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Changes in water quality and identification of the sources of water pollution in the drainage basin of Dahuo-

fang Reservoir

HAN Shuang', XIA Chun—long’, WANG Yong—dong®, CAI Xi—yun'

(1.Key Laboratory of Industrial Ecology and Environmental Engineering (Ministry of Education), School of Environmental Science and
Technology, Dalian University of Technology, Dalian 116024, China; 2.Fushun Hydrology Bureau of Liaoning Province, Fushun 113005,
China)

Abstract: The aim of this study was to assess water quality and identify factors of water pollution in the basin of the Dahuofang Reservoir.
We analyzed the water quality data of the basin from 2014 to 2018 using the comprehensive weighted average nutritional status index and
principal component analysis methods. Results showed that the major water pollution factors in the basin were total nitrogen (TN) and fecal
coliform (FC). Water in the reservoir had the middle nutrient level, limited by phosphorus, and the eutrophication index gradually de-
creased over years. The sources of water pollution in the basin were primarily agricultural cultivation (for TN), and rural activities and live-
stock breeding (for FC). The contribution of agricultural cultivation as a source initially increased and sequentially decreased over the
years. The contribution of rural activities and livestock breeding remained constant over the years. Therefore, the heavy pollution of total ni-
trogen in the waters of the basin was attributed to both the continuous emission from agricultural activities and the poor utilization of total
nitrogen in waters with a lack of phosphorous.
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Figure 1 Locations of sampling sites in the Dahuofang Reservoir basin
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Table 1 Classification standard of eutrophication

BIRRDLIT PEAME TLI SEPEPEA
Nutritional level Score TLI Qualitative evaluation
TER TLI<30 i
TES 30<TLI<50 BT
REWEER 50<TLI<60 LELLSUER
T EES 60<TLI<T0 BTG B
HEEHER 70<TLI<100 N RETS

AR R AR 0, 7 1.
2 GRS

2.1 KRBk EE RSk &S LETF

FE KR pH B A ST A K AR AR g 146
MR 2 PR 4 VB ALY B B R SRR
FALY) A B R ] AR R R |
AW i TR R SR bR 0 S AR A bR (R 5]
) o 5K IR T A v T 2R o R AE E A, 3%
K R LA R R 58 57, T COD e, 55 At 45 A 11
PR AR AT 8% , 1 BH 4 il 2t 35 P AR AR 7K B R 0 8
(UNEY/San

AR 5 7K 24 i e 3K A4 K 5 K T 5 32 B g
PR B IS 1) 2 A= T B B AR Ak (LR G R R 5
ey, 2011—2015 4FKAK F5 7K e JE X =225 4L Wy ok
SRS RABIN SV 2 K PR X R BTG 4 )y

ST BRI N 8.29%~48.3%", 2012 4 8—9 J] K ik
5 K e PETRT L 87% 1 s 57 CODe A& 2 LA 1l
FEOK I ST AR, 100% B9 AL EBE AT Z k2 1T
KR, 97% 1 S AL B &GS B T 2 AR MEY, 2000—
2003 4F K B AT s, FEG YOS Tk
1% K HEOM 5% 59 pH . CODe. . 24 L . VAl 1R 3 & il R
AR AR,
2.1.1 BA

2014—2018 4= KAk B 7K 2 il i 3l A A s 2
e 5 Rl 0.61~9.17 mg - L7, - 2494 4 2.76 mg - L™
(E12). 100% MFEAERE T 11 21 F K IR BE T bR
HEFRAE (0.5 mg-17") ,98% My REAS R 1L T T 2Kk v PR
B (1.0 mg- L") ,92% MIAEAS 20 IV 2R PR ifEBR1EL (1.5
mg- L"), 77% WIFEAS 2 V ARiERRAE (2.0 mg- L) ,
Rz SRS . X5 2011—2015 A2 7K K
JEAEAN S5 —5, 2011—2015 4F K 2 X K A o i
RN F 5 Y) , E 5 S BRI N VS,

2014—2018 4 7K P 4 il Yt 3K A v o 200k B2
HEIBAEFE LGS FN B ERG-EFT
FE-FKAZETH R . EIRAE R 2012 - ZAS I A5t &
IR, RAK K JZEAERT RS 1A AR B Rk ) T 23
KK TRRAESD , o4y 38 A~ a5 4T A T 2K b of
AN K BERE R IX % 3 2% 28 A BE I K A
UM A7 A B ) Xk 2 5 o v T R R
JE (Cpew=3.31 mg- L, n=71) It 5 , 75 7 (Cpen=2.91

R2 KB KEEFIREKRIERGITER

Table 2 Water quality indicators statistics in the Dahuofang Reservoir basin

i WAR RN Rkl PRI bl KRR ik
Index Samples Minimum  Maximum Mean  Standard deviation Water quality standards” Over—limit ratio/%
7KL Water temperature/C 454 0 31 18.1 7.3 — —
pH 454 6.4 9.6 8.1 0.6 6~9 2.8
A DO/mg - 1! 454 33 12.9 8.1 1.8 >6 7.9
CODy./mg- L™ 454 0 32.1 2.6 1.6 4 4.4
CODe./mg-L™" 454 <10 74 9.6 5.4 15 6.2
. H Ak 4 BODs /mg- 17! 454 0 3.7 1.5 0.8 3 2.0
Z A NHi~N/mg- L™ 454 <0.025 2.73 0.22 0.3 0.5 5.7
TP/mg- L' 453 <0.01 0.31 0.043 0.041 0.1 4.6
TN/mg- L™ 393 0.61 9.17 2.76 1.1 0.5 100
RN FHE Fecal coliform/mg - L™ 454 0 1 980 000 29 431 162 558 2 000 41
fiti R R A NOs-N/mg - 1" 343 0.59 4.54 2.29 0.77 10 0
# Fe/mg- 1! 341 <0.03 1.01 0.097 0.16 0.3 7.3
i Mn/mg - L™! 342 <0.01 0.65 0.036 0.075 0.1 8.5
Chla/ mg-m™ 165 0.79 75.5 12.63 13.14 — —

T e ROK IR AR 1128 (Gl 48 P A T O A A B — R X )
Note: *Class I environmental quality standard for surface water (applicable to class [ protection area of centralized drinking water surface water
source area)""l.



384 kB K P A R 3 e IR 1571
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VAR T P X KA B R R
2.1.2 ZRIHHE

AR 5 7K J2 3 4 I 38 4 T s 288 K M o ok
R 0~1.98x10° 4~ L7 (& 3) , Horf 419% By FEA
o T 28l FR/K 85 o e s o PRAEL (2 0004+ L71) , 24%
HYREA e I 2R HEBR A (10 0004~ - L), 19% A
A IV 2EARE R AR (20 000 L), 11% HIREAS R
1k VIEFRIERRE (40 0004~ 171) o FF 528 K B A VAR
JE AR 5 RN 552% , F W HAEA R o 25 52 9 0 4
) S

FE R AR 2 0] o0 A 5 A R, VST B vk
(Coeaw=121 2224 L7" ,n=84) iz /5 , F1 T (Creaw=17 368
AL, n=150) IR Z A0 (Coewn=6 1604+ L7, n=90) I
FEIX (Crewn=148 1>+ L, n=130) ¥ FE{IK . 2014—2018 4F
FE K TR AR VAR A B () G 22 5, [R) A PN 56 184 o P
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) 164 D HEA H 80% MIRE A AL T2 5 R T 8 7 5%
G, EMETEM AR B R AT, Rk B E B R ARE
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B, ZREFFEIEE A B, 2011—2015 45 KAk 55
K PR X K 015 Yo S T O 8 SR AR 2 AL )5 4, ok
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Figure 2 Temporal-spatial variation of TN in Dahuofang Reservoir and its joint rivers
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Figure 3 Temporal—-spatial variation of fecal coliform in Dahuofang Reservoir and its joint rivers
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Figure 4 Distribution of eutrophication index in Dahuofang Reservoir and its entrances
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K F (n=161,r=0.729,P<0.01) , 5 M A JC 5. E A
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AESOP 7K J A5 R A 4DL 25 S 0 8 37 R A A6 KAk 3 K
JE T XK R S ], A 3 T 2RI 25 51 . oA
PLEE SRR D E R A R KB 3R K G
T8-S A A Ok TN (W LN R = (S Y S
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S K5 Y BRI B o 33X A2 FAR g b i
BT PR XK A4 SRR AR ™ F1H B SR KO AR I 4
(E2FE 4), R, BB E AR TRDTRRY H K ik
HSEESS TR A O R AIC L BRI TR A K 23
Ko 1 LR JE B A R 220

55 A FE R AR KR RN R AR 3 4
bR, iR T BAR T 2209 15.5% ., Spearman AH S E43Hr
g5 R WOR KR 5 i 3 A O (n=454 =
-0.532,P<0.01) , X Ry K Il b v, 7K e s i ) SRR
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Table 3 Unit eigenvector and variance contribution rate

F547 Index 1 2 3 4 5 6 7

KL Air temperature 0.080 0.876 -0.049 0.040 0.047 0.067 0.342
7KL Water temperature 0.049 0.904 =-0.137 0.037 0.083 0.083 0.265
pH -0.068 0.239 -0.065 -0.150 0.055 -0.008 0.811

DO -0.095 -0.798 0.007 -0.065 -0.069 0.124 0.376

CODy, 0.219 0.057 -0.046 -0.072 0.896 -0.035 0.026

CODx, 0.073 0.104 -0.070 0.260 0.876 0.145 0.021

BOD; 0.288 0.014 -0.318 0.420 0.105 0.105 0.208
NHi-N 0.250 0.062 0.186 0.639 0.183 -0.039 -0.295
TP 0.648 0.065 0.206 0.520 0.197 -0.031 -0.126

TN 0.071 -0.129 0.885 0312 0.024 -0.039 0.002

SRALH) Fluoride 0.495 -0.014 -0.227 0.233 -0.035 -0.352 0.399

As 0.413 0.247 0.009 -0.088 0.060 0.646 -0.145

F R T Fecal coliform -0.016 0.045 0.164 0.757 -0.028 0.182 -0.008
TiEREE Sulfate 0.092 -0.125 -0.103 0.081 -0.081 0.763 0.103
Z1L¥) Chloride -0.222 0.055 0.014 0.308 0.251 0.656 -0.049
NO3-N -0.003 -0.048 0.936 0.020 -0.113 -0.028 -0.097

Fe 0.834 0.051 0.147 0.092 0.144 0.115 0.062
Mn 0.833 0.094 -0.126 0.013 0.088 0.057 -0.109

Bk Rate/% 20.8 15.5 9.9 9.6 7.4 6.3 5.6

TR AR o DR HOKE PC3 32 SR AR AR T

VU F U IR ZE R R L H AR AR
AU SRR bR R T MR T 2219 9.6% ,
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8,r=0.911,P<0.05) . ZERMpw 5 EA Sk 2A
HEA B EA I (n=393, P<0.05) , #H M R 500
51120 0.467.0.198 ,0.131, & B 53 4 | 2 &R 1T fig
hE B SR ARG AT Y . B E X
PCA Jp A A 16 Je B B AR, Forb & 8 SR A I bk
KA s A TR

55 A TR0 HE CODy, 1 COD, IS5 ,
BT MR Z07.4%, CODy, S8R . mikd .
KRR VEL T A AR LA A S A OGP E (n =393, r 2
0.140,P<0.01) ,CODc. 524 A . B by A 3
1o B ARE SRR W S R EL A A B A O (n=393, >
0.155,P<0.01), TllbEIK AETE K Al i5 K K 5
TV R o 2= A A WL G, PRt SCPCS K
L IRCE SR

SN TR AR R A R T

RARTT 2209 6.3% . KM Al 3 ZOR IR T34 B
AT AAE OIS R R K 2 BRRER N ALt sk
HT A a0 MRS, R PC6 & LA .

S5 A AR KK pHL R R T AR T 221
5.6%c pH- SRR 4l HG BE S B I L,
A RESE TR A 7 S B A KR AR R Ak
KRG, E K K O OGS e )R T
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ks PC7 5 SR TR LRI &K

25 b KAK 5 K R il e 3K AR A 5 1 52 i R 2%
S, 5 R 2R 1) E B AR R A 7 7 e B R i S 3
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KA T KBRS FHRMEIE . Tl - AR E A
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ATE R . DRI, AR B /K 4 il 3 05 Y Uk R
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