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Water Quality Analysis of Beijing Segment of South-to-North Water Diversion

Middle Route Project

XU Hua-shan', ZHAO Lei', SUN Hao-su', REN Yu-fen’* , DING Tao' , CHANG Shuai' , WANG Hai-dong' , LI
Miao' , GUO Zhao'

(1. Daning Management Office of the Beijing South-to-North Water Diversion, Beijing 102442, China; 2. State Key Laboratory of Urban and
Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Water quality is the key problem that water management departments concern. Water quality of Beijing segment of South-to-
North Water Diversion Middle Route Project is closely related to water security and social stability in Beijing. Since the connection of
Beijing part in Middle Route of South-to-North Diversion Project, water quality data of Daning regulation and storage reservoir and
Daning surge tank was collected, and water quality indexes including water temperature, total nitrogen, nitrate nitrogen, chloride ion,
sulfate, dissolved oxygen, permanganate index, pH, ammonia nitrogen, fluorine ion and total phosphorus, were monitored monthly.
With variance analysis, water quality difference among different water sources of the South-to-North Water Diversion of Middle Route
was analyzed. With factor analysis method, the water quality risk factors of Daning regulation and storage reservoir and Daning surge
tank were identified. The results were as following, water from Hebei province had higher contents of nitrate nitrogen, total nitrogen,
fluorine ion, chloride ion and sulfate than those of water from Danjiangkou reservoir, but the water quality was not as good as that from
Danjiangkou reservoir. LSD difference test results showed that the dissolved oxygen, nitrate nitrogen and total nitrogen of the water from
Hebei province had significant differences (P <0.05) between flood season and non-flood season, there was significant difference (P
<0.05) in pH of water from Danjiangkou reservoir between flood season and non-flood season, and the water quality of Danjiangkou
reservoir was more stable than water from Heibei province. No matter in flood season or non-flood season, there were no significant
differences (P <0.05) in pH, dissolved oxygen, permanganate index, total phosphorus and ammonia nitrogen between the water from
Danjiangkou reservoir and Heibei province, but there were significant differences (P < 0.05) in nitrate nitrogen, total nitrogen,
fluorine ion and sulfate ion and chloride ion. Contents of Nitrate nitrogen, total nitrogen, sulfate and chloride ion in 2015 ( the mixture
of water from Hebei province and Danjiangkou reservoir) in Daning regulation and storage reservoir were lower than those in 2012-2014

(water from Hebei province) , and the water from Danjiangkou reservoir played a key role in dilution and adjustment of the water from
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Hebei province in Daning regulation and storage reservoir. The water quality differences test results between 2012-2014 and 2015
showed that there were significant differences (P <0.05) in the nitrate nitrogen, total nitrogen, fluorine ion, sulfate and chloride ion
both in flood season and non-flood season, and the water quality of 2015 was better than that of 2012 ~2014 in non-flood season, but
the differences of pH, dissolved oxygen, permanganate index, total phosphorus, ammonia nitrogen were not obvious (P <0.05). The
difference test results between Daning regulation and storage reservoir and Daning surge tank showed that Permanganate index, total
nitrogen, fluorine ion, sulfate and chloride ion had significant differences (P <0.05) both in flood season and non-flood season, and
the contents of permanganate index, fluorine ion, sulfate and chloride ions in Daning regulation and storage reservoir were higher than
those in Daning surge tank. The factor analysis results indicated that water quality potential risk factors both in Daning regulation and
storage reservoir and Daning surge tank were mainly nitrogen, including ammonia nitrogen, nitrate nitrogen and total nitrogen, and
potential risk factors also included total phosphorus in Daning regulation and storage reservoir.

Key words: middle route of South-to-North Water Diversion ;water quality ; Daning regulation and storage reservoir; Daning surge tank ;
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Fig. 2 Water quality change of water from Hebei province and Danjiangkou reservoir in Daning surge tank
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Table 1 ~ Water quality difference comparison of Daning surge tank in flood season and non-flood season
DO R TR EL NO; -N NH, -N
RS el pH Q! Q7! -1 -1
/mg-L /mg-L /mg-L /mg-L,
K (2008 ~2014 4F) i 8.318 £0.053 a 8.069+0.339 b 2.211+0.152a  1.880+0.202 b 0.121 £0.013 a
JEMI 8.400£0.041a 11.726+0.392a 1.978+0.097 a  2.639 0.186 a 0.104 £0.007 a
117K (2015 4F) TR 8.500+0.091 a 8.375+0.366a 2.575+0.236a  0.7260.075 a 0.097 £0.005 a
JEMI 8.238+0.038 b 11.175+1.115a 2.21320.116a  0.661 £0.063 a 0.113 £0.007 a
SUHEKTT K (2008 ~2014 4F 2015 4F) I#K  8.319+0.053a 8.069+0.339a 2.211+0.152a  1.880+0.202 a 0.121 £0.013 a
WK 8.500+0.091 a 8.375+0.366a 2.575+0.236a  0.726 +0.075 b 0.097 £0.005 a
JETIATE K TT7K (2008 ~2014 4F 2015 4F) FEMIFK  8.400£0.041 a 11.726+0.392a 1.978+0.097 a  2.639 0.186 a 0.104 £0.007 a
ERITK  8.238£0.038 a 11.175+1.115a 2.213+0.116 a  0.661 +0.063 b 0.113 £0.007 a
%4 0 B B F- 803~ al-

§ /mg-L~! /mg-L~! /mg-L~! /mg-L ! /mg-L~!
FEK (2008 ~2014 4F) N 2.396+£0.112a 0.033+0.011a 0.435+0.024a 111.080£9.871a  22.684+2.110 a
JEWIH 2.806+0.129a 0.018+0.003 a 0.4210.017 a 116.437+10.413 a  23.375 +2.446 a
k(2015 4) ] 1.094 £0.055a 0.017£0.003 a 0.260 £0.014 a  33.025 £0.681 a 5.650 £0.212 a
JEWIH 1.07420.057a 0.014+0.002a 0.266+0.015a  33.838+0.884 a 5.565+0.178 a
SR IT K (2008 ~ 2014 4F 2015 4F) WUH#EK  2.394+0.112a 0.033+0.011a 0.435+0.024a 111.080+9.872a  22.684 +2.110 a
WK 1.094+0.055b  0.017+£0.003 2 0.260+0.014 b 33.025+0.681 b 5.650 £0.212 b
HERTEK T K (2008 ~2014 4 2015 4F) MUK 2.806+0.129 2 0.018 £0.003 a  0.421 £0.017 a  116.437 £10.413 2 23.375+2.446 a
EFIIK  1.074 £0.057 b 0.014 £0.002a  0.266+0.015h  33.878 +0.884 b 8.565+0.178 b
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2012 ~2014 F12015 47K 22 7K B 4F N 48 £k dn
3N, N AT AR, BA. IR A T
2015 4F (BLK + VLK) 2AEET 2012 ~ 2014 4F
(FLK) | TTARAEAK JZE XS B S 3 1 AR 1 B s A 4
YEHT, A8 AR AR AR B i (&1 3) .
2.4 KRTWEKE 2012 ~2014 4E 2 2015 4, ]
RN E TR K BT 22 S Mo B

R T RIS K AR AT G E T, R T A
BIKE 2012 ~ 2014 4E % 2015 4F pH . A &S 10 T
BRI AR EAT LSD 22 S AG6 | 45 SR 4
2 Fras. Al FUBAEHETUHEE AL, SR B/
B, MR MEAE AR EEES (P <
0.05) ,2015 4E/K AR T 2012 ~ 2014 4E 7K 5, Hifth
pH ., W5 =R ERTe B, Sk, A X 5 M8

Pr2E FEARIHE (P <0.05) (£ 2). 2008 ~2014 4
(R He Mt 7K B A 2012 ~ 2014 4F 8 7K B 7K J5 TR A F
I R A5 AR o M AR PR R FR . B, W
T IR R E TSR E, b R R
BT B AR KR TR R, v S
IKEERIRE K, vl ¥ v 0 ( EHLER) ¥ F
AU RUK R T 3R R 3, K X U
F—FE BRI, 2008 ~2014 4E3# & W F1 2012
~2014 oK FERIK BT 22 5 R I 45 R BoOR &
FRREREE . BA . ME T MRk AEETES
PERLE (R 2), SAugs R —2. KRTMEKE
B EBARS T —Z MR EN, ARES R E
PRS2, TR 7K AR K A2 32 47, [R] B 1 3 R 7K
b KRR I K R N B S R KB K AR 3 e
%, T B ) O KA OK AR AR, B 1k K AR R A
FZ ML 7KK 5T
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Fig. 3 Water quality change of water from Hebei province and mixture water of Danjiangkou reservoir

and Hebei province in Daning regulation and storage reservoir
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Table 2 Water quality difference comparison of Daning regulation and storage reservoir in flood season and non-flood season
DO R e NO; -N NH; -N
W x5 pH . e 2 i
/mg-L /mg-L /mg-L /mg-L
o 2012 ~2014 4EK R (3K) 8.273 +0.158 a  8.373+0.383 a  2.850+0.153 a 1.094 £0.142 a 0.133£0.024 a
’ 2015 4F7KFE (3K + LK) 8.625+0.132a 8.175+0.304 a  2.525+0.048 a  0.423 +0.091 b 0.135+0.001 a
T 2012 ~2014 4EK R (FK) 8.375+0.041 a 10.809 £0.540 a  2.406 +0.131 a 1.192 £0.138 a 0.113 £0.010 a
2015 AEIK IR (BEK +71K) 8.225+0.084 a 11.150+1.283 a  2.225+0.099 a  0.569 +0.079 b 0.119 £0.021 a
o 2008 ~2014 i 3 ( 3K ) 8.319+0.053a 8.0609+0.339a 2.144+0.205b  1.604 +0.205 a 0.121 £0.013 a
’ 2012 ~2014 ZKJE (FLK) 8.273 +0.158 a  8.373+0.383 a  2.850+0.153 a 1.093 £0.142 a 0.133+0.024 a
T 2008 ~2014 3 ( LK) 8.400 £0.041 a 11.726 £0.392 a 1.099 £0.190 b 1.463 £0.230 a 0.104 £0.007 a
72012 ~2014 JKIE (FEK) 8.375+0.041 a  10.809 £0.540 a  2.406 +0.313 a 1.192 £0.138 a 0.113 £0.009 a
TN TP F- S0;~ al-
CEIENTE y . . - »
/mg-L /mg-L /mg-L /mg-L 1 /mg-L
S 2012 ~2014 4EKJE (3K) 1.557+0.141a  0.019+£0.002 a  0.605+0.025 a 192.591 £11.667 a 41.227 +1.426 a
’ 2015 4E7K R (ZEK + 1K) 0.860 +£0.068 b 0.013 £0.003 a  0.470 £0.049 b  90.025 £4.373 b 17.975 +0.968 b
ST 2012 ~2014 /K% (FEK) 1.893 +0.258 a  0.024 £0.005 a  0.540 £0.032 a 176.375 £4.327 a  38.394 +0.909 a
72015 4EAKPE(HK + 1K) 0.978 +0.046 b 0.018 £0.005 a  0.391+0.027 b  71.263 £8.987 b  14.450+1.876 b
u 2008 ~2014 3 (3E7K) 2.359+0.126 a  0.034 £0.011 a  0.420+0.024 b 111.080+9.872 b  22.684 +2.110 b
i 2012 ~2014 JKJE (FEK) 1.557+0.141 b 0.019+£0.002 a  0.605+0.025 a 192.591 £11.667 a 41.227 +1.426 a
ST 2008 ~2014 3 (3EK) 2.806+0.129 a  0.018 £0.003 a  0.449 £0.024 b 135.034 £16.785 b 19.265 +2.402 b

2012 ~2014 7KJ%E (FLK) 1.893 £0.258 b

0.024 £0.005 a

0.540 £0.032 a 176.375 +4.327 a  38.394 £0.909 a

BRR | BERE DN T2 M FE. KMO Al Bartlett A5 3645
R 3 FR.

KT I s 2015 4F K B KMO £ 56 & 500
0. 565 , KT VEE 7K 28 K S5 s T 508 KMo A6 56 R 4K
$0.516,P <0.05, 7] LAk H R 520 1 U0 7K 44 3=
GG

HRHE B 53 Bt ok Fe ik 2] 85% H T £f &
S K S BN R B SR, R 7 R R b 4R B
AT 4 AR > 1), 2 5THVE N 85.45%
RE S WL AR A A B KT & K R A
T4 4, BiFsimk Rl 84.22% (£ 4) , hfE I me
JE AR H I AR

R FH B K 22 3R e i i TR 28y S B e
FEM TR R K 5T (BPPHT O KRR IKOK ) A 4
MEERE, R THEKEA S AFEEE(FS).
Liu 252 UCh S FF 2 A {853 98 >0.75, 0.75 ~
0.5 F10.5~0.3 B ACFEMRAHI A SCH 55 4H

%3 KMO 70 Bartlett I 45 R
Table 3 Results of KMO and Bartlett tests

i H KTWEM K TREKE
KMO 0. 565 0.516
ERTT 103. 552 160. 785
Bartlett 3% df 55 45
Sig. 0. 000 0. 000

. 4 AN H SR A DG B OK TR A, R AT TR
T EM AR 4 NARF i, F1L B STEk R A
27.89% ,Hrp PR F#ifar KT 0. 75 19 3 46 HR 530
FIBRERER (0.94) . BT (0.91) FIHE F(0.88),
5P EMBIFAELR. F2 TR N 22.87% , 5
KU 58 OF A OE (0.95), 5 A A R A 6
( -0.83). F3 [oaakR N 20. 99,5 8% (0.93)
0 (0.85) 2 3k I M 56, F4 5 & 4f R 1 45 5L
(0.75) BIEAHE, TTHRE R 13. 7% .

K TR E KK R FEHEA 5 2, M
R.(0.92) FHHA (0. 88) AR — A ILH T, 5 BT
MR 22.18% , S50 IE M &, F2 B9 ik % h
21.97% , 55 T (0.78) AR ERLE (0. 75) K 5® IE
. F3 TTHREE N 17. 03% , 5 pH (0. 90) FIZE A
(0.75) EIRIEAHG. F4 BUTTRRCR N 12.49% , 591
BT RRIEASC. FS BTHRR N 10.56% |, 5 Rk
L0 IEAHOC.

KT EG R A 4 26, KRTIEEK
PETRAETS YL N T4 5 25, S stk i 4 2514
T B RN ORI E B R AL AT
FIehn, SRR A SRR S R T R K
KB 5 e o — | B =N L O ARER K
R E BT K TR bR, S — A5 = AR IC R A4
B MAMEE, B BT R, AR A B
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Table 4 Matrix of rotated factor loadings
TR KT WEKE
b L) b Ly
Fl F2 F3 F4 Fl F2 F3 F4 F5
IAiEaN 0.94 HA 0.92
AT 0.91 Bl 0.88
() 0. 88 e 0.78
K iR 0.95 e 0.75
HBA -0.83 ey L=
i IR R AR AL
BA 0.93 pH 0.90
IEE- 0.85 AR 0.75
T R R HR 4 0.75 % 0.95
pH X7 0.96
FRIE(E 4.06  2.25 1.96  1.13  JFAE(H 3.22 217 1.29  0.96 0.77
BIRR/ % 27.89  22.87 20.99 13.7 Uk % 22.18 21.97 17.03 12.49  10.56
BHTTIRE % 27.89  50.77 71.75 85.45  BMTHR/% 22.18 44.15 61.18 73.66  84.22
JCRBE, RN AR | KR EE S B AR EREE TR RTIHEKELE TIHEKREFIK

=2
LR A

o1k
EZIPSES

3 g

Wi (K IR S5, R K 22 4 | e

(1) Bk P2l st BEROK AR AL BVAL.
FET . AE T WREE &S TILK, KK
PETEIK. A REFIKIEIETLK, 38 K LR K 5T
PREFTEMB K T KR LA (TN ASF) , IR
AR FH 7K AU

(2) BRI, B AURLEA, VLK pH WA
AT 2 5P B 2% (P <0.05) , TLK K FAs 38K o
REEE. TCIRTE WU & A AR U VK B K AE

H, B ShREh e 8, Smk . A X 5 M5
Fr B 2SR (P <0.05) , MHA . BA ., S
T oM LA TR EEESR (P <
0.05).

) RTREBKEMA ., B, MR M A
T & 2015 4F (38K + 7K ) 4K F 2012 ~2014
AE (LK) . 2012 ~2014 4F } 2015 45K 2R AR
I 7K 5T 22 St g 45 SR R i A S B
Y mBREMEAE FAEREEER (P <
a%%%ﬂ%mﬁmwim?mu~mmﬁv\
fil pH , AR SRR ER TR AL, BB A S

Bhr2E SEPEABE (P <0.05). ﬁmf mﬁﬂg
J&  TURAEAE TR S R R R 1E 4 . SR BT B
Fii kI B T 25 S o n%Mﬁ#ﬁ

T
ﬁ%ﬁﬂ%%?ﬁﬁ%?ﬂ%mwmﬁf ZVNES

Jo B R A .

(4) KT IR LRI T 981 38 7K 2 TR A 7K B XL
W7 EERATR AR EA . AR, KT
YLD A S RPN
SE Lk
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