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Abstract

To investigate the distribution characteristics of nutrients in Wuleidao Bay and Jinghai Bay, a
survey for COD, nutrients, Chlorophyll a (Chl a), was conducted in May, August, October of
2013. The results showed that due to the seasonal discharge of sewage into the sea and
phytoplankton cyclical life activities, both the salinity and nutrient concentrations within the
two bays and at bay mouth were higher than those of further off the coast. From the estuaries
seaward, the proportion of DIN in TN was raising, while TON in TN was reducing. PO,™-P
was a limiting factor for phytoplankton growth, but had not yet become an absolute limiting
factor. The monthly average of nitrogen, phosphorus molar ratio is in the following order,
May>August>October. The correlation between Chl a and PO,>-P was higher than the
correlation between Chl a and DIN. DIN level could meet the second class standard of GB
8978-1996, while PO4>-P could meet fist class. Without considering COD, higher level of
eutrophication was detected in August, while October was lower. When considering COD,
August and October were both at a high level, however, both months did not reach the
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1. Introduction
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Wauleidao Bay and Jinghai Bay in Wendeng, China, are two adjacent open bays in the North
Yellow Sea that separated by pier into the sea. Wuleidao Bay has Sow River and Chang Yang
River estuary while Jinghai Bay contains Qinglong River estuary. The two Bays receive most
of Wenden terrigenous sewage that is discharged into the sea. Thus the physical and chemical
factors in this area are greatly impacted by the waters off the coast of the sea and the
surrounding land-based sources of sewage into the sea.

With the growing population, booming economy, and the development and utilization of the
hub in recent years, the environment of the two bays area and the adjacent water is seriously
threatened. This paper summarize the sea water quality monitoring data of May, August, and
October in 2013 to analyze and evaluate the distribution of nutrients and eutrophication level,
in order to accurately understand the current status of the sea water environment, both for the
protection of ecological environment in the Gulf and adjacent waters, and for providing the
basis for sustainable use of resources.

2. Materials and Methods
2.1 Study Area

Within each of the two Bays and the bay mouths, one station was setup, namely stations A3,
Al, A2, A6. One station (A4) was setup at the junction of the two Bays. Two additional
stations (A5, A7) were setup in the outer sea area located adjacent to the two Bays. A total of
seven stations were illustrated in Figure 1. Sample collections and measurement were
conducted three times during May, August, October respectively.
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Figure 1. Sample stations in Wuliedao Bay and Jinghai Bay
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2.2 Monitoring Indicators
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Due to the shallow depth of the two Bays, only the surface water was investigated. Surface
water samples within 0.5 m deep were gathered at each survey station and the main
measurements that were monitored include chemical oxygen demand (COD), ammonia
(NH,"-N), nitrite salt nitrogen (NO,-N), nitrate nitrogen (NO3 - N), total nitrogen (TN), total
organic nitrogen (TON), inorganic phosphate (PO4>-P), total phosphorus (TP) and
chlorophyll a (Chl a).

2.3 Analysis Methods

The analysis methods were based on marine monitoring Part 4: Seawater Analysis (GB
17378.4-2007), marine survey - Part 4 of seawater chemical elements investigation (GBT
12763.4-2007), People's Republic of China water quality standards (GB3097-1997). The sum
of Ammonia (NH; -N), nitrite (NO,-N), and nitrate nitrogen (NO;-N) is the dissolved
inorganic nitrogen (DIN), the total organic nitrogen (TON) is calculated by subtracting DIN
from TN.

3. Results and Discussion
3.1 Nutrients Distribution Charateristics

Distribution of nutrients of surface waters in October 2013 is show in Table 1 and Table 2.

Table 1. Sea water quality of Wuleidao Bay and Jinghai Bay in October 2013

COD POS-P TP NO,-N NO,-N NH,N DIN TN  TN-DIN Chla

Stations

mg/L  mg/L mg/L  mg/L mg/L mg/L mg/L  mg/L  mg/L pg/L
A01 1.28  0.015 0.036  0.008 0.148 0.061 0.217 0302 0.085 1.35
A02 1.30  0.014 0.023  0.005 0.141 0.057 0.201 0254 0.053 1.23
A03 1.50  0.011 0.020  0.006 0.157 0.070 0.233 0312  0.079 1.25
A04 .12 0.012 0.022  0.006 0.141 0.048 0.195 0246 0.051 1.24
A05 146  0.012 0.017  0.006 0.119 0.042 0.167 0202 0.035 1.04
A06 1.58  0.011 0.024  0.007 0.139 0.055 0.203 0.238 0.035 1.04
A07 1.09  0.011 0.019  0.007 0.130 0.061 0.198 0.238  0.040 0.84
Ave 133 0.012 0.023  0.006 0.139 0.056 0.202 0256 0.054 1.14
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Table 2. Proportion of nutrients in Wuleidao Bay and Jinghai Bay in October 2013

. NO,-N  NO;-N  NH,-N NH,-N DIN (TP-PO,>-P)
Station ) DIN DIN/TN 3
/DIN /DIN /DIN /NO;3™-N /PO,-P /TP

A01 0.037 0.682 0.281 0.412 0.217 0.719 32.0 0.583
A02 0.025 0.695 0.281 0.404 0.203 0.799 32.1 0.391
A03 0.026 0.674 0.3 0.445 0.233 0.747 46.9 0.450
A04 0.031 0.723 0.246 0.34 0.195 0.793 36.0 0.455
A0S 0.036 0.713 0.251 0.352 0.167 0.827 30.8 0.294
A06 0.035 0.692 0.274 0.396 0.201 0.845 40.5 0.542
A07 0.035 0.657 0.308 0.469 0.198 0.832 39.9 0.421
Ave. 0.032 0.690 0.279 0.404 0.202 0.789 36.4 0.466

3.1.1 Nutrient Nitrogen

Nitrate (NO5™-N) concentrations were in the range of 0.119 - 0.157 mg/L, with an average of
0.139 mg/L. The highest concentration was found in Wuleidao Bay (station A03, 0.157mg /
L) and the mouth of the bay (station AO1 , 0.148 mg/L), followed by the Jinghai Bay (stand
A02, 0.141 mg/L) and the junction of two Bay (station A04, 0.141 mg/L), the concentrations
were lower for other stations, namely, Jinghai Bay Port (A06 , 0.139 mg/L), adjacent to the
outer waters (station A07, 0.130 mg/L, stand A0S, 0.119 mg/L), as shown in Figure 2. Figure
2 indicates that concentration within the two bays was significantly higher than the open sea,
from the bay within the Gulf have a stripe of high concentration extend to the water outside.
The reason is that the two Bays receive a large number of land-based sources of sewage into
the sea. In addition, the discharge of sow River and Changyang rivers into the sea is greater
than Qinglong River, resulting in the concentrations of Wuleidao Bay and Bay Port higher
than Jinghai Bay. The two Bays merge at the southernmost part of the pier, where the effects
that wharf embankment hinder currents disappeared. The concentration was getting lower
seaward because of the dilution of the seawater and the lowest concentration was found at
A0S station.

Ammonia (NH,;'-N) concentrations varied from 0.042 - 0.070 mg/L. The average
concentration was 0.056 mg/L. A high concentration appeared in Wuleidao Bay, Bay estuary
and outside area, followed by the concentration of inside Jinghai Bay, outside Jinghai Bay.
The concentration was low at the junction of two Bay and decreased seaward (Figure 3).
Figures 3 shows, within each of the two bays, two high concentrations stripe of waters extend
seaward with a low concentration band in between. The distributions of ammonia and nitrate
nitrogen concentrations are similar, however, ammonia concentration gradient is smaller and
high concentration stripe of water of Wuleidao Bay extends to the adjacent outer waters.
Change from an oxidative environment to and reductive environment indicates the elevation
of nutrient level of the water body (Stumm et al., 1996). Qurids (2003) further proposed that
the increase of reduced state of nitrogen, NH, -N, and the decrease of the oxidized state of
nitrogen, NO;™-N directly reflects this shift, nutrient levels in water bodies will increase as
NH,4 -N/NO5-N increases. Table 2 shows that within the seven stations, this ratio is lowest at



- Agquatic Science and Technology
A\\Mac_rothlgk ISSN 2168-9148
Institute 2015, Vol. 3, No. 1

A04, A0S, the two stations off the coast, the ratio at station A07 and Wuleidao Bay is the
highest and Jinghai Bay has a medium ratio, which indicate that the lowest level of nutrition
waters is off the coast, while the station A07 and the Wuleidao Bay have the highest level of
nutrition (AO7 is in oyster farming areas, which may be related to the culture environment
and need for further research). One reason is that nutrient-rich phytoplankton blooms nearby
river estuary. Phytoplankton first consumes ammonia (Bricelj & Lonsdale, 1997; Feng et al.,
1999), resulting in the gradual digestion of ammonia near the mouth of the river. Thus the
ammonia cannot continue to spread into the sea. Another reason is the abundant biomass at
the bay area, which can decompose dead organisms and produce NH; -N.
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Figure 2. NO5s™-N concentration profiles in Wuleidao Bay, and Jinghai Bay in October 2013
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Figure 3. NH,4 -N concentration profiles in Wuleidao Bay and Jinghai Bay in October 2013
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Nitrite (NO,-N) ranged of 0.005 - 0.008 mg / L, the highest concentration was still at the
Wuleidao Bay (AO01, 0.008 mg/L), the concentration distribution was smooth and no
significant changes was observed, as shown in Figure 4.

12185 12195 122.05 12215 E

Figure 4. NO, -N concentration profiles in Wuleidao Bay in October 2013

The range of the dissolved inorganic nitrogen (DIN) concentration was 0.167-0.233 mg/L and
the average concentration was 0.202 mg/L. The highest concentration was detected in the
Wauleidao Bay and the mouth of the bay, followed by the Jinghai Bay and the mouth of the
bay, the low concentration area appeared at the junction of the two Bays, as shown in Figure
5. Figure 5 also showed that the concentration was higher at the Wuleidao Bay than Jinghai
Bay. Within each of the two bays, a high concentration stripe of water extends seaward. The
concentration was reducing seaward from the junction of the two Bays. The distribution of
DIN concentration was similar to that of nitrate nitrogen, ammonia. Table 2 showed that the
main ingredients of DIN was nitrate nitrogen, which accounts for 69.0% of DIN on average,
followed by ammonia (27.9%), and nitrite nitrogen accounts for only 3.2%. The variation of
the proportion of these three ingredients at different stations was small. The facts that nitrate
nitrogen dominant in DIN suggested that the sea water was in an oxidative environment,
which was beneficial for the self-purification of water bodies. Two off coast station A04 and
AO05 had the highest proportion of nitrate nitrogen and the lowest proportion of ammonia,
indicated that the off coast waters have a better oxidative environment and higher water
self-purification capacity. The four stations that meet the second class standard were
distributed within the two Bays, Bay estuary and outside of the bay, the three stations which
meeted the first class standard were located in the junction of two Bays and off the coast.
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Figure 5. DIN concentration profile in Wuleidao Bay and Jinghai Bay in October 2013

Total nitrogen (TN) concentration varies in the range of 0.202 - 0.312 mg/L and the average
concentration was 0.256 mg/L. The highest concentration was in the Wuleidao Bay and the
mouth of the bay, followed by the Jinghai Bay. Low concentrations were at the junction of the
two Bays and off coast regions, as shown in Figure 6. Figure 6 demenstrated that TN
concentration was higher in Wuleidao Bay than in Jinghai Bay. Within each of the two bays, a
high concentration stripe of water extended seaward. The concentration was lowest at the
junction of the two Bays and off coast regions. The distribution of the TN concentration was
similar to that of DIN, nitrate nitrogen, ammonia. Table 2 showed that the DIN proportion of
the TN ranges from 71.9% to 84.5%, with an average of 78.9%. The lowest proportion of
DIN was at Wuleidao Bay mouth and within the bay, followed by the junction of two Bays
and the Jinghai Bay. The highest proportion sites were the offshore sites suggested that the
DIN proportion was increasing from the estuary seaward. Because of that TN includes two
kinds of components, namely, DIN and TON (including dissolved and particulate organic
nitrogen), it can be deducted that the proportion of TON in TN is decreasing from the estuary
seaward. This is due to the higher nutrient concentrations in the inner bay area resulted from
phytoplankton blooms. Because of the photosynthesis of phytoplankton and aquatic plants,
DIN was assimilated into organic protein and other forms of organic nitrogen (Odun, 1981).
In addition, organic nitrogen including urea etc. that entering the Gulf was directly absorbed
and fixed by the phytoplankton in the bay and the bay mouth. Thus, TON proportion in TN
was higher within the Bay and at Bay Estuary than that of the open sea. Since TON was the
energy storage form of the nitrogen elements, TON proportion in TN increases as the overall
level of productivity of the water increases (Wetzel, 2001). High TON proportion within the
Bay and at the mouth of the bay also suggests the nutrient levels are higher at the inner bay
and Bay Estuary than that of the open sea.
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Figure 6. TN concentration profile in Wuleidao Bay and Jinghai Bay in October 2013

3.1.2 Phosphorus Nutrient

Inorganic phosphate (PO4~-P) concentrations varied from 0.011 - 0.015 mg/L and the average
concentration was 0.012 mg/L. Changes in the concentration at each site was minimal and the
trend of the change was not obvious. The sea water quality at all sites were compliance
meeting the first class standard; however, the concentrations were close to the upper limit of
first class standard.

Under normal circumstances, the molar ratio of seawater phytoplankton absorption of
nitrogen and phosphorus is 16:1, which is the constant absorption ratio known as the Redfield
coefficient. Nitrogen, phosphorus molar concentration ratio deviate either high or low from
this coefficient can lead to a bottleneck in the growth of phytoplankton by the relatively low
concentration element. This element which limit the growth of phytoplankton is a nutrient
limiting factors (Brzezinski, 1985; Duvravko, 1995); If N/P>22, then the limiting element is
phosphorus, If the N/P <10, the nitrogen is limiting element (Dortch & Whitledge, 1992;
Duvravko, 1995). According to the absolute limit rules JUSTIC et al. proposed, nutrient
absorption kinetics studies indicate that phytoplankton growth requires the DIN and inorganic
phosphorus threshold concentrations were 0.014 mg/L , and 0.003 mg/L respectively (Justic
et al., 1995; Zhang et al., 1997; Yang et al., 2001); Table 2 shows that nitrogen, phosphorus
ratios at the seven stations are in the range of 30.8:1 - 46.9:1 with an average of 36.4:1, which
are all greater than 22:1. Since nitrogen and phosphorus concentration ratios exceed the
threshold, phosphorus is the limiting factor, but not an absolute limiting factor in this area.

Total phosphorus (TP) concentrations vary from 0.017-0.036 mg/L with an average of 0.023
mg/L. The high concentration point is in Wuleidao Bay mouth, followed by Jinghai Bay, and
off coast regions have relatively low concentrations, as shown in Figure 7 (2013.10 total
phosphorus). Permissive concentrations of total phosphorus are generally considered as under
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0.030 mg / L in seawater (Entsch et al., 1983). Only AO1 station with a concentration of 0.036
mg/L exceeds the allowable amount, indicating that only Wuleidao Bay mouth TP value is
high. Other waters’ TP are within the normal range. The sum of the dissolved organic
phosphorus (DOP) and particulate phosphorus (TPP) can be calculated by subtracting the
PO4'3-P concentration from TP concentration and the results show that the sums of the two
concentrations were between 0.005-0.021 mg /L with an average of 0.011 mg/L, as shown in
Table 2. The concentration of the two Bay mouths and the inner bays concentrations are
higher than that of the open sea. The proportion of TP also showed the similar trend, which is
higher at two Bay mouths, the inner bay, and lower off the coast. Such distribution is because,
1) The major source of marine phosphorus is from river inputs (Froelich, 1982) and the
estuary of the river contains large amount of suspended material, which made it easy for
PO,>-P to be adsorbed on these suspended particles and become TPP. Away from the estuary,
the high salinity makes it easy for PO, -P to isolate from TPP; 2) The DOP is the product of
phytoplankton secretion and zooplankton excretion. Thus its distribution is mainly affected
by biological activities (Pomeroy & Simith, 1965; George & Willianms, 1985). Similar to
that of the organic nitrogen, the phytoplankton, proliferated in the Gulf and nearby the
estuary, fixes PO4-P to organic phosphorus and particulate phosphorus. Such organic
phosphorus and particulate phosphorus then stranded in the bay mouth under the effect of the
tides.
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Figure 7. TP concentration profile in Wuleidao Bay and Jinghai Bay in October 2013

3.1.3 Chlorophyll a

Chl a concentration rangeed from 0.84 to 1.35 pg/L with an average concentration of 1.14
pg/L. Wuleidao Bay mouth had the highest concentration, followed by Jinghai Bay, off the
coast had the lowest concentration. Its distribution was similar to that of other nutrients
especially TP (Figure 8). Since Chl a is produced by photosynthesis of phytoplankton, the
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concentration of Chl a is positively correlated with the phytoplankton concentration, which
indicate that the amount of phytoplankton is higher at the two Bay mouth and inner bay area.
The results of correlation analysis between Chl a and nitrogen, phosphorus concentration
were shown in Table 3.

Table 3. Correlation of Chl a and concentration of N, P

PO,>-P TP TP- PO,>-P DIN TN TN-DIN
r 0.6507 0.6117 0.5390 0.4853 0.6719 0.7838
n 7 7 7 7 7 7

Chl a was positively correlated with both nitrogen and phosphorus concentrations, which
indicated that nutrient-rich waters corresponds to high Chl a concentration and abundant
phytoplankton. The correlation between Chl a and PO4>-P is higher than the correlation
between Chl a and DIN suggests planktonic biomass and PO,>-P concentration have more
closely relationship, which confirms the limiting factor in this area is PO,™-P instead of DIN.
The positive correlation with (TN-DIN), (TP-PO,>-P) of demonstrate that the large
population of phytoplankton in two Bay mouth and inner bay area fixed a large amount of
nitrogen, phosphorus, which confirms the concentrations of nitrogen and phosphorus in
organic and particulate form is higher at that the two Bay mouth and inner bay region.
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Figure 8. Chl-a concentration profile in Wuleidao Bay and Jinghai Bay in October 2013
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3.2 Characteristics of Seasonal Distribution
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Study of seasonal distribution of nutrients in the surface water according to three research
voyage conducted in March, May, and October, 2013, as shown in Table 4, Table 5 and Table
6.

Table 4. Nutrient concentrations in Wuleidao Bay and Jinghai Bay in May, August, October,
2013

COoD NO,-N NO;y™-N NH, -N DIN N PO,> -P TP Chl-a
Month
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L po/L
range  0.80-1.33  0.006-0.008  0.105-0.152  0.044-0.075  0.156-0.233  0.190-0.327  0.006-0.014  0.018-0.032  0.95-2.14
Ve Ave. 0.94 0.007 0.134 0.063 0.203 0.25 0.009 0.026 1.47
range  0.96-1.57  0.006-0.008 0.111-0.164  0.051-0.082  0.169-0.252  0.206-0.325  0.010-0.015  0.016-0.039  0.50-1.74
Aue. Ave. 1.18 0.007 0.141 0.069 0.216 0.265 0.012 0.028 1.2
range  1.09-1.58  0.005-0.008  0.119-0.157  0.042-0.070  0.167-0.233  0.202-0.312  0.011-0.015  0.017-0.036  0.84-1.35
oct Ave. 1.33 0.006 0.139 0.056 0.202 0.256 0.012 0.023 1.14
earl range  0.80-1.58  0.005-0.008  0.105-0.164  0.042-0.082  0.156-0.252  0.190-0.327  0.006-0.015  0.016-0.039  0.50-2.14
early

Ave. 1.15 0.007 0.138 0.063 0.207 0.257 0.011 0.026 1.27

Table 5. Proportion of each nutrient in Wuleidao Bay and Jinghai Bay in May, August,
October, 2013

Mont NO,-N/DI  NO,-N/DI  NH,-N/DI  NH,"-N/ DIN/PO, -
DIN/TN

h N N N NO;-N

May  0.034 0.660 0.309 0.470 0.812 48.5 0.40

Aug.  0.032 0.653 0.318 0.489 0.815 40.4 0.67

Oct.  0.030 0.688 0.279 0.403 0.789 36.4 0.74

Table 6. N, P molar ratio in Wuleidao Bay and Jinghai Bay

Station May Aug. Oct. Ave.
A01 82.3 37.5 32.0 42.8
A02 46.1 314 32.1 354
A03 39.7 46.5 46.9 442
A04 31.6 42.5 36.0 363
A05 57.6 34.0 30.8 37.6
A06 75.7 47.6 40.5 50.9
A07 44.1 48.1 39.9 43.9
Ave. 48.5 40.4 36.4 41.2

12
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Table 4 shows that within the three months, August has the highest concentration of different
forms of nitrogen nutrients and TP than that of May and October. PO,>-P concentrations are
high and close in August and October. May has the lowest concentration of PO,>-P. The
reason is the heavy rain in August, which results in the two bays receiving large amount of
sewage from the Sow River and ChangYang River. This leads to an increased concentration
for each of nutrients. The highest concentration of Chl a appears in May (1.47 pg/L).
Concentrations in August and October are similar, which is consistent with the fact that
phytoplankton blooms during May and make this period of time red tide prone. Annual
average data show that only DIN meets the second class standard while all other indicators
are in line with a class I sea water quality standard. Overall, seawater quality is clean.

Table 5 shows that during these three months, NO3™-N consists the largest portion of the DIN
(65.3% - 68.8%), followed by NH4 -N (27.9% - 31.8%), and the NO,-N consist the smallest
portion (3.0% - 3.4%). The change in the proportion is minimal in these months.
NH, " -N/NO5-N derived from the Qurids’ method (2003) is at the highest value in August and
at lowest in October, which indicates that the sea water nutrient levels is the highest in August
and lowest in October. The ratio DIN/TN is close in May and August, while the lowest is in
October. It is probably because of the reduced rainfall, which resulted in the reduction of
terrestrial input of nutrients. However, photosynthesis of phytoplankton continues to consume
DIN and convert DIN to organic nitrogen. In addition, during October, the low water
temperature slows the conversion of organic nitrogen into DIN by the decomposition
biological remains. Thus, the proportion of DIN in TN becomes small. However, because of
the sustained oxidative decomposition of the biological remains during winter and the
intensive convection of the sea water, nutrients are released (Zhang, 2004). During this period
of time, photosynthesis phytoplankton is weakened and the DIN consumption is reduced.
These effects plus the continued accumulation of terrestrial DIN facilitate the DIN
concentration slowly return to a high level. The Eutrophication index EI= (COD x DIN x
DIP) x 106/4500, units are mg/L, EI>1 as eutrophication and the higher the EI the greater the
degree of eutrophication (Sun et al., 2006; Li et al., 2007; He et al., 2008). This method
adopted COD as a parameter. Table 5 shows that the index reaches its lowest (0.40) in May,
0.67 in August and its highest (0.76) in October. This result indicates that eutrophication level
of August and October is higher than that of May; however, both of the months did not reach
the level of eutrophication. The conclusion regarding October is in contrary with the result
from Quri6s’ method. The reason is the introduction of COD in the EI index. October has the
highest level of COD, which lead to an increased EI index during October. When COD is not
considered, the level of eutrophication is high in August and low in October. Both August and
October are at a high level, but did not reach the level of eutrophication, if the COD is taken
into account.

In Table 6, by calculating the average nitrogen and phosphorus molar ratio in different month
we found that in May has the highest ratio (48.5:1), followed August (40.4:1) and October
has the lowest (36.4:1). The ratio of all months are higher than 22:1 and the concentration of
inorganic phosphorus of all months exceed 0.003 mg/L indicates that inorganic phosphorus is
the limiting factor for the growth of phytoplankton, but has not yet become an absolute

13
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limiting factor. Phytoplankton absorbs nitrogen and phosphorus nutrients at a ratio of 16:1.
The consumption rate of DIN is 16 times higher than phosphorus. From May to August, the
nitrogen, phosphorus ratio decreased gradually indicates that the nitrogen, phosphorus ratio in
the exogenous supplement is less than 16:1. The ratio of nitrogen and phosphorus in seawater
continues to decrease. During phytoplankton blooms in August, the nitrogen and phosphorus
is rapidly absorbed into the food chain and fixed. Thus, Nitrogen, phosphorus ratio dropped
down to 40.4 in August and further down to 36.4 in October. During October the water and
air temperatures are low, which leads to the slowdown of growth of phytoplankton,
slowdown of nitrogen, phosphorus consumption, the death of a large amount of
phytoplankton, the continued decomposition of biological remains. Part of the Nitrogen and
Phosphorus previously entered the food chain returns to the waters. In addition, other
exogenous supplement of Nitrogen and Phosphorus such as those released from the seabed
sediments will cause nitrogen, phosphorus to slowly accumulate. Since natural Nitrogen is
more abundant than natural phosphorus, the supplement of nitrogen is faster than that of
phosphorus. Through the accumulation during the low-temperature phase, until the next May
when the water temperature starts to raise, the ratio of nitrogen and phosphorus is restored to
a higher level, which provides ample nutrients for the spring phytoplankton blooms. In Table
6, by calculating annual average nitrogen, phosphorus molar ratio at each station, we found
that Wuleidao Bay mouth, the inner bay area, Jinghai Bay mouth and an off coast station A07
have higher ratio, which indicate a stronger restrictive effect of the limiting factor
phosphorus. Within the studied area, the annual average nitrogen, phosphorus ratio is 41.2:1
and the limiting factor is phosphorus nutrient. These observations are consistent with the
conclusions of studies on most other rivers and estuaries in the nation.

4. Conclusion

(1) DIN meeted the seconed class standard of GB 8978-1996. The distribution characteristics
of NO;-N, NH,-N, DIN and TN were similar. All of these nutrients had a higher
concentration at the two Bay mouths and the inner bay regions and the concentration
decreased seaward. Except for NO,-N, which had minimal change during the year, the
concentration of other various forms of nitrogen nutrients were higher in August than in May
and October, mainly due to seasonal river sewage discharge into the sea.

(2) From the estuary seaward, the proportion of DIN in TN increased and the proportion TON
in TN decreased due to the assimilation of organic nitrogen, such as urea etc., and DIN to
TON by phytoplankton and aquatic plants. Because the relative proportion of the TON in TN
increased as the overall level of productivity of the water increases, the Bay and the Bay
Estuary area had higher nutrient levels than the open sea. The DIN/TN ratio was close during
May and August and was lowest during October because of the introduction of nitrogen from
the seasonal river sewage discharge into the sea and the periodic life activities of
phytoplankton.

3) PO4'3-P meeted the frist class standard of GB 8978-1996. The trend of PO4'3-P
concentration change between each site was not obvious. The sum of DOP and TPP
concentration, concentration of TP were higher at the two Bay mouths and the inner bay area
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and decreased seaward. PO4~-P concentrations were high and close in August and October
and lowest in May. The TP concentration was higher in August than that of May and October.
These observations were because of the introduction of phosphorus from the seasonal river
sewage discharged into the sea and the phosphorus fixation followed by the phytoplankton
blooms.

(4) PO,™-P was a limiting nutrient for phytoplankton growth in this sea area during the three
months, but not an absolute limiting factor. The average monthly nitrogen, phosphorus molar
ratio was May> August> October, because of the introduction of phosphorus from the
seasonal river sewage discharged into the sea and the periodic life activities of phytoplankton.

(5) Concentration of Chl a was highest at Wuleidao Bay mouth and the inner bay, followed
by Jinghai Bay mouth and the inner bay. The lowest concentration appeared off coast.
Correlation analysis showed that the correlation of Chl a and PO,™-P was higher than that of
Chl a and DIN, which indicated that compared with DIN, the amount of phytoplankton had a
closer relationship with inorganic phosphorus concentration.

(6) Without considering COD, August had the highest level of eutrophication, while October
was low. When COD was taken into account, both August and October were at a high level,
but neither reached the level of eutrophication.
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