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Fig.1 Location of the research area
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Tab.1 Land area, livestock breeding and population in the watershed of Gaozhou Reservoir in 2008

L M/ Wit/ [t 3t/ BV b %4 LY FE/  RFAD/ WEAD/ T/

% 7 hm? ¥ hm? hm? 77 hm? ik 3k T3P il il K
Kk 0.15 0.04 2513 0.12 0.21 1620 5.96 3.18 0.12 8
Kk 0.04 0.13 - 0.07 0.25 502 3.97 7.15 0.35 14
iy 0.04 0.04 42 0.10 0.41 980 4.90 2.09 0.15 2
5T 0.72 0.07 99 0.04 0.10 1090 0.68 3.23 0.19 1
gt 1.14 0.10 - 0.17 0.20 980 7.64 3.48 0.18 3
Fil 0.15 0.05 5035 0.40 1.20 1056 6.94 3.76 0.35 4
REH 0.02 0.09 97 0.12 0.19 580 4.00 2.51 0.56 2
At 2.27 0.52 7786 1.03 2.57 6808 34.10 25.67 1.63 34
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Tab.2  Pollution discharge coefficients of point source pollution
U ; DREES Hevs B8
bR gyl
COD NH;-N TN TP COD NH;-N TN TP
Tolp A ARk 347.00 0.25 - -
e ETETEK
A N 25.19 2.96 4.27 0.35 20.40 2.90 3.58 0.30
IRBETE g gt
prEis
MR & - 123.30 1.40 9.30 1.17 12.70 0.59 2.60 0.17
IR

Tt T RAT AL HES REOR A AT S8 A2 30 Tl 75 5405 34 52, HEG RBCRARE 34 ZORIRAT ™ A2 i BEK LU FHE— 20 030 Hh A
SRS A, T2 P HES R BT ket IR A IS RS &7 1S R kg a5 SRBLAR I 2 A 0 15 /K RIAE 5 B3R ) S0, U B
HES RBURSEZERE IR, B0 kg/a, HHE SIS IR K4 (2013) BT K8 R HE @ BUHT & 0 i ot

Note: Due to different coefficients of pollution discharge in different industries, 34 industrial pollution sources were investigated in this study. The

wastewater coefficient was calculated according to the proportion of wastewater produced by 34 different industries. The unit of industrial production coeffi-

cient was kg/t; Life, size of livestock and poultry production of sewage coefficient was kg/a; Urban life was the average of domestic sewage and domestic

waste , the scale of livestock and poultry production wastewater coefficient was the average of pig manure and pig urine, kg/a. Livestock and poultry breed-

ing with reference to Yang Fei et al (2013), the number of other major livestock was converted to equivalent number of pigs.

PR 15K B AR TR BB A

i 2 7% [ AR, B IR AAE T B At X5
S5 B5 5 RN K PEAE K IXBEVE J5 UM 260 3 45
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R E B AN Az 15 e W it 2R BRI (2 — I
TG YR AR & SR U HES R BT
CER — U A 75 Y PR A5 I B AR 135 7 G U 3 K
FHEGERE) B 5 SCHR (X 2% .55 ,2011) i g . 4R
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Tab.3 Export coefficient of non-point source pollution

in the watershed of Gaozhou Reservoir

NN . i th AR B U

TSR x5 COD NH;-N TN TP

7K H 148.57 2.47  20.95 1.49

Ly 159.31 2.30 16.83  1.47

AR | 113.48 2.06 22.06 1.67

T 187.64 3.53  40.67  4.29

HibZFsk  78.95  1.40 11.59 1.53

HHREE YR 2% 14.80  0.17 1.12 0.14

RN AWEHRY 4.89 1.19 1.57  0.11
T RS el R B ke/ (hm® - a) , B B FRAE
AR EE T T3 e i 1 RBCRA R (kg/a) o P BB RS Y K

SE(2013) BYJ5 05 K AL £ 2 S BT & O SRR, B L Sk
FAET 13,55 KA, 1 HREST 0.06 K410 HIIT5HY)
i 3 RO R SR RIS, AR AT A 08 3 S i th RO A T T
KA I B3R S {E

Note; The unit of export coefficient in agricultural and forestry plant-
ing was kg/(hm? + a), the export coefficient of livestock and poultry
breeding and rural living pollutants was kg/a. One livestock and poultry
breeding referenced methods of Yang et al (2013), the number of other
major livestock and poultry was obtained according to the equivalent num-
ber of pigs, namely 1 cattle was equal to 13.55 pigs, 1 bird was equal to
0.06 pigs. The export coefficient of pig pollutants was the mean value of
pig manure and pig urine. The export coefficient of rural life pollutants

was the average of domestic sewage and domestic garbage.
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Fig.2 Total pollution loads(a) and ratios of point and non-point source pollution(b) in Gaozhou Reservoir
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Fig.4 Spatial distribution and pollution source composition of COD(a), NH,-N(b), TN(c¢) and TP(d)

loading in the Gaozhou Reservoir watershed

4 iFig

4.1 ERXMATHRRAGERFEERD T

W 5 ] 25t 0 i B BE A AN W A
AR RIS FEAYT5 YU (Wu et al 20125 Lu et al,
2014) o 5 [ YA DTS G S AR L (6 4) , M
KK X COD \NH;-N {5 5 G far i T 04 74 3 I 35
TN 7K 2, NH; =N GUE AR T A 8- 3l STt ek
TN {5 4 A 5 1 2B s e 0 5 TP {5 G 67 i

A T IGERR IR 2K R Z 0], 8 T R R
SRR HU K o R MK R SRR IX AR i T
$) COD | NH;-N, TN TP & 5 HE Ak i 19 B ] 2k 21
86.84% \85.48% 93.21% 1 93. 41% , 5 HAt1 i 45}
T, AR IS 0™ s L ROMBIE R & & K
AR A 3 Rt AR IR T e o Y SRR

1 MK P2 S R DX TR Y B A AR B T I
TR MR 70% AL, A B EEZE (5 90%
DA, SRR S 4 /K DX IR B AR IR . 2008
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AEAEK X AR HE 2. 27 75 hm® BF3h 0.5 J7 hm®; Ak
Mo ZFPREAZA KA FARE T BORIREE B 1 Z i AE
TR SRR E L TR, Bk COD % i R B0
K, N 187.64 kg/(hm® - a) , [H L COD i i &
W = 2008 4w MM K 4 oK XN i A Ak IE
58 661 t 42 374 t, 7E R TR A H 0, A4 3 A i AT
J5 RIE R NP ik (R 55,2014 ) o BRI
XN A AR A 2 38 i COD (TN TP 71 i 1Y 32 225
T HERSWLEHE R (R G5, 2012) =0k
JE DX A It o (44 DN 55, 2012) 5T 251 AE AR o
W21, 3 &3R5 & COD Ay = Z 5k ys e Ji
(JH5:55,2013 ), COD 75 YL fif 5 % & F7 50 % % 1o
FAR(ELFEE,2015) . mMKEEKXNEES
FRIHRBAK , FEAFE R F B E S,
DIHHR & & o 3 ,2008 AEAE K X N FRAE AR #4257 T
3k, 4 6808 Sk, K& 34. 10 J3 3P, Hor LT 5 H

Plfe K FEBRAR A & 815 3 B EHE A KR
Hh T R B ) COD il AR B . LA B R A
SRR IX N AE SR TS Y COD Gy iy X — B B U,
Xt COD (75 5 BRI T A o

AT KB, NH;-N J5 Qe 7 15 N 1% 2%
FR (T 55,2015 ) 5 Wl i s A AT o R AR T
U5 NH-N HERCR 5 s R 1 98 % , B Ttk
Hh e T2 B T e R TR A i Xk ¢ (RS, 2012) ¢
PR PEER K X AR NI 2 26,7 7, ol FEAER
(21 94% ) AR AT 5 7K RS A 16 B 4™ 2F i
PPRR, o T8 2 A R, T 7K B R S B 3 L
WENR " H o AR TE TS K KB NH,-N R B
AT E NH;-N 7 faf U i, 2008 4R £E 0K X
AATAETE 9 NH;-N fai i 0 244,99 va, oF B
Y 63% o IR, R AR 22 AR A 1 G
JEZK A NH,-N G fif ) 3228

*4 AEKEE CODNH,-N, TN, TP fAfFxtLL
Tab.4 Comparison of COD, NH;-N, TN and TP pollution loads in different watersheds

2R b Y/Eyil EYG L aT AEATETE Y 2! e/ % PRI
coD 3109. 54 2236. 12 71.9
NH,-N 350.70 82.90 23.6
S : B 2012
LS TN 143.87 1007.22 70.1 S
TP 93.52 78.11 83.5
™ 619.70 459.60 74.2
PR B 2015
ERITHLIL ™ 50.20 34.10 68.0 s
coD 888.79 748.10 84.2
Wit H ot al ,2012
AW CLTIE) NH,-N 484.85 422.30 87.1 Hang <t a
™ 321,64 275. 64 85.7
o ﬁ V>Vl 7I<AE b 2 ’2013
PNERINEYISLS P 1342 9.06 675 ZE s 4
coD 2758.76 2012.60 93.6
NH,-N 167. 44 156.75 93.6
o TR 2003
HLKTE ™ 664.25 495.35 74.6 ek
™ 102. 56 9. 15 93.8
coD 8192.33 7114.79 87.0
NH;-N 394. 13 336.91 85.0
E'—“l' 7 . KRSy
PRI ™ 1137.38 1060. 21 93.0 B
™ 94.29 88.08 93.0

4.2 ERXFHFEATZESMEFLEDH

1 MK PEER K DX P V5 G Y5 43 Ai S B BH 2 7 2 (1]
75,2008 AN [A]4E ) COD (NH,-N TN TP 171 fiif 51t
BEE 4354 47. 08 ~ 144,63 2.43 ~5.24 6.70 ~
20.34.0. 60 ~ 1. 73 kg/hm*, H o5 (1144 () COD
NH,-N TN TP A 185 £ A7 £ o B dc e, 40 o0l K
144.64 5.24 20.34 1.73 kg/hm*, =% )5 H & F
LU 28 B PROR el M o B AT AR, B A BT T AR A 2
AL IEAE P AR X B, ZE 3 588 43 A %5 5 M o qr
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Pollution Load Assessment in the Catchment Area of Gaozhou Reservoir

ZHOU Wen-ting'”*, SHAO Rui-hua', MA Qian-li*, ZHAO Xue-min®,
WANG Li*, XU Zhen-cheng’, ZENG Hai-long

(1. School of Environmental and Chemical, Xian Polytechnic University, Xi’an 710000,P. R. China;
2. South China Institute of Environmental Sciences, Ministry of Environmental

Protection, Guangzhou 510655,P. R. China)

Abstract; Gaozhou Reservoir is the only drinking water source of Maoming City, Guangzhou Province, and plays
an important role in local social and economic development. The catchment area of Gaozhou Reservoir includes
Magui, Dapo, Guding, Shenzhen and Pingshan Towns as well as some area of Dongan and Changpo towns, with the
area of 1 022 km’. In recent years, economic development and changes in agricultural production modes in the
catchment area have increased the eutrophication of Gaozhou Reservoir. In the spring of 2009 and 2010, cyanobac-
teria blooms threatened drinking water safety. To assess the pollution status in the catchment area, point and non-
point sources pollution loading were evaluated and, based on the 2008 pollution source investigation, emission coef-
ficients and export coefficients were calculated. Spatial distribution features and sources of pollution were analyzed
using GIS. The study supports pollution control and ecological restoration efforts in the Gaozhou Reservoir catch-
ment. Point and non-point sources of pollution include chemical oxygen demand (COD) , ammonia nitrogen ( NH;-
N), total nitrogen (TN) and total phosphorous (TP). Point source pollution loading was evaluated using the emis-
sion coefficient method and investigation information included industrial wastewater discharge volume in the catch-
ment area in 2008 and the pollutant discharge coefficient, urban population and pollutant discharge coefficient of
domestic sewage, stock and marketing amounts of livestock and poultry in large scale breeding and the pollutant
discharge coefficient of aquaculture wastewater. Non-point source pollution loading was evaluated using the export
coefficient method and the investigation information included the rural population, number of poultry, land use of
each town and the vegetation cover in the catchment area in 2008. The total pollution loads of COD, NH;-N, TN
and TP discharged from the catchment were 8 192. 83, 394. 13, 1 137.38 and 94.29 t/a, respectively. Among
them, non-point source of COD, NH,-N, TN and TP loads were 7 114.79, 336.91, 1 060.21 and 88.08 t/a, ac-
counting for 87% , 85% , 93% and 93% of total pollution loads, respectively. The pollution loads of COD
(50% ), TN(52% ) and TP(50% ) were mainly agricultural non-point source pollution and the discharge load of
NH;-N (63% ) was primarily rural domestic pollution. The pollution loads of COD, NH,-N, TN and TP in differ-
ent towns ranged from 47.08 —144.63, 2.43 —5.24, 6.70 —20.34 and 0. 60 —1.73 kg/hm*, respectively, with
the highest pollution loads of COD, NH,-N, TN and TP in Pingshan Town, the town nearest the reservoir. Non-
point sources of pollution contributed 70% —94% of the COD, NH,-N, TN and TP loads among the towns in the
catchment area. To conserve the water quality of Gaozhou reservoir, non-point sources of pollution coming from ru-
ral domestic, livestock breeding and agriculture should first be reduced. Moreover, the management strategies in
different area should be established according to the spatial distribution characteristics of pollution and Pingshan
town is the primary area.

Key words: Gaozhou Reservoir; non-point source; pollution load intensity; geographic information system



