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Summary

The organic pollutant levels in Omura Bay were evaluated by measuring chemical oxygen de-
mand (COD) and total organic carbon (TOC). We investigated these factors in Omura Bay from
May 2008 to May 2010, in order to clarify the relationship between them. Samples were collected
from four depths (0, 2, 6, and 10 m) at five sites. The COD values ranged from 0.68 to 3.94 mg/L
with a mean value of 1.95 mg/L, while the TOC values ranged from 0.811 to 2.170 mg/L with a
mean value of 1.345 mg/L. Although half of the samples showed high COD values (>2.0 mg/L),
most of the samples showed low TOC values (<2.0 mg/L). The samples from the upper layer
showed higher COD and TOC values than the samples from the middle or bottom layers. A sig-
nificant positive correlation between the COD and TOC values was obtained (0.604); furthermore,
a strong correlation between these parameters was observed for the samples obtained from the in-
ner bay. These results suggest that measuring TOC may be useful for estimating the degree of
pollution in enclosed coastal sea areas.
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Introduction

Many types of chemicals released from
domestic and industrial waste ultimately ac-
cumulate in the sea; thus, determining the
concentration of organic pollutants in seawa-
ter 1s important. In Japan, pollution levels
are evaluated in seawater by measuring the
hydrogen ion exponent (pH) and the levels
of dissolved oxygen (DO), chemical oxygen
demand (COD), total coliform, and n-hexane
The COD has been used as a typi-

water-quality

extracts.
cal indicator for organic
pollution, and the environmental quality
standard for seawater was determined to be
a COD level <2.0 mg/L. In 2008, only
76.4% of seawater samples met this environ-
mental standard; this result was much
poorer than that for rivers (92.3%).” The
result of samples obtained from enclosed wa-
ter areas, such as lakes, inner bays and in-
land seas, was particularly low.

As 1llustrated in Figure 1, Omura Bay is
a mostly enclosed inner bay that is con-
nected to the Sasebo Bay by the Hario nar-
rows and the Haiki narrows. COD measure-
ments in Omura Bay have been higher than
the environmental water quality standard
(2.0 mg/L)since 1976, although the COD val-
ues of the rivers that flow into Omura Bay
have not increased. This data suggest that
refractory organic chemicals may have accu-
mulated in Omura Bay.

Although the COD is one of the most im-
portant parameters for assessing industrial
and environmental waste water, the use of
this parameter has some limitations, such as
the fact that the decomposition ratio differs
widely depending on organic compounds?
and the fact that COD measurements can be

somewhat inaccurate even if performed by
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the same person. If the oxidation condi-
tions of the COD method using potassium
permanganate are too acidic (CODw,), then a
large amount of chloride ions are likely to in-
terfere with the COD measurements ;¥
therefore, a large amount of silver nitrate
must be used to pretreat the seawater in or-
In the

case of alkaline conditions (CODon), chloride

der to prevent such interference.

ions do not interfere with the COD mea-
surements.” In Japan, the organic pollut-
ant levels in seawater is evaluated by meas-
uring COD using potassium permanganate,
whereas it 1s evaluated by measuring COD
using potassium dichromate (CODc.) in the
United States and the European Union ; con-
sequently, COD values measured in Japan
are difficult to compare directly with those
measured in the United States and the Euro-
pean Union. Moreover, the toxic waste con-
taining KMnO; or KiCr:O; that is used in the
process of the measuring COD must be sub-
sequently disposed. Considering these limi-
tations, an index of organic pollutants other
than COD measurements is needed.

The water quality standards for tap wa-
ter were revised in 2003 and the total organic
carbon (TOC) value was adopted as a new
standard replacing KMnO, consumption,
which had been used to evaluate organic pol-
TOC refers to
the amount of carbon bound in an organic
compound. With this method,

lution for about 100 years.

operator
variability among measurements can be re-
duced using an automatic TOC analyzer.
Previously, TOC was measured by subtract-
ing the inorganic carbon (IC) content from
the total carbon (TC) content ; thus, the TOC
of seawater was difficult to measure because

of the high IC content. However, the non-
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purgeable organic carbon (NPOC) method
can measure TOC directly by acidifying sam-
ples to below pH3.0 and then purging the
Although the

automated TOC method is useful for measur-

sample with CO,-free air.

ing organic pollutants in seawater, little is
known about the relationship between COD

’ Therefore in

and TOC values of seawater.’
this study, we focused on clarifying the rela-
tionship between COD and TOC in Omura

Bay.

Experimental Method

Samples As shown in Figure 1, five dif-
ferent sampling sites were designated in
Omura Bay, and samples were collected from
the upper (0-m), middle (2-m and 6-m), and
lower (10-m deep) layers. The samples were
collected in May, September, and November
of 2008, February, May, August and Novem-
ber of 2009, and February of 2010. Samples
were stored at 4°C until the analysis.

Chemicals Potassium hydrogen phtha-

late, which was used as the standard for

Bay

Fig. 1.

Sasebo
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TOC measurement, was purchased from
Other che-
micals were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan).

All chemicals were prepared with special

nacalai tesque (Kyoto, Japan).

grade reagents.

COD and TOC Measurements The or-
ganic pollutant level based on the COD
was measured by potassium permanganate
method at 100°C according to the CODox
method.?
NPOC method with a TOC analyzer (TOC-
Vesv ; Shimadzu Corp., Kyoto, Japan). A

TOC was measured using the

Pearson product-moment correlation coeffi-
cient was used to determine the relationship
between the COD and TOC. A p-value of
less than 0.05 was considered to indicate sta-

tistical significance.

Results and Discussion

The COD and TOC data of the seawater
samples collected from Omura Bay are listed
in Table 1.

The COD values ranged from 0.68 to 3.94

Saga

Hario
narrow

Nagasaki

e

Geographic locations of the sampling sites in Omura Bay
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mg/L with a mean value of 1.95 mg/L, while
the TOC values ranged from 0.811 to 2.170
mg/L with a mean value of 1.345 mg/L. The
average COD values were higher than the
TOC values for each site and depth tested,
and the average ratio of COD/TOC ranged
from 1.27 to 1.66 with a mean value of 1.45.
Examples of the depth patterns of the aver-

age COD and TOC values are presented in
Figure 2.

The COD and TOC values were higher in
the upper layer than in the middle or bottom
layer, and the distribution of the TOC values
was similar to that for the COD values at
each site. As shown in Figure 3, a signifi-

cant positive correlation between the COD

Table 1. COD and TOC values in seawater samples from Omura Bay
Sampling COD (mg/L) TOC (mg/L) Ratio of
Location min max average min max average COD/TOC
All 0.68 3.94 1.95 0.811 2.170 1.345 1.45
Site A 0.80 3.94 1.98 1.033 2.143 1.460 1.36
Site B 0.76 3.26 1.86 0.909 2.170 1.328 1.40
Site C 0.92 3.10 1.85 0.847 1.912 1.438 1.29
Site D 0.68 3.84 1.81 0.811 1.723 1.433 1.27
Site E 1.12 3.48 2.17 0.865 1.803 1.306 1.66
0m 0.80 3.94 2.18 0.880 2.170 1.453 1.50
2m 0.92 3.84 1.99 0.811 2.062 1.358 1.47
6 m 1.16 3.06 1.87 0.823 1.618 1.298 1.44
10m 0.68 3.94 1.77 0.865 2.143 1.270 1.39
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The error bars show the standard deviation of the samples measured at each location

and depth.
Fig. 2.
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Depth variations in COD and TOC values at different locations in Omura Bay
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and TOC values was obtained with a coeffi-
cient of 0.604.
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Fig. 3. Relationship between COD and TOC

values in seawater samples from

Omura Bay (n=156)

The results of correlation analyses com-
paring the COD and TOC values are summa-
rized in Table 2.

Notable differences in the correlation co-
efficients (from 0.438 to 0.801) were obtained
at the various sites, especially in the inner
bay (site A).
tained at site D (»p<0.05), which is in the

And a low correlation was ob-

middle of Omura Bay. A previous study re-
ported that the presence of a higher correla-
tion between the COD and TOC in a lake
than in a river was due to the fact that the
water in the lake was stagnant, whereas the
water in the river flowed.” Because the
tidal range in Omura Bay is relatively
small,” the inner bay sites at A, B, C and E
do not exchange as much seawater as at site
D. These results suggest that measuring
TOC may be useful for estimating the degree
of pollution in enclosed coastal sea areas.
Although the COD and TOC have been
used as indices of organic pollutants, the
COD measurements represent all chemicals
in the water that can be oxidized, whereas
the TOC represents the amount of organic
carbon. Moreover, the decomposition ratio
determined using the COD method varies
greatly, depending on the organic com-
pounds,” whereas that of the TOC is no prob-
lem because of high temperature combus-
tion, indicating that it does not depend on
the decomposition rate of the pollutants.
The TOC indicates the total organic carbon

in water, but organic compounds may also

Table 2. Correlation between COD and TOC and statistically significant regressions in Omura Bay
Sampling ) . . Correlation coefficient Significant
Location ~ \umPe! Regression line (95% Confidence Limits) difference

All 156 v=0.298x+0.763 0.604 (0.493~0.695) p<0.0001""

Site A 32 y=0.385x+0.696 0.801 (0.627~0.899) p<0.0001""
Site B 32 yv=0.294x+0.784 0.512 (0.199~0.731) p=0.0027"
Site C 28 yv=0.424x+0.533 0.741 (0.509~0.873) p<0.0001""
Site D 32 y=0.195x+0.936 0.438 (0.106~0.638) p=0.0121"
Site B 32 y=0.262x+0.739 0.604 (0.323~0.787) p=0.0003""
0m 39 v=0.363x+0.662 0.664 (0.441~0.810) p<0.0001""
2m 39 v=0.212x+0.937 0.512 (0.234~0.713) p=0.0009""
6 m 39 v=0.274x+0.785 0.487 (0.202~0.696) p=0.0017"
10 m 39 v=0.241x+0.874 0.588 (0.335~0.762) p<0.0001""

$<0.05, “p<0.01, “"p<0.001, *p<0.0001
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contain nitrogen or phosphorus. Therefore,
the TOC method cannot measure the oxygen
consumption by all organic compounds. In
this study, half of the samples showed a
high COD values (>2.0 mg/L), but most of
the samples showed low TOC values (<2.0
mg/L).

pollution with organic compounds in Omura

So it was suggested that the water

Bay is little, and be assumed that reducing
material was existed in Omura Bay.

Because COD methods are officially
used to monitor pollutant levels in seawater,
a simple switch to TOC methods would be
difficult and might cause confusion. None-
theless, if a correlation can be obtained, it
may be possible to estimate the COD from
the TOC, so continuous analysis is needed in
order to clarify the relationship between
them. Our next concern is the relationship

between COD and TOC in various seawaters.
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The present results should be useful in con-
firming the relationship between COD and
TOC.
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