t 244% =2 % WolA 718 $H3ATH (Table 4-6-4). 1% 1Io <
She T2 F 8FTLE, RF M japonica Aphelochaeta sp.7V Zt7; 40.6%,
3l.6% = 15 WA HstAT 1F ol &3t 2 F 13522 tiEfF
o P. pacifica®t S. Ilongifolia7t ZY7+ 21.5%, 21.0% = H3ATh LFAAFo|
&3 O1F Ve &3l & F 11F02 UBRFY C temtaculata’} 475% =
% WA 7V A3 AL, Spiochaetopterus koreana, QA-sE2 T. fragiliss
= RskAT
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Table 4-4-3. Species richness, density (ind./m2) and dominance (%) of each
functional group of macrobenthos in Ulsan Bay during August and November,
2014.

Functional Species

. Species name Density %
group richness
Glycera nicobarica 14 21.8
Group 1 39 Cnidaria sp. 1 6 10.1
Echinocardium cordatum 6 9.4
Aphelochaeta sp. 151 36.0
Group II 35 Magelona japonica 132 31.4
Prionospio cirrifera 39 9.3
Feb, 2014 Scoletoma Ilongifolia 60 48.6
Group III 14 Heteromastus filifornus 20 16.6
Sternaspis scutata 20 16.2
Dorvillea matsushimaensis 49 37.8
Group IV 19 Cirriformia tentaculata 22 16.9
Theora fragilis 21 16.5
Glycera nicobarica 17 23.6
Group 1 36 Ciona intestinalis 11 14.7
Platyhelminthes unid. 5 6.8
Aphelochaeta sp. 321 60.1
Group I 29 Magelona japonica 114 21.3
Pista cristata 18 34
May, 2014 Scoletora longifolia 56 51.2
Group III' 15 Heteromastus filifornus 23 20.8
Ophelina acuminata 10 8.8
Cirriformia tentaculata 45 321
Group IV 15 Capitella capitata 31 22.3
Dorvillea matsushimaensis 21 14.8
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Table 4-4-4. Species richness, density (ind./m2) and dominance (%) of
each functional group of macrobenthos in Ulsan Bay during August and
November, 2014.

Functional Species

. Species name Density %
group richness
Chone sp. 12 17.7
Group I 29 Glycera nicobarica 12 171
Nephtys polybranchia 7 10.3
Caprella sp. 294 423
Group II 30 Aphelochaeta sp. 228 329
Magelona japonica 94 13.6
Aug, 2014 Sngam ]Ja]i(;l}o]m 101 60.1
Group III 12 Praxillella pacifica 22 13.1
Heteromastus filifornys 15 8.9
Cirriformia tentaculata 34 451
Group IV 15 Theora fragilis 13 17.4
Nebalia bipes 10 13.3
Glycera nicobarica 19 244
Group 1 31 Megangulus venulosus 10 12.7
Platyhelmintehs unid. 7 9.3
Magelona japonica 153 46.0
Group II 28 Aphelochaeta sp. 105 31.6
Pista cristata 18 5.5
Nov, 2014 Praxillella pacifica 18 215
Group III 13 Scoletoma longifolia 18 21.0
Heteromastus filifornys 15 18.3
Cirriformia tentaculata 15 47.5
Group IV 11 Spiochaetopterus koreana 5 17.5
Theora fragilis 3 10.0
3) xsfwt

2014 2€ol= 1F I &3k= Fo] 35F°l, 1 T HEF Glyande
sp., Ampelisca sp.7v ZtZF 22.3%, 17.6%= 17 WA A3 (Table
4-6-5). 15 1o &3t T2 F 39F°02 UEF Aphdochacta sp. (20.8%),
Nectoneanthes oxypoda (13.9%)%5°] & oA HsATh 2F 1 &=
T2 F 101U, I F 9UERFY S longifolia (785%), H. filiformis (10.0%)
7 2% WolA st LdA ATl £33 OF IVl o= T2 F 19
To=w, AASTEY T fragilis (33.0%), TFETF Pseudopolydora paucibmachiata
(21.9%), Capitella capitata (12.5%)% °] -7 3FHA .

2014 5¥ol= & I0l &3k Fol 27F°lUAL L T SAF] Ampelisca
sp.&F AR F Chone sp.7} 22t 259%, 17.9% % 1w WelA 718 H3A o
(Table 4-6-5). 1% M &3te T2 F 3022 OREFY M japonica
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% el &38ts T2 F 1050103, 71 T URER7E S, longifolia (39.4%), P.
pacifica (202%)7F 15 WelA Hstdth. L dAANF] &3 1F Vel &3t
E e F 17502, AASEY T fragilis7} 45.2%%2 15 WoAN 7HE 3
IR, BEF/Y S koreana$t Capitella capitatas. -3 5 T

20149 8dolle= & Id &ote T2 T 15522 GA[/A Ampelisca sp.
(225%)7F 7H8 A9 A, BEFO G nicobarica (16.9%), Glycine sp. (12.7%)
55 $H39t (Table 4-6-6). L& IIol £3tE Fo] 2Fo 7 7H4 Wk,
U572 M japonica (23.2%), Nereis longior (17.7%)%5°] L& WelA X3t
o OF ol &ste T2 F 6301303, L T BERF2 Aricdea hartley®t H.
filiformis7} 25.6% 2 7} A9, S longifolia= 205% % $-H3HTh 2
A AFo] &3 OF IVl &£3le T2 F UTOE ORF S korana’t A9
51.1%% & Wl 7F8 A3, Sigambra bassi P. patienss= 247}
16.7%, 144% = $2 34T}

20149 11€ell= IF 19 &3l & T 18T, GAF/A Ampelisca
sp.7F 38.6% %2 71 A3 (Table 4-6-6). 15 Mo &3t Fo] 23F |
i, GEFY M. japonica (20.8%), Amphisamytha japonica (14.2%), 2t/
Upogebia major (9.9%)%5°] +A3ATE & Mo &= T2 F 9F°IUL,
O % URFo H filifrmis (37.5%)7F & ol 7 43k, A hartley
9} Sternaspis scutata®] ZtZt 15.6% % $H3tAth. LAAAIFo] £33 1F Vol
L3te T T 11TLE, BHERY P partiens’t AAY 944%= 71 548}

ATt
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Table 4-4-5. Species richness, density (ind./m2) and dominance (%) of each
functional group of macrobenthos in Jinhae Bay during February and May,
2014.

Functional Species

. Species name Density %
group richness
Glycinde sp. 13 22.3
Group 1 35 Ampelisca sp. 10 17.6
Glycera nicobarica 7 11.5
Aphelochaeta sp. 12 20.8
Group I 39 Nectoneanthes oxypoda 8 13.9
Magelona japonica 6 10.9
Feb, 2014 Scoletoma longifolia 85 785
Group III 10 Heteromastus filifornis 11 10.0
Aricidea hartley 10 8.9
Theora fragilis 184 33.0
Group IV 19 Pseudopolydora paucibrnachiata 122 219
Capitella capitata 69 12.5
Ampelisca sp. 22 259
Group 1 27 Chone sp. 15 17.9
Lysianassidae unid. 13 15.7
Magelona japonica 24 16.3
Group II 30 Aphelochaeta sp. 18 11.8
Nereis longior 12 8.2
May, 2014 Scoletoma éfmngo]za 12 394
Group III' 10 Praxillella pacifica 6 20.2
Sternaspis scutata 3 11.1
Theora fragilis 149 452
Group IV 17 Spiochaetopterus koreana 49 14.9
Capitella capitata 48 14.7
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Table 4-4-6. Species richness, density (ind./m2) and dominance (%) of each
functional group of macrobenthos in Jinhae Bay during August and
November, 2014.

Functional  Species

. Species name Density %
group richness
Ampelisca sp. 5 225
Group 1 15 Glycera nicobarica 4 16.9
Glycinde sp. 3 12.7
Magelona japonica 13 23.2
Group 1I 22 Nereis longior 10 17.7
Aphelochaeta sp. 8 13.8
Aug, 2014 AZCJ’dea harﬂei 3 25.6
Group III 6 Heteromastus filiformis 3 25.6
Scoletoma longifolia 3 20.5
Spiochaetopterus koreana 29 51.1
Group IV 14 Sigambra bassi 9 16.7
Paraprionospio patiens 8 144
Ampelisca sp. 11 38.6
Group 1 18 Glycera nicobarica 6 20.5
Glycinde sp. 3 114
Magelona japonica 14 20.8
Group I 23 Amphisamytha japonica 9 14.2
Upogebia major 7 9.9
Nov, 2014 Hﬁomasfusj filiformis 4 37.5
Group III 9 Aricidea hartley 2 15.6
Sternaspis scutata 2 15.6
Paraprionospio patiens 386 944
Group IV 11 Spiochaetopterus koreana 11 2.6
Paraprionospio cordifolia 4 1.1

o AR FHAAR 71EX AR D Hg

al, 2014). |24 o 9_?";7\]/\]20] -/}—EP Group IV7} =dstx
7 BPI&= ¢F 60°]dolth. LAAAF] L7 oA =HsAd 7}
BPIS A|9|3 S&nte] Hd BPI= 59913, ©] HH# ol dS

B ("Excellent) o= AAsAH. #F7]= ol S7lstal x53HE 2 =449
HlFo] F7Fst7] Al & oje] BPI= ¢F 400]th. webA AANAHE 253
("Good)= 40°]7¢ 60m|Fro 2 HASAT TFeE A =AAL; A 2

§2
rlo
il
1o
&
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Zo] 337 AZSEH BPI= ¢ 30REE "HolR 1, QAXAFY B Fo] =
7}t AA Y 50% ©]4S A A BPIE 20 ©|stE UE A Hth o]y g
HES 7ITOE 3t 30017 40792 AAXAAE 35T ("Fair"), 20017 307
ke

AXNAZE 455 (“Poor"), 0014 20W|9+ AXNAZE 557 ("Very

Table 4-4-7. The assessment criteria for the benthic community health using
BPI.

Condition Status Grade Benthic Pollution Index
Normal Excellent 1 60-100
Slightly polluted Good 2 40-60
Moderately polluted Fair 3 30-40
Highly polluted Poor 4 20-30
Very high polluted Very Poor 5 0-20

4
e
re
2
1o
N
(@)
—_
S
rL
N
e
K3
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to
nf
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O O
o
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oo
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ok 20143 2€ol= AREA AR B AF 53, 4kt
AR AZAANG A2 A 11, AAZe] AR 180M AT =
2l “Very Poor" 4ElE KT (Fig. 4-6-5). 2014 2 Fibdte] A4
AXNAZ =S AHE A3, AMAGE 2559 “Good"ol HA¢ 48.6%= 7}
A wa, AMARE 1539 “Excellent'7} AA2 27.0%% A UEST
(Fig. 4-6-6). 2014 5€oll AA LFAFE 9-100 (H1 56+19)9 WS HAL,
8€ol= 1899 (W 57+18), 11€ol+= 0.4-86 (F 54+17)9] HWHE EHAuTH
20143 5€ 7Y 11E7HA = AdA] AR A B3 11A AXAZE 555
o7 e, 3 I BHAAE AXNAZET 45502 Fdt (Fig.
4-6-5). 8Loll= FAHAE A2 A BAXNE AMAZEI 45FLE ST
gy 29 iR Yol AMAGE 15 2552 UEET 2014
FArAgte] AXAZ =S AEA A A2 A 113 2 d2 ZA
ANARE BE AH 45532 UEET. T2y 280 F3E AdEA

I, 5o ol AT AHEAANE AMALETL 455502 Wkon,

2ol 5



. 2013 2€HE 20149 11€7HA] 9 AMPZEE TEEE vlus)] & 2y,

68}

& U FERH ANAZEE BE Adel 125302 Ueht FelE 2y
}

g

AbAb A AR AR A A 119145 ZE ZAF Al- AMARE
7} 55 HoE Yehga, 1 9 AFEMME EE A AMARE 1552
25wl AA 3= HlFo] 80%°lF 2 e (Fig. 4-6-6).

128°50'E 128°55E 129°0°E 129°5'E 129°10°E 128°50'E 128°55E 129°0°E 129°5E 129°10°E

120°0'E ! g 120°0'E

Figure 4-4-5. Spatial distribution of benthic pollution index (BPI) representing
the faunal community health condition in Busan coastal area from February to
November, 2014.
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Figure 4-4-6. Seasonal change of a relative composition
of benthic health status in Busan coastal area from
February, 2013 to November, 2014.
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24k 2014 2€ AMALAAFE 0-68 (B 53+15)2 WHE HAL
2014 2€ol+= AYEAF AA QA vz A A 3104 FASHEHE

=4he B AR 13 o B2 A AR BA 71004 AMLEA
7V 47 263} 2302 YERY AMAAE 4532 “Poor" HEIE HYT (Fig.
4-6-7). 12yt 1 9] BAES AXNAGE 1552 %%Qi UERS T 2014

SCAN

590 AMLFAFE 23-67 (BT 55+14), 8¥oll= 0-67 (Ho 55+18), 11¥ 9
£ 55-72 (BT 62+6)9] WS ®YT} 2014\ 5%;!01& AH 13 A 1314
AMARE 45522 Swoy, 1 9 AFSdAE EF 1 & 2592 =
UEHS T (Fig. 4-6-7). 20143 8€ol= FA= HHE R AR 28 AT =
E oA AAAARE 1 & 2553202 YEga, 20149 1180 25 A
Holl A AXAGE 1 F2 26522 YERT (Fig. 4-6-7). 2013'd 2€5-H
2014 11€97hA] 48] AAAREE 7 s Ay 49, 25 AA

of AMAAE 13 2552 &ol AAsk= Hl &0l 80%°l/d o2 YEsH (Fig.
4-6-8) 2013 59ol= LEAAZFR)] BGEFE Paraprionospio coora’t YA AL

FAsle] 5559 WIFo] 154%= wkou, 1 9 Adol= 5552 HlF
Ol 0% 1AL 10% W ¥re = VERT
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Figure 4-4-7. Spatial distribution of benthic pollution index (BPI)
representing the faunal community health condition in Ulsan Bay from
February to November, 2014.
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Figure 4-4-8. Seasonal change of a relative composition of benthic
health status in Ulsan Bay from February, 2013 to November, 2014.
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Figure 4-4-9. Spatial distribution of benthic pollution index (BPI)
representing the faunal community health condition in Jinhae Bay
from February to November, 2014.
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Figure 4-4-10. Seasonal change of a relative composition of
benthic health status in Jinhae Bay from February, 2013 to
November, 2014.
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Figure 4-5-1. Diagram of weighting procedure from indicators to integrated
MEHI.
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Result of data collection and GIS mapping support in 2013,

Table 4-5-1.

2014.
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Table 4-5-2. The weighting value of major four index for MEHI
development.
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Figure 4-5-2. MEHI map integrating four major index in 2013,
Busan coastal area.

Figure 4-5-3. MEHI map integrating four major index in 2013,
Ulsan Bay.
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Figure 4-5-4. MEHI map integrating four major index in
2013, Busan coastal area a) using equal weighting, b)
using unequal weighting.
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Figure 4-5-5. MEHI map integrating four major index in 2013, Ulsan
Bay a) using equal weighting, b) using unequal weighting.
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Figure 4-5-7. Design for main page interfaces.
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Figure 4-5-8. Improvement of design for MEHI symbols.
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Table 4-5-3. Results of data collection and resource report making for
developing web-site.

= 5 A7 JA
W AsH 1st sub 2st sub [ gojx =
| o] A = 4 = 5
((A9)
Trld B =3 - 5 6 -
AFAGEA | FAZEY - 2 2 4 -
A7
- 6 3 -
(H=2)
A E - 3 6 -
TH437 4 5 -
2} @ B BERAE 3 1 1 -
28 A 2} A A A = 5 5 -
A E37 24 18 15 -
VASSRUR:) - 2 1 1 -
A4k = - 3 2 1 -
7k 8} - 2 2 1 -
F437 3 1 5 -
B o A B2 _
o | AEAaE TR L2 L
PEAE Yt 2 A Y = 2 - 2 _
HAHE37 2 1 2 -
THA = - 4 6 i, i}
A Z A - 5 23 1 -
FgFat 1 147 - -
MEHI MAP Z1 3§ qk 1 196 - _
A4 3t FAE ) | FAElY 1 49 - -
<t 1 49 - i}
2= _ — -
S12 a3 MEHI*=% 5
MEHI3} & 4 B, . _
=24 2 2 i i}
u -
oA | AT il 15 5 | 10
- 5 4 3 -
A= 2 4 1 -
A 114 539 50

- 216 -



(5) MEHI MAPA HI 2~ 5
MEHI 4358 Au2=e Ao

= sl ol s 2010 d =HE 2013 =71A €
AAPS B B 5 9

o
Ryolth 18 4597 go| Z4 AfEepd AN
el

2 A% A% g 8% + Atk =@, B A5 2 A
L AWE A AIHA el ol shlel AE, eAHon ey
A skl ¥ WO E MEHI MAP W8E5S 998 F =% &3
MEHIMAP | 1 saio e
B MILIMOIA 152, OFH 440 A o450 ®E 8 & 25U Animation @ @ o
a,_[t"‘ﬂ_} SRR
Rgae ~  Chioraphyl 3 - wapae 2013
SAISH D et
A

T
|
355N

Figure 4-5-9. Result of development of MEHI map service.
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Figure 4-5-11. Result of construction of the screen for MEHI| web-site.
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Figure 4-6-1. Integrated marine ecosystem health assessment
in Jinhae Bay in 2014.

Figure 4-6-2. Annual marine ecosystem health assessment of
Jinhae Bay in 2010 to 2014.
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Figure 4-6-3. Integrated marine ecosystem health assessment in
Busan coastal area in 2013.
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Figure 4-6-4. Integrated marine ecosystem health assessment in
Busan coastal area in 2014.
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Figure 4-6-5. Integrated marine ecosystem health assessment in
Ulsan Bay in 2013.
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Figure 4-6-6. Integrated marine ecosystem health assessment in
Ulsan Bay in 2014
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