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Abstract ; Smfa('e water pollution seriously restricts the development of the mty and results in the citizens yearning for a better life. Mountainous cities have their own
characteristics in surface water environment and pollution compared with those of plain cities due to their unique topography. In August and October 2019, surface water and
sediments were collected in a typical river ( Qingshuixi River) in the main urban area of Chongging. These samples were analyzed for nutrients such as carbon, nitrogen, and
phosphorus as well as other basic physicochemical indicators. The results showed that the surface water of the Qingshuixi River was inferior to Category V at present, and it was
also at a serious pollution level according to the comprehensive pollution index evaluation system. Among all the water quality indices, NH," and TP showed the most serious
pollution. The tributaries of the Qingshuixi River exhibited higher surface water quality than that of the main stream, and the water quality during the rainfall season was better
than that during the non-rainy season. Pollution sources, tailwater/tributary inflow, and river self-purification capacity determined the spatial distribution of nutrients in the
surface water of the mainstream of the Qingshuixi River. Point sources such as the direct discharge of source sewage and pollution overflow in the middle and lower reaches were
the most important sources of surface water pollution in the mainstream of the Qingshuixi River. Non-point source pollution had a limited impact on water quality. The “sink”
or “source” role transformation of river sediments would occur under different water volume conditions in the river, reflecting the complexity of endogenous pollution. Surface
water quality of the main stream showed a gradual improvement tendency along the downstream due to the dilution of the tail water/tributary inflow and the increased self-
purification capability of the surface water in the mountainous rivers due to the increased DO content. To summarize, this study suggests that the water environment of the
Qingshuixi River should be improved in comprehensive ways, which might be reducing the input of point source pollution by the deployment of the municipal pipe network in
key areas, upgrading the sewage treatment plants to decrease pollutant concentrations or fluxes or channel dredging at the reaches with low DO content, etc.

Key words : mountainous urban river; surface water; nutrients; spatial distribution; point source pollution; non-point source pollution
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Table 1 ~ Basic physical and chemical properties of overflow sewage and sewage treatment plants tail water
, p(COD) p(NH,) p(SS) p(TP) p(TN) DO
K Aty 5 /mg-L~! /mg-1~! /mg-L~! /mg-L~! /mg-L~! /mg-L"! M
Wi 44 22.1 448 1.58 24.9 2.08 5.5
W2 31 21 70 2.17 23.7 3.92 5.9
W3 81 18.4 24 1.34 26 6.24 5.4
W4 102 17.6 28 1.78 28.3 5.76 5.7
0 W5 20 6.94 15 1.18 10.7 6.67 2.9
W6 11 0.11 11 0.57 9.14 8.28 1.3
w7 82 18.8 29 2.57 24.2 2.52 6.2
W38 66 18.7 25 1.7 24.6 4.21 5.4
” W9 144 27.6 102 3.38 28.6 2.6 8.8
ﬁz:f W10 97 18. 1 23 1.52 25.1 5.54 576
5 Wl 84 21.6 33 2.07 ~27.7 2.467 F¥a
x w2 39 15.4 10 1.69 18,8 3.76 -‘“:-"4.§
W3 10 3.21 284 0.53 7= 8.22 5.88 /L6
W4 192 50.7 115 2/66, EE 54 S g0
0 W5 206 26.2 8 7.6t _-|30s 5.58 " 8.8/ ¢
W6 /18 4.54 11 f0.48 | / 9.75 8.76 2.0
- W7 1 . -"].:ﬂ?-*"'; 12 [ 02 4 SRR 4.32 0y
vy, W8 4 /, ,ﬂ?’f 35 ,2...01 K P& 4.06 58
o . w9 J upl ¥ A 6rEs 12 0.55 23.8 4.81 =102 =
ad i wio W 26 0 “649 12 Lo 10. 1 5.15 2.3
- Cl T BT £ 8.1 0. 94 11.3 — 1. 3
- P @ 8 0.24 8.2 0.43 5.7 — 0.7*
éﬁ J X ;€3 124 . 0254 7.1 0.54 6.3 % — 0.8*
2 Py, c4 g " 0235 7.2 0.6 12 — 0.9°
ey cl 16. 8 0. 31 6.83 0.7 16 — 1.o*
i 0 @ 1 0.3 6.71 0.48 18 — 0.7*
3 10 0.32 7.54 0.43 15 — 0.7*
c4 8.8 0.44 7.49 0.46 17 — 0.7*

1) Py, MIFRIRUWL 1.3 5, * TR Py, i1 COD, NH, I TP iX 3 FloK BFsbrit-H s

JKAE pH FUE i 4 ( DO ) 76 BT Fh >R 48 i ) FH A
X ZSHOK T HrACIAT. KRR 1) 4k 24 7 A
(COD) 7 R FH H 4% FR #h vk (HJ 828-2017) , A
(NH, ) 05 2R F 0BG 751 43 06 0 B v (HJ 535-
2009) , L (TP) W5 SR FH AR R £ 3 6B ik (GB/
T 11893-1989) , & % (TN ) I 5 % JFH Bl 3 7 g 4
THAR LN B 1 (HT 636-2012) , B 7741 (SS)
W72 R F H 492 (GB/T 11901-1989 ) . JEE PR A i
A LT (TOC ) T 2 SR G IR A/ 4 i 5% 12 B 48 A -
Fo 3223 52 (NY/T 1121. 6-2006) , TP il & 5% JH 5
YE-EER BT EOE I (HI/T 632-2011) , TN il 52 2K
FHHLECEE (HJ 717-2014) .

1.3 Hdlaaba

S

Pm:%z

i=1

Cp;

o, Py AHFRIKEEE TG YAEEL, S — PR H 2 i

KB4 AR %t b 2 7K P 5 o AT 25 G IR 1Y 45
B e S RO TR ARSI B mg- L ey
K i KRR R AR IS, mg - L™ AHFSE LAVE
K H AR K Bi——IV &M R K A5 iE, p(COD) |
p(NH, ) . p('TP) FI DO FRAE4F514 30, 1.5, 0.3 Fi
3 mg-L™' WM ERIRR S ALBE" R,
I/ B A (Py <0.2) | W/ EHHE(0.2<
Py, <0.4)  BRPEEIGYL (0.4 <Py, <0.7), HETG Y
(0.7<Py <1.0), HIGJ(1.0<Py, <2.0) Fl"H
154 (P, =2.0)6 ).
N

LSy Ll S,

{(%Z s};.) * Z[max(s,;
Arh, Py ORI N G2 15 e 8, 72— Fh Al
HZFIIRY TR & B X TR s Y e B i AT 25
VEMN T8 5 S, WA @ B 9% o0 R S8 Ik B,

Py =




3 1 AR LR L M T A I IR G B A (8] o A R B R DR 2R 23T < AR R T 9 7K 161] 1349

gokg ™'y Sy MR i RE SR ITTRIT M AR, g kg !
AT S 75 I K2 R W8 B 458 R BE IR 56 (1992
A ) Tl A (A PRBE T B D0 48 A o R A R
ACE BB 0 (TOC) . w(TN) Fil w (TP) FRAE 4>
BIPM10,5.5 F16.0 g-kg ™, I ZE R S + HEERES
W F AR FRTE (HI/T 166-2004 ), F 4301 /42 4>

HAR T IV 2K BAn o BRAE (1 2) . R 256 18 80
MG KRR AT LRGP, 8 A T 32 i Hb 3R /K 25
G5 QAR B 5 1) R 3. 66 AT 2.03 i’J)%’ T E
159 (=2.0), 10 T3 FRK LA 15 Y8 5038
B0 1.96 1,17, Y8 FEEBY(1.O< P,
<2.0). FRUCREET, o+ 300, JLF A sy

(Py<0.7) . M5/ B (0.7 <Py <1.0) . ix AT LR A TR BTN AR 2 P Y B R 5 YL ™ B Y5 e g
BEISY (1.0 < Py <2.0) ., FEITGY (2.0 < P, ), 10 B K e K 75 e ) 5

3.0) FIE TGS (P, >3.0)5 4.

K SPSS 19 1 CANOCO 5. 0 5 4i b 38 4544
FIH Pearson AHIME T AT TCAY 23 BT ( RDA ) Fl W 7K
FEF A FOK TR b 5 R S BB EREE | RV E ST
EH AR

2 HFREITiE

2.1 HFKIGYARE
KB FOK TR N 2 Fos , BRI &
KR SRR BT T 0, 2 B A T A
A 10 H KT 3 1 T b TR S0 A
[t 8 H. A K BRH&dR , NH; Fil TP ﬁhﬁ'ﬂjffﬁ
Cige 8 H 110~ H%mp(NH )%ﬂﬁ%%ﬂﬁ 19 74
mg “T, "I 4. 87 g1~ ‘,EV§7J<E$T/EBE4EE&
5.37 {2/ 44 {8 FIF110 A JF{JILP(TP)jfﬂj{E
/\”Ujﬂl 54 'mg-J7 ' F10. 58 mg- 11~ il V?@ﬂ(ﬁ%ﬁ“

/fFFE({EH”m 85,1 1 1045 1. Wio\ﬂiﬁqﬂ IHEEJ@ F

T—mbﬁfjjk#p(NH )l o (TP) b T4 VHE Tl
SR SR G TR W N O N A & 2
p(COD) A1 DO HF IV FArERR(E (&1 2) . WK
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i AR B B 9T X B DT AR X 22 S50 R
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W IX T Y d o P B — , S ARG I 45 R —
. NH, @R R A EFRICR WS SCR[3 ] /Y
WFFEaE R —30, S W 13 7K R M K B 2 A 15 TR
SR, 8 FE/KIRER 4> 7 7K NH, il TP iz
“IRREBAEL BRUE[ p (TP) =0. 8 mg-L ™' FlpTNH, )
=8 mg- L~ ] TR IR I I e e S A A
Bk , K A DO 5 T S5 ﬁiﬁ%{ﬁ 7J<{5%iﬂz
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WG AR T LT O K R L
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SRR R TOC | < TN\ TP ﬂﬁﬂﬂ%jﬁﬁjﬁlﬂ%
B AR AR (1992 E) %Jzaéﬁﬂfﬁﬁgﬁmh
FAARE R A S SRR W AR DL
9 TN TP 85 10 4R A A EHREE > o BT [ 34
8 VTS U 8 M AT R IF 9, TN A5 30T S04 S0 e 4220 3%
SRR A TS AR . W KR T I DR N
M5 % 5 H0AE 3. 08 ~ 19.00 Z ], ¥~ 7. 77, 43
SRR AR R BTG Y G (P >3)
AR R 5 YRR B Y i e . T KR DL B 5
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Table 2 Basic physical and chemical properties of surface water and sediments

K
Ay pH T/°C p(SS)/mg-1.7!
T SR T ST TR ST
8 7.45 £0. 36a 7.46 £0. 36a 25.64 £1.29a 25.12 +0. 82a 14.07 +7. 15a 9.83 +3.02a
10 7.33 +0.58a 7.63 £0.71a 21.71 2. 68b 21.23 +1.65b 11.00 +5. 28a 7.50 1.26a
A p(TN) /mg-L"! p(COD)/mg-1.~! p(NH; )/mg-L7!
T S T X T B
8 14.99 +6. 81a 5.53 £2.74a 24.36 £ 11.65a 12.33 +7.56a 10.74 +7. 34a 2.02 £2.16a
10 11.25 +2. 12a 6.49 +2.37a 28.29 +10.52a 13.50 +5.19a 4.87 £1.92b 1.35+1.87a
At p(TP)/mg-L~! DO/mg-L"! Py
T S T X T B
8 1.54 £0.70a 0.56 0. 36a 4.71 £2. 16a 5.32+2.10a 3.66 +1.79a 2.03 £1.02a
10 0.58 +0.20b 0.31 x0. 20a 5.14 +2.32a 6.92 +2.37a 1.96 0. 63b 1.17 0. 52a
DR
»(TOC)/g-kg™! w(TN)/g-kg ™! o(TP)/g-kg™! C/N N/P Py
75.24 +59. 24 3.76 +1.81 2.04 £1.05 21.98 £22.73 2.34+1.54 7.77 4. 02

1) B DS IME + dRE2ZEF0R R T F K MUY n = 14, 300K n =65 AE/NE

WFFOR TR K B A B

3T RRRARIRFE A (oK M B B 25, 2
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Fig. 2 Spatial and temporal distribution of various water quality indices in surface water
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Fig. 4 RDA on the effects of geography and sediment compositions on surface water quality

FIH RDA 43 B 52 Wi AHIF 53 X 35 b 36 7K J55 45 (1]
A I EZE R UTRRY A, Qi 4 Bos IR
W N/P(n=14,8 J1:F=7.4, P<0.01; 10 /] .F
=3.9, P<0.05)f1TOC(n=14, 10 H.F=8.6, P
<0.01) i b R AK 7K 5 25 (] 42 5 A 0 3 vT k. 1F
TR B T2 05 Y YR A, T 3 U0 A A TR RS
B AR SRR Bk . RO R A 10 T Ui vl
R (R 2 A 3) . AT A 37 5% B YL T00HG 1) 5
[R5 AR T A O AR TR Y R A R R
o(TP) , ALK R TR IS TOC A1 N/P 1) T if
(& 3) . BT EOKANMEE ], #2K DO A R
e R B a3 (BAE R DTS N/P Fl TOC 1
SO, DO 4 HBLH I I (B ST DAY N/P

1 TOC &, FEWR AT DA A B S0 M 2 7K A )
A S s 3K DO SRR N/P
I TOC 5 25 FAHSE , S th T IS LR h i A=
TS K DO AYTHAE.

TR DUR i B S JR U R AE —E 1 DL T fE
% A K B A AR 5 TR 2B T R 2
GihE e R A LTS Y S B K 51T
BRI A 3 R 1 [ o0 e R 2 (i 2 b ), il
Wi MR OK AL/, A TRRE R 8 4 5 3 R 7K
TR BB FRIC R/ A PLIG R . A5, 8
HHFAOK IR /N | oK T3 45 B I R] S 3 — A A 2
IKE VIR K 1 HOAR , $2 ks 1] B 5 00 T A IR
BHRTTR MR KOS 8 HHb3R/K COD



3 1 AR LR L M T A I IR G B A (8] o A R B R DR 2R 23T < AR R T 9 7K 161]

1353

TN S JETURYIHH TOC W& 1IEAE. 10 AR
FERT, Fr SR RT3 T FRoKoK & | B, Hh oK 51T
TR K A= Fe T 5, S At (B) 5 6, UORRA) 0 b K
FIPERSS. 10 A MK iy NH, F1 TP 590K
DU TOC 2 3 3 5 ¢, V3202 F TS e
TR PR A P ) 3 6 8 5% 0 2 I WAL R A T
T AR Z T KA PR SR OC R S
FKEIRTICIRIC R, 2R R K E FR oo R B4
FHE Ak . ZE MK TR T 2R Wk FE AR, DU R i

Pl KB SR IC R W m i, DAY O i
EMEA R 78 P IX Rl A6 15 Z R AH . LA
BIFFEXT G 3 22 A R B K 2 AR, 5 3R LR A M
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Table 3 Correlation of surface water quality with geography and sediment compositions

. e vy FK/ S TR Y)
Ik ATTHRER KGR WICA TOC TN TP C/N N/P Py
pH 0.865 0. 160 ~0.831"  0.784" 0. 666 " ~0.507 0.536" 0. 700 ** 0.558 "
CoD 0.557" 0.344 ~0.682"  0.585" 0.475 -0.108 0.347 0. 502 0.569"
NH; 0.424 0. 461 ~0.553*  0.398 0. 421 -0.355 0.118 0. 614 %0, 360
sS 0.208 0.320 -0.398 0.243 0.204 ~0.199 0. 056 0.214 0,197
TP 0.420 0.265 ~0.583* 107441 0.487 ~0.194_.  0.064 0.520 0. 464
™ 0.573" 0.434 ~0.697"  0537° 0. 487 ~0)212 0.239 0.514 /o4
DO ~0.734"  -0.167 0.668" -0.644*  -0.513 0.589° -0.554%  -0.666" / 40.376,
T 0.390 0. 390 ~0.376 [ 0.292 0.219 0367 0,297 ' 0.302 0128 40
Py 0.384,/ 0. 402 40.537* | 0.383 0.422 L0.253%  0.063, 0.553* 7 0.3%2
Fa r 4 ‘_ ¥ ‘.,.i". 10 H f P '
A B BF B BXE & JOELE I
Yoh  NEEER TRERD B TOG ™ /TRy /N N/P Py
pH 08471 0. 001 Lo.792  0.589° 0.587" ~0.553" 0.253 0.577" 0.4634
_€0D 0.276 0. 180 -0.3021" ‘—d. 174 0.331 0032 1 -0.363 0.108 ~0.201
|| 1o Y 0.083 10.199 [T-0.689 / -0.033 0.153 ~0.67371  -0.122 ~0.642"
$s 1 Logozr 0174 0.406 |#40.8357 0,015 0.236 ~0.258  -0.211 ~0.183
TR 0,338 0. 008 0,198  —0s665~  —0.057 0.274 ~0.631%  -0.172 -0.589 "
N 0.163 " ~0.049 -0.296  -0.317 0. 400 0.201 -0.576*  -0.071 ~0.280
DO —0.778"  -0.042 0.702"  -0.620*  -0.505 0.654*  -0.350  —0.678" ~0. 480
T ~0.603 ~0.288 0.619*  —0.085 ~0.497 0. 145 0.216  -0.517 ~0.071
Py ~0.459 0.011 0.330  -0.759"  -0.139 0.368 ~0.688*  —0.305 -0.673*
Dn=14; * FoRBFMEIE P <0.05; * Fs i EMEME P <0.01
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