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Nitrogen and Phosphorus Budgets in the South-western Part of Tokyo Bay 
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Abstract: Material transpott of nitrogen and phosphorus in the south-western part of Tokyo Bay was investigated with a two layer 

box model using monthly data from April 1995 to December 1997. Firstly, the model domains were determined with the aid of the 

principal component analysis of salt, and the volume flux through the boundaries of each domain was estimated. Next, the nitrogen 

and phosphorus fluxes were calculated by using transport coefficients obtained from the box model. 

We concluded that: 1) all year round, the horizontal transport in the upper layer is towards the open ocean through the centre of 

Tokyo Bay; 2) the vertical transport between the upper and lower layers is upwards in general; 3) the correlation between the 

production (or consumption) of nitrogen and phosphorus is very high in the upper layers of the domains that have a large freshwater; 

and 4) for the ratios of nitrogen and phosphorus to the total load of Tokyo Bay, much more nitrogen than phosphorus flows out from 

the coastal domains to the centre of Tokyo Bay, and then it flows out into the open ocean. 

Key words: Nitrogen, Phosphorus, Budget, Box model, To灼oBay 

1. Introduction boundaries between boxes. However, the concentrations of 

salinity show no clear differences across the boundaries 

The seawater of the Tokyo metropolitan coastal zone has 

been of high quality since the Basic Law for 

Environmental Pollution Control was put into effect. In 

recent years, however, a further improvement in seawater 

quality has been required to create a better environment for 

human habitation. 

Therefore, many researchers have measured nitrogen 

and phosphorus as key determinants of water pollution in 

Tokyo Bay. Matsukawa and Sasaki (1990), Sasaki (1991), 

Yu (1994) and Matsumura (2000) have analysed monthly 

data by using two-layer models that use eddy diffusivity 

coefficients and flow velocities to estimate nutrient 

budgets. Matsukawa and Sasaki (1990) concluded that 

nitrogen sediments more often in summer than in winter, 

and Yu (1994), using more recent data, supported these 

results. Matsumura (2000) discussed the budgets of 

nitrogen and phosphorus, and pointed out that the total 

nitrogen (TN) deposits are higher in summer than in 

winter, whereas the total phosphorus (TP) is lower in 35°10・ 
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summer than in winter. 

In the above studies, however, the authors did not 

discuss the behaviour of nutrients in the south-western part 

of Tokyo Bay, where their loads can be as high as those 

139゚40'139°50'140°00'

Longitude (E) 

recorded along other coastlines. As for their use of the box Figure 1. Ob servatmn statmns m the south-eastern part of 

model, the above authors determined arbitrarily the Tokyo Bay. 
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that they used. Thus, a more suitable method is needed to 

determine these boundaries. 

In this paper, we have analysed seawater samples taken 

from 16 stations in the south-western part of Tokyo Bay, 

including near shore stations (Fig. 1). We describe the 

seasonal variations in nitrogen and phosphorus levels in 

Section 2, and the methods of the box model analysis with 

transport coefficients and principal component analysis to 

determine the boundaries in Section 3. In Section 4, the 

results of the box model analysis are described, and we 

discuss the behaviour of nitrogen and phosphorus in the 

south-western part of Tokyo Bay. Our discussion 

incorporates the correlation between the production (or 

consumption) of nitrogen and phosphorus, and we provide 

our conclusions in Section 5. 

2. Data 

Water samples were collected every month in the south-

western part of Tokyo Bay from April 1994 to March 1998 

at a depth of 0.5 m, and at I m above the sea bottom (or at 

a depth of 50 m when the water was more than 51 m deep) 

(see Fig. 1). 

The samples were kept cool and analysed soon after 

being brought to the laboratory. The methods developed 
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for industrial wastewater under standard JIS K 0102 (Japan Month 

Industrial Standard, 1998) were used to investi0ate the Figure 2. Monthly variat10n of mtrogen m the upper layer 

nitrite nitrogen (NO,-N), nitrate nitrogen (NOrN), at Sta. 2, Sta. 10 and Sta. 15. Key: ON, orgamc mtrogen, 

ammonium nitrogen (NH4-N), total nitrogen (TN), NH4-N, ammonmm nitrogen, N02-N, nitrite mtrogen, and 

phosphate phosphorus (P04-P) and total phosphorus (TP) NOrN, nitrate nitrogen. 

concentrations. A salinometer was used to measure the 

salinity (Japan Weather Association, 1990), and the results TP (P04-P) changes from 0.030 (0) to 0.26 (0.069) mg L・'. 

were issued as public water quality data by the Kanagawa The TN (DIN) value near to the bay mouth (Sta. 15) 

Prefecture, Yokohama and Yokosuka City. changes from 0.15 (0.01) to 0.94 (0.61) mg L・', and the TP 

In this paper, we have defined the dissolved inorganic (P04-P) value changes from 0.014 (0) to 0.085 (0.035) mg 

nitrogen (DIN) as the sum of N02-N, N03-N and NH4-N, L・'. The ratios of the DIN to TN (RDTN) and of P04-P to 

and the organic nitrogen (ON) as the residual from TP (RPTP) reached high values during winter (up to 80%) 

subtracting the DIN from the TN value. Figures 2 and 3 and exceeded 90% during some months at Sta. 2. In 

show the seasonal variations of nitrogen and phosphorus in contrast, these values decreased to small values or zero 

the upper layer at three typical stations. The DIN and P04- during summer. These results clearly show that nutrients 

P values show clear seasonal changes and, in general, are are consumed by phytoplankton during the summer. This 

high in winter and low in summer. On the other hand, the trend is less clear in coastal regions, such as at Sta. 2. This 

TN and TP values show less seasonal variation and are is probably because the quantity of nutrients supplied is 

lower in the offshore regions than in the coastal regions. In large enough during the summer to maintain a high 

the coastal region (Sta. 2), the TN (DIN) changes from concentration, even though the phytoplankton is actively 

0.83 (0.24) in summer to 2.1 (1.58) mg L・'in winter, and breeding. There is a noticeable difference between the 

the TP (P04-P) changes from 0.063 (0.004) to 0.33 (0.14) RDTN and RPTP values. In Sta. 10, the RDTN decreased 

mg L・'. In the central part of the bay (Sta. 10), the TN to less than 10% during 8 months, although the RPTP 

(DIN) changes from 0.46 (0) to 2.1 (1.19) mg L・', and the became such a value during 12 months. This is due to P04-P 
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Figure 3. Monthly variation of phosphorus in the upper 

layer at Sta. 2, Sta. IO and Sta. 15. Key: OP, organic 

phosphorus, and P04-P, phosphate phosphorus. 

concentrations decrease earlier (beginning in April) than 

DIN concentrations; such a tendency supports the 

discussion based on the so-called Redfield ratio (Sasaki, 

1991). 

The inflows of nitrogen and phosphorus were obtained 

from the annual reports of water quality published by 

Yokohama and Yokosuka City. The fresh water supply was 

calculated from the saturated vapour pressure, wind 

velocity and precipitation values provided in Japan 

Meteorological Agency's annual reports. An annual river 

flow table published by the old Ministry of Construction 

was also used. 

3. Model 

We used the box model to estimate the flow field in the 

south-western part of Tokyo Bay. The boundaries between 

Figure 4. Contours of the eigenvector and component 

scores in the first principal component of salinity. 

SymbolsO (●） represent the positive (negative) values 
of the component score. The left (right) of the picture 

indicates the warm (cold) period in the lo、verlayer. 

salinities are monthly data obtained in the lower layer of 

16 observation stations from April 1995 to March 1998. 

Figure 4 illustrates the contour map of the eigenvectors of 

the first principal component and the component scores. 

Here, we defined the period from April to September (from 

October to March) about the estimated values as warm 

the boxes were determmed with the aid of a principal Figure s. An illustration of observation domams 

component analysis (PCA) of the salinity data. These determined with the aid of PCA. 
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R, Fr, Fe, R, Fr, Fe, 
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relations (Kawashima, 1996). 

The following balance equations were used for each 

box: 

for Box I, 
⑥ ⑥
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c, 
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R1 + Fri -P. 釘+Q21 = qり+Q12 (I) 
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C2 Q2,+Psub,1+Qsub,J=c, (q',+Q,2)+Dsub,1;(2) 

for Box 2, 
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Domain ill Domain IV 

Figure 6. Schematic view of the transport box model in 
each domain. 

(cold) period. The contour line of 0.25 can be taken as a 

boundary of the domains because the component scores in 

the offshore (inshore) areas are almost positive (negative). 

Thus, it divides the field horizontally into three domains 

(Fig. 5). Station 16 is included in the domain IV. As we 

used a two-layer box model, each domain had two boxes. 

Thus, eight boxes were utilized to construct the box model 

(Fig. 6). We defined the upper (lower) layer in the domain 

I, II and皿asBox 1 (2), Box 3 (4) and Box 5 (6), 

respectively. 

The nitrogen and phosphorus fluxes occurring from 

April 1995 to December 1997 were determined by solving 

equations with seawater and material balances for the 

boxes. These equations contained many parameters. 

Yanagi (1997) pointed out that as many parameters as 

possible should be taken into account in the equations to 

obtain a reliable result. As for fresh water discharge, small 

rivers are not taken into account in many studies. However, 

the effects of fresh water inflow from these rivers have to 

be important, even though they are only small rivers 

flowing into the south-western part of Tokyo Bay. Thus, 

we estimated the fresh water discharge of these rivers from 

their catchment areas, together with precipitation and 

evaporation. We used the empirical equation to calculate 

the evaporation from the sea surface (Pickard and Emery, 

1982). 

The nitrogen and phosphorus loads were assumed to be 

of natural origin, and to have natural disposal mechanisms. 

The disposal rates of nitrogen and phosphorus were 

obtained from the public water quality records, and the 

natural origin loads were estimated by using the empirical 

Q12+q1=Q21 (3) 

and 

C1Q12+Cゅ+Psub,2+Dsub」=C2伍 +Dsub,2;(4) 

for Box 3, 

R汁 FrrF.⇔ +Q43=q'2+Q34 (5) 

and 

C4Q43+Psub,1+Qsub,J=CJ{ q'2+Q34)+Dsub,J; (6) 

for Box 4, 

Q34十卯=Q43

and 

(7) 

C3Q34+C的2+Psub,4+Dsub,3=C4伽 +Dsub,4;(8) 

for Box 5, 

R3+Fr3-Fe3+qり+q'2+Q6s=Qs6+q'J

and 

(9) 

C1q'1+C42+C6Q65+P,,b,5+Q,,b,5=C5(Q56+q'3)+D,,b,5;(10) 

for Box 6, 

Q56+q3=q汁む+Q65 (11) 

and 

CsQs6+C。,,,q3+P,,,b,6+D,,,b,5=Cdq1+q2+Q65)+D,,,b,6,(12) 

where R;, Fr; and Fe; in domain i are the rates of inflow 

river water discharge (including that from small rivers), 

precipitation and evaporation, respectively. The material 

concentration, averaged in Box i at each month, is denoted 

by C;. The load of nitrogen or phosphorus in Box i is 

denoted by Q,ub,i. P,ub,i and D,ub,i are defined as quantities 

of production and sedimentation in Box i, respectively. The 

vertical transport coefficient from Box i to j is given by Qij, 

and q; (q';) is the horizontal transport coefficient of the 

lower (upper) layer. We used the transport coefficients to 

avoid a curious result such as a negative diffusion, instead 

of the diffusivity coefficients and flow velocities (see 

Appendix). As a benefit of using these transport 

coefficients, we do not need to estimate the boundary area 

and the box volume in this model. This means that it is not 

necessary to define clear depth boundaries between upper 

and lower layers. 

Initially, the 12 balanced seawater and salinity equations 

are solved for the conservation of materials to obtain the 

values of the transport coefficients. Note that P,ub,、,D,ub,i 

and Q,ub,i are not included in this calculation. Next, the 
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values for flux and production (Psub,;) of DIN and PQ4-P 

are calculated by using the transport coefficients estimated. 

The D,ub,i value was discarded in this calculation. Finally, 

the values for flux and sedimentation (D.rnb,;) of TN and TP 

were estimated by using the transport coefficients and 

productions. This procedure is commonly used to estimate 

the nutrient budgets. 

4. Results and Discussion 

In our model, we assumed that the seawater inflow from 

the open ocean into Tokyo Bay occurs in the lower layer, 

R 

Coast 1 
,. Open Ocean 

C ， c, 
Q,, Q' 

Q,, Q 

c, c, 

Figure 7. Schematic view of the box model with reversed 
circulation. 

and that the outflow occurs in the upper layer. This 

assumption is reasonable, because the inverse circulation 

pattern cannot maintain a steady state circulation (see Fig. 

7). Therefore, we propose the model shown in Fig. 6. 

Equations (I) to (12) were solved, and the following 

results were obtained for the transport coefficients across 

the outer boundary. 

S5 
q3= (R1+FrrFe1+R2+FrrF. 幻+R3+Fr;-F.む） (13) 

Sau,-S5 

and 

Soul 
q';= (R1+FrrFe1+R2+FrrFe2+R3+Fr;-Fiむ），(14)

Sou,-Ss 

where S; is the average salinity concentration in Box i. 

These equations include no term for the salinities of the 

domains I and II. This means that the salinity of the inner 

bay is not directly concerned with the transport of material 

across the mouth of the bay, and that the transport 

coefficient is determined only by the neighbouring salinity 

values together with fresh water discharge, precipitation 

and evaporation. Moreover, since the centre of the bay is 

affected by the inner bay through advection and diffusion 

processes, the effect of the inner bay is reflected in the 

term S5 or S6. In the same reason, the salinity of the bay 

head does not have directly an effect on transportation in 
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Figure 8. Schematic views of the mean transport 
coefficient (m3 s―1) in the warm period (April to 
September), and the cold period (October to March). 

the bay mouth even though we have another box model 

with the bay head. Thus, in this box model, it is not 

necessary to take into account salinity data taken near the 

bay head. 

Figure 8 shows a schematic view of the transport 

coefficients. The results show that the water flows out from 

the coast in the upper layer and to the coast in the lower 

layer. The circulation in summer is larger than in winter 

because the fresh water discharge in summer is larger than 

in winter (see formulas (13) and (14)). But, both q2 and q'2 

became negative in cold period, because of a decrease in 

the fresh water discharge flowing into domain II in winter 

(see Fig. 9). 

The results of the transport coefficient between domains 

III and IV mean that q'3 is about 20 times the value of the 

fresh water discharge during cold period, whereas it is 

about 10 times the value during warm period. Unoki et al. 

(1980) showed that the general tendency of the seasonal 

wind is as follows: a north-east wind blows from autumn 

to the beginning of spring, and a south-west or southern 

wind blows from the end of spring to summer. However, 

the values of q'3 and q3 are larger in the warm period than 
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Figure 9. Monthly variation of the fresh water discharge 
in each domain. 

in the cold period. This is because the fresh water 

discharge is five times larger in the warm period than in the 

cold period (see Fig. 9). q'1 in the coastal region has a 

s1m1lar tendency as q 3. 

Next, we discuss the behaviour of nitrogen and 

phosphorus. We used the procedure described in Section 3 

to estimate the seasonal consumption of DIN and P04-P 

and found that the values are larger in the warm period 

than in the cold period in the upper layer of domain皿(see

Figs. 10 and 11). Furthermore, their productions have high 

correlation coefficients, 0.781 and 0.844, in the upper layer 

of domains I and ill, respectively (Fig. 12). 

Figure 10 shows a schematic view of the seasonal TN 

flux, and shows that 8.8 t day・'flow out offshore between 

domains I and ill in the upper layer, including flux from 

the lower layer. The flux between domains II and皿inthe 

upper layer is towards offshore in the warm period, and 

towards coast in the cold period. The net flux between 

domains皿 andN in the warm (cold) period is 103.4 

(37.3) t day-1 towards the open ocean. These results mean 

that much more TN flows out from Tokyo Bay to the open 

ocean in the warm period than in the cold period. 

Figure 11 also shows a schematic view of the seasonal 

TP flux. The behaviour of TP is similar to that of TN in all 

domains. TP outflows in the upper layer include the flux 

from the lower layer. In domain II , however, the direction 

of flow of TP in the cold period is opposite to that in the 

warm period, which is that seen for TN. 

Here, there is a question where the consumed amount 

（△） of DIN (P04-P) is going. One of the possible ways is 

to absorb organic substances and exist as particulate 

matters in seawater. In this case, △ is not removed from 

TN (TP). This means that△ is zero in the conservation 

equation of TN (TP). Such a treatment of△ is used in the 

several papers (Matsumura,2000). Another possible way of 

△ is to be removed from the box through the food chain 

processes. In such a case, △ should be taken account of in 
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Figure 10. Mean circulation of nitrogen in the warm 
period (April to September) and the cold period (October 
to March). The numbers (t day-') below the open arrows 
show the TN sedimentation (positive) or elution 
(negative); numbers (t day―1) on the sides of the solid 
arrows. show the TN flux; and numbers (t day―1) within 
the rectangles are the DIN production (positive) or 
consumption (negative) values. 



Nitrogen and Phosphorus Budgets 21 

Domain I 
0.30 

Domain頂

0.79 

Dommn II 
0.17 

Dom血 m

I.GD 

IJomain I 

0.78 

Dom曲nlI 
0.25 

Domaio ill 

27,50 24.68 

0.14 
0,07 

-0.12 
Domain III Domain N Dom,;n ill 

Warm Cold 

TN 
（％） 

TP 
（％） 

0.42 
Oomain ill 

6.13 
Domain IV 

Figure 11. Mean circulation of phosphorus in the warm 
period (April to September) and the cold period (October 
to March). The numbers (t day"1) below the open arrows 
show the TP sedimentation (positive) or elution 
(negative); numbers (t day―1) by the side of the solid 

arrows show the TP flux; and numbers (t day・1) within the 

rectangles show the P04-P production (positive) or 
consumption (negative) values. 

the conservation equation of TN (TP) (Matsukawa and 

Sasaki,1990). These possible cases mentioned above show 

the opposite directions of the consumed DIN (P04-P). But, 

it is difficult to estimate how many portions of△ remain 

as particulate matters in seawater or are removed from the 

boxes. A large amount of DIN (P04-P) is consumed, and is 

accumulated in high biomass phytoplankton, such as red 

tide water. However, we did not take such a high biomass 

phytoplankton water as a sample in almost all of the 

observation. Therefore, we estimated TN (TP) as an 

extreme case under the condition that the consumed DIN 

Table 1. Net TN and TP flux ratios to total load 

Period I-III II -III III-N 

Warm 41.3 8.6 34.3 

Cold 31.5 -10.9 14.7 

Warm 37.4 6.3 29.0 

Cold 22.5 -9.0 11.0 
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Figure 12. Correlation between DIN and P04-P in the 

upper layer of each domain. 

(P04-P) is removed from seawater. 

Table 1 shows the net TN and TP flux ratios to land load 

in each domain. This table represents that TN tends to flow 

out more than TP in the coastal zone during the season of 

high fresh water discharge, and that much more TN than 

TP flows out of Tokyo Bay when we measured by the ratio 

to the total load over all seasons. 

The seasonal sedimentation rates of TN and TP in the 

lower layer are shown in Figs. 13 and 14. Both figures 

show almost positive and stable values during winter. 

However, during summer, they show large variations, and 

have negative values during some periods, which mean 

elution occurs in the lower layer. Thus, the average TN and 

TP sedimentation values are smaller in the warm period 

than in the cold period in all domains, as shown in Figs. 10 

and 1 I. A similar phenomenon has also been found in 

Chesapeake Bay (Smith et al., 1992). This indicates that 

the output of ammonium from the sediments was larger in 

summer, and that the sediment inputs and outputs were 

reasonably well balanced during summer. Our results 

indicate that a similar state probably occurs in Tokyo Bay. 

Table 2 shows the TN and TP sedimentation ratios of 
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Table 2. TN and TP sedimentation ratios in each domain to 
the whole sedimentation of Tokyo Bay 
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Figure 13. Monthly variation of the TN sedimentation 

(Di) in Box i. 

each domain across the whole of Tokyo Bay. The TN 

sedimentation is smaller than the TP sedimentation in 

domains I and II . In domain III , however, the TN 

sedimentation is larger than the TP sedimentation. This 

means that TN has a lower sedimentation tendency than 

TP in the coastal zone. 

5. Conclusions 

We investigated the nutrient budget in the south-western 

coast of Tokyo Bay by using monthly data at 16 stations 

during 1995-97. A two-layer box model with four domains 

was used to estimate the volume transport through the 

boundaries of neighbouring boxes, and the transport 

coefficients were used instead of the diffusivity 

coefficients and flow velocities. The distribution of 

estimated transport coefficients, based on the conservation 

of mass and salt, shows a plausible vertical gravity 

circulation among the coast, offshore and outer bay areas. 
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Figure 14. Monthly variation of the TP sedimentation 
(Di) in Box i. 

The circulation is stronger in the warm period than in the 

cold period. This result compares favourably with that of a 

larger box model covering the entire Tokyo Bay area 

(Unoki, 1998), because the fresh water discharge is higher 

during the warm season even in the south-western coast, 

where no big river exists. Using the above transport 

coefficients and observed nitrogen and phosphorus data, 

we examined the behaviour of nutrients in this area. The 

results show that the consumption of both DIN and P04-P 

in the offshore upper layer, represented by a depth of 0.5 m 

bellow the sea surface, was greater in the warm period than 

in the cold period, and that the correlation between the 

DIN and P04-P production is high in the domain I and m, 
where fresh water discharge is large. The TN and TP 

sediments in all domains were larger in the cold period 

than in the warm period. Finally, the flowing out variations 

of TN and TP were calculated as the ratio to the total load. 

It was found that flowing out ratio of TN was greater than 

that of TP. This means that nitrogen flows out of the bay 

easily, whereas the phosphorus tends to sediment near the 

coastal zone, probably by an adsorption process. 
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Appendix (Discussion on box model) 

In previous studies, Matsukawa and Sasaki (1990), Yu 

(1994) and Matsumura (2000) have estimated the nutrient 

budgets in Tokyo Bay, by firstly using box models to 

deduce the eddy diffusivity coefficients and the flow 

velocities from several balanced equations of seawater and 

salinity. 

In fact, we have calculated these budgets by the same 

method. The horizontal eddy diffusivity coefficients, K. ふ

exhibit negative values during many months. As a result, 

these circulations sometimes became reversed, such as 

those of seawater inflows in the upper layer and outflows 

in the lower layer. Matsukawa and Sasaki (1990), who 

defined Kx as a constant, have admitted the inverse 

circulation of the negative two-layer flows and the negative 

flow velocity of the upper layer. Moreover, Yu (1994) also 

estimated negative values for Kx and found that the flow 

velocities are sometimes negative. However, frequent 

inverse circulation and negative Kx values are unrealistic. 

R 

Coast 1'¥. 
＜： Kx ：＞ 

Open Ocean 

s, -L~: ③ ① V " 

② ゴ→ v,. ④ 
s, s, 

L 

Figure 15. Schematic view of the diffusivity box model. 

We decided to investigate why Kx becomes negative in 

the diffusivity box model (see Fig. 15). The balance 

equations of seawater and salinity are as follows: 

for Box I, 

R-A"凶+A,,V,, = 0 (15) 

and 

S,+S, S,-S, S,+S, 
-A" V,, + K ,A" +A,, V,,= G ;(I 6) 

2 L 2 

for Box 2, 

-Au Vu-A1,V1, = 0 (17) 

and 

ふ+S, S,-S, S,+S, 
-Au Vu+ K,Au -A,, V,,= H ,(18) 

2 L 2 

where R includes the inflow fresh water discharge, 

precipitation and evaporation. The termふ denotesthe 

average salinity in Box i, and L is the horizontal distance 

between the boxes. The cross-sectional area between Box i 

and j is given by Aij, and the terms G and H include the 

vertical diffusion and the item of time variation of salinity 

（翌） in each box. The flow velocity between Box i andj is 

given by ¥lij. 

When the above equations are solved, Kx across the bay 

mouth is described by 

叫G+R辛~3 (S,-S,)+H(S.,-S,) 
k戸

2) f 
Aぃ(S,-S,)(S,-S,)+A,,(S.,-S,)(S,-S,)

The denominator of K., consists of the multiplication of 

the difference in salinities by the vertical cross-sectional 

areas, A13 and A24. When△ (S1-S分isnegative and A24 is 

much larger than A13, the denominator is negative, and K., 

assumes a negative value if the numerator is positive. Such 

a case sometimes occurs during early summer. 

Moreover, V,2, Vn and Vi4 are described by 

HL -Au (S,-S,)K x 
V12= -2 

and 

A12(S,-S,)L 

A12 V12 +R 
Vi,= 

A/3 

HL-Au (Sふ）K, 
Vu= 2 

Au(S,-S,)L 

Since these flow velocities are also dependent on Kx, 

unrealistic velocities are often estimated. When the box 

model described in Section 3 is used here, it does not 

include a susceptible factor, such as Kx, 
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東京湾南西部における窒素およびリンの収支

村井寧*1,*2• 根本雅生*1 • 長島秀樹*1

*2社団法人神奈川県薬剤師会試験センター）

(*l東京水産大学海洋環境学科

1995年4月から 1997年 12月に東京湾南西部で毎月観測されたデータを用いて，窒素とリンの収支について 2層ボッ

クスモデルによる解析を行った。先ず，塩分のデータを用いて主成分分析によりモデルの水域を区分し，それぞれの領

域の境界に対してフラックスを推算した。次に，ボックスモデルによって与えられた輸送係数を使い，窒素およびリン

のフラックスを算出した。

この収支計算から次の結論を得た。 I)東京湾の上層における海水の水平的輸送は湾央を経由して外洋へ向かっていた。

2)湾内における海水の鉛直的輸送は上向きであった。 3)淡水流入量が多い領域の上層では，窒素とリンの生産（消費）

量の相関は極めて高かった。 4)東京湾全体に負価された窒素とリンを比較すると，窒素はリンより沿岸域から湾央に流

出し，更に外洋へ流出しやすいことが示された。

キーワード：窒素，リン，収支，ボックスモデル，東京湾

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

