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ABSTRACT

From 2000 to 2003, water samples were seasonally collected
from the coastal area near nuclear power plants (NPPs) I and II to
assess the ecological impact of thermal effluent on the water quality.
The water quality in the investigated area during the survey periods
was as follows: pH, 7.87-8.40; dissolved oxygen, 3.61-7.11 mL/L;
chlorophyll a, 0.07-1.9 µg/L; nitrite, 0.02-7.42 µM; nitrate, 0.3-
15.4 µM; phosphate, 0.02-1.48 µM; and silicate, 0.84-46.82 µM.  The
concentrations of nutrients in the spring and winter seasons were
relatively higher than those in the summer and fall seasons.  The
concentrations of chlorophyll a showed the reverse distribution.
Overall, the water quality in the study area completely followed the
“A level” seawater standard of EPA regulation, suggesting that the
coastal seawater adjacent to both NPPs was not significantly affected
by the thermal effluent from both NPPs.

Data on phytoplankton, zooplankton and water quality were
combined and analysed using the principal component analysis to
identify the factors influencing the marine ecology in the study area.
Results showed that the percentages of the first principal component
and the first two principal components generally accounted for more
than 50% and 75%, respectively.  This result suggested that the system
of the study area was mainly affected by two unspecified parameters.
It was also found that water temperature, chlorophyll a, phytoplank-
ton and zooplankton almost were located in the same axis in the plot
of the first two principal component loadings, which differed from the
plot of nutrients.  This finding implied that water temperature was
probably a more important factor in influencing the biomass of
phytoplankton and zooplankton than the nutrients in the study area.

INTRODUCTION

Power plants affect the environment in various
ways, as do all industrial factories.  For example, fire
power plants emit air pollutants that affect local air
quality and can contribute to worldwide problems such
as acid rain and global warming.  Nuclear power plants
draw in large volumes of cooling water from the adja-
cent seawater, use it, and then discharge it back into
seawater, to some degree, affecting local fish stocks or
marine ecology.  Due to a lack of natural power resources,
Taiwan Power Company began construction of the First
and Second Power Plants at Shi-Man and Gin-San,
respectively, in northern Taiwan in the beginning of
1970 and operation was launched late 1970.  Moreover,
the Third Power Plant was constructed in 1985 at
Nanwan, in southern Taiwan.  When each nuclear power
plant started operation, long-term research programs
investigating its impact on biology, ecology, chemistry
and hydrography sponsored by Atomic Energy Council
in the early stage and later by Taiwan Power Company,
were carried out [9, 10, 11, 12, 13, 19].  The purpose of
the research programs was to investigate how thermal
effluents affected marine ecology.

Two famous disastrous events were recorded dur-
ing a long-term environmental monitoring.  One is that
two incidents of the coral bleaching were reported in
July 1987 and July 1988 in adjacent seawater of the
Third nuclear power plant in southern Taiwan [6].  The
other is that the skeletal deformities of Terapon jarbua
and Liza macrolepis were observed in 1993 in the outlet
area of thermal effluent of the Second Nuclean Power
Plant in northern Taiwan [8].  Both catastrophic events
were related to thermal discharge from nuclear power
plants, which elevated the water temperature and caused
the damage.  More detailed information of both events
can be found elsewhere [9].

Nutrients, light and physical factors ultimately
control the primary productivity in aquatic environments.
Nitrogen, phosphorus and silicon are the essential nutri-
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ents for phytoplankton in marine environments.  As a
result, nutrients usually play the most important role in
regulating the ecological change of marine environments.
It has been found that the long-term or temporal varia-
tions of nutrients can affect the phytoplankton commu-
nity and populations, and subsequently influence the
marine ecology in coastal environments [7, 14, 20].

From 2000 to 2003, we have seasonally investi-
gated the nutrients, dissolved oxygen, temperature and
chlorophyll a of inshore seawater adjacent to the First
and the Second Nuclear Power Plants in northern Taiwan.
The purpose of this study was to assess how the thermal
effluent affects the water quality and to provide such
information to the other research programs to monitor
the marine ecological changes around the nuclear power
plants.  However, previous studies have shown that the
influence of thermal discharges probably was restricted
within 500 m or a shorter distance from the outlet of the
thermal discharge [10, 11].  Some investigation stations
in this study were exempted from the influence of
thermal effluent.  Thus, here we present the water
quality in coastal seawater adjacent to the First and the
Second Nuclear Power Plants.  Discussions were also
addressed to reveal the key parameter in influencing the
marine ecological system.

MATERIALS  AND  METHODS  SAMPLING

The sampling times and stations are shown in
Table 1 and Fig. 1, respectively.  There were seven
survey lines.  Each nuclear power plant had three survey
lines in parallel.  One was located in the inlet of cooling
water and extended seaward to 5 km where was consid-
ered as the temperature background station, i.e., a place
where was absolutely not interfered by thermal effluent.
The other two lines were located in the outlet of thermal
effluent and extended seaward to 3 km.  Another line, in
the central area between the First and the Second nuclear
power plants, extended seaward from the mouth of the
Huang Chi River.  The sampling stations in each survey
line were approximately 0 m, 250 m, 500 m, 1,000 m,
1,500 m, 2,000 m and 3,000 m away from the coast.
There was an additional station, 5,000 m away from the
coast, in survey line C and F, respectively.  The sam-

pling depths were surface water (0 m), 5 m, 10 m and 15
m at each station.  Due to the shallowness of water,
seawater at stations 0 m and 250 m was collected
manually by Tain-Hei research vessel.  The other sam-
pling stations water samples were taken by R/V Ocean
Research-II and were collected using Go-Flo bottles
mounted on a Rosette sampling assembly.  Temperature
and salinity were also measured by a SeaBird CTD
instrument.  The nutrient samples were immediately
filtered using the Whatman GF/F filter and were frozen
on board after sampling.  The Whatman GF/F filter was
also frozen and was analyzed for the chlorophyll a.  The
dissolved oxygen samples were immediately added
manganese chloride and alkaline iodide reagents on
board.  The measurements were carried out in labora-
tory on land.  There were three groups of researchers
working together to investigate the following three
areas, namely the water quality, phytoplankton and
zooplankton.  The sampling station and distribution
depth of phytoplankton and zooplankton are slightly

Fig.1. Map shows the sampling stations in coastal seawater adjacent
to the First and the Second Nuclear Power Plant sites, in
northern Taiwan.

Table 1.  The sampling time of the investigated periods

2000 2001 2002 2003

the first season (spring) March, 15-16 March, 30-31 March, 5-6 January, 10-11
the second season (summer) May, 13-14 May, 9-10 May, 1-2 April, 1-2

the third season (autumn) August, 1-2 August, 3-4 July, 1-2 July, 15-16
the fourth season (winter) November, 7-8 October, 3-4 November, 12-13 December, 5-6
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different in the present study.  The detailed descriptions
of phytoplankton and zooplankton sampling scheme
can be found in this volume.

The northern Taiwan is surrounded by the Taiwan
Strait in the west, by the Kuroshio Water in the east and
by East China Sea in the north.  Due to the northern coast
located at the continental shelf-break and at the route of
the northeast monsoon, the Kuroshio Water occasion-
ally intrudes into the northern shelf of Taiwan, forming
a cold dome with upwelling subsurface water at the
eastern edge of the shelf [15].  It is known that the
Taiwan Strait Water is made up of three different water
masses from the East China Sea, the South China Sea,
and the Kuroshio Water.  The flow pattern in the Taiwan
Strait is dominated by the East Asian monsoon and
generally has a northward flow [21].  Thus, the water
masses in northern Taiwan are significantly influenced
by the seasonal intrusion of the Kuroshio Water and by
the northward flow of the Taiwan Strait Current.

ANALYSIS

The nutrients (dissolved phosphate, silicate, ni-
trite and nitrate) were measured using methods de-
scribed in the Methods of Seawater Analysis [5].  Chlo-
rophyll a was determined by fluorometric method [18].
Direct spectrophotometry of total iodine was used to
measure the dissolved oxygen [17].  The pH value of
each sample was determined using a pH meter
(Radiometer Copenhagen, model PHM 210).

For better assessments of the ecological system
within the area influenced by the thermal discharge, a
statistical method, the principal component analysis,
was employed to analyze the data.  The data obtained at
stations 3,000 m and 5,000 m were excluded due to both
a lack of phytoplankton and zooplankton data and the
seawater not affected by the thermal effluent.  The
phytoplankton and zooplankton data were taken from
annual report of the research program [11, 12, 13, 19].
The data of nutrients (phosphate, silicate, nitrate and
nitrite), dissolved oxygen, chlorophyll a, temperature,
phytoplankton and zooplankton were normalized to the
mean value of the whole year data of each parameter
prior to the analysis.

RESULTS  AND  DISCUSSION

The concentration ranges of the study parameters
in the investigated areas from 2000 to 2003 are as
follows: pH, 7.87-8.40; dissolved oxygen, 3.61-7.11
mL/L; chlorophyll a, 0.07-1.9 µg/L; nitrite, 0.02-7.42
µM; nitrate, 0.3-15.4 µM; phosphate, 0.02-1.48 µM;
and silicate, 0.84-46.82 µM.  These values found in
seawater adjacent to the First and the Second Nuclear

Power Plants and to the Hwang Hsi River in each year
are listed in Table 2.  The concentrations of nutrients,
especially silicate, obtained at stations of the Hwang
Hsi River line were generally higher than those at
stations of the nuclear power plants lines.  This finding
is not surprising because riverine input is a major source
of nutrients in coastal environments.  However, the
point source, such as marine dumping, ocean outfall,
groundwater intrusion and antifouling added to the cool-
ing water effluent, could significantly elevate the con-
centration and alternate the composition of chemical
constituents in coastal waters [2].

A decrease in the concentrations of nutrients in
seawater was shown seawards due to seawater dilution
effect.  However, such phenomenon was not seen in the
study area [11, 12, 13, 19].  The reason for this is
probably that the amount of river discharge from the
Huang Chi River was relatively minor such that its
influence could not reach to the coastal area near the
First and the Second Nuclear Power Plants.  The water
quality of “A level” seawater of Taiwan EPA regulation
was as follow: pH, 7.5-8.5; dissolved oxygen, ≥ 5 mg/L
(ca. 3 ml/L); ammonia, < 0.3 mg/L (21.4 µM); and total
dissolved phosphorus < 0.05 mg/L (1.6 µM).  There
were no nitrite, nitrate and silicate regulation.  It was
well documented that ammonia will be oxidized to
nitrite and finally to nitrate under oxidizing environ-
ment [16].  Although, ammonia was not determined in
the present study, the concentrations of dissolved oxy-
gen in the study area always exceeded 4-5 mL/L, ap-
proaching to saturation, during the investigation period
(see Figs. 2-4).  Theoretically, the concentration of
ammonia in oxidizing seawater should be less than 0.5
µM [16].  The concentration of dissolved inorganic
phosphorus (phosphate) in coastal seawater usually ac-
counted for more than 80% of total dissolved phospho-
rus [3, 4].  The concentration of phosphate in seawater
adjacent to the First and the Second Nuclean Power
Plants rarely exceeded 1.0 µM.  Thus, the concentration
of total dissolved phosphorus in the study area should
not surpass the EPA regulation (total dissolved P > 1.6
µM).  Overall, the water quality in the study area
completely follow the “A level” seawater standard of
EPA regulation, suggesting that the inshore seawater
adjacent to nuclear power plants was not contaminated
by nutrient elements.

In order to examine the inter-seasonal variability
of pH, dissolved oxygen, temperature and nutrients in
the areas surveyed, the ranges of seasonal concentration
of these parameters under study are plotted in Figures 2-
4, which indicates that the concentrations of nutrients in
the summer and fall surveys were generally lower than
the spring and winter surveys.  In contrast, the result of
chlorophyll a showed the opposite trend.  This result is
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in agreement with the report of Chang et al. [1] which
showed that the concentrations of chlorophyll a in sea-
water of northern Taiwan in the autumn and fall seasons
were higher than those in the spring and winter seasons.
The fact that phytoplankton blooms consume the nutri-
ents caused the concentrations of chlorophyll a and
nutrients exhibited the reverse distribution.

Because there were lack of phytoplankton and
zooplankton data at stations 3,000 m and 5,000 m and
the CTD results showed that the influence of thermal
discharges of the First and the Second Nuclear Power
Plants was probably restricted within 1,000-2,000 m
from the thermal discharge outlet [11, 12].  The results
of principal component analysis, based on data obtained
at stations within 2,000 m, are shown in Table 3 and
Figures 5-6.  Table 3 shows that the percentage of the
first principal component found in the First and the
Second Nuclear Power Plants area was greater than
50%, except in 2002 when the percentage reduced to 35-
40%. The percentage of the second principal component
ranged from 15% to 28%.  This result suggests that one
of the parameters under study had significant influence
on the ecological system.

The plots of the first two principal component
loading, showing the relationship between phosphate,
silicate, nitrite, nitrate, dissolved oxygen, temperature,
chlorophyll a, phytoplankton and zooplankton, were
depicted in Figures 5 and 6.  Surprisingly, temperature,
chlorophyll a, phytoplankton and zooplankton were
almost located in the same axis and differed from the
nutrients.  Phosphate, silicate, nitrite and nitrate can be
grouped together in the other axis.  These results imply
that the influence of water temperature on the ecology
of phytoplankton and zooplankton in the area under
study were more important than that of the nutrients.
The reason for this may probably be that the concentra-
tions of nutrients were sufficient to supply the phy-
toplankton growth in the whole year and were not the
limiting factor of the primary productivity.  In contrast,
the seawater temperature variations in the study area
were significant.  The average temperature of seawater
was generally less than 25°C or even colder in the
winter and spring seasons but exceeded 25°C or warmer
in the summer and autumn seasons. Chang et al. [1]
observed the seasonal variation of seawater temperature
and phytoplankton biomass in coastal seawater outside
of the Taiwan Ocean University, Keelung, in their bi-
weekly sampling.  Their results showed that water tem-
perature at the study site varied between 17 and 30°C in
1994.  Both chlorophyll a concentration and Synecho-
coccus abundance were low in the winter and started to
increase when surface water became warmer than 25°C.
Their result also confirmed that seawater temperature
was an important factor in controlling the phytoplank-T
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Fig. 2. The concentration ranges of water quality: (a) temperature, (b)
pH, (c) DO, (d) phosphate, (e) nitrite, (f) nitrate, (g) silicate, and
(h) chlorophyll a in seawater adjacent to the First Nuclear
Power Plant site in each season from 2000 to 2003.  The central
square represents the mean value.
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elements.  The impact of the thermal effluent of the
nuclear power plants on water quality was not apparent.
The concentrations of nutrients (phosphate, silicate,
nitrite and nitrate) in the area under study showed
seasonal variations: higher concentrations in the sum-
mer and fall seasons and lower concentrations in the
spring and winter seasons.  In contrast, the concentra-
tion of chlorophyll a exhibited the reverse distribution.
The results of statistical analyses highlighted that sea-
water temperature probably played a key role in influ-
encing the ecology of phytoplankton and zooplankton
in seawater adjacent to the First and the Second Nuclear

Fig. 4. The concentration ranges of water quality (a) temperature, (b) pH, (c) DO, (d) phosphate, (e) nitrite, (f) nitrate, (g) silicate, and (h) chlorophyll
a in seawater adjacent to the Huang Chi River in each season from 2000 to 2003.  The central square represents the mean value.

ton biomass in seawater in northern Taiwan, which was
the same as what we had observed.

CONCLUSION

This study presents the results of seasonal
investigation, from 2000 to 2003, of water quality in
coastal area adjacent to the First and the Second Nuclear
Power Plants in northern Taiwan.  The water quality in
the study area completely followed the “A level” seawa-
ter standard of EPA regulation, suggesting that the
coastal seawater was not contaminated by nutrient

Table 3. The percentages of the first and the second principal component among the study parameters found in the First and the
Second Nuclear Power Plant (NPP) coastal seawater in each year

Year 2000 2001 2002 2003

Location 1st NPP 2nd NPP 1st NPP 2nd NPP 1st NPP 2nd NPP 1st NPP 2nd NPP
The first principal 62.1 53.3 49.4 59.2 35.7 41.5 54.5 51.7
    component (%)
The second principal 21.1 15.8 28.5 18.1 21.1 22.6 15.6 18.9
    component (%)
The first plus the second 83.2 69.1 77.8 77.3 56.8 64.1 70.1 70.6
    principal component (%)

6.8

7 .2

7 .6

8 .0

8 .4

pH

0

3

6

9

D
O

(m
l/l

)

0 .0

0 .5

1 .0

1 .5

ph
os

ph
at

e(
uM

)

(b )

(c)

(d)

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

2000 2001 2002 2003

2000 2001 2002 2003

2000 2001 2002 2003

0
5

10
15
20
25
30
35

T
em

pe
ra

tu
re

1 s t 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th
2000 2001 2002 2003

(a)

0

3

6

9

12

15

N
itr

at
e(

uM
)

0

10

20

30

40

50

S
ili

ca
te

(u
M

)

0 .0

0 .5

1 .0

1 .5

2 .0

ch
l.

a(
ug

/l
)

( f)

(g )

(h)

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th
2000 2001 2002 2003

1st 2nd 3rd 4th

2000
1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

2001 2002 2003

1st 2nd 3rd 4th 1st 2nd 3rd 4th

2000 2001 2002 2003
1st 2nd 3rd 4th 1st 2nd 3rd 4th

0

1

2

3

N
itr

ite
(u

M
)

(e )

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

2000 2001 2002 2003



Journal of Marine Science and Technology, Vol. 12, No. 5 (2004)370

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

(a )

(c)

(b )

(d )

Zooplankton

P hytop lankton D O

N O 2

N O 3

P O 4

S i

Tem p

C hl.a
Zooplankton

P hytop lankton

N O 2

N O 3

P O 4

S i Tem p

C hl.a

Zooplankton

P hytop lanktonD O
N O 2

N O 3

P O 4

S i

Tem p

C hl.a

Zooplankton

P hytop lankton

D O

N O 2
N O 3

P O 4S i
Tem p

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

-0 .8 -0 .4 0 .0 0 .4 0 .8
C om ponent 1

-0 .8

-0 .4

0 .0

0 .4

0 .8

C
om

po
ne

nt
 2

(a )

(c)

(b )

(d )

Zooplankton
P hytop lankton

D O

N O 2

N O 3

P O 4

S iTem p

C hl.a

Zooplankton

P hytop lankton

N O 2

N O 3

P O 4

S i
Tem p

C hl.a

Zooplankton

P hytop lankton

D O

N O 2
N O 3

P O 4

S i

Tem p

C hl.a

Zooplankton

P hytop lankton

D O

N O 2

N O 3

P O 4

S i Tem p

Fig. 5. Plot of the first two principal component loadings showing the
relationship between temperature (Temp), dissolved oxygen
(DO), phosphate (PO4), nitrite (NO2), nitrate (NO3), silicate
(Si), chlorophyll a, phytoplankton, and zooplankton in seawa-
ter adjacent to the First Nuclear Power Plant site during (a)
2000, (b) 2001, (c) 2002, and (d) 2003.

Power Plants.  The nutrients were sufficient to supply
the phytoplankton growth throughout the whole year
and were not limiting factors of the primary productivity.
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