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Water quality evaluation of subtropical water source reservoir using water quality index method // YE Yanzhong',
CHEN Fan’ , HUANG Tinglin® (1. Shenzhen North Water Source Engineering Administrative Department , Shenzhen 518110,
China; 2. School of Environment and Municipal Engineering, Xi'an University of Architecture and Technology, Xian
710055, China)

Abstract: To investigate the water quality status of the Xikeng Reservoir, a subtropical water source reservoir, monthly
monitoring of the water quality in the reservoir was conducted from January 2016 to December 2020, so as to obtain the
changing trends of 13 indictors, including pH value, permanganate index, biochemical oxygen demand for five days, fecal
E. coli, ammonia nitrogen, nitrate nitrogen, total nitrogen, total phosphorus, sulfate, chloride, fluoride, iron, and
manganese. The water quality index (WQI) was calculated to evaluate the water quality status, and the WQI model was
optimized based on multiple linear regression. The results show that the reservoir water quality is generally good, the pH
value and permanganate index exceed the standard in some periods due to the influence of phytoplankton reproduction, the
mass concentration of total nitrogen is relatively high, the mass concentration of total phosphorus and number of fecal E.
coli groups are high in some periods, and the uptrend of iron mass concentration should be paid much attention; it is
difficult to fully reflect the impact of stratification on water quality only through surface monitoring, therefore, monitoring
along the vertical direction should be used to fully obtain the water quality risk of the reservoir; the WQI model composed of
main indictors, including total phosphorus, iron, permanganate index, ammonia nitrogen, and nitrate nitrogen, is an
effective tool for water quality assessment and management.

Key words: water quality evaluation; water quality index; pollution indictors; water source reservoir; Xikeng Reservoir
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PRELSE L, FEAT K BT ITA , B 0 1 S it /K Joi 4 2
e AR BRI & 45 T BB

H B K BT A w6 T B9 J7 ¥ £ 2 3 8 1P
T K LR 35 L (water quality index, WQI) 7% | £
o3BT R AOTANTE 28 W 28 2 I 3 ik
o SHAT A, WO s & Fpok i S 808 &
] DR A A K 5T 4 T B WAL, 7T ARG
W FNPPAN 7K R85 5T AR, XoF T 7K Jo B 43 A A
SERBEECE YR A5 . Silva 2505 ffi ] WOQI P
WANIR) BT Stk BT, ey ey 1 S i 4 il feft SIS 7Y
FIZK T 5 s Hou 2515 1t WOL PPA T BT 3 4k
5 AN AN [ K B K B 5 [ 45 Frineu™ " 35 ] CCME
(Canadian Council of Ministers of the Environment )-
WOI 25 T EM B HERa T ; de Andrade Costa %[12’13]
A0 RS TTiE S WQI 458 fEA W)
W ZE AN K BT S T RAEFIRCR . AR
S, Al A WOQI PR A5 2K B 1) 7K BT F A 235 SR B
BT S R R U S K T S8
HENL TS YeAB bR K B4R G 4R B (WQLL,, ) B
FFAEK BT IF A ik A v B ARG K BT Al Bl A, 92 Ak 2
BT PR B 75 Je i AT RE . BFSE R B, WOL,, 5
WOQI 520 1 1wy B2 2 PR AR G, BRAC U #b Sz e WQI 72
b, AR KL TE TR R W) S K BRI v 2 i
1biz F WO, A5 AL E &5 1 7K 5 P i) 8 47 14 A oA
B S WOQL, MR S praz e it S AR A
AR PR HER 1 1 DR PR 3R, T 45 S B I L
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1980 J5 m’ , itk A7 75. 2 m, FE KA 55. 3 m, FE
FEZS 36 J7 m’, K I 1 AR 1. 6 km®, JK JEE 4 T 1 R

4.43 km? ARSI REK B 1918, 6 mm, #5350 7K FE K
YK B ZR IR TR B R VI K, T A S, H 3
WK B AP, AR 32 U7 m’/d KK AR
FFPE 72 ~73 m K FE S35 3K I 29k 46 do TR
A7 F LI Py S X, AR AR R, B R,
Z 5 PR A AN A b X 83 TR K S, A TR
HAR KR 33 MO J8 5 0 IF AT 7K I8 R 7K
FEIK AR BB R R

2 HBIEREMHARFTE

2.1 EFEREMEN

PEIOK PESIURTIBOK T (ST) FK e v (S2) 7
ALY S (B 1) SRAE BHE S 2016 4F 1 % 2020
412 F 4 A W4 IR HI 494—2009 ¢ 7K it R FEH AR
oS RAEFZKKIFE0.5m) BES . SRRERT ] %
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Fig.1 Schematic diagram of sampling

points in Xikeng Reservoir
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L2 FE R R IR AR AL O 40 S5 G PEY0UKET
ST K BB BLFISCERL 18 ], B pH { . COD,, |
NH,-N . NO,-N TN TP .BOD,. SO;” .Cl” . F~,
F. coli . Fe 1 Mn F8FrUAE4r 50 1.3.3.2.2 4,
3.2.1.2.3.3 F13, Hls WO A5 K Btk il 7 AL
(>80~100) . % ( >60 ~80) . K ( >40 ~60) . H
(>20 ~40) 22(0 ~20)5 DAL,

WOL,, 3775 A W, 2 e A R (1)
E’J%iﬁﬁ%lﬁﬂﬁﬂ’]ﬁﬁfﬁﬂ?

Ly, = *ZC (2)

K 1, R WQI B n' O BT bR A 5

WOQI,,, A5 78 ] & ¥ £ £ o0 2k Pk 13 4 #r, % B
2016—2019 4E& 4 2 Il 2R 45, 2020 4F £ 48 0y £ 59
£ I E T R B R AN KO p X WQLL,
BRI HEA T PR, 12 25 43 #72R FH 24 7 AR 15 2% (RMSE)
FIE 3 Heis2s (PE) ™

P T 1 T 4% SR R i 4 0 AL R S o A,

Kruskal-Wallis A 56 X A [6] 5 v & H ,ﬁﬁéﬂwﬁﬁﬁ
R AT R 55, AH G M 23 T R FH Spearman R U035,
Mann-Kendall (M-K) K5 F #5604 S 500 A8 Lk
e, XF ST FS2 S A e bR 478 H BLXT Kruskal-

Wallis BRAGES , 25 K B8 G B 3% 25, U 220 b
HUSTF0 S2 g6 W5 1 V- Y IP M K K BT . ASBIESR
Hl AR PRI M-K K50 58 T i (2) X AR
FASHEAT R 25 2 >0 BRI, 2 <0 MR
W/, p <0.05 FRas R BA BFE

3 KFEMESRMEZSH

3.1 KRETAFE

#1401 TKE 13 /\7J< & b 1 BEAFRAE S
ARG L ARSER IR 2 K KR, IS H M
SRR A, K R A ﬂ;ﬁﬁaﬁ 10 JT K4 2
BN 3—9 H ., BB EN 6 MMEIRET
()25 Ak faFhanE 2 FE 3 frs o

F 1 2 R 3 AT, AR 0T AL T B bR
A, 5020 pH H{H B 3 K TR A1, 54 A 4 pH
(B A3 H 2R /K B bR MEBRAE 9, M=Kt #4453 2 BH L
ﬂﬁﬁ%@to COD,,, F1 BOD, 4 0] FRAE /KA A HLY

QLR G R . 2016—2020 4 COD,, it i W B 1Y)

M-K ARG 50 R B N i # (2 = -2.01,
p <0.05) K5 H 437Kt CODy, B 29k B ¥ 4k F
BARACY, 73 )21 COD,, ik B 2 & TR &
BOD, [T @V BB R (2. 40 £ 1.19) mg/L, 42

R 1 KBS ERFHE

Table 1 Basic characteristics of water quality indicators

e - o g p( conMi l)/ p( NHS-l\j?/ p(NO, N ?/ p(TN) /1 o( TP){I p( BODsi)/
(mg-L7) (mg-L7) (mg-L71) (mg-L7) (mg-L7")  (mg-L7")
1 8.51 2.49 0.06 1.05 1.56 0.023 2.40
) bR 0.84 1.10 0.06 0.37 0.43 0.013 1.19
il IS oN] 9.98 6.91 0.44 1.90 2.84 0. 060 4.95
/M 7.14 1.30 0.02 0.25 0.63 0.010 1.00
¥E 8.96 2.92 0.06 0.92 1.45 0.022 2.65
. FRifE 0.67 1.25 0.07 0.38 0.48 0.014 1.18
IS oNi] 9.98 6.91 0.44 1.70 2.84 0.060 4.65
/ME 7.52 1.32 0.02 0.25 0.63 0.010 1.00
¥E 7.85 1.93 0.06 1.23 1.71 0.024 2.09
oA bR 0.61 0.42 0.04 0.29 0.32 0.010 1.25
Ll B 9.35 3.05 0.16 1.9 2.34 0.044 4.95
Fe/ME 7.14 1.30 0.02 0.56 0.93 0.010 1.15
BB I p( 803~ )/ p(Cl™ ){ p(F~ )7/1 F. coli zﬁf/ p(Fe){l ,J(Mn)fI
(mg- L") (mg-L7) (mg-L7) (AL (mg-L7) (mg - L7")
¥E 11.24 8.99 0.22 2003 0.10 0.01
bR 1.75 1.82 0.04 3302 0.06 0.01
= BRI 14.10 11.30 0.35 16000 0.25 0.07
/ME 6.72 4.28 0.16 200 0.01 0.01
¥E 11.17 8.78 0.22 2494 0.09 0.01
. bR 2.13 2.16 0.05 4331 0.04 0
B 14.10 11.30 0.35 16000 0.16 0.03
B/ ME 6.72 4.28 0.16 200 0.01 0.01
¥E 11.34 9.25 0.21 1350 0.12 0.01
oA bR 1.25 1.36 0.02 790 0.07 0.01
il B 12.90 10. 60 0.24 2550 0.25 0.07
/ME 8.81 6.31 0.17 261 0.02 0.01
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~ SEPIEWRE BN A KA AR K, KB TN
“ﬂ A TR G 3 5 1 g AR IR R R TE B K
VAN = N o
60r . Wl TRBL, #53 H Ay TN ot e B2 58 28 /) V 20K bR e
I PR T | KRR B , 1 T b 42K B 85 5 b )
jap LR 0 PR, e LT A K TN I v
4 WOQIZ{ris B, IR T x — AR, IR e P i) TN e J32 J2 9 B /K
Fig.4 Change trend of WQI JERK A PEMERTT, SO, A1 C1™ ik B AR s i i
F2 FEIEREXMEST
Table 2 Correlation analysis of main indicators
ezt pH (& CODy, NH;-N NO;-N TN TP Fe Mn
pH & 1
CODy, 0.680 " * 1
NH;-N -0.006 -0.110 1
NO,-N -0.460"* -0.460"* 0.120 1
TN -0.350** -0.350"* 0.220 0.760* * 1
TP -0.007 0.047 0.029 0.330" 0.280* 1
Fe -0.290* -0.190 0. 066 0.085 0.065 -0.045 1
Mn -0.180 0.110 0.320 -0.049 0.070 0.055 0. 140 1

WY R p<0.05, " * FR p<0.01,
- 120 -



ERRE I T IAEAR /N AR 2 K A 3 s B
S, Fe FI Mn J5 i Vi B 76 7K 22 v 35 b F B AIKOK
S U AR VLT AR IR V5 YL R IR AR B I, oK L
i Fe Fl Mn {54%,{H 2020 45353 1 4y Fe [t ik i
oK SR B2 B K s, AR
W, Fe s B A B BN 22— M b
B, Fe it i 5 pH (HARfb 52 8 3 SAH G, 16 IR
WAL 5 IR A ) S AR R DA G, TR, 5
15 Fe HENH R AT . )5, F. coli BUAEHR 4>
B ZEGSORBEIN, U6 B VA AR VIR K T RE 3z 2 A L
RAETRTG ARG 3™ 4 phoe e R W, T
RVLR K AT R HE 7K 1 AN 15 W, 96 50K 2 B F
5K MK 1 28 4550, /K B 5 52 ok K B
M) , 7 S E O 25 AT R ) U o
3.4 SEXIKREIENE
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4 WQL,, REFERHEMNHEED

4.1 WQI,, REEFRTH E LS

F) H Shapiro-Wilk %t 1| 24 %4 38 4 (2016—
2019 4F) WOQIL {H 17 5, 45 S R W], WOL {H 2
FAER A B A AT BB o X280 4 P
AIhrit T 4 Zon B, 25 3k 3 iR,
TP %IR8t 5 WOI {5tk K (R® =0.418, p <
0.001) ,FfiZF Fe COD,, F1 NH,-N @A, R* 43542
B 7 0.206.0.136 0. 087 , fx 23k 5 0. 847, #k—3
HE AN NO,-N Mn Fil TN Hg 3RS T R, HUt 5l
GEAE RS WOLRFETE BB AHOCHE . Rt 4%
TP .Fe .COD,, Al NH,-N £} WOI,, # A LA FE IR,
% % NO;-N Fl Mn fE AT HERP 5T .

38 S YI Z BCHE 4 6 38 i 1 WOI, 458 Y 33 47 F
B, G RN 4 o, 4 MR 25 B AR 4 T A
SR T AR TEAE 2, UL 2% JEAE A F T15
FHERAY WO, W5 ARSI Xt T R A1 RMSE fy
RIHER) , BRI IFE 4R Mn J5 PE {H R
IR TR ZE . AL S CTR AR a b 43 s ok
2 JEACH 5 AT RI AL, R AR 2 R R B
S LE M, WOL,, .o A1 WQI SRS 5 J5i R
WOI B{E e M#ein, HIo R ¥ 22 7. & L, ik #
WO, B AU Ry T AR Y f Ry 53

fifi FH 2020 4F-2 A Fcds T 45 20 () WOL,, 1817 i
ATEE, 25 R WE 6 ik, WQL,, 5 WQI 2 8 g 3

£3 BIEZTEMELORAER

Table 3 Stepwise multiple linear regression results

F5 A )55 Y R? R* 75 b &t P
1 [ =55.25" +0.062p(TP) * 0.418 <0.001
2 [ =45.73* +0.060p(TP) * +0.046p( Fe) * 0.624 0.206 <0.001
3 [ =37.72% +0.056p(TP) * +0.047p(Fe) * +0.041p( CODy,, ) * 0.760 0.136 <0.001
4 [ =13.42" +0.057p(TP) * +0.044p(Fe) * +0.046p( CODy,, ) * +0.085p( NH,-N) * 0.847 0.087 <0.001
[ =5.35+0.057p(TP) * +0.044p(Fe) * +0.048p( CODy,, ) * +0. 089 ( NH;-N) * +
5 0.885 0.038 <0.001
0.043p( NO;-N) *
[ =1.89 +0.057p(TP) * +0.043p(Fe) * +0.048p( CODy, ) * +0.074p( NH;-N) * +
6 ’ ’ ’ M PR 0.907 0.022 <0.001
0.044p(NO;-N) * +0.029p( Mn)
I =1.59 +0.047p(TP) * +0.040p(Fe) * +0.058p(CODy, ) * +0.060p ( NHs-N) * +
7 , 0.937 0.030 <0.001
0.050p( NO3-N) * +0.040p( Mn) +0.034p( TN)
HE s FORIA B G, p <0.05,
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®4 WQL,, HEEITMER

Table 4 WQI,, model evaluation results

o . AT T
o LD
¥ R RMSE  PE/% P R RMSE  PE/% P
1 TP Fe.COD,, .NH,-N 0.79 3.20 6.5 <0.01 0.82 3.02 5.5 <0.01
2 TP Fe .CODy,, .NH;-N NO,-N 0.80 2.68 6.3 <0.01 0.85 2.40 5.2 <0.01
3 TP Fe .CODy, NH;-N Mn 0.80 2.67 9.3 <0.01  0.84 2.46 8.1 <0.01
4 TP Fe.COD,, NH;-N.NO,-N. Mn  0.83 2.20 9.0 <0.01 0.88 1.90 8.0 <0.01
951 S - FEH B AR AL, K JEE NH,-N KCER 0 2k U5 1 A I A,
L B Fr il AL T8RS, NH,-N 5T e 3 &
8¢ A AR BH H P RH B AR TS Yk A NOS-N VR A BR
575_ NH,-N Z e 2 8 AR A P R B 0 2%, L vk
= ARARAE B0 AT LA WK 2 R R 5 KR A W Y A EAE
65 -+~ ¢} i Ho M1 AT IEH, FYTKE NO,-N & ik E
3 H 3 N =ty PN e
N i o s . {E°M TN ) 67% ,NO,-N Jii i ¥k & A5 1k BE 05 35 7 b
440\ & TS SRR R ZE A 0, AR L F TN, NO,-N 43 #r
S , . s sw
SR DA E HA AR, EE S B W, B2 ,iX5

Al
Fig.5 Comparison of averages of WQI and WQI, .,
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Fig. 6 Fitting results of WQI and WQI,;,

HFAE(R® =0.66,p <0.05) , H RMSE 2. 09, PE
4 2.0% , i WIZ AR HA R AR PR RE
4.2 WOQI,, =B R E S

— R, WOI,, B Y 5 A5 328 5 N %45 A et
FRAR o IR FFAEFNLG) T o3 il i AR ZE SR . Bk
# TP Fe .COD,,, .NH,-N Fi1 NO,-N 3t 5 PN gIrfE R
WOQIL,,, 1B AU ZH B, AN BRI AR 47 S o Bt 7K B 7K T
RO, A F T i fe WOI TR I A, TP
YERER 1 A IERRAR IR , WK BT AR Ak 52 A e K, 3 5 7K
JEH AR TP o7t ik 2 A= 1 N/P LA G
Fe VB 2 4845, J2 0 A A4l R4S 1878 7 KU 1)
BIEITER T TOKEM F , iy Fe B ik 25
AT JZE Z2 I S5 XU, R B 384 i 7k T I 22 b 3l AR
SERY L COD E A WL 25 A 15 b R B R 1 56 3
ANFRBR , RS S WA I i A ) 1 A8 A A 10 o NH, -
N F1 NO,-N 1 55 J5 P4~ 48 Fn HE 18 i i 260 3R 7R 7K
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H M7 280 B FE R

FERE RS 12 T A ASCE AU — B IR 5 1 5 AR
P TR ER . Bl i WOQI 55 AU
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a. KL AR K R B T RO K IR LR
FISE bR pH A COD\, 52 I Ui A ) %58 52 Wi,
43 I BERR AR, TN 5 5 vk B i i I 5 | ke 7 3, TP
JoT VR B AN F. coli 5 43 B BE A v, Fe JiT L R 3
[ TH RN T LA e v, H A S AR 2 b T AR
K-

b. )2 W I HE L4 1R PR J2 X6 K R 1
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