F 185 E3H2024 53 A

;/T‘ f@ — gi é jﬁ Vol. 18, No.3 Mar. 2024

CHINESE JOURNAL OF ENVIROMENTAL ENGINEERING

@ http://www.cjee.ac.cn @ E-mail: cjee@rcees.ac.cn GRS (010) 62941074

DOI 10.12030/j.cjee.202309079  HE52ES X522 SCHERBRIEES A

BT 2 IR B IR B Bk oy K AL A 4 8 T
IR RYAE 3K J5 28 AR FFALE 53 e

;”}lg%l, X 1’57@ 1, 5’{&%2’3, ,%j—%)’r'l_}jl’ g{";,z;]é)jﬁd, F A2
Lorp E R KA TR A T AT R A R, B AT 1000385 2. VTR BEIR AR B 2 BT BT, B0 4300515 3. KITKH &
B3 2x ) P KR M T R 75 G A AR 4 R S &, I 430051

 F ORI P R T RK AR R 25 23 S, SR T IR BARAR A 30 /NI 10 AS/K BTAE FRIY
BT WEIEEE , FIHZ RS WQI K BB XK BT 404 . R R ISK BT IR R 3 AN RE, BEZ M)
FAEL 24 DWT RN — R B, R B 45 WK BT 48 bm v BE AR X 384G, L Flcoli (((44.41256.11) 4~-L™') . CODy,
((1.94£0.11) mg-L™") . SO, ((29.38+1.68) mg-L™") 1 DO ( (9.74+1.42) mg-L™") Z484R I BAR T HAMERE; FHM . FIK
Yoo VUL BUEG R E O 9 A5 IS BY, Flcoli ( (184.5£323.16) 1~-L™) . COD,,, ( (2.08£0.29) mg-L™") . SO,
((27.21£1.81) mg-L™") 1 DO ( (10.82+2.15) mg-L™") Z/K FiFa bRk A AT b s KEAN AW A28 = IR B, %R EBL TN,
NH,-N F1 BOD, #¢ & A B KA, 20510 (1.32£0.15), (0.07+0.05) F1 (1.52£0.51) mg-L™") . WQI 45 Rk, sk
T WQI FHIMELE 81~86 Z[i], KR HF WQI FHEEAR 81) , LFHE (84) . #kF (83) M1LFE (84), H
WQI FEIEVE R ETEAR . TS5 AT Ry h 2 TARK By A B4R L i dis

KHIE mKACIE; R WQI KBRS w2/ i

/KL FP LR TR R IR E R IR E A g TS, KA oy 2. AR K S TE /K T 2 AR (b i
B X EPE TRMK B T/ERA HEZE . TR TRV I B s sk B K, kT
WHATCRREE R . YRR S — AR S, JHEK L T RE Sl R RS ER K225 .
X TRERK BRI R R, O —Se2 2 E 0T TR AR, Aok IR X K e 4 5 A2,
TROTIRB RIS . B TR A ERAEC) AU K SRR R R AR A, (ERAETE KT
[N R A RN U {2 NN A

JZUR RS (hierarchical clustering) S {8 FHRRCHE 250 13 1A RIS EE 55 8] AR U B o X e A 7
32, IR RGEMR A —FI LD, TR GG SRS AR, kAR AR . DA A
B, BFE) . AEFRAIPEAN SSRGS TR, B TS Fa it 2 AR S BRI AOAH DG . 4R
XK, BEREEWHEREGZ0ai ik, $0 2N TR KR B dE T . ARG R KBS RIPEANR
HR RPN i, SRR AT, (BRI BA RS, KBTe%kk (water quality index, WQI) fZ
T AR KRS EAR I —F S . ERh oK BT EM . BT LR AR KRS
B, Wb I, ARCRIUK AR, A 20 22 60 ALK, AKBFEEGETE KBNS
sl Iz Y, RRAIDEAERIE . VAR K B RS T R AFRIORI P AR ST R AT S
WQI XKL P e TR KB X S0, A2 TRUK S PR IES %
1 #MRI5EE
1.1 X

FAZKACIH TP TARMNFHL PR EERZ UK T UK, K S TR 1432 km, EEIRERIT, &), I
WisBE: 2023-09-18; FEAHEHE: 2023-11-14

ESWH: WAtE ARPEIESEITH (2022CFB342) ; /K FIFF & KB R BT H (SKS-2022125)

F—1EH: 7 (1983—) , L, MWL, EHF TR, guofang@nsbd.cn; MKIBIEIEE: T# (1985—), B, Hil, #EFEHT
T, cwwhu@163.com


mailto:guofang@nsbd.cn
mailto:cwwhu@163.com

%534 BIFAE . BT IR AUK TR Bk i R 7K AL I T 2 T U R (7 K SR AU RHIE 20 B 645

TR DY, T TERE 54 m, FIKIE 6.95 m, BHHES KR 95x10° m*, gk TRHES 1T #4
I S AR S ey, R E A, AR OK A 542.7~1 173.4 mm Z[a], Hgk TR
2014 4 12 A 12 HiEsGEK, #ZE 2023 425 H, PLTAED BiHEUKE 560x10°m®, MRS RAEI X
JR X0 ARV R T
1.2 BuREWE

T2k TAR K T U T 30 KBTI (&1 1) , BHI RS, S8 (hEFKRSE
FiEARAE ) (GB3838-2002) YA HT T EE, I T 10 /K ES%k, 4% pH. /KiR (WT, °C) . K4
(DO, mg'L™") . L HAfLTE & (BOD;, mg'L™") | miifRikF5 % (CODy,, mg'L™") . KM EHE (F.
coli, 4~-L™") . E® (TP, mgL™") . B%& (TN, mgL™") . A (NH,-N, mg-L™") FIFERE: (SO,
mg L"), FEF|RL TASE KK SR, I LGEAKSE A (2017 4F 12 HE 2018 4E 11 A, LIF
FR 2018 4F) /E 8L RUAE Gy 474081, b 2017 4F 12 H—2018 4 2 A 47, 2018 4F 3—5 A NWEZ,
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Fig. 1 Distribution of sampling points in the middle route canal of the South-to-North Water Diversion Project
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dist BRECT AT H], RAEANBHI 5 NbClust pRETT AR 2], 2R ESEHET R 4.3.0 (R Programming
Language, University of Auckland, New Zealand) #X{F) NbClust 158 THEI =L (1) PR,

d= 4 > (X=X, )
k=1

K: d A i AWIEAEE j AW ERECEE RS Xik M i DNWTEIAVES & DRSS EUE; Xk M5 WY
5k MKESEUE.

ArcGIS 10.7 (ESRI, Redlands, CA, USA) fENZS AT TH, XTI RN T n AL B
i Pesce 1 Wunderlin BGEH) WQI B EEM, BARA M (2) k.

icipi

LL70) S — )

S

e n A SRR, C P, 4728 & i B — (R EFIRGEED ' MR Z ATEsE, C,
HZ% (HFKALEEFTEIRE) (GB 3838-2002) , 3L 0~100 434 11 DEUMNHATRE" ™, P, W/ IME
R KAHST BN 14 (K 1) o ZENTFREDK BRI ARELL S AT B /K B EE DL, A0 WQIL A
1534 0~100, 5 DG, SRR K BAEH ML RN 2, 1 (81~100) . R (61~80) . 1 (41~60) . 2%
(21~40) . thZ= (0~20) -

& 1 KEHEFFHIINEE (P) FV3A—1LE (C)
Table 1 Weight Value (P,) and Normalized Value (C)) of Water Quality Index

H—fkfEC,
KGR P,

100 90 8 70 60 50 40 30 20 10 0
K (WT) /C 1 21/16 22/15 24/14 26/12 28/10 30/5 32/0 36/-2 40/-4  45/-6  45/<-6

pH 1 7 78 7-85 79 657 695 510 411 312 213  1-14

wE (Do) / (mgL™) 4 =75 >7  >65 >6 >5 >4 >35 >3 >2 <1 <1
iR (S0,7) / (mgL™) 2 <5 <50 <75 <100 <150 <250 <400 <600 <1000 <1500 >1500
HBE (TP) / (mg-L™") 1 <02 <16 <32 <64 <96 <l6 <32 <64 <96 <160 >160
A (NHs-N) / (mg-L™") 3 <001 <0.05 <0. <02 <03 <04 <05 <075 <l <125 >125
FLRERE%L (CoD,,,) / (mg:L™") 3 <1 <2 <3 <4 <6 <8 <10 <12 <149 <15 >15
BA(TN) / (mgL™) 2 <08 <38 <75 <I3 <I8 <27 <48 <85 <149 <265  >265

i H AT E & (BOD;) / (mg'L™) 3 <05 <2 <3 <4 <5 <6 <8 <10 <12 <15 >15

BRI RE (Feoli) / (45171 3 <5 <50 <100 <200 <300 <400 <500 <700 <1000 <1400 >1400

KT B2 IR SR AH SRR KK RSB B a3, KIRZE R p<0.01 Fom EIHEE T IS R,
p<0.05 R LT PR EE, S T PSRN R R BRI TR K S5 AH
K, p<0.01 FIRMMENR T, p<0.05 FrnMIMERE, FMMSCHEANRE . ARFSORBIREZES
FLACR ] t K36, p<0.01 FRZERW B E, p<0.05 FREFTE, HWESARRE. FFE ST
SPSS 19.0 H15E,

2 R
2.1 IKBIEFRIRNR

30 AMBIHT 2018 AE/KFFEFRAIIERARRMEZE I 2 R, Ui uEasanE 2 iR, pH (HEMKER T
K%, FrA W pH (EEFErE 8 LUIE (K 2(a)), BUALTFEIIIIRES . NH-N W EHFESME S5 Tk
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MAZE, FrA WA NH,-N BT 12K (<0.15 mg- L', & 2(b)). F.coli [EMItHmE LS T}
B (E 2(c)), HHGEBEE TR, EEKETRR. COD,, BMKERTARS, ITEA LIHES, v
ML N EPEE . KESNANA ARG 5 WY COD,,, W R I 20Kk briE (2~4 mg L") , HAWrm

R 2 2018 FHETRKESHFTEL

Table 2 Seasonal changes of middle route canal water quality parameters in 2018

’iv Miﬁ ‘%'?EL 2
SRR

£

IR FE AR HE eSS b &S L7
pH 8.19£0.16 8.29+0.24 8.39+£0.15 8.14+0.18
NH,-N/ (mg-L™") 0.05+0.02 0.05+0.02 0.03+0.02 0.030.01
F.coli/ (4~L") 19.11+18.21 115.44+175.04 127.06+234.34 18.06+19.31
COD,,/ (mg-L™") 1.94+0.11 2.03+0.16 2.02+40.2 1.88+0.16
SO,”/ (mg'L™") 28.81+1.4 28.22+1.39 25.52+1.39 28.09+1.79
DO/ (mg-L™") 9.93+1.34 8.67+0.73 9.44+1.32 11.76+1.4
BODy/ (mg-L™) 0.9+0.49 0.810.4 0.92+0.45 1.2120.49
WT/ (C) 14.57+5.12 27.29+3.13 21.6144.73 6.79+3.89
TN/ (mg-L™") 1.27+0.14 1.2240.15 1.1240.13 1.26+0.16
TP/ (mg-L™") 0.01:£0.004 0.01=0.010 0.0120.004 0.01£0.004
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Fig. 2 The average concentration and standard deviation of water quality parameters of each monitoring section of
middle route canal in 2018

COD,,, HEHFFE 1 20K (<2 mg L', [ 2(d)), 115 2 mg- L' HedEin. SO, MR b i e
s (5 2(e)), HIREEREZE AR . 247 DO WL T 1 2OKbRE (7.5 mg L) , fK(EH
MAEAZ, AF] (11.76£1.4) mg-L'(E 2(f). BOD, ¥ B Mg [ JL 3R B i BTk (A 2(g)), 4%
BOD, W = FHAZ . WT fZs AL S b5 A pa ) disbikidiass (& 2(h)). TN A Bz ARk
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225, IrAWImE R TN RF 1 mg L™, HRMEHIATFSINA, WS 1.32 mg L' (K 2 (i)).
TP WEZFZRALE, AW NS T IOKARE (<0.02 mg L) , JbBENE TP AR T
sy, BT AR R R (E 2 ().
22 BRESHER

AT T BT S SR B 3 B, MEHE NbClust BREGTEZE R, BAERAECH 34, HiLsT
I 30 MUK R 3 ANRB, P BMNRAGESE 24 NTIRCNEE — B Wi, EP3E. PERIL . Hm
FERABRGI oSS — IR, KESIMAC S —IRE, SH—RBOUKHXFE, F.coli, COD,,. SO, #il DO %
KR FR M AR s 45 2Bk F.coli. SO, . COD,, Hl DO 2548454 i Fhid ; 45 = 4Bt TN, NH,-N #l

K| BTy W Wk O 7 U0 B8 2 AR 5 O G b K £ A R L 19 7

|| YR A T N R T W A B R B AR N K 2B R
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Fig. 3 Hierarchical clustering diagram of middle route canal monitoring sections in 2018

BOD; %5 48 #5 ¢ J& ik 2 & KH , 75 H
( 1.32+£0.15) . ( 0.07£0.05) FiI ( 1.52+0.51)
mg L™ (3 3) .

2.3 WQI KNSR

2018 AFEmg KL IR R T IR B AR fL Y 23 [a] 43

S pH 8.25+0.23 8.25+0.05 8.23+0.08
Wi WQI EHME A4 81 UL b, viilh&T NH;-N/ (mg' L") 0.04+0.01 0.04+0.02 0.07+0.05
BIRBURGUA L SRS, B 2K BRI Fooli/ (L) 44.41456.11  184.50£323.16  109.17+197.02
22 (K 4(a)), M WQIEEMAE THABZETT, H CODy/(mgL™) 1942011  2.08£0.29 2.09+0.32
ATRIIBTIH (40%) AKBLREL <R, HABZ=A K5 SO/ (mgL) 27214168  29.38+1.81 29.9142.46
TR, PRBIr. 2R, FREKEA DO/ (mgL")  9.74+142  10.82+2.15 10.76£2.57
m I J R B RS (8 4b)), HER—RER

*®3 PETFRIERBKRESHTHL
Table 3 Changes of water quality parameters in different
sections of the middle route canal

IKBTHERR FRRE BTIORBR WRRER

g e . BODy/ (mg'L™)  0.91£0.45 1.11£0.48 1.52+0.51
WOQISHEREPEs T4 IR BL R =B, 5 WT/ C 17.69+8.42  17.06£10.13  16.95=10.01
R NI 6948, 06£10. .95+10.

AR —IRBAA W K RS R K,
TN/ (mg-L ™) 1.22+0.16 1.18+0.11 1.320.15

3 i TP/ (mg L")
SR pH (EIRSSE, IR T4
FHES, X EZIER YR RS AL, Jea AR A, K iRmerr, &
B pH (ETHH o NH,-N FERFESNRWTE TR, X n] BRI RO KA R B R 2, REgek
BFRAR B N IR A
AWIERIL, Fcoli Hum S WT L AA—EE, AR P2 F.coli B THAL

0.01+0.005 0.01+0.003 0.01+0.004
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Fig. 4 Seasonal and spatial changes in middle route canal water quality in 2018

W, REABEAF T F.coli AR ZIHE, [HRTUE F.coli A FHEEH (p<0.01) , 1] WT #FFEE T4
e (p<0.01) , XATAEER N AKIG SRR F.coli SR AV ELHINY, itk gty . Kol
AT VALK, X W2 ) 2 25 ZIR ARG SR, 30 Focoli Fraizdiidin. SO,” &k
BRI RTAEYETOHLEL, PTRAR MUK IR S YR oL, B PR, K 5 et Sk S iE
LB, AR SANRUR AR YIRAST, DRAEIES — . =UEBE SO Wk T vl A SIS N AR Wy A AL
SRR R HRKEST TN IR THRAST, TERFNAAEHBRLE , BERRENESKE, #EE
RoER, HWOK P ENE S TR, IR T TN HeED 21, TP ik U A WS A3 (p<0.05) ,
BN 120 S N STy G U L R S TE R S PE 0L €

AT DO WREEGIFAER E KT, FEREUKIRE ST, DURFEEA M) & K™, Enrique
Sanchez FIAFFE45 %M, DO EH 5 WT 274, BIERAE e H B iR 8d % DO T4
Zel0 X SR Y4 R —B. COD,,, & I Wil 2 KA MLT5 YR B I 23 A PR FRT, Rl 16 4~ Y
COD,,, M %M I a3 H I B MFKZER) COD,,, R R, ARG G s A KA A (vt Ea bl
YA FBUWEY . BOD, AT LME R KA ML & A RHER, R8T 19 MY BOD; W
PRSI, X 53 CODy, %S AR A3 (HOCREL R=0.71, p<0.01) o XUHtEFIE ST
TSR RPN BRI, WT, DO Ml BOD; IAHEER, K BOD, WREEREE WT (T miFRAL. X
SARRT R T AR, TR YR RE T 3E5R, T8 BOD, WRIERFIC, IM7EA IR AR A Ak 2 iy ik
FEWAS , IR A e [RIRAEDRES, BOD, TR,

RAGERW HK EE R AR TS . 55— BB 2N, KR, WRRE, A
o, PRI TR TR FHECIRTE Sy, BERA K AT AR K BT bR AE 50 m . LITERIFSE R
COD,,, AN 4R SR B AR R, WA YR RAEM S BINBRS GV, ERFEAANL
YIHERR CODy, NP2, KBE B AR BRI, R 52Tl . s 5 Hth
A IBET R, AT COD,,, VBN, 25 IRB 2N B S I, G, ERAEATEN
FEAIR, BT AR R R ECE YL & B DL S A K, BRIk COD,,, 1 F.coli #HELFE5—IREA
JiTtE (p<0.01) o {HEE RBAMAR TR, XnTRE KM AR S i R 55—
BER SN E A B, KRR S, K Py TRl A O p kB TP T AR U IR itk
EERAIRRE, Nt TN, NH,-N Fil BOD; S8k SR B RAE . MRPERISMITEE L, i . R
PSEAS I REE 255 M BUK I, /K R B A 7 LA AR

HZE TR TRRBL AL, SHAb A IR a5 R — 3 2w, Ko XU = 1A
P47, BRI SSE G AR G T HAAR RS o NG shirsnm, (B RER . 2R LR RIS ok
A B ARG, RIS EAS B A A AR . R XA IR B S R B B ST 5 Y A
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X SEHNIETS Y AIEE N IR 5 SRS R T S BORIE K B K I R, P sOmsi e A A e
Pl P2k T Uk e N S X S A BBl T R b A S AU IR, RO AT B, i/
PRI A, DASGEEISRIA IR K ST RRISE0

4 5P

1) BRI TR A 1M1 JOKRESR . 99728k 7T, pH. F.coli, COD,,, ERkFmT4F; Wit
AR 5T, TN F TP {TREHR AR R L, SO,> . DO. #il BOD, RS HT TR %, NH,-
N MR B AE S MR W s o

2) JZRRIAMIE P L TR AW R K THEARRAE, TR0 3 MEE. Fi# ZMRkE
B2 24 AWM —YE B BN TPE. VORI B R 2SR, RKHSNAA AR IR B
F.coli, COD,,,. SO, Fl DO /K TiHghrifk B 7 2E — IR BAIXIRAR, 7E50 IRBEA &, TN, NH,-N i
BOD W TR — IRBLA R K AE

3) WQI LR E/R, m/KILIEPLETRK BRI BAIE R . B2 WQI F4(EHF 81) , K THS
(84) . Bk (83) FiI%Z= (84) . BlFEHI/KIEEMIENN, WQI SFHAE RSB WTaR AT E

2 % x B
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Characteristics of water quality change in the canal of middle route project of
South-to-North Water Diversion in typical years based on hierarchical
clustering and water quality index method
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Abstract In order to investigate the characteristics and spatiotemporal differentiation of water quality in the
middle route of the South-to-North Water Diversion project. The monthly monitoring data of 10 water quality
indexes in 30 sections of the main canal in typical years were selected, and the variation of water quality was
analyzed by hierarchical clustering and WQI water quality index method. The main canal was divided into 3
types of water quality canal segments by hierarchical clustering. The 24 sections from Taocha to Liujiazuo were
the first section,and the concentration of water quality indexes in this section was relatively low, the indexes of
F.coli ((44.41£56.11) colonies-L™"), COD,, ((1.94£0.11) mg-L™"), SO,* ((29.38+1.68) mg-L™") and DO
((9.74+1.42) mg-L™") were lower than those of other canals. Bazhou, Wangqingtuo, Xiheishan, Huinanzhuang
and Tuancheng Lake were the second type of canals. Compared with the first type of canals, the concentrations
of water quality indexes such as F.coli ((184.5+£323.16) colonies-L™"), COD,,, ((2.08+0.29) mg-L™"), SO,
((27.21£1.81) mg-L™") and DO ((10.82+2.15) mg-L™") increased. Tianjin Waihuan River is the third type of
canal section, and the concentrations of TN, NH;-N and BOD; in this section reached the maximum values,
which were ((1.32+0.15) mg-L™), ((0.07+0.05) mg-L™") and ((1.52+0.51) mg-L™"), respectively. The results of
WQI calculation showed that, the average value of WQI was between 81 and 86, and the water quality was
good. The mean value of WQI in summer was the lowest (81), lower than that in spring (84), autumn (83) and
winter (84), and the mean value of WQI gradually decreased along the way. The research results can provide
theoretical basis for water quality protection and management of the Middle Route Project.

Keywords  South-to-North Water Diversion; cluster analysis; WQI water quality index; spatio-temporal
variation characteristics
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