
Remobilization of Nutrients from 
Watersheds and Eutrophication in 

Marine Recipients

Jing Zhang* and NSFC Task Team 
*State Key Laboratory of Estuarine and Coastal 

Research, East China Normal University, Shanghai 
200062, China



Acknowledgements

Team members for the Jiaozhou Bay studies: S.M. 
Liu, G.L. Zhang, J.L. Ren, Z. Liu, S.L. Yang, B. Deng, 
J. Bai, H.W. Gao, D.Y. Liu, G.Q. Liu, G.S. Liu, J. Liu, 
H.K. Sun, J.Y. Wang, and H. Wei

NSFC funding to the project: “Nutrient Loss from 
the Watersheds and Eutrophication of the Jiaozhou
Bay” (No. 40036010)

Students and other colleagues from ECNU and 
OUQ

NOWPAP for the invitation



•New/recycled 

production

•Food-web 

structure

•Biodiversity

•Habitats

•Energy flow

•Evolution

•Food 

production

•Water 

quality

•Tourism

•Others

External Forcings

Climate 
Change (e.g. 
circulation)

Anthropogenic 
Perturbation 
(e.g. pollution 

drainage)

Response of Ecosystem

•Policy
•Manageme 
nt
•Adaptive 
Strategy

Knowledge & 
Infrastructure

Change in ecosystem functionEffect on the sustainability



Watersheds (e.g. 
runoff and ground 

water

Ecosystem (e.g. structure 
of food-webs)

Land-sources 
input of 
sediments and 
pollutants 

Atmospheric Dry & 
Wet Depositions

Coastal 
Environment (e.g. 

eutrophication)

Circulation of Basin-wide 
dynamics (e.g. water 

exchange)

Radiation, rainfall 
and monsoon

Regimes of Climate

Nutrients 
and trace 
elements

DOM & POM
Nutrients and trace 
elements

GHGs



Objectives of the Study

To evaluate the change in land use in the 
watersheds and its impact on the coastal 
recipients in terms of nutrient loss
To understand the coastal hydro-dynamics 
and biogeochemistry in regulating the 
processes of eutrophication



Background Information about the Jiaozhou Bay
•Surface Area: 353.4 km2 (2006), 452 km2 (1971), 560 km2 (1928), ca. 50-55% of surface is 
0-5 m
•Drainage area: ca. 7500 km2 with population of ca. 7×106

•Water depth: 7 m on average, with max depth of 64 m
•Tide: Dominated by semidiurnal M2, contributing 80-90% of kinetic and potential energy; 
tide is 2.8 m on average (Range: 1.02-4.75 m)
•Connection to the Yellow Sea: A channel of 2.5 km wide
•Riverine influx: 0.5-1×109 m3/yr, most of them are seasonal with dams







Period PO4
3- SiO3

2- NO3
- NO2

- NH4
+ References

1950 0.1-0.7 5-20 Xin, 1953

1962-1963 0.14±0.03 0.38±0.15 0.17±0.13 1.6±0.6 Shen, 2002

1983-1986 0.43±0.17 2.4±1.1 1.8±1.0 0.39±0.23 6.5±3.7 Shen, 2002

1991-1998 0.33±0.11 2.0±1.9 2.0±1.1 0.66±0.40 8.2±2.5 Shen, 2002

2001 0.1-0.5 1.4-8.2 6.1-32.2 1.2-4.2 8.3-10.8 Liu et al., 2005







Working Hypothesis

Although land-use change in the watersheds has induced an increase in 
plant nutrient influx into the coastal waters, the evolution of eutrophication of 
the Jiaozhou Bay is regulated by the oceanographic processes……
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Horizontal distributions of NHorizontal distributions of N22 OO concentrations (concentrations (nmolnmol/L) in the /L) in the JiaozhouJiaozhou Bay during Bay during 
May, August and December of 2003May, August and December of 2003
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Dissolved CH4

 

in the river waters around the Jiaozhou

 

Bay and the riverine

 

input 
Rivers CH4

 

（μmol/L） Flowa

(m3/s) Riverine

 

input 
(106mol/yr)2001.08 2001.10 2002.03 2002.05 Average

Moshui

 

River
2.86 37.9 95.0 42.9 44.7±38.0 0.923 1.30

Licun

 

River 11.0 19.8 40.3 53.9 31.2±19.5 0.34 0.335

Loushan

 

River 6.21 9.19 13.2 9.52±3.49 0.11b 0.033

Yang River 0.526 0.317 0.215 0.793 0.463±0.255 1.78 0.026

Dagu

 

River 1.49 0.857 2.37 0.167 1.22±0.938 23.7 0.912

Sum 26.9 2.61

Dissolved N2

 

O in the river waters around the Jiaozhou

 

Bay and the riverine

 

input
Rivers N2

 

O （nmol/L） Flowa

(m3/s) 
Riverine

 

input

(103 mol/yr)
2002.03 2002.05 Average

Moshui

 

River 76.0 32.8 54.4 0.923 1.58

Licun

 

River 158 206 182 0.34 1.95

Loushan

 

River 141 781 461 0.11b 1.60

Yang River 33.5 33.5 1.78 1.88 

Dagu

 

River 387 518 453 23.7 339

Sum 26.9 346 



Table 3. Seasonal variation of N2

 

O fluxes in different regions of Jiaozhou

 

Bay 

Region stations N2

 

O fluxes (µmol·m-2·d-1)

Spring
(May 2002/ May 2003)

Summer
(Aug. 2003)

Winter
(Dec. 2003)

LM86 W92 LM86 W92 LM86 W92

I 5(6) 17.7±24.7 37.3±51.9 21.3±14.3 50.5±27.4 11.4±7.90 22.4±15.5

II 6(0) 22.6±44.2 43.4±84.8 16.3±21.3 32.0±41.8

III 6(14) 1.50±3.73 3.16±7.86 3.03±2.78 5.81±5.32 -0.67±2.74 -1.31±5.37

Numbers in the parentheses are number of stations observed in spring

Table 2. Seasonal variation of CH4

 

fluxes in different regions of Jiaozhou

 

Bay 

Region stations CH4 fluxes (µmol·m-2·d-1)

Spring
(May 2002/ May 2003)

Summer
(Aug. 2003)

Winter
(Dec. 2003)

LM86 W92 LM86 W92 LM86 W92

I 5(6) 178±162 374±342 364±284 878±685 118±144 232±282

II 6(1) 5.15 10.8 31.2±42.3 75.3±102 4.58±1.40 8.98±2.75

III 6(14) 11.3±13.0 23.7±27.3 21.9±20.1 52.9±48.5 4.24±3.58 8.31±7.02
Numbers in the parentheses are number of stations observed in spring

CH4

N2 O
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Soluble inorganic As in aerosols of Qingdao
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Pathways Flux（mol yr-1）

River (13.4±4.6)×103

Rainfall 5.6×103

Aerosols 0.14×103

Ground waters 0.51±0.92

Waste waters 1.01×103

Yellow Sea → Jiaozhou Bay (410±95 )×103

Jiaozhou Bay → Yellow Sea (11.8±2.4) ×103

As Budgets
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Heterotrophic bacteria eterotrophic bacteria (cell/dmcell/dm3))

•• Heterotrophic bacteria biomass is 5.06Heterotrophic bacteria biomass is 5.06××10109--15.6415.64××10109 cell/dmcell/dm3 (Average: (Average: 
9.649.64××101099 cell/dmcell/dm3))
•• Use of TP by heterotrophic bacteria is 0.9Use of TP by heterotrophic bacteria is 0.9--1.71.7μμmol/cell.h, PO4mol/cell.h, PO4－－P turnP turn--over over 
time is 7time is 7--40 days40 days
•• Production by heterotrophic bacteria is 1.29 Production by heterotrophic bacteria is 1.29 μμgg C/C/L.hL.h on average, decreasing on average, decreasing 
from west to the bay mouthfrom west to the bay mouth

































Conclusions and Way Forward

Change in land use and urbanization have induced a 
considerable variation of nutrients in the marine recipient, 
like Jiaozhou Bay with change in budgets and skewed 
specie ratio
Compared to other coastal environments of China, 
concentration of nutrients in the Jiaozhou Bay are not at the 
top, hydrographic processes play an important role in 
regulating the nutrient regimes in the system, e.g. 
comparable tour-over time with flushing time
Over last 50-100 years, the food-web structure at low 
trophic level (e.g. phytoplankton) has been modified 
following the nature of climate change and human being 
activities in combination 



Information for Management

Hydrography

Nutrient loading

Water quality

Recreation

Industry vs tourism
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