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BA (TN) KE, H b8 45 K /\I%iﬂzé&ﬂwk)ﬁﬁ/& TN/TP I E 32 %, 7 Z 7 & Redfield 18, R
CEAFMKAEERNAANRZEERSEEXKTINTP A G EER £, FAMNAEME (DO) KE.
W3 E (EC) ANKEM TN K Z B ZF & TR #, 3 A H 8 pH, = & . COD,, 78 TP ik & B F 1K T
A 221 FT O AN EREREITRFAREURXERDZNT W, ELRKENSH NI W
A %, TN TP ¥ FEE (COD) AN Fu 7 i £ 45 N8 & 2 5] 4 3.63 x 10°t.1608.5t,14.8 x
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i YEAE R Vg A BILA AN SRR I Ok UR, R AN
Z5/INB, T E AT IL AR VS R R A AL RS SR R
X o e 3 YN N S TR (i NS N [ 7 S

AR S LA T 38 350 B L AR VS T A TR Ry B 5
G, BT AL 4 2021 4 120 A4S 7K 5 W I B T (s
16 AN AW I ) B BCHE L R 3 5 4 i -2 oo 4otk
[l 5 (PCA-MLR) #7558 Z2 ST e 1 43 M 7 T AR
VA NV T 38 7K 5T B 233 728 AR R 1 B T 8 Y K JB 1 5
Wi, 2 — 25 B 3 AR T A T 3 R ML e RS 3R R
V5 YL 1 S AT RRAE L VR AE SR IR S B R, DU
— 25 R0 TV PN i B b A S R G R R U R A T
T LTS YR SRR TS Y o I SR AR, B A i
T 7K 5 G B iR MUK BT 2r 6 8 AR L ROR 328 .

2 MRS

2.1 HRRIEBREEHIEFRE
2.1.1 BFSE X

VUL 2R 1) = R ZK R (LD 3 K] A 7R I
TR T ) R B SEXF  o YA JA dekf 45 e N R
W RIK &R o ILRGEIE T2 Bk, mawd . N
Sl HMORAL 7 4 A8 (X)), &K 2 1345 km, Jid

AT 40°30'~45°17'N, 116°54'~ 125°32'E Z [a], i
TRy 2211 x 10* ke*([&] 1) 30380 P4 B 7K B 25 0 A i
ANEE), ARER L X 2 4R 2 [ K £ R 800~ 950 mm,
VG &8 Hb X AT K 300~ 350 mm, 4F 1 Hb 2% Kk % I B ik
137.21 x 10 o0’ BTN FEZEHTE 7-8 H o 1L K R
EAT] . AL AL RN LA T 4R, T AR T
YN i T T b Y RS TN N S T NS U T N
A TR, 7678 AN, 2007 5 12N
3383 x10° A, B N A = S35 9 172 x 10° 0T
2007 4F #F b 1 R Ry 8 327 x 10° FY, MR R T R GA
2 747 x 10* t, J2& T [ T 20 A R 5 b A Tl i b
ZR G W VA 1 T PR A R B VT /N YRRV T
DA K388 /0N 8 A o] R 7S PR To] S 2R, AL /N Tl ) 3
42Kl 352 km, HFLUA 2.8 x 10* km?, 71T 4595 A .
2.1.2 HdEskiE

K BT B8 B 4G 2021 4 It Bl A 120 A4~ W 0 B T
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Fig. 1 The Liao River Basin and water quality monitoring sites
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Phosphorus, TP) ¥ & | &L & ( Total Nitrogen, TN) ¥ J& |
Cuk i . Zn ¥R JE . BALY (F)WE | Se Wk | As ik
B Hg W . CAREE | Crodk £ . Pb ¥k & . H bW
(CNO) W BE | #E R MW . A28k E . BB 73K m
15 MR (LAS) ¥ B2 At A 4 (S*) R B2 i Bcds . K e
B R UR T B S8 U 0 M R K Rl 7K B £ (hteps://
data.epmap.org/page/index ), Wi I W7 1T UL 1&] 1, W0 A
]2 2021 4F 1-12 A, sk s A 1k, 2387 7 ik
UL 2021 4F [ A SR 7 58 0 RO R AR AR AR
( Digital Elevation Model, DEM) % JJ& 3k i - s $ 25 [i1]
Bz 19 SRTM DEM 90 m 43 ¥ 54 (http:/www.
gscloud.cn)o 7K Z B K U5 T R} 27 B 0% IR R S5 B
2= 544 o0 (hitp://www.resde.cn )
22 BRFIHE

IR SBEHE B AR PR ST L A G o AT R R Oy 2
53T (ANOVA) i ] SPSS 19.0 52, 15 e ¥ F- 4 e Ji
B 25 5% R H ANOVA K5 (p < 0.05). 5% X 47X
Rl 7K FRFNRAE SUE B T AR AT ArcGIS 10.1 58 .
S X K 5 B i2E 47 3 843 43 At (Principal Compon-
ent Analysis, PCA), # U [H F (PCs), 2R J5 FI H £ J0 £k
P4 71 19 (Multiple Linear Regression, MLR) %€ & 43 #1 A~
[ 5 A DT R
(1)

Y= zn:m,-X,»+b,
i=1

Aorp, Y is B ) SOk EE s n Ol PCA 42 Uiy I 1 88
X, PCA 13 B I BK 715 43 A8 55 m, M4 i A B 1945
N IADVEEX S eR W ISR e
XA Y ST AR AR, 15 8] Z 5 T R
i BB DT R
Z=> BX, (2)
=, B, MLR W58 LA R H, U8 i 934 sk R
HHEALH
FRITTRAE (%) = B 100,

s

LE R F 43 B, B 75 25 1T Kaiser-Meyer-Olkin
(KMO ) 6 56 1 2 4% 1| 45 ( Bartlett) BREEKG 5 . KMO £
B S — Aot Oy 25 SR AT BE S AR S A PR R I, HAE
TE O~ 1 Z (0], BRI F 1, A8 i (AR S M B, J AH 56
PEME S, BOE G B . 24 KMO fE/h T 0.5, &
& AR T o0 8 . Bartlett Bk 5 K 56 43 A 748 B2 5
S, 24 p fH/INT 0.05, BB SEEKOE 4, 45 AR AR
— R FAHEST, &S A . S T ARAR AT

(3)

HE B PCA G551, 5 Bl - FEA KU = OK B8 A 8
HEH50), FEA RS KT, Bartlett BR B R 55 119 SUB M
SR ERGINS, AT G ER .

3 ZR51He

iR gt FAE K o 17

IK R FEFR R IR PE S 7T I Kolmogorov-Smirnov F
Shapiro-Wilk(p < 0.05) IEA S K g 25 R UL 3% 1, 103
T UK T bR 48 bR B COD,,,. AN MK | TP ¥R
HUTN e B2, HA A b5 A5 6 (b 28 7K 0 58 BT 42 4 1 )
(GB3838-2002) (1 I b5tk 2021 4 ¥ IhF 1Y AT I
HifEfE COD. TP Fil AN %5 ¥k B i Ar ™. B 7. pH Al
DO ¥ JE 422 5 1E 543 A A, A6 45 A8 IR GE 285 43
Aii, A B2 AU BE 34 KT 1, B 43 A 2 B D R
Ro HFZBEN AT, 15 4P HERGE BG4 W
) BT TP e BE R BCHE A R A e . kB R
EC 4F N 3% 3h & K, 1M pH Al DO ¥ B )% 3 &/ o
pH 7E 7.9 e 47, 25508t (R TR 21K pH(8.13 +
0) It FL i 7 pH #41E (8.1 £0.2)., COD, AN, TP #lI
TN PL & Cu. Zn, As, CAF FAY ¥ B I sh %8k, i Se.
Hg. Cr*. Pb, CN", & M. S*. A2 LAS ¥ i
Wi /N, ALY AEFE LI K Cu, Zn, As, Cd Fll
F 28] NGB m o i .

JK AR AN/TN HC {4 0.057 + 0.003, 745 5 & #
201.1%, #sh K, TN Hp AN & HeAiK . A& V5 KR Tolk
JE K AN M BE 85y, JLAE GE RS 2 AR v e Ak R A R Ak
TN/TP HCAE R 168.2 + 7.79, 25 3 2 UK 169.7%, ™ &
5 Redfield HAE(N/P=16 : 1), ZEHIGRIR S AN (07
FRER G AT, FETEBER T . TN/TP U (H B 2 &
T4 DIN/SRP o (55.7). #% a0 11 K 4B 3T ) i 7K
WEE LUDGRR 14 3, (A A7 7E 5 DIN/DIP FbAE A B
(IR M= (N3 By i B k= i TN
i), TN/TP HARIE g T 7 -3 v T AR A K Y 300 5 1
N/P LUAE (0.25~14)00, 5 35 5 B PP 1 9 A B8 1) T
B bR, AT AR R IV DIN v B 5 14 i, 5 80 K
DIN/SRP ANWi T 5, V3 VR Ui A ) A K 32 Bl B

K BT FE 5 A I DN TE 2 43 A1, 75 4 1] Spearman A
K F B o A H A S (18] 2, [ H A s T A )
YR tr ). TS pH. . COD,,. COD ¥ J£ .
TP ¥ B A As Ve B 52 B 35 1EAHOC, 5 DO. BOD;, AN,
TN, Se Al S* ¥k fF J BEC & & ffoe, M5 E4 R
JA XM, pH 5 DO, COD,,. COD, BOD;. F . As,
A2 Crt, & B A SRV BE B T, PhEE B B 3 T
5, 5 AN, Cu. Zn Ml Cd f ¥k i 52 35 f A0 ¢, 1

31
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Table 1 Descriptive statistics of water quality parameters
¥ifd FrifEiR i E W Kolmogorov-Smirnov Shapiro-Wilk
T 12.8 0.2 0.13 -1.35 0.00 0.00
pH 7.9 0.0 -0.11 0.75 0.00 0.00
DO Z 10.0 0.1 0.33 -0.03 0.03 0.04
EC 219.4 13.8 6.12 51.47 0.00 0.00
R 32.4 2.1 4.94 31.24 0.00 0.00
CODy, 3.4 0.0 1.78 5.66 0.00 0.00
CODMe 14.2 0.2 2.80 27.99 0.00 0.00
BODS# 2.1 0.0 1.67 472 0.00 0.00
ANV 0.26 0.01 4.58 4231 0.00 0.00
TP 0.079 0.002 6.27 104.62 0.00 0.00
TNV 5.4 0.1 2.30 9.11 0.00 0.00
CullkfE 0.001 6 0.000 1 10.66 166.23 0.00 0.00
Zn¥efE 0.017 0.001 6.42 66.06 0.00 0.00
F iz 0.401 0.009 1.29 1.74 0.00 0.00
Sefk i 0.000 2 0.000 0 8.48 81.61 0.00 0.00
AstkpE 0.001 0 0.000 1 14.03 291.31 0.00 0.00
Hgik )& 0.000 02 0.000 00 3.33 10.74 0.00 0.00
CdvkfE 0.000 07 0.000 01 9.44 106.66 0.00 0.00
Cr® e 0.003 0.000 5.39 33.16 0.00 0.00
Pbyk [ 0.001 0.000 0.90 2.17 0.00 0.00
CN ¥ 0.002 0.000 10.02 127.46 0.00 0.00
R 0.000 5 0.000 0 10.73 137.50 0.00 0.00
STHR 0.003 0.000 15.19 267.18 0.00 0.00
FrIMEH 0.01 0.00 8.37 122.00 0.00 0.00
LASHE 0.03 0.00 3.28 12.12 0.00 0.00

T THYEANT R °C 5 ECAFEAN SRy pS/om; B BN G NTU; pHIC iE4N; HABFE AR BN Fmg/L

S5HM 55 LA . DO M E 5 BOD,. TN, A

2. Se Ml Sy FE K pH, ECH W E EH X, 5 T,

MR . COD,,,. TP ¥ BEFI As Yk FEA B AH G, 5

HoAbFE AR TCAH M o 6L IA) 7K i S48 B TP He JiE |
e BE K AN e B A,

COD ¥ & . BOD, i J& . 17l 26
AN, COD 5 BOD; ¥k FF & i 25 4H 3¢, 1 TP 5 43 i
FEI U BE AR CAS ;B ZE 0, B pH 5 DO ¥k BE 52 1F A
X, 5 CODy, Fll AN e B /) A G MR 1 2, DO W Ji
5 COD,,,. AN ¥ I 2 ARG, X S50 fE 38 &
SR & B 8 H K2 DO R TR ZE 2~3 mg/L,
pH T B2 7.8, 9 H IKJZ KK DO Hk B A1 pH & i 7t

= DO Mk EE I pH i 32 V7 AR W) 66 AF FH AT I
A ST R SE I o HERE RN 2K R T = AR 2 I i A
YK, TR AR R S R TG A VR L I
IR (A 3G N, DO W TH 0, EC Mk AR S 4
BLY) RS SRk ok B 52 10 38 IE A OG o I 32 3 N0
A A SR R B, K SCHABEE &K (T, pH. DO ¥
Ji . EC FIMUEE 55 ) I sh R, JE XA HLA A 3R R 1Y
A Py b R Ak 2 5 R R A B E R . COD,,. COD ¥
JEF1 BOD, Z [AI M OCH:  2%, H 58 SRk Eth 2
FIEA (B COD,, 5 TN AN H i EPEAh ), &

5 CAN, TP Al TN) ¥ Ji 22 [A] 52 5 35 A0 OGP, AN R 2
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Fig.2

FEFIK BT FE BRI Spearman 3¢ ¢ R

Spearman correlation among major pollutants in surface water

*R 2 p < 0.05; *L3E p < 0.01; #+{ % p < 0.001

* Indicates p < 0.05; ** indicates p < 0.01; *** indicates p < 0.001

FTTN ¥ BE 52 5 2 A O . CODy, 5 AN MR BE 52 1
FAEASC, X 50 R BRIE AR A Tk JE A 50,
32 HEER

PL6-9 H A, Hoay H 4y AR U, R A AN-
OVA K 56 Xif A 7] 7K 1 1) 7K 5 46 b 1547 43 A (& 3)
pH. DO ¥ i | EC, i . COD,,. AN ¥ & | TP ¥ J&
FITN WEEAAE 5225, 1 COD. BOD;. Cu. Zn, F-, Se.
As. Hg. Cd., Cr*, Pb, CN', S| ¥ & . LAS Fl 1
Kk EAFAEZS . JEHBIY EC J DO, AN #1 TN
AR 2 e T TN, AR WU B pHL MUEE | COD,,
FTP ¥ B2 W 35 AR TR0 . VU] DO vk B2 AR TR TR
1, 3 2 PR SRR K A DO W i B A AR K 5
Wi, ik B A v K AR R G O, T2 S A A . it TR
MR B ZE, SRR R, DO MR AR, b2
5T i R 2 K B BT 45 A IRl . U EC,
AN e B2 R TN ¥ BE AR TR WU, 3282 i T U
=3l Y B K 1A b 2 2 T A s B AE

VI 5 4TIV 9 COD il BOD, ¥ & 6 I I 22 5%,
1M JE U CoD,,, & #E (% T, COD,,. COD ¥k J& il
BOD; ¥ B 76 A [l K SCH I 2 R [ 45 e, FE S H
VWA K. AHFREI, AN EZRE T4 MM Tk

5, T COD,, #7310 3k B A, 78 2010 4F 71, JE
W CoD,, i F IR, Z 5 W1 5 4 W 8 coD,,, %
SR/, 3R] BE R B R AR A R = A ]
WV AR Oy TR T 27 A 1A IR B AT SRl s
TG YW HE R o ]I 87 B 9 TR] COD b HE T
12.45%, 45 K T Ak BRI, 38 X635 7K A 3 S 8
PEAR T, BEAK S URHER . CODy,, s V5 HE B 7E 8 2>,
Ak S VR HE L 5 B AERE N

AT TP e B A B 5 251K T 31U, TP 9 ok U5
LA AR S8R =, [ EF TP AR 45 e 5 A 78
TEAS WK Bl ) S5 A 06, ho B 5 TP ik i 52 B 3
TEAHDG, KA e PR AI0RE ) 1 22 S OGS A 2l 1) %
BEF A F ik, PR K T B8 i TP YR B2, (R b, m] i 3
TR ARV i A Wi R 3 . VRUB Jol  J  JOURE 42 386 A7
FIT TP BYER . TP & LAAE SR TS Yk 175 44y,
UNGEEN N ONCIIN AEES N (R AP S S
8 X 38, 7l 1% 7K TR B I S R R . TN U
SIS AN TR, T2 AR 8 K XYL T SR B A A
S PR VR T . N 28005 s fof A5 A Vil i o 22 AR
L, e K b CAE TR RS R G, (AR T
B AL 5 U B R IR RN 5 22 R L 1 A A K AR A HE A
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Fig. 3

Indicators of major pollutants in the wet and dry season

#RERS B FOR p < 0.1 F1 p<0.001 MK

* and *** indicate the significance level of p <0.1 and p < 0.001, respectively

FUa, U A K K B S B R e AR A VS YR B,
Fo L A R S TR RN AR SR L [ VR A A S5 R
BT A8 Y 2 R AR TR, I U5 28 Sl T T 3 KO
BY7K BT 45 Tl K, 32 B 52 W0 R K JE SRS G i
SR, T 10 4Rk, B G T AR IS TS K AR B R,
SRS A B, AR SRS YR e, s A
TE B A B 5 A 0 4 3 TR A9 Bk 2 K BT A T 4%
[N G E ==
33 THER

PN AN R 7K R B 2R b U v i Tf 1) A V6 B TR 5
Ye vk B UL 2, VE KW COD ¥ ¥ fiw i, 37T Ik
Z, R AU DI R A, MR EEAE 13.0~19.7 mg/L Z
] o ST EY TN MR B A, AR ALV IR IR 2, %
KB A, 40 %)~ 8.63 mg/L. 7.66 mg/L 1 4.00 mg/L.
AR AC S I T Y AN MR B B e, AL IR 2, T K TRT
A, 73 %4 0.60 mg/L., 0.46 mg/L #1 0.23 mg/L, TN
FIAN Ve B AF AR 28 () 22 57, 35 RUHE T S A g b Bk
PG AA S o T0IR AN R HU 28740k X, 1]
AR, Al E TN R TP Y52 M 8K, AN L 2 55 1k

i TN, PRI Y TP 2 (0.178 mg/L) A8y, i 5 7R
JC VR BT A, 43518 0.135 mg/L A1 0.124 mg/L.
3 AN 7K XA A D T 9 KR 1 A T I R B e, R
Je Wi Hg Wk BE 3¢, 30T As VR RS S o AR b
T I 5T Cd A Pb ¥R B S5, V5 KT AL ] Pb Ve
JEE R T, T R Cd VR B SR IR . I Y Cro vk B i
1o VR RT] RUAR A U I 1T Crovik BE AR

3090 38 35 AN 7K FR B AR A VR e v i T ) S
UL BT 3 S e b UL L 4CTE] 4 RS T AR X
SRR bR ). ALK R 3 4 E B W M, 3R
Wl 5 529 () pH. EC. 3 £ . COD,, 2 DO. COD,
BOD;, AN, TP, TN, Cu. Zn. As Fl F /¥ & 17 7 i
EXF, IR BB TS Y YR I B, ST TS )
W e AR (BR T TN Ab), Se Al Hg i v J G i 3% 2%
S WERMKRM 35 FE LW R KT 5
%) pH. COD,,, 2 COD. BOD;. AN, TP, TN, Cu, F-
1 Se fY e BF 5 1 25 25 5, T A AR (BR T TN A1) 2
Fm T 5 K 7, EC, hE M DO, Zn. As #il
Hg MY TC i 5 25 5% .
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Table 2 Fluxes and concentrations of pollutants in the Liaohe River Basin in 2021
SIREIY & FEIIM 7K 7 ARALH s ]

HeFE /(mg L") i/t WeE/(mg L™ i/t HePE/(mg L) i/t
COD 18.8+1.3 59 760 19.7+2.1 75369 13.0+0.9° 12 602

TN 8.63 £0.90 9309 4.00 +0.43 23934 7.66 £ 0.90 3021

AN 0.46 + 0.09 585.9 0.23 £0.03 23559 0.60 £ 0.06 144.8

TP 0.124 £ 0.011 473.4 0.178 + 0.020 1053.6 0.135+0.016 81.5

FARTHES 0.010 £ 0.002 67.7 0.023 +0.011 145.0 0.016 +0.002 9.21

Hg 0.000 02 + 0.000 00 0.135 0.000 05 + 0.000 01 0.103 0.000 69 £ 0.000 39 0.026

Cd 0.000 11 £ 0.000 06 0.059 0.000 02 + 0.000 00 0.135 0.000 13 = 0.000 07 0.059

Pb 0.000 17 £ 0.000 08 0.518 0.000 18 + 0.000 07 1.201 0.001 39 +0.000 35 0.259

As 0.002 32+ 0.000 31 6.828 0.001 24 + 0.000 55 6.419 0.001 49 £ 0.000 58 7.187

cr* 0.014 1+0.004 8 15.304 0.0052+0.002 0 12.425 0.003 0 +0.000 6 3.922

Pk AV km’ 44947 27 661 29482
BRIEA10° m?) 29.0 517 6.85
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Fig. 4 Index in main rivers in pollutants different water system
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Same uppercase letters indicate no significant differences and different uppercase letters indicate significant differences (p < 0.05)
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Fig. 5 Component loadings after varimax rotation (a) and loading plots of the first three components (b)
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Spatial-temporal variation of water quality and pollutant
source analysis in rivers along Liaodong Bay

Wu Guanghong', Qiu Mengxuan', Li Jianling', Luo Wei’

(1. Tianjin Key Laboratory of Water Resources and Environment, Tianjin Normal University, Tianjin 300387, China; 2. Laboratory of Solid
Waste Treatment and Recycling, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Based on the dataset of 120 water quality monitoring sites (including 16 coastal sites) in rivers along
Liaodong Bay, the principal component analysis-multiple linear regression (PCA-MLR) model was used to study
the pollution characteristics and flux of organic matter, nutrients and heavy metals, and analyze their possible
sources. The pollutants exceeding the first grade of Environmental Quality Standards for Surface Water were
COD,.,, AN concentration. TP concentration and TN concentration, and other water quality parameters met the
standard. The TN/TP ratios were high and seriously deviated from the Redfield ratio. The input of high N and low P
load from terrestrial sources was the main factor causing the increase of TN/TP in Bohai Sea. DO concentration,
EC, AN concentration and TN concentration in non-flood season increased significantly than in flood season, while
pH, turbidity, COD,,, and TP concentration in non-flood season decreased significantly than in flood season. The
concentrations of organic matter and nutrients in estuaries were affected by factors such as the agricultural areas
that rivers flowed, while the concentrations of heavy metals were related to the distribution of industrial enterprises
in the region. The annual fluxes of TN, TP, COD, AN and petroleum pollutant into Liaodong Bay were 3.63 x 10 t,
1 608.5t, 14.8 x10*t, 3 086.6 t and 221.9 t, respectively, and the fluxes of Hg, Cd, Pb, As and Cr®" were 0.264 t,
0.253 t, 1.978 t, 20.434 t and 31.651 t, respectively. According to their contribution, the main pollution sources
were domestic sewage and industrial wastewater, sources caused by hydrological factors (hydrodynamic conditions,
etc.), water-gas interface pollutants exchange and secondary sources, non-point sources of farmland runoff and

transportation.

Key words: water quality; sources analysis; PCA-MLR model; flux; Liaodong Bay
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