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Estimation of agricultural non-point source pollution based on watershed unit; a

case study of Laizhou Bay

MA Deming, SHI Honghua*, FENG Aiping
The First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China

Abstract: The control of total amounts of pollutants has become an important measure for controlling water pollution in
China and is also an important basis for objective management of water resources. Estuary is one of the regions where the
productivity and biodiversity are higher and is utilized by human earlier. Estuary is one of the most valuable ecosystems in
the world that has attracted human’s increasing attention. Furthermore, estuary is the most sensitive zone to respond to
global changes and a place where the most vigorous interactions between land and sea take place. Estuary is the region where
human activities take place more frequently. In particularly, estuaries are the places where a number of rivers enter into seas
and receive a large amount of pollutants from lands and human’s life activities. Thus, estuary and coasts are vigorously
disturbed by human activities. Conducting research on controlling total amounts of pollutants that enter estuaries from lands

is of great significance for protecting marine environment, maintaining ecological health, promoting coastal economic
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development, rationally utilizing marine resources, and for achieving sustainable development of marine economy. Total
amount of pollutants that enter seas is an important index for protecting estuary environment. Because numerous rivers flow
into estuaries, estimation of total pollutants brought by rivers into sea is influenced by such factors as monitoring frequency
and seasonal changes in flow rates. The agricultural non-point source pollution is an important source of pollution load that
enter the estuaries in China. Based on DEM( SRTM Data with 90m resolution) and with the help of Arc Hydro module in
ARC/INFO software developed by ESRI company, we conducted hydrological analysis on major rivers that enter Laizhou
Bay by using GIS to extract river network, define watershed boundaries and divide the catchments and sub-watered, aiming
to provide the basic data platform for estimation of total amounts of pollutants from agricultural non-point pollution. On this
basis, we calculated the areas of different types of land use in various sub-basins by overlaying them with land-use thematic
map, and estimated total amounts of agricultural pollutants entering into sea by using emission factors and river load ratio of
major pollutants. Our results revealed that the annual amounts of COD, NH,-N, TN and TP that entered into Laizhou Bay
was about 666994, 94398 | 114614 and 19574 tons, respectively, accounting for 74.48% , 10.54% , 12.80% and 2.18% of
total amounts of released pollutants, indicating COD is the major pollutant that enters Laizhou Bay. This studied was
planned and conducted under the guidance of the principle of cooperation between land and sea, by taking the estuary as the
source and with the idea of tracing sources, to determine watershed unit that influence marine pollution load. This study
could provide an estimation method of agricultural non-point source load and the a scientific basis for controlling total
amounts of pollutants that flow into Laizhou Bay, and can also serve as a reference for defining the land range during the

process of comprehensive management along the coastal zone.

Key Words: caichments; sub-watershed ; emission factor; pollution total amount
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Fig.1 the study area of DEM
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Fig.2 The distribution map of river network into Laizhou Bay
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Fig.3 Rivers into Laizhou Bay catchments
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Fig.4 The distribution map of Laizhou Bay sub-watershed
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Table 1 The area of Laizhou Bay sub-watershed

F5 TR AL km?
Serial nuber Sub-watershed Basin area
1 UANRLIR/TC 607.15
2 W P A AEE B (V) W 2104.49
3 VNS RTINS 10028.15
4 YR I 2218.21
5 IR T g 4536.07
6 =S TIR/iBL Y 1026.54
7 IR 4123.06
8 e ST i sk 4043.88
9 FRCIRTTRC 533.16
10 EERE Mk 854.15
11 SRR 484.65
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Table 2 Pollutant emission coefficients

51 Type COD NH,-N TN TP
A H Farmland/ (kg-hm™a™") 150 30 26.72 2.12
ekt E R Rural residents/ (kg- A7-a™!) 14.6 1.46 438 0.88
7K IR Mariculture/ (kg+hm™a™") 285.00 13.50 43.00 7.00
FEML 4= Bovine/ (kg+3ka™!) 248.20 25.185 61.101 10.074
Animal species ¥ Pig/ (kg la™l) 26.606 2.153 4.507 1.699
X W85 & Chicken and duck poultry/ (kg H~"a™") 2.398 0.142 0.548 0.305

R3I NARE

Table 3 Into the river coefficients

257 Type COD/% NH;-N/% TN/%  TP/%
4 Hl Farmland 10 10 10 10
A& FTfE B Rural residents 25 25 25 25
7K 3758 Mariculture 90 90 90 90
#H B 1% Animal species 7 7 7 7
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Fig.5 the land-use map of Laizhou Bay catchments
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Table 4 Each sub-watershed emissions of major pollutants into Laizhou Bay

T

Subwaterched CoD NH,-N TN TP
/NG Xiaodao river basin 4707 476 1067 316
Y AT TR KT (94) K Yihong river, guangli river and zimai river basin 16316 1650 3697 1096
JINEE T8, Xiaoging river basin 77750 7861 17616 5225
PRI Mi river basin 17198 1739 3897 1156
F4 R 13738 Bailang river basin 35169 3556 7969 2363
JEI L Yu river basin 7959 805 1803 535
HE LY Wei river basin 31967 3232 7243 2148
JEESE NI, Jiaolai river basin 31353 3170 7104 2107
YBT3, Sha river basin 4134 418 937 278
T s Wang river basin 6622 670 1500 445
Pl 38, Jie river basin 3758 380 851 253
J3t Total 236933 23956 53684 15922
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