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Distributional characteristics of Escherichia coli based on seasonal
rainfall variations and extension of freshwater pollutant sources by
salinity gradients at Ulsan Bay of Korea facing East Sea

Minji Lee, Seung Ho Baek'
South Sea Research Institute, Korea Institute of Ocean Science & Technology
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Abstract In order to understand the seasonal and geographical characteristics of environmental factors and distribution
of Escherichia coli by salinity gradient due to precipitation, we investigated abiotic and biotic factors during four seasons
from February 2013 to November 2015. The study area was divided into three different zones based on salinity gradient
and geo-oceanographic characteristics. During the study period, water temperature, salinity, Chlorophyll a, and
secchi-depth varied in the range of 8.5-26.1°C, 13.5-34.4 psu, 0.4-74.0 zg L', and 0.5-10.0 m, respectively. Salinity was
low at Zone I, which was influenced by water flux from Tae-hwa River, especially in 2014. Salinity was gradually
increased (one-way ANOVA; p < 0.05) toward Zone III located offshore of the bay. The highest colony form of E.
coli was detected at Zone 1. E. coli maintained a relatively low level at Zone III during all seasons. E. coli was correlated
with transparency (r = -0.36; p < 0.05) and salinity (» = -0.53; p < 0.01), implying that those parameters might play
important roles in the proliferation of E. coli. These results indicated that £. coli were strongly affected by frequent rain
(< 50 mm) around inner stations in Ulsan Bay of Korea.
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Fig. 1. Map of the Ulsan Bay showing sampling stations.
Blue gradient colors indicate water depths. We
divided into three different areas based on regional
geo-oceanographic environments.
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Fig. 2. Daily precipitation in Ulsan Bay in 2013(a),
2014(b) and 2015(c); Dotted line indicates
sampling date. Accumulated precipitation(d) for 5
days before sampling from 2013 to 2015.
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Table 1. Seasonal trends of average water temperature in
three different zones from 2013 to 2015 during
four seasons in Ulsan Bay; Units: C

Season Year Zone
il I F
Winter 2013 10.5£036"  10.9+025" 11.9+051° 1424
2014 102+0.78" 113071 12.8+0.75° 12917
2015 912059  103x0.67° 10.9+0.06" 12.65"
Spring 2013 15.6+059" 14.32052" 14.5:039"  7.43"
2014 14.8£038" 142:020° 13.9+032" 9517
2015 15.94042°  145:0.69" 142+027" 1292
Summer 2013 20.7+1.26" 23.8+1.18"  21.0+1.92" 428"
2014 227120 205£095° 19.7+045"  11.66"
2015 25.0£0.09" 25.8+0.32" 26.0+0.16° 24.02™"
Autumn 2013 169+022° 17.740.66" 18.0+0.13"  7.83"
2014 1894045  19.1x031°  19.0£0.10°  0.44™
2015 17.8£026" 18.0£0.59" 18.7x0.61°  3.50™

Data show the mean + S.D. Results were analyzed by one-way
ANOVA based on the Tukey's post hoc test. Letters (a, b) represent
significant differences; N.S., not significant, *** p<0.001, ** p<0.01,
* p<0.05

Table 2. Salinity variations in each zone from 2013 to
2015 during four seasons in Ulsan Bay; Units: psu

Zone

Season Year
I hii I F
Winter 2013 32.84045"  33.7+0.40°  34.0+026"  10.63"
2014 30.1£3.73"  33.84045% 343015 507
2015 32.7+048"  339:041° 341032 1417
Spring 2013 322+096" 33.6£031" 33.9+0.15° 997"
2014 28.9+3.63"  33.5:0.60° 342+0.11° 829"
2015 21.3£629" 2724647 29.8+6.90"  1.78™*
Summer 2013 31.5£1.12°  322+042" 33.1+039"  5.06"
2014 205+£5.06°  29.5+142° 314020 16217
2015 302+0.14°  313+026° 31.5:0.03" 64.66
Autumn 2013 32.8:026"  33.6£024" 33.8+0.08" 24.44™"
2014 29.2+2.80° 32.6:0.46" 32.8+026"  7.18"
2015 31.0£040"° 32.5£025" 32.5+0.14" 36.19™"

Data show the mean + S.D. Results were analyzed by one-way
ANOVA based on the Tukey's post hoc test. Letters (a, b) represent
significant differences; N.S., not significant, *** p<0.001, ** p<0.01,
* p<0.05
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Fig. 6. Seasonal variations of Escherichia coli(cfu L)
during three years at the surface layers in Ulsan
Bay.
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Fig. 7. Distributional characteristics in three different zone

of Escherichia coli (cfu L'l) during four seasons
from 2013 to 2015 at the surface of Ulsan Bay.
Results were analyzed by one-way ANOVA based
on the Tukey's post hoc test. Letters (a, b)
represent  significant  differences; N.S., not
significant, *** p<0.001, ** p<0.01, * p<0.05
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Table 3. Pearson's correlation between environmental
parameters and Escherichia coli at surface
layer in Ulsan Bay.

Variable Temp. Sal. Chl. a S.D.
Sal. 0.25"
Chl. a 027" -0.16"
S.D. 0.26" 0.28™" 0.25"
E. coli 0.04 053" 0.13 036"

Bold indicates significant value (*** p<0.001, ** p<0.01, * p<0.05).
S.D.: water transparency by secchi disc.
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