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Abstract: Since the restoration of Guanting Reservoir as a backup water source for Beijing in 2007, the ecological environ-
ment governance and protection of the entire basin have been further strengthened, and the spatio—temporal characteristics
of water quality in Guanting Reservoir has changed. Based on water quality indicators from eight monitoring sites over the
period 2011~2020, the spatial and temporal characteristics and main pollution sources of water quality were evaluated using
water quality index (WQI) and multivariate statistical analysis. The results indicated that from 2011 to 2020, DO, BOD:;,
COD, permanganate index, and NH;—N remained stable within the Class Il standard for surface water, while TN and TP ex-
ceeded the Class Il standard for surface water. There were significant seasonal differences in DO, BOD;, NO, =N, and TN in-
dicators, with the dry season significantly higher than the wet season. The concentrations of COD, permanganate index and TP
were higher in the wet season than that in the dry season, but the differences were not significant. The water quality during the

wet season were generally better than that during the dry season, and were basically at a moderate and good level. Especially,
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the overall water quality has shown a good trend of improvement since 2016, which were attributed to the water supply from

the upstream and the ecological replenishment of the Yellow River. Principal component analysis showed that the accumula-

tion of nitrogen and phosphorus generated by agricultural activities and industrial domestic sewage discharge from upstream

were the main source of pollution. Organic pollutants and natural processes also had significant impacts on the water quali-

ty of the reservoir. Spatial heterogeneity in water quality was observed in both dry and wet seasons. The two inflow sections

in both seasons and the one reservoir section located closer to the upstream riparian zone in dry season experienced the most

severe pollution, both of which were mainly affected by nitrogen and phosphorus pollution. Other reservoir sections exhibited

lower pollution risks in both seasons, mainly due to organic pollutants. The outflow section had relatively clean water quali-

ty but requires attention to potential nitrogen pollution. These findings provide important scientific references for the top—

level design of spatio—temporal water environment management policies and the formulation of pollution control measures in

the Guanting Reservoir.

Key words: Guanting Reservoir; water quality assessment; dry season; wet season; comprehensive water quality index; mul-

tivariate statistical analysis
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Fig.1 Guanting Reservoir and the monitoring sections
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Table 1 Normalised values (C;) and relative weights (P;) of water quality parameters used in WQI

b7 P <
100 90 80 70 60 50 40 30 20 10 0

DO 4 >7.5 >7 >6.5 >6 >5 >4 >3.5 >3 >2 >1 <1
BOD, 3 <0.5 <2 <3 <4 <5 <6 <8 <10 <12 <15 >15
COoD 3 <5.0 <10 <20 <30 <40 <50 <60 <80 <100 <150 >150
AR ER R R 3 <1 <2 <3 <4 <5 <8 <10 <12 <14 <15 >15
NH,-N 3 <0.01  <0.05 <0.1 <0.2 <0.3 <0.4 <0.5 <0.75 <1 <125  >1.25
NO,-N 2 <0.5 <2 <4 <6 <8 <10 <15 <20 <50 <100 >100

TN 2 <0.1 <0.2 <0.35 <0.5 <0.75 <1 <1.25 <1.5 <1.75 <2 >2

TP 1 <0.01 <002  <0.05 <0.1 <0.15 <0.2 <0.25 <0.3 <0.35 <0.4 >0.4
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Table 2 Statistics of water quality parameters in different seasons from 2011 to 2020
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H Lk 8.88 7.91 8.50 0.21 0.02
P [FIES 8.90 7.60 8.51 0.29 0.03
DO/(mg-L") LS 14.97 7.08 10.38 1.52 0.15
& [ITES 15.48 4.78 8.89 1.92 0.22
=1 BIO
B 2 5.68 1.00 2.29 0.99 0.43
BOD./(mg-L"
Hmg-L7) MWz 4.98 0.53 1.69 0.97 0.57
=1 «
e 20.87 8.13 17.77 4.82 0.27
COD/(mg-L"
(mg-L) W2 36.25 4.53 18.07 5.25 0.29
. H 6.96 0.88 4.66 1.39 0.30
2o i L e
PR AR (mg- 1) (TS 9.00 0.88 5.00 1.55 0.31
-
LRk 2.18 0.08 0.39 0.35 0.89
NH,~N/(mg-L"
~N/(mg-L5 (S 0.95 0.10 0.34 0.14 0.42
—
LS 10.74 0.20 1.89 2.21 1.17
NO, —N/(mg-L"
»Nimg-L5) (TS 711 0.01 0.89 1.40 1.57
TN/(mg-L") Lk 10.07 0.90 2.69 2.37 0.88
¢ TS 7.58 0.78 1.74 1.43 0.82
TP/(mg-L") P 0.38 0.01 0.09 0.09 1.00
¢ WZE 0.93 0.01 0.12 0.18 1.51

22 KRRIAFWEN 2 HF

]2 [ 3 F1IE] 453 51 3R 45 F8 b 5 2RI RN 2= 19
AR 22 55 L) AN TRy 10 251 2 S AR [) o D 1 )
ZA5 2% 5 . DO .BOD; NO, —N Fll TN F8 R34 {4 |- Z=
R BRI EHTWE, K2018F20194:45F,
DO 7TEHAMAE N MW B LR B, R F 5 TS,
[ i BHQ . XJB .HK .G1018+1 F1 BH Wi i DO 1) 2=
W E R T2, BOD: R M A % 22 7, UH
2012-2015 4F L % 2017-2018 4F £ 7 I 2 5 TR 2%,
EX SAWim R E S TWEE, NO-NEES

3, U H 2011-2015 4571 2020 4F -5 i i TR 2%,
Fr BH AL, H Wi 5242 i 25 = TR 2. TN ZRFIR
ZAEAE 3 25 5, T8 20122014 12017 4E LA K W
Iif BHQ . XJB . HK . Y1000 1 Y1008, 5 % i, 2 75 T /i
7, pH.COD . &4k FRER T84 NH,-N I TP 3 {4k -
TR AN 35 25 57 (B AE B ARy Fn b T - 5
MM 2SR E ., HP pH7E 2012 F1 2017 4E 2=
2R F;CODTE2014 M 20154 & FHE T2,
TE2016 F1 2017 4EF 2= W 3 = T 52 2% 5 R MR SR 46 4L
TE 2011 F12013 4FFR 22 4 3 5 T 2% TP 7E 2019 4F %



6 HEF

ETF WQI & L5t BB FFk Bk RiEM

189

524 5 2 NH,-N7E 2016 AE 2 2 i 2w T 2 7F
BH Wi /i 2 i & T 5% . S22 MR 2K T8 bRy

V5 PR AT BEAE S, S EOL COD RIS 45 itk
i E e S e

25 S 5 I L A S 0 .
MANFRZEA K, BT KENEETE6-9TME - fﬁf
N N NI . N 15 LS
Z5 XK R AR AR BE T SRR Bl e RS e ~
—_
Gy i KT [R]E R IN S A Pl FEAA i e Yool g
S N Sz =y = — I b
K PR 2 O B B VR AU, AT S BURN 25 DO Al p
N s ®
BOD; AL T 245 . IR RN 1IN S BUK E K S| a @
SRR BT, AR P ZRCHR B DR B Ak B T e 2 ay, Qb
B AR 5 57 2 8 T P S 9 /0, ARl VB R A5 Al 7 3 1 O p oD oD i1t o o 2
ZE N e y . Ny 5y i K 3T 3T
T, A SR SR o B T e o T K S eT LA 5 i
s 0 YL e BE A N FAE T BB AL B2 KEEREEANENZR
ik (EK%E/J%%E ’ {*_nlgﬁﬁqn ﬂiéi&%\:ﬁl i AT Hbﬁ: Fig.2 Differences between the dry and wet
Rl BT 22 1 Tl a8 A 15 15 /K HEGHE A K B A B A HL seasons for nine water quality parameters
9.0 | —e— B N 140} —— LE col - E i
—— iF - F Of o %
8.7 F = 12.0 P ErL)
—: a
T osal g’ 10.0 é"
3 g
a1l 8.0
6.0
80 F
'J ~
° 2 2 10t L
2 § 6.0} g N
= e Z
a 4B | 0.5 F
S % g
“ ﬁ 40 Z
e 0.0
WQ\\'\,QO'»Q\% '19\“’\9\" q9\“’_19\'\’\9\(*”19\9 '19(\9 N '190'19\% (‘9\“&\“’%@“&(\&\%_\9\9 '19(\9
0 s
() i 12 5 7 KU (f)NH,-N
03} —-— x . R
—— [ * L e i
9.0 |
o *
= ~ 02} ~
ED 50 F * T] EL 6.0 F
= £ LI NLA- £
Toast = 01} =
L2 = s £ 50l
Z
0.0 F 0.0
0.0 F
mQ\\'w?\Wm&m&m&a?\bmQ\(\WQ\%w?\qm&g @N\wQ\WmQ\%mQ\b‘mQ\%mQ\bmQ\«wQ\%w“\qw&Q w“om“o'»“of»“&w“\%'&\bwQ\/\f»“\%w?\qm&g
Ay Ay Ay
(2)NO, -N (h)TP ()TN

T

*LORERIERRS ] K RP<0.05. P<0.01F1P<0.001(1 & & 1k K1 .

I3 K R 45 6R7E R 4 0 0 5 R T 2

Fig.3 Differences between dry and wet seasons for nine water quality parameters in different years
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Fig.6 Scatter plot of the relationship between WQI and inflow in dry and wet seasons
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Fig.7 Spatial distribution of WQI in dry and wet seasons
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Fig.8 Correlation of water quality parameters in dry and wet seasons
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Table 3 KMO and Bartlett’s test of sphericity in different seasons

Ay KMO Bartlett y* Bartlett P
Lk 0.559 586.394 0.000
WZE 0.566 357.874 0.000

% PC _E I F 4. SRR R4 03 R R
KT VIR, 505 R LASE RS 78.057% F170.133% 1Y
M. % DRI B T 2m i 4 X 58
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Table 4 Component loading and eigenvalues from PCA in different seasons

EiEtan i LEs
PC1 PC2 PC3 PC1 PC2 PC3

pH 0.031 0.763 -0.263 -0.295 0.440 -0.691
DO -0.021 -0.078 0.891 —0.252 0.235 0.845
BOD; 0.532 0.079 0.671 0.335 0.604 0.132
COD -0.101 0.826 -0.019 -0.171 0.698 0.036
AR RN EL 0.073 0.854 0.237 0.059 0.819 -0.123
NH,-N 0.747 0.259 0.189 0.626 0.391 -0.114
NO,-N 0.887 -0.286 -0.043 0.894 -0.209 0.021
TN 0.959 —0.144 0.065 0.926 -0.055 -0.006
TP 0.922 0.127 0.094 0.691 0.530 -0.038
LRI 3.581 2.192 1.251 2.970 2.130 1.212
TUHRH/% 39.793 24.360 13.904 32.996 23.668 13.469
SR TTIR % 39.793 64.152 78.057 32.996 56.664 70.133
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Fig.9 Spatial cluster analysis of monitoring sections in dry and wet seasons
x5 EBEEERERAKRIBRNERFITFAES N
Table 5 Statistics and ANOVA for water quality parameters in the clusters during dry season
- GI#4 G4 G4 W E R
7N o v — vt
! T bRiE2 THE b2 T b2 F P
pH 8.281 0.221 8.602 0.170 8.520 0.167 13.401 0.000
DO 9.175 1.144 10.324 0.946 10.977 1.380 9.504 0.000
BOD; 1.392 0.231 1.816 0.424 2.874 1.035 25.878 0.000
COD 11.837 2.611 18.819 3.880 16.931 4.122 13.311 0.000
EARTRER R EL 1.233 0.242 5213 0.491 4.739 0.972 132.836 0.000
NH,-N 0.163 0.070 0.280 0.091 0.435 0.165 23.473 0.000
NO;—N 1.095 0.140 0.585 0.200 3.222 2.628 23.381 0.000
TN 1.331 0.133 1.284 0.235 4.410 2.762 31.356 0.000
TP 0.017 0.002 0.035 0.008 0.139 0.081 44.853 0.000
*6 WEERRAKRIBRNERFITFAES N
Table 6 Statistics and ANOVA for water quality parameters in the clusters during wet season
- G141 G4l G4l BEEAER
7N — — —
) FHME i FHE bR FHME b F P
pH 8.288 0.340 8.590 0.236 8.498 0.224 6.358 0.003
DO 7.689 1.312 38.918 1.322 8.730 1.854 2.935 0.059
BOD; 1.144 0.401 1.280 0.496 2.392 1.050 21.342 0.000
COD 13.028 4.077 18.421 3.602 16.465 4.919 8.048 0.001
TR R ER TR AL 1.172 0.253 5.258 0.550 5.454 1.643 62.568 0.000
NH:;-N 0.232 0.076 0.286 0.073 0.457 0.150 25.955 0.000
NO,-N 0.917 0.306 0.330 0.268 2.451 2.296 23.736 0.000
TN 1.300 0.163 1.154 0.413 3.394 2.099 30.698 0.000
TP 0.018 0.009 0.040 0.014 0.233 0.134 64.401 0.000
= N P P y ==
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Fig.10 Rainfall during the dry and wet seasons from 2011 to 2020
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