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Water Poliuﬁon Charactpfisticﬁ and Sourcé ;prport'ionment in Répid
Urpaqization""Region of the /Lower Yangtze River; Considering the Qinhuai
River Cat¢hment i ."",:.f"f

MA Xia}d—‘xuel‘2 , GONG Chang’, GUO Jia-xun*, WANG La-chun** , XU Yun-yun*, ZHAO Chun-fa’

(1. Collége of Urban Resources and Environment, Jiangsu Second Normal University, Nanjing 210013, China; 2. Signal Processing in
Earth Observation (SiPEO), Technical University of Munich (TUM), 80333 Munich, Germany; 3. Sugian Hydrological and Water
Resources Management Bureau of Jiangsu Province, Suqgian 223800, China; 4. School of Geographic and Oceanographic Sciences,
Nanjing University, Nanjing 210093, China; 5. Water Affairs Bureau of Jiangning District, Nanjing City, Nainjing 211100, China)
Abstract: Clarifying the current situation of regional water pollutants and the relationship between pollutants and pollution sources is
considered essential for managing the water environment. Water quality identification index (WQI) , cluster analysis (CA), positive
matrix factorization (PMF) , and stable isotope analysis in R (SIAR) were employed to interpret a large and complex water quality data
set of the Qinhuai River catchment generated during 2015 to 2019 to monitor of 11 parameters at 29 different sampling sites. WQI

«

analysis indicated that water quality in Qinhuai River catchment is considered to have “moderate pollution,” and an improving trend of
water quality was observed at the interannual scale. TN was the most deteriorated of all pollution parameters. CA and PMF results on
the spatial scale revealed that sampling sites located at downtown of Nanjing and Lishui District or Jangling University town were highly
polluted due to the sewage from domestic sewage and business service sewage (28.88% ) as well as industrial wastewater (27.43% ) ,
while sampling sites located at Hushu Street Administrative District, Ergan River, and Sangan River were slightly polluted by rural
domestic wastewater and garbage (28.79% ), and agricultural non-point source pollution (24.3% ). The middle-lower reaches
(Jiangning Development Zone and Moling Street) and middle reaches (Lukou Street Administrative District) were moderately polluted
by industrial wastewater (27.25% ), sewage from domestic wastewater and business service wastewater (31.62% ) as well as inner
sources (24.76% ). The SIAR results showed that NO; -N was the main nitrogen form, and the NO; -N mainly originated from sewage
(61% ) and soil (34% ) in the Yuntaishan River sub-catchment. These results will aid in the development of measures required to
control water pollution in river catchments.

Key words : water pollution; PMF method; SIAR method; source contribution; Qinhuai River catchment
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Comprehensive water quality grades
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B RTS YU 2 TG K (MS) | ﬂ,’,HEFPﬁ’J NH+
(NP) W& g NO, (AP)%ﬂiﬁ%ﬁmFL(SN) AP
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Table 2~ Thé*8'’N-NO, and §'80-NO, values of nitrate

in different pollution sources

T YR 8"N-NO,/%0  8"0-NO;/%o ik
ZEAE A5 7K (MS) 16.3 (5.7) 7.0 (2.7) [23]
ALAEH A NH, (NP)  -0.2 (2.3) -2.0 (8.0) [10]
HHEEHLE(SN) 7.5(5.2) -2.0(8.0) [10]
BRI NOT (AP)  0.79 (2.5) 80.01 (1.6) AHFFE
1) B8 R - S (PR iER )
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(2015 ~ 20190 4F % i 00 31 S B R R TR R, FREARUER V2K BOBRIER (2 mg L) % V

COD\;'§OD5 HTP Ji7 i W JE B {H O 5. 54 20. 66,
3.37 A10.18 mg-L~", Sy b e /K IR B% i i A i (GB
3838-2002) HH Y Il ~ VoK, 1 TN HINH, -N 5T &
WREIE M 3.35 mg-L ™" f1 1.59 mg-L~", B4V
FRNV 2. mT5 Y X 45 K A8 A 2k B 2 v T
%5 Gy X 1Y 2% 7K 5T 48 A oF 3 ik B2, Horb TN R
NH," -N7E 3 ZH 9122 W I e 2 0 e T M 3R 7K A B

(F3). WA RIS e DX A 3 43 A i Y
NH, -N#JEAE V2 R H L E iy & He 250k 53. 7%,
32% 1 8. 8%, 1Ml TN We BEAE V R K HLL F iy b b4y
W 85.6%. 85.2% F1 63.9%, EH.NH, -NHl TN 7E
1o RIS 2% XA e e A2 28Ky 23, 13
O F5 (2 3). ATHEWTZ i iz B E AR R
154 Hodh TN 5 YLt o ™ .

R3 FEARSAERSRENGKRERG TR

Table 3 Statistical data of water quality indexes in the Qinhuai River catchment

20 51 miH KR pH DO  iEEeihdss  cob  BODs NH/-N  Zn TN TP
Max 36.0 8.82  14.88 13.50 48.30  8.40 23.07 0.23 0.90  23.48 1.82
(AL ES Min 3.60  6.97 0.76 2.50 15.00  1.00 0.04 0.00 0.11 0.06 0.01
Mean  19.08 7.94 6.96 5.73 21.58  3.48 2.70  0.03 0.28 4.80 0.24
Max 33.90 8.84  13.44 14. 80 39.00  9.10 13.52  0.53 0.59 13.84 3.82
GG X Min 3.00  6.57 0.92 2.10 15.00  0.30 0.03  0.00 0.10 0.31 0.01
Mean  18.50 7.93 6. 87 5.31 20.06  3.37 1.39  0.03 0.28 3.17 0.19
Max 35.50 8.88  15.26 14.50 45.90  7.40 9.29  0.56  0.67 9.73 0.70
(REE S Min 0.50 6.94 2.23 2.10 15.00  0.20 0.03 0.00 0.11 0.11 0.01
Mean  19.12  7.96 8. 14 5.61 20.41  3.27 0.70  0.03 0.28 2.09 0.12
EEQ B¢ R =5 <6 <20 <4 <1 <1 <1 <1 <0.2

1)DO  F4GERERFE %, COD ., BODy NH, -N. Zn Jfk¥ . TN F1 TP AY 24 Amg-L-1 K BN R C



3296 7 S < A 2%
O S 2 AT A 5 I s AR AR L FRE IR A X, DR AR R AR A5 B ks

ARG TR T P ARG AR DO | SR R L
$&% . COD, BOD, NH, -N. TN Fl TP iX 7 Mi/K &
W) PH, ARG H IR A (1) 718 T & AR
TS Y2 WOI . Z3UEW I WOI 75 3.2 ~4.8
Z A ARPESR 1 ]I ZE SRR HEA T ~ VS,
PEREAR 25 Ye M5 Y. 2015 ~ 2019 4, BRI
RI5 5 XA WOI 28 F R (K 3) , X i %
TREVR] L /K BT 7 28 W A0 v 7 e DX 7K JB o
B2 TR G DX AT G XY 7K BT 2 S A
FEG Y (V) Bl MRS Y (26 . A5
br P AERI PR E , m 5 4L X NH, -NAT TN 1)
P, {HTE 2015 ~ 2018 4F 52 8 & i T B Y s 9%, 76
2019 A Fr It Bk S T R s X 4548
PR AEBR AR fb ke S5 ELAT Dk g i, JCHH S i LA L (R
2019 “EAFEFR Y P, (HA2 2015 4E&F80R 00 P, {HA
JITREAES 5 AIRT5 441X DO \NH, -NAI TP (g P, {H7E 2015
~2019 4F R LR R T A8 bRt 3 T IH s
TR RS N TR &R EEAKIRIA T

P, BT SRR P, i, WL U M A ks

Felfha p. (8 g ko tetite, )/

48 + —a— WK

g sl \ 1_& \.
or R\
32k

2015 2016 2017 2018 2019
Ay

B3 FHFiEamEAREEXE WQI BEREREWL
Fig. 3 Interannual variation in WQI in different polluted

regions of the Qinhuai River catchment
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i K TTERFE (B 4) , Horh DO AR R Eh R 4L, COD |
BOD, FIFALYAEN F 1 (Gl) LA B A TTRHER,
A3 9K 54.1%, 31.2%., 36.2%. 26.4% Fl 42%.
BOD, COD #1 DO #IA N J&A HL15 J H + 1Y 245
B IE R EIH T AN IE S5 A A 1 V5K T
MK HERL 7 s Y X R A T K

-— —e— 5K
—a— X
44 \

AT ECE K S AR A NS . B R AR
TR O FIRE LA K 7S i v 780 R0 KR 3R
Mg T AR T T K P S =L A T &, Gl
SRR T BTG K HE A LTS G, O G G XY
VR TTHRR Ny 28. 88% (4 4).

NH, -N., TN FI TP 7E[H F 2 ( G2) -1 STk R 45
1, 55K 65. 8%, 42. 5% F1 40. 9%, NN & A S
G2 B AR PR, Mir 7l T " AN E
K B 3T 7 3 AN R K Y B SR 75 L. Boyacioglu
A BTSN R RO B T SRR T Tk K TS TS
JRANTG KA FR )45 A Y A A] RESR I 32 B W ik
V7 A AR AR T 25 TR . T R e
KB T Al 22 gl (el ) 400
Tl B SR R A 35 K L Bl 15 Sl
T i e X R TR W T A v 1Y
b UK S B BT T RS, HL BOD 1 COD Y
SR AR o T AU TP K e
REME. AT, G2 N Jalle R HETR Y IRk T5 et
G TTRR N 270 43% (R 4). T 2

[ 3 63 Y3 TRy FIGBOD A7 8K 1y STk,
A2 2 JEL T KA T 20 X1 G e 5
FEYII T 2 3 R Ml T S T e
Tk IX. 2 ® v v e X 2 S AR v 7E 8 UE T T i

AR AR R A g 1 DX K SRR TR AR

DAY DX X RS IX R 3. il 3k X 75 %
TR , 1 AR 28 30 B A 106 B = =75 K A B
AL G, G3 RTA A EE s R E e , Ho 15 Y X
TRTTHR RN 15. 74% (£ 4).

K 4 (G4) XF Zn I STHRAE =T 3K 56 %, T % HoAth
JCR MmN, HAg B 8 4 8 5 YRR, R
AL T U A 3k DX A IR X R & 3 U X AZ 4k
T B FIHL AR & Ak A= = ad #E = A & Cr,
Cu, Ni Fll Zn B9« =27 5 YWy, ] i TR A Al
8 Zn SEARE RO 2 S BRE A & B
TR ARG B AR SEEA AS R R Y
Zn HEC T, G4 A AR A HEO E 4 TR TS
e, HXT R 5 G X IR TTHR R R 15.57% (£ 4).

AIRAER T 5 (G5) 14 8843115 A1 o ik R B 1 5
FHABIUIA T, X AR TR AL . HUCh
pH SRR E:F5 % . COD 1 BOD, , TTHk R TE 14% ~
17. 7% [8]. ZRUER T WiEml B S Je A LG Y™ 8 77
P TR R JEC, VAT T AR A AR TS KB R KR
A1 pH AR Ak 23 5 W] 38 IR U o T G 40 I RS JIORI 7K
PRI PRAL 22 AR B )55 v 1) 7K TR 2 R A K v i fi
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Table 4 Source appointment of water pollution

y

in the Qinhuai River catchment

VR R BT SRR Ak
HF1 Gl TEEK 28.88
HF2 G2 Tk 27.43
“((HC)I: HF3 63 RIS 15.74
HF4 G4 ZEELNHES 15.57
HTF5 G5 WHEGY 12.37
HF1 Ml RAEHE 31.62
H¥F2 M2 Tk 27.25

RGNS N
(M) FF3 M3 HEGYE ) 24.70
¥4 M4 FHERERIEE KT Y 8.73
HTs5 M5 &SRBl 7.75
W1 Ll 3SR R 55 28. 79
- HF2 12 Aolmmiiisg 24. 30
s PR mTs e 20,94
Hy4 14 SEESHS 14.95
HTs5 15 Tk 10. 99

2.2.1.2 gL X TG LR g AT

PMF FERLf A A 75 YL X5 Flois G K B 43
TR TR (ES) : OFEF 1(M1) 78 DO Y 5Tk &
ik 58% , HAx 19 BT R AR B/ IMIYUR R S84k |

coD m%g‘&ihif‘éé’fﬂt éOD TN, ﬁiﬁkéi@ﬂ?’izg
309% . AT AR IR 2 2 15 AC A8 UOlRds
b TR HEBE 14 B 75 34, B o 35 e I
ikl 3. 62% (% 4) @K T 2(M2) NH; NAI

A TN B BTRRR 2R 74. 1% F1 44. 56%, 1] it B T

b K HE A 5 AR T Gy, HOuk by Y X I8 BTk
FHN27.25% (F 4). QKEAERF 3(M3) Tk
R 52%,pH . BOD; | =ik 2 £hF5 %5 F1 COD A9 BT ik
FH30% A7 IR FRE S G5 R AR L, {2 M3
N*ﬁmE%ﬂlmmhﬁ?Mﬂ%ﬁﬂam%
TURRR Z R 5 T G5 X i 75 4 X AH R K 5 AR 1
,Mﬁgxﬁm%ﬂLﬁ%m%m@:ﬁﬁEﬁﬁ
B i NN ATl s AR 5 H 5K AbHi5 K
BE TG TS5 /K BB HE AR ZK T8 [R] i 9 7K 45 3
()28 e 3t 2Bl 2 2 AT, e iC e Hh 975 e
Py Y B RSt R W 2 R RS R B O K IR
B 0 R, M3 N R TS g Ho RS
PX AP TTHR RN 24.7% (R 4). DTP 7EH ¥ 4
(M4) BTk W] 5 T A LA R, TR 4
FIBRRF SO BT 55 K B0 3 48 36 0 R 5% 5 1 /K %o
ARG Y AT R B BTmk. M4 X Zn A5 — 2 1)
BUAR, 1 S 0 R ZE AR AE I F 9T & B 5T
X NHR Y Zn 5 4% Sl & A G, H s QL IX A
TEGB3 7K 72 FR 58 X (N == & L] 7 4% ) . M4
AR B 2 RN SR A I K T g O s Y IX
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AR5 e DX P Tl el DX K HE il i) 785 77 R v e, Hoxd
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O RAKIABE T 1 V 2K (GB 3838-2002,
#5). HARMUWINO, -N  NH, -NFINO, -N /i TN iy
FEAE 4T 5M 68. 6%, 22. 1% F11 1%, iR =& i kL
4354 58.9% ., 17. 1% F1 2. 4% (2 5). BIRHFE
JK I b o ( GB 3838-2002 ) F A I5T [ A 4 R
HHIFRBENO, -N | {H AR5 Hr ] HINO, -N J&
RI5 YAE T2 K A i E B AEAE R R
NO; -N G YR X 2= £ 1070 RT3 Y2 A9 6 BRI
FRELE. A LVERE RN Z g =2 AR =
B KR 8°N-NO, A8 1L BBl A 3. 0%0~ 20. 5%o,
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Table 5 Nitrogen and phosphorous concentration in Yuntaishan River sub-catchment/mg-L !

different sources in dry and wet seasons

eS| NH; -N NO; -N NO, -N TN PO}~ -P TP

bl 0.73 2.44 0. 091 4.05 0.04 0.13
AL 1.46 4.55 0.08 6. 62 0.07 0.16
P B i <l / / <l / <0.2

ACAEFNRE RN A s ma /0N, R DU 3r Rl IR A8 fRTPNO, -N B 5TkR, 25 5 BoR i i KR b 61%
FUAN BRI AN TR [R]35 ke P56 FF 52 XT3 K 1 34% [AINO; -N 3 3R U5 F A 15 15 YL IR A+ 3
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