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Abstract To evaluate the rivers of water quality in Tongzhou area, the water quality data of eight
monitoring section in Tongzhou’s main rivers during 2012—2020 were selected for analysis. The
water quality data include nine indicators like dissolved oxygen (DO), chemical oxygen demand
(COD(,), ammonia nitrogen (NH,-N), total phosphorus (TP), biochemical oxygen demand (BODs),
permanganate index (CODy,,), fecal coliforms, sulfides, volatile phenols and so on. The spatial-
temporal features and pollution sources of river’s water quality were analyzed via methods of single
factor index, boxplot and principal component analysis. The results demonstrated that the water

quality of drought period was worse than that of high flow period toward the rivers, and the water
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quality of downstream was worse than that of upstream, which could be concluded from the excess of
CODy,,, fecal coliforms, NH,'-N, TP and others. The main reason of pollution was attribute to
municipal sewage discharge. Fortunately, the water quality of most Tongzhou ’s rivers has been
greatly improved since 2016, which could be attribute to the good governance in recent years. It was
suggested that the relevant administrative departments should strengthen the remediation and
protection of the surrounding environment of rivers and lakes. And the smart river and lake
management platform should also be established to realize refine control and intelligent management
of rivers. Finally, the publicity channels should also be expanded and the awareness of public
protection should further be improved to maintain the achievements of water environment.

Keywords major rivers, water quality monitoring, multiple analyses, time-temporal change.
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Fig.1 Schematic diagram of monitoring sections in Tongzhou
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Fig.2 Time change diagram of the main water quality indexes of each monitored section
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Section  Time Function CODy, DO CODe;  NHy-N TP Fecal coliform BOD; Volatile phenol Sulfide
HtiDry Ll 5.92 3.80 6.63 11.68 12.39 421 7.64 4.11 2.60
S, “FFlood i 5.22 2.10 6.03 9.56 8.95 3.60 6.43 3.30 2.60
SF-Normal m 491 3.90 5.92 10.67 9.96 491 6.33 3.30 1.20
HtiDry Ll 5.12 3.90 5.82 926 11.48 3.80 6.23 3.11 1.30
S,  “FFlood i 5.22 421 421 12.29 15.69 3.70 6.23 3.00 2.60
SE-Normal m 5.42 421 421 11.38 12.69 3.40 6.43 2.00 1.30
HtiDry Ll 6.13 491 6.93 1629 12.99 3.90 7.44 4.41 2.60
S;  “FFlood i 5.52 230 6.23 9.67 11.68 3.60 6.13 4.21 1.30
SE-Normal m 5.12 4.81 5.92 10.47 12.89 3.70 6.13 2.00 1.10
HtiDry Ll 5.72 4.01 6.83 14.19 16.49 145.89 6.53 433 2.60
S, “FFlood i 5.32 451 6.83 11.78 14.29 84.99 6.93 3.60 2.40
SF-Normal m 471 3.50 6.33 1027 12.79 21.79 4.41 2.70 1.30
HtiDry Ll 5.12 3.90 5.62 11.78 11.48 3.70 6.13 3.30 1.30
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S¢  “FFlood i 4.71 4.81 5.42 8.05 9.47 3.50 5.82 3.30 1.20
SE-Normal m 4.71 2.10 5.52 9.86 10.67 3.30 6.23 3.30 1.10
HtiDry Ll 5.12 2.00 5.92 10.57 12.49 3.20 6.33 3.30 1.20
S;  “FFlood i 491 471 5.32 8.65 9.86 3.90 5.82 3.70 1.10
SF-Normal m 451 3.50 471 8.65 9.96 3.60 5.52 2.00 1.10
HtiDry Ll 5.12 2.10 6.13 13.19 11.7 3.20 6.43 3.70 2.00
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Fig.3 Box plots of water quality index concentration of each monitoring section
a. COD¢,, b. NH4™-N, c. Fecal coliform, d. CODy,, e. Volatile phenol, f. Sulfide, g. DO, h. BODs, i. TP

CEAORAE, WK A A LT A B H AR R BRI ERE . w5k A
6 T 7K 5T i A T B2 AR A A I R = K I8 2l A K, 7K U S AR X8 /0N o BEASAS H8 A D) g DX R (B AT
VA, AR R BRI R bR o S A R AT b T A E AL H AT A, TE R
febr R IR SRR AL, Ay . FER I . VAR AR, TR E 2012—2020 A [A] 38 M T3 A K B A
2 NEA . DA A W B SRR OCTR R A 1, N IR AR ) B S SRR P, fR G i
M. BT, W 9 A e bR, SR G T Y FE AR ik B AR K R T AN K, AR
8 IR AR AR S AE AL KA A - v FE TR K, 5 B K B8 A 48 B0A 15 M Z5 e AR [R). IR 3 Hrad mr A
F W AT FE RS B e s A /0N, ZERS K A A A sh e, HAEAS /K 30145 5 BT e ik B R
TR, Ul B L 5 32 2 S A v T R AR AR BRI R R 22 29, ZE5 AT R HE 2 KU 7K B 48 A s A 7k 3.
23 FEWST bR

FIHT SPSS2.5 A, XiF 2012 4E—2020 4 8 A~ W I T TAT 1% 9 THU/K BT 48 A B HE #E A T vfE AL b B2, SR f5
PR AT T W53 0 B . FLUR, P A o A A G 2 AT, 45 281 32 o B IS 2R, DT 22 4] 4% WK v
(7K BTG G FEZ LM K 2, L7515 20 B8 R 17K BTHE A, % /K AT e D ko k. PR =K 1K BT ArAR X6
BOMRRE, P B B A AR 03 (1) K WA T 3 8005 P

T AE X 2012 4F 1 35 K WK BT AT FE R4 o A (3% 2), S5 R R BH T 3 TG BTk R K, 43 R
37.87%. 29.88%. 20.27%. £ E A AR (6 3) ] LI ), fu2e i e BB fifkd . 1B AfL TR
SAEAES — F U A BRI . X 3 EE B Ry Aol A 7 rh sl AR IS, AR I HERCAY AL B L
A, AR HNE e e A bR AT 7K, R KR A B 2T il 2 — PO RIS — F2 R IR ARl 5 7K
TS Y. SRR AL R A RTES s B BRI, BT e A R N AR KR E B R
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A HLYITS g 2R, PSS — 2 R B & B IR AL A DL TS 0t 1R 8 . 2SR AT IAE S =
FERr BB, X PR T T B AR IR TS K TS G AR AR, DS = FE o A B A i 5 K
155 dlad 3 A Aol DS 3 N T K 35 g 2B LA 5K I g | EE SR A LTS BRI AE
IGREY SEE S EX

F2 Bl R

Table 2 The principal component extraction results

W HRRFAEAE FEHAF I A
JA Initial eigenvalue Extract the sum of squares of loads
Components  FFAF{H TR/ % ESa & FAIE(E IR/ % ZI kR %
Eigenvalue Contribution rate  Cumulative contribution rate Eigenvalue Contribution rate  Cumulative contribution rate
1 341 37.87 37.87 3.41 37.87 37.87
2 2.69 29.88 67.74 2.68 29.88 67.74
3 1.83 20.27 88.01 1.82 20.27 88.01
4 0.52 5.83 93.85 — — —
5 0.40 4.50 98.35 — —
6 0.13 1.41 99.76 — — —
7 0.02 0.24 100 — —
8 0.00 0.00 100 — — —
9 0.00 0.00 100 — —

R3O

Table 3 Principal component load matrix

F 4> Principal components

A4 Components
1 2 3

CODy, 0.65 0.67 -0.14

COD¢, -0.30 0.83 0.08

DO 0.82 0.47 0.22

NH,~N 0.38 -0.74 0.47

TP 0.73 —0.61 0.27

1% %} Volatile phenol 0.37 0.53 0.76
ik Sulfide 0.84 -0.16 —0.01
FERIATRRE Fecal coliform -0.50 0.18 0.83
BOD; 0.68 0.26 —0.45

FHE RS 73 Bk, MRS 2013—2020 AF- 27K I RGIE BEAT 704, R0 T2 18 70 28 A A0 3 Bl
FAAEMELREAT A, A5 1 E R e T Ef 8 1520, 45978 i 6 WK Bl 22

H1E 4 RIRI, 2% A0 I AT A 7K R [ A A A SRR AR AR [R], 2% I8 TfT 32 1o 0 BT £33 45 0 B R 42 B
JeTt i a AR A, T 2016 4k BIEAR, B85 U TR, [FImE & 4 0] LUE Y, R —
o B PR B A Al T A T H AR SR SR N A, R BT S R B, AR S A
17 180 o0 A 25 G 1 3 AR A AR ] S RhAE A 22 2R 0 2012—2016 473 M ] K B i Ae 5 DR 1 A
KARITRY ST, BURFINSE 1 DXL 255 B 3A 7, I IS Qe 4605 H 2016 AFEZ A FEAR.
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Table 4 Comprehensive scores of principal component analysis of monitored cross sections in wet seasons of different years

i TE Section 2012 2013 2014 2015 2016 2017 2018 2019 2020
S1 0.09 —0.32 -0.13 0.86 -0.41 0.79 1.60 1.23 0.95
S2 0.06 0.20 1.84 1.58 0.05 -0.17 —0.03 -0.01 0.00
S3 -0.29 0.97 -1.31 -0.26 1.12 -0.13 —0.61 -0.23 —0.09
S4 0.84 0.11 4.58 0.73 1.06 1.27 -0.25 -0.10 -0.04
S5 -0.21 0.36 -2.05 0.39 -0.40 —0.45 —0.07 —-0.03 —0.01
S6 -0.28 —0.60 -1.01 0.28 -0.21 -0.56 —0.02 -0.01 0.00
S7 0.10 -0.53 -0.78 0.29 -0.69 -0.43 -0.27 -0.10 -0.04
S8 -0.26 -0.20 -1.14 2.18 -0.52 -0.31 -0.36 -0.14 —0.05
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Fig.4 Time variation trend of the first principal component influencing factor in wet seasons

a. First principal component, b. second principal component, c. third principal component

1 4 73BT al A, 2016 4F R S 347 LI R AL SRS Y die o 7™ B, X 2 20 PR O 5 A i BT Ak ) 2
T 0 7K TR S e M 5 e i ™ B A AT, EL e B K A B 1 AR R T, DALk A A W T
A TSR B AR A0 TE 2016 4E S5 B W T [, 35 IR L A6 G ) B i iy ) =5 153 53 BT 2555 45 0 BRI,
2016 4FJ5 15 73 HE— 2L FEAR. 3 2Py 3 Ak W s ARt A TR L 380 R, 35K A AR e L T B, UK
[ — ELAF U6 BRG K Bl i — 20 .

VAT R, 8 DR AT B4 K B ARATI AN IS A, DRI X IR O 06 BRI AR S HE AT, I B BEAL
AR — 5 A SR R 224 by 155 B0 1 G AH S AE FRBCRE, s o) 3t 1) 2 (B4 48 L A T IR IR 2R
J R BT A 1 R Bh A s 53— 7 I RCZOM SR A | V5 KA B AR WA A A OCEORBIE SR,
P AT R AR BT I RRE 5 3 A R K PR R B AL SR, 4 S IR AR AP R
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3 2515 (Conclusion)

AR SCAE B B P R B AR TR AR B L A 2R R B R A3 a0 AT ik A 22 A0 M R R M 3R A
8 1 Mo T B TE P K TS HE AT T S AT AR AR B A AT, B X A5 TR AR 22 AR B S BT IR M 22,
SETRIERSE T 380 M Hb DX 3 AT 30 7K 0 ) B AR A e /1) 222 PR R . LR S5 an T

(1) 38 3 B[R] 20 AT T A5, 25 T T =5 2K S8 Bn s [R] A8 AL R B IEA AR [R], IR7E 2016 4F H BUEL 4T, 3X
TR R 2016 4 J5 AH IR nam T i ia 2.

(2) 38 3 2 8] 43 B o] 0, N 2 B 28 (]S YL Re E AR AL, 3T Sk T I A K 2 2% 1 i i
)RR K )RR K S 22, U B4 F YR A AR T A K R A e PR R R B AR TR Bk X 9 T
IR AR A3 AT 5 PR, 2012—2016 4538 M IRI U 45 8 FR 75 YL 80 7™ 5, 2016—2020 4538 M AT 3t 7K BT 1%
AT T, (EAAR AR R SRR LG . 5B T A K AR AR ok, & RN 5 B 5 W 1T s G de oy
FEHEE, T B | A DGR T E A

(3) PRIV 4r BT 22 I, 388 AT 3 7 = /K B K S d5c 4, 76 VoK K 48 b i sl e/, ZE A K B 7K o
FE bR Ty HE AR, 1 U8B A 2% K = A — i R MR X IR A N AR T RE X BRAE v] LA Y, il AL, 2%
RIGVARE fb2= 75 i AU B AE AT A S8 AR AR ™ 5, MR b8 5. Bk . #ER M | VS A 55
FE BRI DL A

(4) LI B2 BH S M K W) B2 3 A A, e Fe o ok 37.87%. 29.88%.
20.27%, Hss — TR B R A 15 KI5 e, 55 MR B AL A WL TS e, AR =
BLAT RN A 15 15 KT Y. RS A A 545 43 2 WY, 38 PN AT Y 7K T 2 I 25 25 5
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