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Spatial and temporal variations in the water quality of Baiyangdian Lake in the recent 30 years
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(1.State Key Laboratory of Water Environment Simulation, School of Environment , Beijing Normal University, Beijing 100875, China;
2.Key Laboratory for Water and Sediment Sciences of Ministry of Education, School of Environment, Beijing Normal University, Beijing
100875, China)

Abstract: Baiyangdian Lake is known as north China’s kidney. Therefore, its spatial and temporal variations in water quality are of great
significance for ensuring local ecological restoration. In this study, a comprehensive pollution index, cumulative anomaly method, Mann—
Kendall test, and hierarchical cluster analysis were used to investigate the spatial and temporal variations in the water quality of Baiyangdi-
an Lake. The results showed that the comprehensive pollution index fluctuated in recent years (1988—2016). In 2015, the water quality
was the worst with a water quality index value of up to 2.229. In terms of its temporal variation trends within each year, the highest compre-
hensive pollution index value was found in July, while the lowest was found in February. Seasonally, summer was the worst pollution dura-
tion, followed by autumn, spring, and winter. Furthermore, the TN concentration was the highest among all the monitoring indicators. With
respect to the spatial distribution, the water quality of Nanliuzhuang (northwest region) was the worst, followed by that of Zhangzhuangzi,
Zaolinzhuang, Quantou, Duancun, and Caiputai (east and south regions). In contrast, the water quality of Wangjiazhai and Shaochedian
(north region) was better.

Keywords: Baiyangdian Lake; water quality; spatial and temporal variation; comprehensive pollution index; time series analysis; hierarchi-

cal cluster analysis
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Figure 1 Location of Baiyangdian and distribution of monitoring points
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Figure 2 Interannual variation of water pollution index in Baiyangdian
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Figure 3 Cumulative anomaly curve of water pollution index



R APV 30 4K RN A A i

1055

PRI, AN B . BODs TS Y8 5 1E 1996—
2013 4141, 2002—2008 4EHE fia H 2. % , 2012 4F 7
A RAR . ZEA T AR B 2 B ks # , 2005—
2008 4B N RA R 2 s ARG ZR A 245805, HL
HOL T BEAFLN, RAERNRE . BRI HrEs
RGBSR B
2.1.2 N

FII I 1988—2016 4 7K J5t W I £ 45 1) 2 4F ) 1
(B A 2 494 AR B =X (3) 15 i T 45 K B 48
LR G5 Y 48 BUE K T A8 4k, S5 R an il 5 i3k 1
FiR o S AT LLE H, CODy, . BODs K i $6 F5 H 78

[ (2)CODy,

%4511 Statistical magnitude U

_4 L 1 1 1 1
1996 2000 2004 2008 2012 2016
FA5y Year

4i 11 Statistical magnitude U

4 . . . . .
1996 2000 2004 2008 2012 2016
AEA)) Year

[ (e)BOD;

4511 Statistical magnitude U

-4 Il Il Il Il Il
1996 2000 2004 2008 2012 2016
Ay Year

— IEFHIUF == f 75 UB e 0.05 {2 & 7K F- Significant level

El4 T4iE

FEARK 4.9, 11,12 H NHi-N {5 Q38 50 K, 1 A5
Y e Bt /N s TN AR N AR K, 3.4 .9—12 J1 5 4
FREC A, Hox 015 Y d8 508 /0N 5 TP B K5 e 45
BT H . BIRINS .7 KB HRZE, 2 H KR
U, 15 G4 BN B 5 2 BODs . CODy, NHi-N |
TP .TN.

MR VAT LLE B2 Yo fe 8, 256 5 Y dh
Bt R 1375, 4 ZR 25 A 15 Y R B Ik R 11,35, 25
AR BN R B E B R A TNTG 455k
e, BODs 15 Yo B 1%, 15 Y45 FONMIL S 35 40 51 2
BODs.CODy, .NH;-N TP TN,

[ (b)NH:-N

~~~~~~

.
‘‘‘‘‘‘‘

4511t Statistical magnitude U

—4 I
1996 2000 2004 2008 2012 2016
45 Year

[ (TP

45 1 Statistical magnitude U

_4 L
1996 2000 2004 2008 2012 2016
HEAJ) Year

[ (Hwor

451 Statistical magnitude U

4 . . . . .
1996 2000 2004 2008 2012 2016
)y Year

RIS U Hh 2k

Figure 4 Mutation diagnosis curve of water pollution index



1056

2301 O Bo, ZRERCE Ty
_g o Tp Comprehensive pollution index
52001 EATN
o
w2 N NHi-N —
2= 150p D copy, W
=&
e
1'% 1001 —
g, ) % % %
§ 5.0 ' 1 177 ; ‘ /]
o S N ﬁ N
0
1 2 5 6 7 10
H 153 Month
(a) LR 15 a5

RAWIMER F 2R EREE R
60.0 [
g
= 500
g
&S 4001
ol
=
= 2 300
'z
{%E 200¢
o
£ 100}
=]
O
CODy,  NHi-N TN TP BOD;
1599 Pollutant
(b) K TS5k

5 BFEGATTRENKRSERAZTH

Figure 5 Monthly variation of comprehensive pollution index and individual indexes of water quality in Baiyangdian

®1 KRSEHRNGEBSRELFTENL

Table 1 Seasonal variation of comprehensive pollution index and individual indexes of water quality in Baiyangdian

Z=7 Season CODy, NHi-N TN TP BOD; > P
# 1.44 1.97 4.37 0.88 0.95 11.88
= 1.44 1.46 2.84 3.87 0.99 13.75
% 1.53 2.11 5.17 1.09 0.96 13.68
4 1.47 1.47 3.66 1.42 0.89 11.35
> P, 5.88 7.01 16.04 7.26 3.79
22 FEET XPBLUF o 5 =2 A T AT AN 3 12 X S E Hh

XF AT 30 4745 M I i LK AR AR T S g B (et
Fras R . BOREW], FIPRVE 8/ I A A7
7523 [A) AR RIAPE A 22 S0k (1 6) o A s, 8 4 mi Aot
AP0 =2 S — A D R R 5 B 2R A A

FRIETGE GV ; 5 =R R AL TE Tk AR |
Bk At R o 28— LA T PR TE P LR

IR ATE T, K 22 , AN A2 V 2R PR 203K, X
RN AR 5= Ay N S <Y A A i 471 0 1

W 5432 Monitoring points

l%ﬁﬁ RSk AP st R sKEE B4R T 5TE MK

Zﬁz' | ]
£
ZsH — —
m.Z2
H 24 N () S B
CEsH —
o
=
6-77_ 4 —1
7

Elo =HBEER

Figure 6 Results of spatial clustering

B, %5 —ERENERAT KRS AN T
KB — %

3 g

AKJEAEBRAE A4 M SR, K TR R i 3h AR Ak
WQITE 2000,2006.2015 45y i B, ST PIAEBS A T B
Hrpr,1988—2000 4F-[], /K BT 52 TR, FEE T
A TE P 1 1 a0 5 75 G A T B9 8GN 5 7E 2002—2009
], 2R IEA T A S AR K, 2006—2010 47K A fr
2 U 2015 A K457 R A IR L TE XI5 G iR
FIEENINT A TR 0 B 8 4 A o s I8 S 5 A, IR
2006 4 4 VETE /K JR 2, Zhao Z5PF 57 25 W 14 ¥ I
2000—2010 4E- £ G 15 Y 48 B0 A HoAT I 3l |, 2000
LA YRR o L ERFIR S S A A B A
— Y ERTEHE . v BB K TS bR e BOAS [ A
X, SR EESEYE I T DO . BODs ., CODy, 3 54547 , Zhao %5
PEHL T pH . DO .BODs . TN NH;-N TP 6 i f§ 45 , ifij 4<
SCHERRR bR 2, L T AR AR, T EUE BRAS AL S BT A
225 AT RE 5 BEERU ] 2 81 KR R AG 5% , 5K 18545  Zhao
S HT T 1973—2007 4EH1 2000—2010 4E AU 4AE R



R APV 30 4K RN A A i

1057

Ak A SO T 1988—2016 4R 4EBRAS AL, , V5 L 2R
BN 575 YRS TS YRt ) A 0%, 1k R ] A R
], AT e B A fr 22 5.

IK AN Ao BT R oK ide 22, &
Fe K T e o 3 Ak — B 1% 5 DR ] B 2 W T K A
LRGN SAE SRR PR i 2 . 2R RS
YA G R, 7K I R, K A R SR AR R iR S S
Sk, K SOl S In bR vE X e 5 YRRk, 52 7K
5o SRIESEHAN ZEA 15 Y8 BON = BMR O 7
B2 Bk S ARSI R R A 5T 45 SN — 3, ok
2006 4-F  WFT A IR — 3. TR ] GRS A /K st 4
B WG P FIANTE] o 5K S T TP ONHE-N
CODy., . BODs 4 AR, BFFE T 2006 4F4F N84k, , 16 HL
FEPRELD | W ] e 4 3500 5 AR SCRE I 7 4 A, BFAE T
1988—2016 445 4k, , X 4 P4 7K J53 2% A6 R AIE 1Y) 43 B B
MAH . HET, PR K AR LR AN, R
55 AN BTk R TRk SR R K T AR N AR AR 1 SR 3
ML 58 ) JBLA T iME— 25 5

IKJGLZS (B A3 BT 45 SR 2 01 1 Ve AR K ARGy
FVGEB, LLbe 22 U8 F1 F ZR 2 AR M UK BT e 4
JEVESK L AR A T AL A AR T R RS TR K TR 2,
XIE P PE L EROK BT e 25 o 3 AT A2 T UE Xl
PA PG AR EE AR, KR TR A ARl P AR
TR IR 2, SR | (R P = A KR
) %5 B R, NIRRT G Ay — 8 RBRAICR 48T+ T
KA B VAR R (A K 5T FR PG 1] 2R i e o TR
AR Z2 R R AN K IR AR GER™, Forf g | B0 JE T8
BONFRRE , ATE T B RIS e kA 7 e, 4
FETZREK . BEAk, U DX AU ES 107 16 55 HE /K A 9 5
B BEHAT A RN K AT AT . Zhao 251
WFFE K BTG A6 T5 Y e ™ 5, AL A PG R 3k o S
e, PRI ASER TG YR s LA S A OB R 5E 4
FHI], AT RE - B ] e 2] s o7 W 5 s A —
A K, Zhao 25X} 2007—2008 4 13 /4> i A7 B E 47
TSR] FE SIS, AN ST 1988—2016 4 8 4~ i A 4
P EATFFE, 0T AR 0 78 43 b S s s 345 0 A

1988—2016 4, I JE K it AR R BN Bk 3
FEV5 YY) A CODy, JNH;=N TN, TP . BOD;, 5 Th#
JRAE T EPI RS R — 8 KRR
SRR - (D) AT K 22, 209 V25 (2) AJE
AR VETH F R ) T B 5 (3) TE AR A= TR 15 7K .
P ATE  RUEIE 3 IR G HE R G AR R B
PEAKAMNGE HETS AL A6 IRAE TS K A 3 it e 1 U

RIS e h B K™ IR B B A 2R B R I A BE A
UE K INEAT R T — E LI B (AT it — 2P o
ST X PR DE P b7 DX 38 2 P A VE ]
VR A A2 AT TS 2 5 X 7 S R g 0 X3
PEUE P S IREH TS e s X RN XS IR AN KA 1
AN 25 73 S, St i

4 £t

(1) WAEBRZE AL B, 1988 4E B4, [ VETE K T
HEBR AR AL HAG P S PE, NHG-N A9 728 5 R 80 RN
0.859,CODy, NHi-N .BODs 75 YL R A4 S B THiEs
P LEA TS YRR B B BT BRI AR A R
CODy, . NH;=N . BODs 43 HI7E 2012 ,2000 . 2012 4F 7= 4
AR AR R AR R

) MNAENZE EF T A 56815 Q48 8w L 2
N 25815 G B K, 15 G4 35 BN £ &5 2 BODs
CODw, [NHi-N TP TN; fE 2 15 53411 b, 27515 YL d6 41
I ESBOEFE>L 15 Y48 BOME R & 550k
BODs.CODy, .NH;-N TP TN,

(3) 3& XK BT AEZS [l 3 Al B B 22 71k, VT E
AR AT AT TGS, LAKE 238 Ml R IE AR
JEEBAK T foc i, T T T L ASMR T &5 i Ak 1 2R A e
BB TR 2, e R T 7 A PG AR K i e 22 .

Sk

[1] Tockner K, Stanford J A. Riverine flood plains: Present state and future
trends[J]. Environmental Conservation, 2002, 9(3) :308-330.

[2) Bkl Fhoete, 5l g%, S5 o IRITA BUDR 2 Th7 I A 3K (]
JPHEREL)]. IR, 2010, 22(6) : 799-810.
YANG Gui-shan, MA Rong—hua, ZHANG Lu, et al. Lake status, major
problems and protection strategy in ChinalJ]. Journal of Lake Sciences,
2010, 22(6) :799-810.

[3] BI%EMy, & 4, Fhasls, 55 0 AR KA S R G ISs DR (2
AEBPAN D). A2 252441, 2015, 35(7) :2255-2264.
JIA Jun—mei, LUO Wei, DU Ting—ting, et al. Valuation of changes of
ecosystem services of Tai Lake in recent 10 years[]|. Acta Ecologica Si-
nica, 2015, 35(7) :2255-2264.

[4] Yang Y, Yin X A, Yang Z F. Environmental flow management strate-
gies based on the integration of water quantity and quality, a case study
of the Baiyangdian Wetland, China[J]. Ecological Engineering, 2016,
96:150-161.

[5] AR, PRI B . PR K BREE BT AT )] R R AL TR S R R R,
2015, 13(3) :457-462.
YANG Li-wei, CHEN Shi-yue. Assessment of water environment qual-
ity of Baiyang Lake[]]. South—to—North Water Transfers and Water Sci-
ence & Technology, 2015, 13(3) :457-462.



1058

URIEIRCX ity F39655H

[6] Wu F F, Wang X. Eutrophication evaluation based on set pair analysis
of Baiyangdian Lake, north China[J]. Procedia Environmental Sciences,
2012, 13:1030-1036.

(714 #, EAR B &% R BEE e T ST By
B R RE, 2014, 42(35) : 12616-12618.

LI Cheng, WANG Yue-feng, YANG Jing, et al. Application of princi-
pal component analysis in evaluation of Baiyangdian Lake pollution|J].
Journal of Anhui Agricultural Sciences, 2014, 42(35) :12616-12618.

[8] A= RUk, PLER S, XUAFIEE, 55 . W FHISUAE S AEE PR Al /K9] e T

7K BBUIR()]. A=A 2% 5, 2005, 24(7) : 785-789.
LI Feng—chao, SHEN Yun-—fen, LIU Cun—qi, et al. Assessment of the
water quality using protozoan communities during low water period in
Baiyangdian Lake[J]. Chinese Journal of Ecology, 2005, 24(7) : 785—
789.

(9] a2, A, X, 45 . FIPEBERR K BT 5 /K A A SR B 5

[J]. BREERLA 240, 2013, 33(11) :3160-3165.
WU Shi-rong, XU Meng—jia, ZHAO Yan-—wei, et al. Correlation be-
tween water quality and aquatic life in Baiyangdian Wetland[J]. Acta
Scientiae Circumstantiae, 2013, 33(11):3160-3165.

[10] EHHcR, TG, 5K € AL, 55 . P RERT & SR A0 9 A7 0

SRR AR, 2018, 38(2) :443-456.
MA Mu-yuan, CUI Li-juan, ZHANG Man-yin, et al. Primary produc-
tion of periphyton and their relationship to water quality in Baiyangdi-
an Lake, China[J]. Acta Ecologica Sinica, 2018, 38(2) : 443-456.
(R SR, JH 4%, 55 P RE A S T 2 6 X T RIF 5
[ KRR HL 4% A, 2019, 50(2) :21-27.
YANG Yu-feng, YI Yu—jun, ZHOU Yang, et al. Influence factors of
benthic macroinvertebrate community in Baiyangdian Lake[J]. Water
Resources and Hydropower Engineering, 2019, 50(2) :21-27.
[12] 5K &, XS, EIME . FRAERE KRN 28 22 0 B K 7 5
IMHTLI. FREERREAEA, 2010, 30(2) :261-267.
ZHANG Ting, LIU Jing-ling, WANG Xue—mei. Causal analysis of the
spatial—temporal variation of water quality in Baiyangdian[J]. Acta Sci-
entiae Circumstantiae, 2010, 30(2):261-267.
[13] Jesp s, ite, B0, S5 . U E I AE 11 J] 3K J5 s i) 28
FRHIEIHTLI]. AR AEIERL, 2016, 34(9) :35-38.
LONG Xing—xing, YANG Lu-hua, XIA Hui, et al. Analysis of spatial
variation of water quality around the entrance of Fu River in Baiyang-
dian[J]. Water Resources and Power, 2016, 34(9) :35-38.

[14] BR/NE R, B K, 55 FIPERTE K IR G N 28 00 A 5 1 B R
AT TR R, 2018, 46(24) :370-373.
YANG Xiao-lan, ZHANG Ru—chun, MAO Xin, et al. Spatial and tem-
poral distribution and eutrophication analysis of nitrogen and phos-
phorus in Baiyangdian water body[J]. Jiangsu Agricultural Sciences,
2018, 46(24) :370-373.

[15] 95 K Ae, ARHF, Reflide 45 23415 Y s BOT M S K BT ) 0
AR P EFREEEI, 1999(6) : 46-48.
JIANG Huo—hua, ZHU Jian—ping, LIANG De-hua, et al. The relation-
ship between comprehensive pollution index assessment and water
quality type distinguishing[J]. Environmental Monitoring in China,
1999(6) : 46-48.

[16] BRI, XUAER . K5 Qi A 1R B ik -5 00 2 #r 0], PR T
T, 2004, 22(1) :64-66, 69.

XUE Qiao—ying, LIU Jian-ming. Methods and analyses of water pollu-
tion comprehensive index assessment[]]. Environmental Engineering,
2004, 22(1) :64-66, 69.

[17] Ran L' S, Wang S J, Fan X L. Channel change at Toudaoguai station
and its responses to the operation of upstream reservoirs in the upper
Yellow River[J]. Journal of Geographical Sciences, 2010, 20(2) : 231-
247

(18] AT, BRI A:, HEARAR, 25 . 19514 & 2010 4Edb 5 i B /K Rk
AR ARFAEL) ). BEIRALS:, 2012, 34(7) : 12871297,

ZHU Long—teng, CHEN Yuan—sheng, YAN Ran-ran, et al. The change
characteristics of precipitation and temperature in Beijing from 1951
to 2010[J]. Resources Science, 2012, 34(7) :1287-1297.

(91 BR & % AR B R (1980—20114F) 4
HGI B I WHERR, 2013, 25(5) :635-642.

GAO Wei, CHEN Yan, XU Min, et al. Trend and driving factors of wa-
ter quality change in Lake Fuxian (1980—2011)[J]. Journal of Lake
Sciences, 2013, 25(5) :635-642.

[20] B4 R, BOEFY, 95 24, 45 . UK BT I 25 40 A e il S 5 i

FHII). BB, 2012, 33(4) :1098-1107.
HUANG Jin-liang, HUANG Ya-ling, LI Qing—sheng, et al. Prelimi-
nary analysis of spatiotemporal variation of water quality and its influ-
encing factors in the Jiulong River watershed[]]. Environmental Sci-
ence, 2012, 33(4):1098-1107.

[21] Ajorlo M, Abdullah R, Yusoff M, et al. Multivariate statistical tech-
niques for the assessment of seasonal variations in surface water quali-
ty of pasture ecosystems|]]. Environmental Monitoring and Assess-
ment, 2013, 185(10) : 8649-8658.

[22] ¥k &1, EAAE, R, 45 OKIGUT 20 14 AR ) MUK <

el AL AL SRS BT (1], IREBERE 24741, 2015, 35(4) : 965
974.
GENG Hong, XUAN Ying-ying, CAI Xia—tong, et al. Mass concentra-
tion variation and cluster analysis of urban air pollutants in Taiyuan,
Shanxi Province during Chinese New Year of 2014[]J]. Acta Scientiae
Circumstantiae, 2015, 35(4) :965-974.

[23] IR . P E K PR IRE DR 4P S i ) UIT 52 (D). P45 < Il bR,
2019.

SUN Tian—tong. Study on legislation of water environmental protec-
tion in Baiyangdian Lake[D]. Baoding: Hebei University, 2019.

[24] 5= 53, AR E U A ARSI AJE K SE AR A R 4 BT
[J]. KRR A A, 2013, 44(12) : 1-4, 23.

YUAN Yong, YAN Deng—hua, WANG Hao, et al. Attributive analysis
on evolution of inflow to Baiyangdian Wetland[J]. Water Resources and
Hydropower Engineering, 2013, 44(12) : 1-4, 23.

[25] BRI, BXAEPC, SEIGEAR . IRV IR 0T 10 45 7K BK 4 22 fL LA

STl HERKF], 2011(3) 1 10-11, 18.
CHENG Zhao-li, ZHAO Jun—qing, HAN Xiao—dong. Analysis on the
change law of water quality and quantity in Baiyangdian Wetland in
recent 10 years[]]. Haihe Water Resources, 2011(3):10-11, 18.

[26] Zhao Y, Yang Z F, Li Y X. Investigation of water pollution in Baiyang-



R APV 30 4K RN A A i

1059

dian Lake, China[J]. Procedia Environmental Sciences, 2010, 2: 737~
748.

[27] HfHk, EEE, & 25, 5. K FRERR AL SR BRI SR
[7]. BH%F4, 2019, 37(21) : 14-25.

LI Lin=lin, WANG Guo—qing, QIN Pan, et al. Water environmental
quality of Baiyangdian Lake and its treatment and protection counter-
measures|[J]. Science & Technology Review, 2019, 37(21) : 14-25.

[28] Zhao Y, Xia X H, Yang Z F, et al. Assessment of water quality in Bai-
yangdian Lake using multivariate statistical techniques|J]. Procedia
Environmental Sciences, 2012, 13:1213 — 1226.

[29] i A, AR, FEALE . FRETS YL A 4[], B R

H5#AR, 2012, 35(12) : 100-103.
MENG Rui, HE Lian—sheng, XI Bei—dou. Principal component analy-
sis of Baiyangdian Lake pollutions|J|. Environmental Science & Tech-
nology, 2012, 35(12) : 100-103.

[30] BREEIH, XM P, SEEkIE, 45 . FIPEREKIREETS YEBIA X 5[], v [

AR, 2006, 14(2) :27-31.

ZHANG Xiao—gui, LIU Shu-qing, DOU Tie-ling, et al. Strategies for
controlling water environmental pollution in the area of Baiyangdian
Lake[J]. Chinese Journal of Eco—Agriculture, 2006, 14(2) :27-31.

B ERE A, RIEEE, 246, % . ZETIRNIZh Y S S VAR B (B-1BD Y
P U2 M A HET A (). Al BRETR} #2241, 2012, 31(9) - 1808~
1814.

XU Meng—jia, ZHU Xiao-xia, ZHAO Yan—wei, et al. Health assess-
ment of Baiyangdian Wetland based on B-=IBI index[J]. Journal of
Agro—Environment Science, 2012, 31(9) : 1808—1814.

B21 % 3E, BREMH, HiEiE, % . (e S RG] £E
. 2013, 33(21) :6904-6912.

XU Fei, ZHAO Yan—wei, YANG Zhi—feng, et al. Ecosystem health as-
sessment in Baiyangdian Lake[]]. Acta Ecologica Sinica, 2013, 33
(21):6904-6912.



