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Background and Overview

been recognlzed as the
world’s most serious

marine pollution
problem(GESMP, 1990)

o Quantification is an |
extremely important stej
toward improved ocean pgs

management (Peng et a)=
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Background and Overview

*Due to rapid economic Data regarding water quality of
development along the coast, effluent and stormwater runoff,
almost all of Chinese nearshore streamflow, climate variables and
waters are faced with S0 on in the coastal area were
environmental problems. found to be insufficient or

However, few attempts have been J inappropriate for the purpose of
conducted to develop methods of modelling or accurate direct
guantifying land-based pollution estimation of land-based pollutant
loads in the coastal areas of loads, and this is an especially big
China till now. challenge in China.

The goal of this study is to develop an approach to quantify

land-based pollutant loads in the coastal areas of China w
sparse data available. 2 M A .




Methods

Modeling procedure

Approaches

Literature survey
Field survey and monitoring

Geographic Information
System (GIS)

Remote Sensing (RS)
USLE, SDR, ER

Empirical export coefficient

................................................................................. ) 5SS
: Literature survey Field survey &
: | Population monitoring
: | Sewage treatment N & P, COD concen. :
{ |- Fertilizer use - Flowrate in study subwa. |
: |- Livestock & poultry breeding - Annual pollutants loads
: |- Soil property transported in the water
: [ Precipitation "#'$ % body in study subwa.
................................. 1*.
: Models construction
Select of export ;| USLE :
coefficient for each :|- Empirical pollutants losses equations|:
pollutant source in  [===%|- Annual land-based pollutants loads
terms of sub-watershed input to the sub-watersheds
:[- Annual land-based pollutants loads

A it

. :linput to the sub-seas

: NO Models c.a?ib.ration &

: validation

'
e 5| Models applications
\ 4

Quantifying source
apportionment of
land-based pollutants




Source apportionment of land-
based pollution loads
Point source pollution
Nonpoint source pollution
-Soll losses
-Rural domestic wastewater
-Livestock and poultry breeding

-Agricultural chemical fertilizer
use

River discharges

Point source pollution loads

n

L,= R Q'r
I

where Lp is the pollutants losses from point
source pollution; F is the flowrate for sewage
outlet I (m3/s); Q is the concentration of
pollutants monitored at the sewage outlet i
(mg/L); and r is a loss coefficient for physical,
chemical and biological removal of nutrients
during transportation process, which was
acquired according to the related researches

Soll losses—USLE model

A=R"K'L"SC P

where: A= annual soil loss in thm=2yr!; R =
rainfall erosivity factor (Jmmm-2h-1); K = soill
erodibility factor (tJ-*mm-); L = slope length
factor; S = slope steepness factor; C= crop
and management factor; and P =
conservation supporting practices factor.

Empirical equations of
calculating nutrients losses
due to soil losses

LS, =a>CS, > X,,>SA>ER

where LS,, in kg>hm-2 are the nutrient losses
in particulate form; a is a constant; in kg>xng-
1 is the N and P concentration in the top soll
layer; X,, in thm-2)r-1, is the average annual
soil loss; Sd is sediment delivery ratio; and
Er is the Enrichment ratio.
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Methods

Sediment delivery ratio
Sq =exp- 4t,)

where t is travel time (hr); and £ is basin-
specific parameter.

Travel time
N, |
i=1 Vi

where [, is the length of segment i in the flow
path (m) and is equal to the length of the
side or diagonal of a cell depending on the
flow direction in the cell; and v, the flow
velocity for the cell (m/s).

Flow velocity
Vi = disyz

where s; is the slope of cell i (m/m); and d. is

a coefficient for cell i dependent on surface
roughness characteristics (m/s).

Enrichment ratio

ER_ Cs runoff
s soil
where C, .« IS the percentage

concentration of clay in surface soil; and C,
<oil IS Percentage concentration of clay in the
river channel caused by soil losses.

ACTMO model equation

Sse=146+ 084Ssm
Rce=0.021+ 108Rcm

where S . is specific surface for eroded
material; S, , is specific surface for soil
matrix; R . is the clay ratio for eroded
material; and R_ . is the clay ratio for the soil
metric.




Methods

pollution loads from rural
domestic wastewater and
livestock & poultry breeding

n
Lo = E[Ni (17)]

1=
where L, is the loss of pollutants from rural
domestic wastewater livestock and poultry
breeding; E; is the export coefficient for
specific pollutants source i; N, is number of
livestock and poultry of type i, or of people, I,
is the input of nutrients to source |

human wastes for the rural
area

E . =D, H 365 |

where E, is annual export or N or P from the
human populatlon (kg year-1); D is the daily
output of nutrients per person (kg day-1)
which is determined for this study in the
related researches [47-48]; H is the number
of people in the catchment; 365 is days per
year; and | is a loss coefficient for physical,
chemical and biological removal of nutrients

during transportation process.

Pollution loads from
agricultural chemical
fertilizer use

Le=a (P+T " p)" R

where L, is the loss of P discharged into
recelvmgp water; a is the coefficient of
transferring P205 to P, namely 0.44; P
represents the amount of P fertilizer applied
for crops; T represents the amount of
compound fertlllzer applied into soil; p is the
proportion of P,O. in the compound fertilizer;
R is the rate of P loss from source to the
receiving water.

L, =(N+T n)" R

where L is the loss of N discharged into
receiving water; N represents the amount of
N fertilizer applled to soil; T represents the
amount of compound fertilizer applied into
soil; n is the proportion N fertilizer in the
compound fertilizer; and R is the rate of N
loss from the source to the receiving water.
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Data requirements for the proposed method

Data Data format Application

a. To define boundary of study areas and subwaddrsh

LRIER &ire b. To generate L, S factor of USLE model
(2)Land use map Raster map (Landsat TM) | To generate C, P factor of USLE model
@0l g map anasols | LS TSRCNT) - Togenente sty oy moce
property file) c. To calculate N, P losses due to soil losses;
(4) Precipitation Table or text file To generate R factor of USL model
(5) Population in village Table or text file To calculated domestic wastewater discharged eds s

To quantify the contribution of Livestock & poultry

(6)Livestock & poultry in village | Table or text file breeding discharged into seas

To quantify the contribution of fertilizer use disrged into

(7)Fertilizer application Table or text file
seas

To calculated point source pollutant loads discedngto

(8)Industrial information Table or text file
seas

To calculated point source pollutant loads discedngto

(9)Sewage treatment condition | Table or text file seas

(10)N&P concentration, flow at th

e " Table or text file To verify the calculated results
outlet of the specific subwa.

All the Data are basically available via literature survey, field survey & monitoring and data dig by GIS & RS
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Case studies

Study areas

Luoyuan Bay (LYB),
located in northeast of Fujian,
IS the sixth largest gulf in
Fujian province. Its

economics is in the initial R

stage.
Xiamen Bay (XMB), located

In the southern part of Fujian

Province and on the west | ..ccesesseneene \

coast of the Taiwan Straits,
IS a traditional trading port in
southeast China and also a
famous tourist coastal city.

Location of study areas for two cases



Case |: Application of proposed
approach on Luoyuan Bay (LYB)

25 sub-watersheds
and 3 sub-seas were
delineated in LYB.

sub-watershed 8
was selected to verify
the calculation
results.



Source apportionment of land-based
pollutants in LYB

The major pollution sources of COD are soil
losses (62.81%) and domestic wastewater
pollution (22.02%), industry has the smallest
proportion (4%).

Livestock & poultry breeding are the
second largest source of TP, while the
second largest source of TN is fertilizer
use.

For TP, the contribution of soil losses in
sub-sea3 accounts for more than 50%,
whereas, for TN, the contribution of soil
losses in all the sea areas except for sub-
sea?2, accounts for more than 40%.



Case |l: Application of proposed
approach on Xiamen Bay (XMB)

Twenty seven sub-
watersheds and five sub-seas
were delineated in XMB.

Given the geographic
distribution of sewage outlets,
sub-watershed 11, 12,14, 15,

and 16 were selected to verify
the calculation results.



Source apportionment of land-based
pollution in XMB

NPS is the main source for COD ,,, In
all sub- seas, accounting for over 60%.
NPS contributes largely TN and TP

for most sub-seas. Interestingly, river
discharge and point source were
responsible for considerable TN and
TP load in the sub-seaTD and sub-
seaWs, respectively.



Source apportionment of diffuse
N & P loads in XMB

Domestic wastewater and fertilizer use
were the two main forms of NPS pollution.
Contribution of soil losses, livestock &
poultry breeding is small.

In Tongan Bay and the Western Sea
more attention should be paid to
domestic wastewater pollution and
chemical fertilizer use in the future.



Discussions

Comparison of source apportionment for major land-based pollutants among coastal areas

Pollution load from different sources €t@n/year) Percentage of pollution load from different sour(3
Study area pollutants
domestic industrial agricultural river domestic industrial agricultural river
BOD 500 900 100 1000 20.00 36.00 4.00 40.00
COD 1100 2400 1600 2700 14.10 30.77 20.51 34.62
Mediterranean
Phosphorus 22 5 30 260 6.94 1.58 9.46 82.02
nitrogen 110 25 65 600 13.75 3.13 8.13 75.00
Phosphorus 0.15 - 3.53 3.99 - 96.01
D ir0gcn 3.40 - 36.30 8.56 - 91.44
Turkey

TSS 33.40 - 2151.58 1.53 - 98.47
BOD,, 228.76 367.48 - 1094.11 13.53 21.74 - 64.73
Baltic Sea TP 18.20 3.58 - 50.17 25.29 4.98 - 69.73
TN 87.83 13.93 - 640.50 11.83 1.88 - 86.29
BOD, 314.10 268.47 - 506.96 28.83 24.64 - 46.53
Baltic Sea TP 2.77 0.89 - 18.41 12.57 4.03 - 83.41
TN 24.14 19.40 - 258.23 8.00 6.43 - 85.57

BOD, 16.54 12.37 - - 57.22 42.78 - -

Niger Delta, Phosphorus 3.42 0.48 - - 87.62 12.38 ; ;

Nigeria
nitrogen 0.66 0.84 - - 44.01 55.99 - -




Discussions (Cont.)

« Regarding uncertainties of present study

— Data availablility became the important factor influencing the
uncertainties of the proposed approach.

 We chose 2006 and 2008 as the base year for LYB and XMB,
respectively. However, some data cannot be synchronized, such as
the yearbooks for LYB and the monitoring data for the sewage
outlet discharges into sea in XMB. Additionally, annual precipitation
varies in the context of global climate change.

 However, despite some uncertainties, the application of
the proposed approach to two bays studied gave a clear
identification of the source apportionment of land-based
pollutant loads in the coastal areas of China despite the
sparse data available.



Conclusions

This study presented a systematic approach for quantifying
the land-based pollutants loads in coastal bays, with the
Integration of Raster GIS, USLE, SDR, and empirical export
coefficient method. This approach enabled us to quantify the
source apportionment of land-based pollution in terms of point
source, NPS (including soll losses, fertilizer use, livestock &
poultry breeding, and domestic wastewater), and river
discharges, and visualize & identify the critical areas of land-
based pollution in coastal areas of China.

Application of the proposed approach to the two bays resulted
In clear identification of the source apportionment of land-
based pollutant loads in the coastal area of China despite the
sparse data available. This also had good implications for
river basin and coastal management in the study regions.

There are still some uncertainties and limitations for such
proposed approach. For example, land-based pollutants in
this model just focused on TN, TP and COD; Calibration and
Validation for model should be further conducted, etc. All
these are the work we intend to continue in the future.
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