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This study examines drivers and trends of change in time and space in some coastal water quality parameters and manage-
ment/cultural practices on the Ishikawa coast, Japan, between 1984 and 2009. Generally, chemical oxygen demand (COD) and
dissolved oxygen (DO) concentrations varied significantly (𝑃 < 0.001) across the three coastal compartments (Kanazawa area
(KNA), Noto area (NTA), and Nanao area (NNA)), and pH and DO concentrations varied significantly (𝑃 < 0.001) over the last
three decades, suggesting that human perturbation within the last three decades varied along the coast and may be more relative
than environmental change impact. Other water quality variables showed different spatial and temporal patterns and implications
across the coastal compartments. Although there is a uniform approach to the development of water quality standards in Japan,
these results suggest that setting stricter standards may be required by the prefectural government in collaboration with industry,
stakeholders groups, and coastal community resource users.

1. Introduction

Often, rapid population growth and economic and infras-
tructural development have caused the large-scale exploita-
tion of coastal resources and resulted in severe degradation
and declination of the quality of the coastal environment.
Intensive agriculture and coastal engineering, such as artifi-
cial inlets, promote some undesirable changes in coastal sys-
tems [1]. It is perceived that these pressures on coastal zones
will certainly be more intense in the future. Water quality
problems in estuaries and coastal areas are currently inserted
at a regional scale [2], and continuous field observation data
will advance our knowledge of possible future human impact
on the coastal environment [3]. Thus, decadal analysis of
trends and drivers of change in nearshore ocean ecosystems
at regional scale will be required to predict impacts of change
in the world’s coastal zone.

Stretching along the Sea of Japan, the Ishikawa coast
(Figure 1) benefits from a number of diverse and contrasting
coastal zone ecosystems exhibiting different physiographic,
topographic, and geomorphologic characteristics. From the
northern (Noto) to southern (Kaga) districts, a large percent-
age of Ishikawa’s population depends on coastal and marine
ecosystems and resources for their livelihoods, and major
socioeconomic activities like fisheries, tourism, shipping,
and agriculture depend on these resources. The Noto area
in particular is acclaimed as one of the largest fisheries
development ports in Japan. Over the years, however, the
coastline has experienced rapid and serious erosion and
coastal habitat loss due to the combined effects of natural
and anthropogenic factors [4]. Environmental problems in
the marine and coastal areas along the Sea of Japan have
been reported to include land-based sources of pollution, oil
spills, and coastal alterations including land reclamation and
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excessive groundwater extractions [5–8]. In this study, we
found that in the last three decades there were significant
spatial and temporal changes in some water quality parame-
ters. Therefore, it is expected that, with the significant spatial
differences in land use and human impact along the coast,
coastal water quality may continue to degrade in the absence
of effective positive policy drive.

Along the Ishikawa coast, patches of documented field
water-quality monitoring data date back to 1974. Here, we
evaluate the degree of water quality change on the Ishikawa
coast from documented in situ water quality measurements
data (DO, COD, pH, temperature, T-N, and T-P) provided
by the EnvironmentDepartment, IshikawaPrefecturalOffice,
Japan (Ishikawa Prefecture Annual Report of the Water
Quality from Underground Water and Public Water), our
field observations, and interviews.

Lastly, the aims of this study were to analyze and
document trends of change in some coastal water quality
parameters using ground-based data from three contrasting
coastal systems of Ishikawa coast and to deduce some natural
and anthropogenic drivers of change. From the point of view
of water quality, it hopes to explore vulnerable areas on the
coast and to document implication of changes on the long-
term sustainability of Ishikawa coastal ecosystems.

2. Study Area Description

The present study area, Ishikawa coast, is located on the mid-
dle north of Japan and lies between 36∘17N to 37∘52N lat-
itude and between 136∘14E to 137∘21E longitude (Figure 1).
The coastline has a general NE-SW orientation [4], and the
coastline has ∼581 km alongshore stretch with significantly
different physiographies and topographies from northern
(Noto) to southern (Kaga) district.This study area is classified
into three coastal compartments based on the significant
contrasting physiographic (physical characteristics) changes
along the coastline and the need to explore the drivers
and mechanisms of change. The first coastal compartment—
Kanazawa area (hereafter, KNA)—is an exposed bay noted
as a large littoral cell stretching approximately 75 km along
the Japan Sea Coast [4] on the southern coast (between south
Kaga and Hakui) and features sandy beaches shorelines and
strong sea waves of the Sea of Japan. The second coastal
compartment is the Noto area (hereafter, NTA), an exposed
bay located on the northern coast (between Shika and Noto
end of Suzu), dotted with sheer cliffs and unusual rock
formations, and also characterized by high and intense sea
waves of the Sea of Japan. This coastal compartment (NTA)
is acclaimed one of the largest fisheries development ports in
Japan. The Nanao area (hereafter, NNA) is the third coastal
compartment (from Noto town down to Nanao), a calmer
coast facing Nanao Bay blessed with a fine harbor protected
against strong south andwest winds and has a thriving fishery
with an average annual fish catch of approximately 1000
metric tons in recent years. It is an enclosed bay and features
both sandy beaches and rocky shorelines.

Generally, Ishikawa’s climate is strongly influenced by the
Tsushima warm water current and winter wind, causing a
wide variety of seasonal environments. It can be described as

being humid, wet, and hot in summer and rainy and receiving
lots of snow in winter.

3. Materials and Methods

This study is based on decadal and comparative analysis
of existing records and in situ measurements data of some
water quality parameters on the Ishikawa coast, obtained
from the Water Quality Monitoring Unit, Environment
Department, Ishikawa Prefectural Office, Japan, and from
field observations and interviews. Consistent water quality
data was available from 33 stations designated—KNA (20),
NTA (6), andNNA (7)—and sampled (0-1mdepth) along the
coastal zone (<5 km from shoreline) of Ishikawa between 1974
and 2009. Nutrient data were available only at five stations
characterized by strong human influence, riverine discharge,
and enclosed coastal ecosystems at KNA (2 stations) and
NNA (3 stations) coastal compartments. Here, we analyzed
for trends and possible drivers of change in some water
quality parameters, dissolved oxygen (DO), chemical oxygen
demand (COD), an environmental quality standard (EQS)
for the conservation of the living environment, and typical
water quality indicators for organic contaminant, hydrogen
ion concentration (pH), total nitrogen (T-N), and total
phosphate (T-P) on a five-year interval between 1984 and
2009 at the three coastal compartments (KNA, NTA, and
NNA).

3.1. Sampling and Analysis. Water samples were collected
annually with monthly and station sample size (𝑛) range
10–12 and 30–33, respectively. Temperature, pH, and DO
were measured in situ using calibrated portable meters
while water samples were analyzed in the laboratory for
COD (colorimetric), T-N, and T-P. Nutrient concentrations
were measured according to [10] between 1980s and early
90s immediately after sampling, and from mid-1990s to
2009, nutrient concentrations were measured with Bran and
Luebbe Auto Analyser Traacs 800 after storage at −20∘C.

3.2. Statistical Analysis. Variations in surface water quality
parameters (DO, COD, pH, temperature, T-N, and T-P) were
compared for the three coastal compartments (KNA, NTA,
and NNA) across three decades (between 1984 and 2009)
using a two-way analysis of variance (ANOVA), whereas
the Duncan multiple range test was used for separation of
means. Intercorrelation of variables was investigated using
the Pearson product-moment correlations coefficient.

4. Results

4.1. Spatial and Temporal Variation in Environmental Vari-
ables. Mean annual distribution of rainfall and atmospheric
temperature between 1930 and 2010 across the three coastal
compartments (KNA, NTA, and NNA) on Ishikawa coast
are presented in Figures 2(a) and 2(b). Mean annual rainfall
values over the last eight decades showed highly significant
(𝑃<0.001) temporal and spatial variation across the Ishikawa
prefecture (KNA, NTA, and NNA).Themean annual rainfall
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Figure 1:Map of study area showing sampling stations at KNA,NTA, andNNA coastal compartments on Ishikawa coast, Ishikawa Prefecture,
Japan.
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Figure 2:Mean annual rainfall (a) and temperature (b) distribution at KNA,NTA, andNNAcoastal compartments on Ishikawa coast between
1930 and 2010.

values (range 1304–3307mm) peaked at KNA (3307mm) in
1985 and within the last four decades had minimum value
(1304mm) recorded at NNA. The mean annual atmospheric
temperature increased by ∼2.2–3.5∘C between 1930 and 2010
across the Ishikawa prefecture, and the annual mean tem-
perature maximum (15.9∘C) was recorded in 2010 at NTA.
Temporal and spatial analysis revealed highly significant (𝑃<
0.001) decadal change in the atmospheric temperature from
northern Noto to southern Kaga districts in the Ishikawa
prefecture.

4.2. Water Quality Variables and Values of
In Situ Measurements

4.2.1. Temporal Variation inWater Quality Variables. Annual
mean values of water quality variables computed on a five-
year interval from 1984 to 2009 are shown in Table 1. From
ANOVA analysis, water quality variables (DO and pH)
showed highly significant (𝑃 < 0.001) variation. In the
examined years, DO and pH values showed some marked
variations (Figures 3(a) and 3(b)). Along the coast, mean
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Figure 3: Temporal variation of dissolved oxygen (DO) (a), hydrogen ion concentration (pH) (b), and chemical oxygen demand (COD) (c)
at KNA, NTA, and NNA coastal compartments between 1984 and 2009 on Ishikawa coast.

DO values ranged between 7.76mg/L (1989) and 9.78mg/L
(1984) whilemean pH values ranged between 8.20 (2009) and
8.43 (1984), indicating a significant drop (∼0.23 units) in pH
values within the last three decades. In contrast, the mean
concentration of COD was not statistically different (𝑃 >
0.05) over the years as both maximum (1.90 ± 0.63mg/L)
and minimum (1.00 ± 0.50mg/L) COD concentrations were
recorded in 1984 (Figure 3(c)).

4.2.2. Spatial Variation in Water Quality Variables. Within
the last three decades, COD mean concentration has
decreased by ∼20% between 1984 (1.90 ± 0.63mg/L) and
2009 (1.54±0.37mg/L) at KNA coastal compartment. Similar
reduction trend was observed at NNA asmean concentration

decreased by ∼12% between 1984 (1.35±0.77mg/L) and 2009
(1.19 ± 0.32mg/L) (Table 1). In contrast, NTA which had
lowest COD concentration in 1984 (1.00 ± 0.50mg/L) had
increased by one-fourth (∼25%) as at 2009 (1.32±0.31mg/L),
possibly as a result of human perturbation from tourism and
agricultural and fishing activities. In the years reported in this
study, dissolved oxygen concentration spatially varied along
the Ishikawa coast, even thoughmaximum (9.78±0.62mg/L)
and minimum (7.76 ± 0.28mg/L) DO concentration were
recorded at NTA (Figure 3(a)).

Furthermore, in the last three decades, pH values have
dropped between 0.13–0.20 units along the coast (KNA,NTA,
andNNA), possibly suggesting environmental change impact
on coastal waters quality of Ishikawa. At KNA, maximum pH
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Table 1: Mean ± SD of some water quality parameters at KNA, NTA, and NNA areas on Ishikawa coast.

Area Parameters 1984 1989 1994 1999 2004 2009
Temperature (∘C) 16.90 ± 8.1a 17.77 ± 7.50a 19.08 ± 9.00a 18.66 ± 7.80a 18.95 ± 8.60a 19.00 ± 6.10a

T-N (mg/L) 0.98 ± 0.20a 0.88 ± 0.20a 0.79 ± 0.10a 0.69 ± 0.30a 0.74 ± 0.20a 0.65 ± 0.30a

KNA T-P (mg/L) 0.09 ± 0.00b 0.10 ± 0.00b 0.07 ± 0.00a 0.05 ± 0.00a 0.07 ± 0.00a 0.05 ± 0.00a

DO (mg/L) 8.05 ± 0.36b 7.87 ± 0.34a 8.22 ± 0.16b 8.60 ± 0.22c 9.22 ± 0.24e 9.01 ± 0.24d

pH 8.43 ± 0.09c 8.33 ± 0.07b 8.31 ± 0.07b 8.33 ± 0.06b 8.30 ± 0.07b 8.25 ± 0.08a

COD (mg/L) 1.90 ± 0.63b 1.38 ± 0.44a 1.68 ± 0.64a,b 1.58 ± 0.38a,b 1.60 ± 0.47a,b 1.54 ± 0.37a

DO (mg/L) 9.78 ± 0.62d 7.76 ± 0.28a 8.32 ± 0.25b 8.86 ± 0.27b,c 9.16 ± 0.23c 8.74 ± 0.12b,c

NTA pH 8.40 ± 0.12c 8.30 ± 0.00b 8.30 ± 0.00b 8.38 ± 0.05b,c 8.30 ± 0.00b 8.20 ± 0.07a

COD (mg/L) 1.00 ± 0.50a 1.10 ± 0.07a 1.12 ± 0.13a 1.36 ± 0.13a 1.28 ± 0.18a 1.32 ± 0.34a

Temperature (∘C) 20.20 ± 8.16a 22.22 ± 3.98a 19.62 ± 7.35a 21.20 ± 7.72a 19.11 ± 6.38a 18.36 ± 7.00a

T-N (mg/L) 0.28 ± 0.13a 0.17 ± 0.04a 0.21 ± 0.04a 0.29 ± 0.27a 0.26 ± 0.06a 0.23 ± 0.06a

NNA T-P (mg/L) 0.02 ± 0.01a 0.03 ± 0.03a 0.02 ± 0.01a 0.03 ± 0.03a 0.05 ± 0.11a 0.02 ± 0.01a

DO (mg/L) 8.63 ± 0.63b,c 8.02 ± 0.14a 8.41 ± 0.16b 8.81 ± 0.30b,c 8.89 ± 0.24c 8.70 ± 0.25b,c

pH 8.37 ± 0.13c 8.34 ± 0.05b,c 8.27 ± 0.05a,b 8.37 ± 0.05c 8.29 ± 0.04a,b 8.24 ± 0.05a

COD (mg/L) 1.35 ± 0.77a 1.31 ± 0.24a 1.29 ± 0.20a 1.51 ± 0.20a 1.61 ± 0.07a 1.19 ± 0.32a

Values of respective area and year along the same row bearing the same superscripts are not statistically different at 5% probability level using the Duncan
multiple range test. For each area and year, data (except for T-N and T-P) were pooled from sampling stations (𝑛 size, 30–33) and months (𝑛 size, 10–12),
respectively, to obtain the mean ± SD. Sea water temperature, T-N, and T-P data were not available for NTA.

value dropped gradually from 8.43 in 1984 to 8.25 in 2009
(Figure 3(b)). Similar trend was observed at NTA and NNA
with pH drop of 0.20 and 0.13 units, respectively, between
1984 and 2009.

In general, while COD andDO concentrations varied sig-
nificantly (𝑃 < 0.001) across the three coastal compartments
(KNA, NTA, and NNA), there was no significant variation
(𝑃 > 0.05) in pH along the coast. Also, while pH and
DO concentrations varied significantly (𝑃 < 0.001) over
the last three decades, there was no significant (𝑃 > 0.05)
change in COD concentration (Figure 3(c)), suggesting that
human perturbation over the years may bemore relative than
environmental change impact.

4.2.3. Spatial and Temporal Variation of Nutrient Concen-
trations and Temperature. The range of nutrients (T-N and
T-P) concentration and sea water temperature within the
last three decades at KNA and NNA is presented in Table 1.
Nutrients concentration and seawater temperature profile
across the examined periods were relatively homogenous in
the two coastal compartments. An exception is T-P nutrient
concentration at KNA. Mean values recorded over the years
were not statistically different at 5%probability level using the
Duncan multiple range test. While total nitrogen (T-N) and
total phosphate (T-P) loading have significantly reduced by
∼30–45% between 1984 and 2009 at KNA, there has not been
significant reduction at NNA, suggesting a coastal system
potentially vulnerable to eutrophication possibly due to often
restricted water exchange with the adjacent ocean, river
runoff, and shore and/or shallow sediment abrasion. Also,
the relationship between T-N and T-P and their distribution
along the Redfield ratio line (N : P = 16 : 1) at KNA andNNA is
shown in Figures 4(a) and 4(b). Corresponding T-N and T-P
values were distributed often above the Redfield ratio line at
KNA and around (above and below) the Redfield ratio line at

Table 2: Pearson’s correlation matrix of some water quality param-
eters at KNA, NTA, and NNA on Ishikawa coast.

DO pH COD Year Area
DO 1
pH −0.086 1
COD 0.066 0.359∗∗ 1
Year 0.548∗∗ −0.502∗∗ −0.026 1
Area 0.107 0.012 −0.249∗∗ −0.016 1
∗∗Correlation is significant at the 0.01 level (2-tailed).

NNA. These distribution patterns of nutrient concentration
suggest some potential limitation of T-N nutrient at KNA
and T-P nutrient at NNA. Nutrient-flux ratio (N : P ratio)
distribution at KNA and NNA exhibited annual fluctuations
(Figure 5) with ratio values exclusively <16 : 1 at KNA (N/P
min: 6.0; N/P max: 15.8). Although N : P ratios varied widely
and are largely distributed close to the 16 : 1 at NNA, optimal
algal growth ratio as indicated by the Redfield ratio [9].

4.2.4. Intercorrelation of Spatial and Temporal Water Quality
Variables. The intercorrelation amongwater quality variables
(pH, COD, and DO) in relation to the examined periods and
coastal compartments (Table 2) revealed a significant positive
correlation (𝑟 = 0.359; 𝑃 = 0.001; 𝑛 = 191) between
pH and COD. Across the examined years, DO showed a
positive and highly significant correlation (𝑟 = 0.548; 𝑃 =
0.001; 𝑛 = 191), whereas pH showed a negative and highly
significant correlation (𝑟 = −0.502; 𝑃 = 0.001; 𝑛 = 191),
suggesting that while pH value has decreased significantly
over the years, DO has been on the increase. Of the water
quality variables (pH, COD, and DO) only COD showed a
significant negative correlation (𝑟 = −0.249; 𝑃 = 0.01; 𝑛 =
191) with the three coastal compartments. Using the Pearson
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Figure 4: Relationship between T-N and T-P at KNA (a) andNNA (b) coastal compartments between 1984 and 2009 on Ishikawa coast. Dark
thin line is linear regression and dark thick line is the Redfield et al. [9] ratio (N : P = 16 : 1).
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Figure 5: N : P molar ratio distribution at KNA and NNA coastal
compartments between 1984 and 2009.

product moment correlations coefficient (table not shown),
we further elucidate on the dynamics of water quality change
at the different coastal compartments. At KNA, DO showed
an increasing and highly significant (𝑟 = 0.810; 𝑃 = 0.0001;
𝑛 = 119) trend over the years and significantly correlated
(𝑟 = 0.222; 𝑃 = 0.05; 𝑛 = 119) with COD, whereas, at
NTA, there was no significant correlation with COD and over
the years. While DO showed a less significant (𝑟 = 0.374;
𝑃 = 0.05; 𝑛 = 42) increase over the years at NNA, there was
no significant correlation with COD. Spatially, COD showed
a positive significant correlation (𝑟 = 0.420; 𝑃 = 0.05;

𝑛 = 30) only at NTA, suggesting an increasing trend over the
years. Highly significant correlation of DO and pH variables
over the years suggests their relative importance to decadal
variation on Ishikawa coast towards predicting current state
and future status of coastal water quality that may require
policy response. Since only COD showed significant corre-
lation with the three coastal compartments, it suggests that
human impacts vary along the coastline and warrants further
investigation, local attention, and adequate policy response.

4.2.5. Intercorrelation of Nutrient Concentration and Temper-
ature at KNA and NNA. We evaluate the relations between
T-N, T-P, and temperature variables using Pearson prod-
uct moment correlations coefficient. Temporally, there was
highly significant correlations (𝑟 = 0.467;𝑃 = 0.0001; 𝑛 = 93)
between T-N and T-P, whereas no significant relationship
was established between temperature and nutrients over the
examined period when data from the two coastal compart-
ments (KNA and NNA) were pooled for Ishikawa coast
(Table 3). However, a negative highly significant correlation
(𝑟 = −0.676; 𝑃 = 0.0001; 𝑛 = 24) was observed between
temperature and T-N. Also, there was significant inverse
correlation of T-N (𝑟 = −0.490; 𝑃 = 0.01; 𝑛 = 24)
and T-P (𝑟 = −0.708; 𝑃 = 0.0001; 𝑛 = 24) with KNA
coastal compartment (table not shown). All these suggest that
nutrients’ loading on Ishikawa coast has decreased over the
years; however, further monitoring may be required at NNA,
an enclosed coastal compartment.

5. Discussion

Results from this study on regional analysis of decadal vari-
ations in water quality along Ishikawa coasts revealed some
level of significant (0.0001 ≥ 𝑃 ≤ 0.05) changes across space
and time in some water quality variables. Observed spatial
pattern indicates that coastal developments, varying levels
of socioeconomic activities, and perhaps physical processes,
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Table 3: Pearson’s correlation matrix of nutrients and temperature
at KNA and NNA on Ishikawa coast.

Temperature T-N T-P Year Area
Temperature 1
T-N −0.172 1
T-P 0.055 0.467∗∗ 1
Year −0.057 −0.096 −0.024 1
Area 0.105 −0.832∗∗ −0.386∗∗ 0.017 1
∗∗Correlation is significant at the 0.01 level (2-tailed).

such as water residence time, shore, and/or shallow sediment
abrasion, river runoffs, and climate change, are factors that
play an important role in promoting change in the coastal
zone. Due to the influences of human activities, within only
a few decades, numerous previously pristine, oligotrophic
estuarine, and coastal waters have undergone a transforma-
tion to more mesotrophic and eutrophic conditions [11–13],
promoting space-time variation in water quality.

Over the last eight decades (1930–2010), mean annual
rainfall and atmospheric temperature revealed a highly sig-
nificant (𝑃 < 0.0001) decadal change and dynamic spatial
pattern from northern Noto (NTA and NNA) to southern
Kaga (KNA) districts in Ishikawa prefecture. As a result, a
general description of the Ishikawa coastal climate may be
complex and may partly influence the spatial dynamics in
some water quality parameters.

Chemical oxygen demand (COD), a typical water quality
indicator for organic contaminant and an environmental
quality standard (EQS) for the conservation of the living envi-
ronment, revealed more of a spatial than temporal variation
on the Ishikawa coast. For instance, COD maximum (1.90 ±
0.63mg/L) and minimum (1.00 ± 0.50mg/L) concentrations
were recorded, respectively, at KNA andNTA in 1984. Similar
trend was observed in other years, suggesting that spatial
variation pattern was more significant on the Ishikawa coast
possibly due to differences in human perturbation levels.
Only COD water quality variable showed significant correla-
tion (at 1% probability level) with the three coastal compart-
ments (Table 3), suggesting that anthropogenic impacts vary
along the coastline and may warrant further investigation
and adequate policy response. Thus, variations in organic
contamination pattern is rather spatial than temporal along
the Ishikawa coast andmay have implication on coastal living
resources.

5.1. Ecological Response to DO, pH, and Nutrients. Generally,
surface DO concentrations varied significantly (𝑃 < 0.001)
over the last three decades and across the three coastal
compartments (KNA, NTA, and NNA). Decrease in DO
concentration as observed between 2004 and 2009, especially
at KNAandNNA,was hypothesized to be driven primarily by
changes in ocean circulation and less by changes in the rate of
O
2
demand from downward settling of organic matter since

there was a corresponding decrease in COD concentration.
On the Japan Sea, [14] report a large long-term decrease
in the oceanic O

2
concentration of more than 20𝜇mol kg−1

since the mid-1950s. [15] analyzed GEOSECS and WOCE

data to calculate basin-wide changes for the North Pacific.
They find a decrease in dissolved O

2
in the upper ocean

and an increase in the deep. Decreasing O
2
concentrations

were also reported by [16, 17] in subsurface water in the
western subarctic Pacific between 1968 and 1998, and by [18],
analyzing data of four different cruises in the North Pacific
during the 1980s and 1990s. The observation-based analyses
identify ocean circulation changes as the main cause of the
observed decrease in dissolved O

2
[14–20].

Although near-surface changes in O
2
concentration are

difficult to interpret as observed changes cannot be explained
by known processes, changes in O

2
can be caused by changes

in biological activities, changes in the physical transport of
O
2
from intermediate waters, or by changes in temperature

and salinity [21]. In this study, possible influence of temper-
ature on O

2
solubility was not considered since there is no

significant correlation (𝑃 > 0.05) between temperature and
O
2
. Also, we lacked data to suggest the possible influence

of phytoplankton activity on dissolved oxygen. Along the
Ishikawa coast, dissolved oxygen (DO) concentrations were
significantly higher than 5.0mg/L suggested as acceptable
for most aquatic organisms [22]. Also, according to [23],
environmental dissolved oxygen levels must be high enough
to support aerobic metabolism in fishes. Thus, the DO
concentration obtained from this study suggests that the
coastal ecology of Ishikawa could support growth and repro-
duction of living resources as observed in the thriving fishery
industries along the coastline, especially at NTA and NNA.

Within the last three decades, trend analysis showed that
hydrogen ion concentration (pH) value has dropped between
0.13–0.20 units along the coast (KNA, NTA, and NNA) and
∼0.23 units between 1984 and 2009, leading to an increase
in water column acidity and suggesting possible environ-
mental change impact on coastal water quality of Ishikawa.
While phytoplankton activity may strongly influence pH,
we consider that most marine plants (with the exception of
seagrasses) are carbon-saturated [24], and enhanced growth
is not expected. Increased CO

2
concentrations lower ocean

pH, which in turn changes ocean carbonate chemistry [25],
and it is believed that this resulting decrease in pH will
have negative consequences, primarily for oceanic calcifying
organisms. When compared with physically driven changes
such as warming and sea level rise, the impacts of chemical
changes in the ocean are poorly understood. While increases
in CO

2
are expected to have positive impacts on many

terrestrial plants because of increases in photosynthesis [26],
as earlier mentioned, the reverse may be for carbon-saturated
marine plants [24]. However, the reduction in pH that
will accompany elevated CO

2
concentrations has profound

implications for physiological processes inmarine organisms.
For example, growth and survivorship of gastropods and
urchins were reducedwhen exposed to 6months of increased
CO
2
that resulted in only a pH unit decrease of only 0.03

[27]. Also, the population and community level impacts of
such changes remain largely unknown. Considering that the
expected pH dropmay be unprecedented over the last several
hundred million years and as evident also along Ishikawa
coast, more research on ecological implications of pH change
is needed. In relation to humanhealth, however, hydrogen ion
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(pH) has a direct impact on the recreational users of water
only at very low or very high values [28].

Furthermore, according to [21], changes in nutrient
concentrations can provide information on changes in the
physical and biological processes that affect the carbon cycle
and could potentially be used as indicators for large-scale
changes in marine biology. Although there was a significant
reduction in nutrients concentration at KNA coastal com-
partment than at NNA coastal compartment, nutrients fluxes
are significantly (T-N: 𝑟 = −0.832; 𝑃 = 0.0001; 𝑛 = 93, T-
P: 𝑟 = −0.386; 𝑃 = 0.0001; 𝑛 = 93) higher at KNA than
at NNA. Since most nitrogen loading into aquatic systems
has often been implicated with anthropogenic influence
and sometimes physical forcing, drivers of nutrient fluxes
along the Ishikawa coast especially at KNA may be due to
increasing socioeconomic activities and population growth
over the years. Nutrient impacts on coastal waterways vary
as a function of both the loadings (fluxes) and bioavailability
of the nutrients and the extent to which hydrodynamic
features (e.g., water volumes, residence times, and extent
of mixing) and turbidity levels modulate the stimulatory
effects of nutrients on plants and algae [29, 30]. Here, results
of regression analysis carried out to further establish the
relationship of nutrients (T-N and T-P) with physical forcing
such as temperature at KNA and NNA coastal compartments
revealed that temperature significantly correlated with nutri-
ents concentration especially T-N (𝑟 = 0.438; 𝑃 = 0.0003;
𝑛 = 24) at KNA (figure not shown) while at NNA, there
was no significant correlation with nutrient T-N (𝑟 = 0.006;
𝑃 = 0.244; 𝑛 = 69). We hypothesize that other factors
than physical forcing may impact on nutrients concentration
and, thus, foreground the need to determine the effect of
anthropogenic forcing on water quality along the Ishikawa
coast.

5.2. Possible Drivers of Change in Coastal Water Quality.
Increasing human pressure on the continental margins with
expanding urbanization and the conflicting demands of
tourism, aquaculture, water diversions, wind parks, and other
developments such as ports have been well documented as
drivers of change in coastal ecosystems [3, 4, 31, 32]. Ishikawa
coast has experienced significant erosion in recent 100 years
due to the combined effect of natural and artificial causes;
the shoreline retreats about 200m from 1892 to 1970 [33].
As countermeasures against erosion problems, construction
of detached or submerged breakwaters started in 1970 with
increased intensity from the mid-1970s to the late 1980. By
the mid-1990s almost the entire stretch was protected by this
structure [4].

Along KNA coastal compartment, major coastal threat is
beach erosion. Erosion is advancing and the sandy beach is
rapidly disappearing, thus, becoming a large social problem
in Ishikawa. In this study, most of the nutrient concentrations
show high levels in southern coastal plain at KNA for the
following reasons. First, the SW and SS shoreline cities like
Kanazawa, Hakusan, and Komatsu are densely populated
with sizeable industrial centers relative to NTA and NNA
coastal compartments; second, as mentioned earlier, the
coast has experienced rapid and serious erosion due to

the combined effects of natural and anthropogenic factors
[34]; third, the annual net alongshore sediment transport
is from NE to the SW near the KNA shoreline [33] and
the development of Kanazawa Port. Around NTA coastal
compartment, refuse abandonment on the coast by tourist
has been identified as one of the drivers of change in the
coastal water quality. In the wave of enormous quantity of
refuse on the coast especially along Shioya to Sogogi coast
at NTA, community involvement in coastal cleanup was
launched and has since been sustained.

In addition, coastal ecosystems like the NNA coastal
compartment may be particularly vulnerable to eutroph-
ication due to often restricted water exchange with the
adjacent ocean and river runoffs, leading to an accumulation
of nutrients from the surrounding watershed [1]. Marine
environments subjected to eutrophication are usually those
with limited mixing capacity. The process of eutrophication
is usually rather slow and location specific, and because
eutrophication generally stems from nonpoint sources, the
process may be difficult to legislate and control. Eutroph-
ication of coastal waters can have a number of adverse
impacts on ecosystems, including algal growth, hypoxia, and
substantial loss of marine life and habitat [31].

Thus, the main vulnerable areas of the coast, from the
water quality point of view, seem to be the KNA coastal
compartments, where high COD concentrations and nutri-
ents (T-N and T-P) concentrations are observed. Although,
COD concentration has been the lowest at NTA relative to
KNA and NNA, increasing trend observed at NTA in recent
years (Figure 5 and Table 1) suggests some form of organic
contamination possibly as a result of anthropogenic influence
which may warrant further investigation and local attention.

In general, surface coastal water quality has improved
with respect to some pollutants and nutrient loading in
Japan as well as Ishikawa’s ocean coastline. However, nutrient
loading especially in semienclosed bay like the NNA is a
potential site for eutrophication.

5.3. Coastal Pollution Problems (Past and Present Status) and
Policy Response. Despite the apparent declines in coastal
environmental quality in Ishikawa, in Japan overall, the
number of confirmed sea pollution cases declined by 82%
from 2460 (of which 2060 are oil-related) in 1973 to 425
in 2004 [35], and as reported by the Japan Coast Guard
(Figure 6). Although specific data for Ishikawa prefecture is
not reported here, it is assumed that this reported trend cuts
across Japan.

This decreasing trend of sea pollution has been achieved
through various programmes since the Marine Pollution
Prevention Lawwas enacted in 1970.Thedischarge of noxious
liquid substances by ocean-bound vessels has been regulated
by a national law, which corresponds to the Protocol of 1978
relating to the international convention for the prevention
of pollution from ships (the Marpol 73/78 protocol). Also, a
water pollution control law has been enhanced and includes
a system to notify specified facilities, wastewater regulation
common to the whole country; continuous monitoring of
water quality; a Total Pollutant LoadControl System (TPLCS)
for closed sea areas and measures for domestic effluent.
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Figure 6: Confirmed cases of sea pollution in Japan (data source:
Japan Coast Guard, Ministry of Environment).

More recently, in 2008, Japan’s Ministry of Environ-
ment (MOE) launched the Japan Sea Satoumi Policy Initia-
tive, working with local municipalities and prefectural and
regional government officials. Ishikawa’s Nanao Bay (NNA
coastal compartment in this study) has been selected as
one of the four official sites chosen for the Satoumi Pilot
Project. Then in early 2011, MOE formulated the Satoumi
Guidelines to aid in the implementation of a national strategy
for “creation of vibrant local communities that make use of
natural resources.” One of the main components of this strat-
egy includes the “development of abundant Satoumi areas”
and other related targets such as conservation, restoration,
and creation of seagrass beds and tidal flats; water pollution
measures; and sustainable resource management.

Satoumi has been defined as coastal areas with high
productivity and biodiversity enhanced through human
management. It has long sustained not only productive and
distribution activities, but also a rich cultureal and intercul-
tural exchange and are characterized by rich productivity
and biodiversity. The integrated management of terrestrial
and coastal areas characteristic of Satoumi has contributed
immensely tomaintainingmaterial cycle functions and, thus,
rich and diverse ecosystems and their services.

In Japan, environmental quality standards (EQS) relating
to living environment, including standards for biochemical
oxygen demand (BOD), chemical oxygen demand (COD),
and dissolved oxygen (DO), have been established for coastal
water pollution. From this study, Figures 7(a), 7(b), and 7(c)
show the variations of COD, DO, and pH values from Japan’s
EQS at KNA, NTA, and NNA coastal compartments. While
we consider the dissolved oxygen (DO) a plus, being rela-
tively higher than Japan’s minimum set standards, the COD
concentration slightly close to the maximum set standard
may require further attention and monitoring. Hydrogen

ion concentration (pH) was slightly higher than maximum
set standards and may also require further monitoring to
advance our understanding on possible implication. It is
hoped that findings from this study will help to promote
local, regional, and national policy towards conservation
and sustainable management of coastal water quality and
resources by solving the problem of alienation of humans
from the sea—a challenge to Satoumi.

Finally, water quality policy, which reflects dynamic
social values and scientific understanding, should evolve
flexibly to reflect the local context too. Thus, based on the
dynamic spatial characteristics of Ishikawa coastline, decision
makers should ensure that Ishikawa’s coastal planning/zoning
accommodates livelihood and economic changes that accom-
pany changing biodiversity and fishing regimes, sea-level rise,
and erosion. Although there is a uniform approach to the
development of water quality standards in Japan, stricter
standards may be required by prefectural governments in
collaboration with industry, stakeholders groups, and coastal
community resource users. For such strategies to be most
effective in maintaining coastal water quality, continuous
monitoring of coastal developments and activities should
take place.

6. Conclusion

Monitoring programs of aquatic systems play a significant
role in water quality control since it is necessary to know
the contamination degree so as not to fail in the attempt to
regulate its impact [32]. Documenting long-term changes of
regional coastal ecosystems like the Ishikawa coastal zones
may be an effective management strategy for sustainable
aquatic resource management under current and potential
future global environmental change effects. Results obtained
from this water quality analysis revealed and further but-
tressed variability and unsteadiness as intrinsic properties
of coastal ecosystems, where the action of natural forcing
factors is difficult to isolate from anthropogenic ones. While
this study did not provide a water quality assessment or an
overall process of evaluation of the physical, chemical, and
biological nature of water in relation to natural quality and
human effects, it has helped to define current conditions,
established trends on Ishikawa coasts and provided infor-
mation on vulnerable area along the coast from view point
of water quality to enable further investigation and possible
prefectural or local government response. Effective water-
quality monitoring requires actual collection of information
at set locations and at regular intervals in order to provide
the data which may be used to define current conditions
and establish trends. An attempt, therefore, to maintain
the coastal water quality through continuous monitoring of
coastal developments and activities will be a more targeted
and effective adaptation strategy.

Further studies to this will detail on the socioeco-
nomic drivers of current findings, and environmental change
impacts on Ishikawa’s coastal living resourcesmajorly at KNA
and NNA, and policy response required for future decision
making.



10 ISRN Oceanography

0
2
4
6
8

10

KNA

NTA

NNA

JapanEQS

(a)

8

8.1

8.2
8.3

8.4

8.5
KNA

NTA

NNA

JapanEQS

(b)

0

0.5

1

1.5

2
KNA

NTA

NNA

JapanEQS

(c)
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