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Abfﬂ' ct: }t 1s anonam to explor;dq‘,e relationship hetw eend Jand uge Wpes lan(!_'\_w,al"er lity to improve the surface water environment™Based on monthly water quality monitoring
data from 16 nuatlona'lg confpolledurface water quality moni}ormg stations mMaﬂd use data in 2021, GIS spatial analysis and mathematical and statistical methods were
usedto stud‘y the influenceof land use types on surface water quality in buffer zones at different scales. The results showed that: (D) the land use types in the study area were mainly
constmc}i.pn land, farmland, and water areas, which had significant effects on river water quality. Except for water temperature (WT) and pH, the farmland, construction land, and
water areas were negatively correlated with each water quality indicator; forest land and grassland were positively correlated with dissolved oxygen (DO) and total nitrogen (TN) and
negatively correlated with other water quality indicators. @) The water quality indicators showed obvious spatial differences in different seasons. The pH, DO and TN concentrations
were higher in the dry season, whereas the permanganate index, ammonia nitrogen (NH,"-N) , and total phosphorus (TP) concentrations were higher in the rainy season. ) The
results of the RDA analysis showed that the 800 m buffer zone land use had the greatest explanatory power for water quality changes in the dry season (50. 4%) , whereas the 3 000 m
buffer zone land use could explain the water quality changes in the rainy season to the greatest extent (49. 6%) ; from the average explanation rate of the dry and rainy seasons, the
3000 m buffer zone was the best impact scale (50. 0%) on water quality indicators in Tianjin. @ The partial least squares regression (PLSR) analysis showed that the most important
variables affecting surface water quality changes were construction land, farmland, and water areas. The predictive ability of the PLSR model of most water quality indicators was
stronger in the dry season than that in the rainy season. In the dry season, all water quality indicators, except WT and pH, were most influenced by farmland. In the rainy season,
construction land had the greatest influence on WT and NH, "N concentrations, and the most important influencing factor for the remaining water quality indicators was still farmland.
This study showed that the rational planning of land use types within 3 000 m of rivers or lakes was beneficial to improving the water quality of surface water.
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Table 1 ~ Surface water monitoring stations properties
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Table 2 Accuracy evaluation of land use cover classification based on maximum likelihood
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Fig. 2 Spatial distribution of land use types in Tianjin
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2.1 K 2T A O o ,

Xf 16/‘1:@%%7@}()5[%{5" Y I%ﬂ(% PRI T
TG MM,,F.MQ%@{%‘%
Iﬁﬁiﬁ%ﬂ(iﬁfﬁf pp. DO. 5 h o o ? 5N
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KI5 »&@Do ﬁﬁﬁ@&il\?‘“ﬁ NH, ;WHT,PEJ@
AL s 7925 (P<0105). i pH 1 TN 41 7

%#Tﬁﬂﬁ@so 05)(%%}) MK b pHEAET. 67~

8.50 Z )24k , - F= 441 Jy 8. 16, M F= 44 {H Hy 8. 05,
KT 55 6k . p (DO) U 3h v Bl h 4. 53~13. 23
me- L', HIEANFMT R, R WERH RS
225 (P<0.01). & 56 B2 638 00k sh e B 4 1. 60~
7.62 mg- L', p(NH,-N) 7 [l £ 0. 02~1. 59 mg-L"' Z
(] A5k, O ok B 3 A B R 22 R (P<
0.05), Hi =¥ EA = T 5 F=HME . p(TP) i [H £
0.01~0. 19 mg- L' Z [H) A8 4, Hofk B H A #2519
BOMWEZR(P<0.01), NEHHEE TREHHE.
p(TN) & I 7E 1. 05~9. 68 mg- L' Z [8] 48 1k, , F Z= 4 {4
T 5=

AN TR) iy DX 00 35 %) pH{EL AT DO A8 A6 K T AN
[ii] Ml X 755 4 R £k 45 %% . NH,-N| TP Al TN 22 458 K
(E3). o 1 k46 B0O0E VG 7 DRI 38 15 (R VT 58
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Fig. 3 Spatial distribution of major water quality indicators in the dry and wet seasons
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Table 3 seasonal table of water quality parameters (Mean + SD)
AT JEg A pH p(DO)/mg-L™"  FEELFREEAEE/mg- L' p(NH,-N)/mg- L™ p(TP)/mg-L"! p(TN)/mg-L"!
1 8.33+0.47 13.23+2.0 1.97+0.87 0.170.07 0.050.01 9.68+2.15
2 8.17+0.37 12.13+0.96 2.97+0.22 0.11£0.11 0.0120.00 231+1.37
3 8.00+0.00 13.03+2.39 3.82+0.69 0.23+0.21 0.050.02 2.43+1.38
4 8.17+0.37 12.07+1.62 5.77%0.70 0.17£0.08 0.07+0.02 6.11+2.85
5 8.00+0.00 12.25+1.09 2.62+0.74 0.0420.02 0.01£0.01 1.47+0.48
6 8.17+0.37 11.03+1.60 5.300.59 0.2120.09 0.0620.02 5.10£0.76
7 8.17£0.37 10.90+1.97 6.43+0.96 0.41£0.23 0.110.03 5.39+1.17
8 8.17+0.37 11.78+1.79 5.52+0.31 0.2620.13 0.100.01 5.90+1.19
L 9 8.50+0.50 13.0021.43 3.28+0.40 0.10£0.04 0.030.00 1.34+0.39
10 8.50+0.50 12.73+2.56 2.83+0.47 0.13+0.05 0.01£0.01 1.40+0.24
11 8.17+0.37 12.05+2.48 3.23+0.37 0.17+0.14 0.050.01 1.4120.53
12 8.00+0.00 10.22+0.77 2.47+0.57 0.23%0.06 0.02+0.02 1.52+0.39
13 8.00+0.00 11.67+0.76 1.90+0.08 0.0620.02 0.0120.00 1.460.21
14 8.17+0.37 11.03+2.03 3.98+0.60 0.30+0.27 0.05+0.02 1.78+0.39
15 8.00+0.00 10.60+1.36 5.27+1.35 0.12+0.07 0.0420.02 1.50+0.75
16 8.00+0.00 10.02+1.47 6.45+1.62 0.25+0.14 0.07+0.01 1.8120.69
H{E 8.16+0.16 11.73+0.98™ 3.99+1.52" 0.19+0.09" 0.05+0.03" 3 1’6:2 Al
1 8.000.00 9.47+0.67 2.43+0.48 0.30+0.08 | 0.110.04 - J_Mg‘w 88
2 8.33+0.47 7.55+1.58 - 3.50+0.29 0.1340. 93_, | 0.04+0.00 ; 301727
3 8.00+0.00 6.78+1.34 ~'f.;,;?"4.4010‘47 0. 2@+o 17 . \ 0.08+0.02 f;y—ﬂl ]
4 8.17+0.37 7.93+1.02 . 5.70+1.13 0. 3b+0"12 | 0.080.02 7 2095:0.64
5 8.000.00 5. 6811{ i[5 1ss0s 002£0.00 2 I 0101:0.00 10550,
6 "'8 172037 7.65k2. 18 S h p 52:0. o W Votksoor 37880
’P 1 77 8 33+0 47 5; e om&o 62" -’6’19+0 06 3 704’0 di -
o | g, -:«' / 8-33+0 47 6 3§¢2._4g?n A A 18+0.89 0.56:0. 38 ~ 0.16:0.04 © T070. 451,,#"r
Tﬁé | gn'h " 18.00+0.00 7.19+1. 80 “f 3 4 3,,5‘_10 74 a0 49}5 30, .-:.f‘l, 0.09+0.03 2,39+ 1012
_ E io 8.00+0.00 6271 6,9' J I,|,2.70¢0.82 0 ?§+0 14 0.030.02 1.4419‘,.’&%
o Tt @ sswos7 4. 5§+1 1 u I.fl 13874078 107+0.75 0162008 2.83+1.27
4"~f| J 29 17.61.?0‘17 5.17+1. 66 | liif;gﬁ . 0.26+0.20 0.09+0.03 2.22+1.14
! & I,:;F“ 1% 18.00+0.00 8.12+096 600,24 0.060.01 0.0120.00 1.37+0.10
_,.:1":" 14 7.83+037 7.20+1.29 4.58+1.27 1.59+1.38 0.13£0.11 2.97+1.71
o 15 8.00+0.00 7.52+1.76 6.88+1.26 0.13+0.06 0.0620.03 1.87+0.87
16 8.17+0.37 8.05+0.98 7.62+1.83 0.410.14 0.11£0.04 2.09+0.88
¥iE 8.05+0.18 7.12+1.24™ 4.46+1.92" 0.44+0.39" 0.09+0.05™ 2.74+1.32

DR Z W ENJE—17+RR P <0. 05 K1) 1 35 22 5+

TEAR IR B R K, M 49. 6% (P=0.030). M2 T ZE
() SF- 24 i B 2R S, 3 000 m Sz - i 1] % L 26 7K K
JT 5% ) B e A 2% o IXORUBE (2 28 P=0. 048, W 2% P=
0. 030).
H RDA B W LLE ) FEREZ M XN ET R
(& 5) 8 b Ak 385 15 TP TN NH,-N | 55 5 R £
15%C. COD. BOD,, TUB Fll EC ¥ 5 IF A 56 ; Ak 5 He
5 DO Al pH ¥ 5 IE A1 ¢, HAE 2 000~5 000 m 5 TN 7
FEHEG5 1 1EAH O, B M 17 L AE 500~800 m £ i X X 7K
J50 AR Ak 5 W #5808 T #E 1 .000~5 000 m 5 DO pH Al
TN &2 1EAH G g3 M A7 b5 WT . DO Al pH &2 1E A
O, 5 HAB K BT 48 b5 240 R OG . W2 (1 6) #F b
Fb 7E %2 30T 7 85 28 #h X (500~1 000 m) 5 DO, pH FiI TN

$FFRIR P <0. 01 7KV B i 25 2 5, LAFRAE K BT 48 s 11 2 99 22 e 1k

5 IE A O 1 A 8 R B 2% v X (2 000~5 000 m) if 5
TP. EC. &5 B35 %0 . COD Al TUB & 1F A1 56 5 /K 5§
T AR LEAE BT A 22 o XORUEE R 5 pH L TN TP = 56
iR 98 %0 . COD . BOD,. EC Fl TUB & 1E A 56 ; Ak Fl
FOH N AR A S v X N 5 DO pH FITN 2 1IE A ¢,
55 Al K 4 bR S R OG5 A B LA A 2 o
X N5 WT AT NH, -N 2 1A OC, 1 -5 HAh K i 48 bR 22
IR A S [ 1 B A DG 6 R
2.4 3000 m Z& X+ A -5 215 KO8 1Y A BT

3 000 m Zz 11 X P - b 1) FH XoF 52 2 R R 2 7K T 5%
M) F) 5 £ PLSR ASE U3 AN 36 5 /R , A 4% 4 A L 11y
R QPRSB804 BR300 4o 58 SIS TR S 1, LAIK
) RN Q> Z ) i Fe /N 2 5 AT K Q7 R R i Al
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Table 4 Redundancy analy51s r.E-sulls of percentage change in overall water qnuahly explanled by explanalory varlables 4 "_.-"I ",.‘IH
i T .- ,.- 1 —=2F
' | g RRERI% / r _ Y
Y I ﬁllﬂ R /m i— — 7 — ‘rJ‘ ;Bseu[lo-l" i F,"'
— A | Yy, J o e i ﬁﬂl ,;-_-'Z . Ly
7 F 3 r i r 7 = T —&F -
¢ A 1 J 500 ¥ 6.33 15 O % | Tis . 0130
o | & F “ { = =
= w | 800 - 7.94 52 Ta -' & 122 _ 0036 *
| # i 1.-. | g * &
| | = || 1ooo | 7.15 sof g 2.0 0,062 4"
| 2% | 1 3 i
— 2000 | 6.19 41.9 d 1.4 0.198
¥ I Iu” I | |
J7 ! l | | 30% I /5211 S0.4 2.0 0.048
F "ylg | 'dooo 04 45.8 1.7 0.092
e s 5.98 34.8 1.1 0.438
I 800 26.3 10.09 39.5 1.3 0.278
1 000 26.69 11.95 44.0 1.6 0.126
2 000 18.62 15.28 41.5 1.4 0.190
3000 24.75 15.71 49.6 2.0 0.030
5000 19.47 15.97 46.6 1.8 0.064

HIHELA I, ° R R B RY I TR BE . 24 R*>0. 5, Q7> 22 H0OK S FE B AR 37 L5 T M | Bk b A K 8 A R
0. S, F Iz AR R B B4 A TR0 AE /1. 4 pH 4h, W, ELaxX 26 + b ) 28 0 5 22 BOK 38 fr B 2 1E
HAK BUE R A S UL AE A B4R T — A g, B #3302 WT 25 40 1 05 5 05 0 T 0k
SRS FLBUR BN AE ) B 0E R R EPIS  h po . BC. TUB. £ 66 545 L. COD . NHLAN.
Aé*ﬁﬂ’a DO, %-’fﬂs‘%%ﬁ%ﬁﬁ BOD., lz{l]lﬂﬁff%ﬂ‘ﬁ‘{ﬂw TP TN [ 5 S . M BT 5 DO BTN B F
HEﬁ*{iﬁ?(R2>B.9,QZ>(L9). ,E'\{z!:%ﬁ%éj:gébk R 5 ok 45 b7 4 2 SR . 70T 2 ok e
JRAE bR PLSR A Y 1\ 254k R BTN F1E 7 LU RN 208 o el o
£ 6N ENR R AT Ry o RRUIIRIIEN 5 ERL BT, DO
FIEC AL, HA K T 46 A 52 # 1% FH Hb (%) 52 ) LE 52 2= i

FHC(RC) B HL B AR 1 (VIP>1) , I H R E(RC) &
ST PLSR R 700 v i o 75 42k of 0] 17 25 £ 19 B 0 5 ) A6 K, T 52 A b R0 7K 1) 52 o A F 5 =g /)N, HONH-N

MR AR RE S T M (VIP) R AR s ek B VIP (R R A O SR B BT, AR R AR AR
BUPLE P A SRR — A VIP>1EIT fedps i VIP(EIR & OGS I R Bk . AT iR
X ) 7 78 A A R R R A R L R R R ALY VI A R Y G B e A R R A ]
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Fig. 5 RDA analysis of water quality and land use type in the dry season
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Fig. 6 RDA analysis of water quality and land use type in the wet season
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Table 5 Summary of optimal PLSR models for water quality indicators in the wet and dry seasons
KA b - F — ; L —
R Q B R Q B EL
wT 0.673 0.549 1 0.837 0.762 1
pH — — 0 — — 0
DO 0.990 0.984 2 0.974 0.956 2
EC 0.839 0.770 1 0.814 0.548 2
TUB 0.874 0.808 2 0.811 0.685 2
TR il P e 4 4 0.966 0.940 3 0.957 0.939 2
COD 0.950 0.936 2 0.890 0.822 2
BOD, 0.978 0.938 2 0.961 0.921 2
NH,*-N 0.899 0.848 2 0.627 0.469 2
TP 0.897 0.808 2 0.914 0.882 1
TN 0.875 0.710 1 0.933 0.814 1
1) —"F o T HE

k6 THARESWEMEFKREFEXRZNSM PLSREBE AR

Table 6 Regression coefficients of the optimal PLSR model for the relationship between land use and water quality indicators in the wet and dry seasons

_[#] —
9’

TRAE N SR By AR LT 5 HE X B R 2
R BT AL Y T2 KR T EH T R TR AR I R e AR
Aok H R T B IR A TS Yk A
I 8 R AR 2 R T O A9 2 B UL PR R R
F AR AR E N X, BT K 2 HOK S AR 2 57U
X, i 7E 2 000~5 000 m 5 5 Z= FIH 2= 9 TN 2 1E A
O, AT BE 5 R B 04 2B KRN AR 3 Bl 4R 0 A - 1 4 -
K AR UG P 3k AR A M), DT R O 3 b TN F i

& K A b e 4 Bty 7k 8 Hh it T FATH
wT 0.738 -0.064 0324 -0.576 0099/ " _;_;,fi_;b.;fiﬁ'
oH — i - [ | - N/ L
DO 0.326 _ﬁ;G".OSG 0.257 / :" 0.349 0.064 f 9260
EC 0.253 0118 0.290 l,-' & 0301 | -0.146 Jﬁ%.nﬁ J |
TUB 0.247 | 4 -0117 0392 | 0439 -0.055 | .IJ ﬁ.(}.dé,&j:"’
E-= i g 45 8 o44f | “0077 0.400 I;" . Yosag 1 g 006 T gy
'’ (I;'OD 0210 /] /LA 0.359 i",-’ -,-:-'-(").444nn A4 -0.005 ~ofi1g_~
o I £ | o, ?}302;»;.'};:»" '; { o342 /| O..|378"“* N
| | =4 BH, N 0300 o : 0304 g o4 0.001 B, 03014
) | — TP 0.026 # H-J—I{ﬁl.'OIG 0.192 & loais -0.002 —0._(}.;.@'
r ta @ N ojies | ) fo23s | 0265 [ Fo2ss 0251 0.094
4“"'| AW a Y 01{806.._:"" ‘,H —&(_);tfr:i,.-r' 1 0487 20.559 L 0.047 0.201
MPUSE v S~ el & i :
F ~ po 0307 0.069 0.259 0393 0.087 0.194
4 EC 0.194 -0.131 0.574 0325 ~0.050 0.031
TUB 0.298 ~0.085 0.250 0.436 ~0.070 0.183
RS 1+ il i K 0.274 -0.091 0.399 0.481 -0.062 0.092
coD 0.278 -0.028 0313 0.432 ~0.029 0.149
BOD, 0319 -0.069 0312 0367 -0.048 0.257
NH,"-N 0.668 -0.045 0.136 0.245 -0.048 0.143
TP 0.240 0.016 0.127 0.248 0.030 0.038
TN 0234 0.217 0.236 0.290 0.229 0.164
1) B AR F R R A A B (VIP> 1) 3 —" 378 To 5
FEE AN K5 G U 2% Ry 7K PR 458 75 G Y o R IR 2 B

3.2 RIS M SR K OK A RO 200

A [R) RUBE R o 00 T 3 30 90 7K o B A 22
1 S N T 7 1 D35 B S 3 DR RS B O R TP S
F N P i s e T e B o d S i R O o
PS54 55 K BT bR 1 06 R AL 2 S A AR A AR BIESE
R T TCAR 73 B BEAT = R -5 9T 97 7 J5iE ) 2 ) 280
WEFE K B, - | T 2= - 2 i B AR R, 3 000 m R
JETT = M A G 7K B4 Al B R i 75 (50% ). 3 5 AR TL
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