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Analysis of Environmental Factors Influencing Non—point Source Pollutants
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Abstract; Based on the observed data in monitored drainage areas and GIS spatial analysis tools, watershed basic database of Shitoukoumen
Reservoir Basin was built. Multivariate analysis and partial redundancy analysis(pRDA )were employed to analyze the contribution of the dif—
ferent influencing factors, including natural environment factors, anthropogenic disturbance factors and watershed scale factors, and their in—
teraction between them to water quality during dry season and rainy season. In addition, pRDA was also used to investigate the effect of the
different influencing factors on the main types and forms of the non—point source(NPS) pollutant export. The results showed that different in—
fluencing factors led to great changes in water quality at spatial and seasonal scales. All selected influencing factors explained 64.5% and
68.2% of the spatial variation of water quality over dry season and rainy season, respectively, which shows clear seasonal difference. Natural
environment factors played the key role on the spatial variation of water quality associated with the NPS pollution, which explained 43.7%
and 59.5% of the spatial variation of water quality during dry and rainy season, respectively. And anthropogenic disturbance factors were the
second important factors, which possess above 20% of the spatial variation during both dry and rainy season. The interaction between natural
environment factors and anthropogenic disturbance factors resulted in more NPS pollutant export during dry season than that during rainy
season, which the former possesses above 20% of the spatial variation of water quality and the latter does less 5%. During dry season, residen—
tial land used of anthropogenic disturbance factors dominates some NPS export, including the ammonia nitrogen, particle organic nitrogen and
organic matter, and meanwhile discharge area of scale factors controlled dissolved phosphor and organic matter export. During rainy season,
interaction of different influencing factors controlled the types and forms of NPS pollutant export.
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Table 1 Source and process of environmental data

BEEE | RNE S BOEE BARAN T BOEA L B
Lo \ IR SWAT USRI, 5RO B AR 2 Elev) S (Slope) -
wp  viom T Mj%i%fﬁﬂiﬁ EE O FRB A TR KA K (SL) . TR Area) JT
P A5 (RD)
. L ESERREE RS H AR N 44 E R (PCP RIS T
B P e T ] Kriging ff{H P (RD)

b oy PEIPNSRS SAESREE RS s g BRRTIERCK) ATIUB(OM) 25

PE L ALk R (TNs) . £ (TPs)
. PRGBS R A TR R N AR LHI(PF) B R A L F(PR)
LR 1107 BT S R TR GIS V5387 BEHB L (PA)
cpirs | FUMEEIALITECIER  FIF ERDAS
MGES 195 mx195m  HEREBTEMESL IMAGINE 8.7 #1iTik Bt &%, HHE JA—AbABBEFEE(NDVI)

BERE NDVI

BRI R S TRIRIL R ERHET B ME R TR N SRR R A



728 EHRBSE R R IR TS S i I FR R T

2010 %4 H

X AN R At S 2K R A 2 A S B AT T
XU, BT AT -

Y=lg(10Y+1)

FRIBEIREA Ok, KREER S T Hi ik
FAREALAL B, HoAf L CANOCO #RA4HERIATE Kk
1o & P03 T 7 3% A [R] B 391 K it A o 20, |
CANOCO B4/ A sh I B L B2 ¥ (Automatic for—
ward selection procedure ) 52 i¥, , | Ff] Monte Carlo ;%
(Using 499 permutations ) W EE R B3E .

2.4 EF RN

FZIEF| AR T IARIBUR B R 45
SRR, AR i e A SRS Y [ B UK B 2= A
&R AR AT LT B AL L8R

(1) B f# Be7% 5 (The total amount of variation ex—
plained by all variables, V,) : 228 & 5347,

(2)E ey, AT 78

O A AR IEMR B3 (The proportion of the varia—
tion explained exclusively bynatural environmental vari—
ables,V,,): T RHHIK B A A2 BAE N
R R A N TSR R RS E, A
T A% HE B3 DR R ST A BRI 7K Jo s () 2R A

QN H TRy (The proportion of the varia—
tion explained exclusively by anthropogenetic distur—
bance variables, V,,¢) : R4 B BIK AR P LA N T
PLAE B A A e BT #1357 B A RN B A R A
VR R , AT A -0 7 AR A 7K i 2 )R
o

@i R & %43 (The proportion of the varia—
tion explained exclusively by catchment scale variable,
Vi) s TR B B 7K SR R v LA e AR R A
B B MG RN T IR &, A5
TR TR 2 M S AR 7K 2 1) A2 Ak

@ARFTE- AR T WU G B (The
amounts of variation attributable exclusively to the inter—
action of natural environmental and anthropogenetic dis—
turbance variables, V,;) , & AR N .

V=V V=V Vo (1)
K.V, B AWBRER R R FHEE ARG S
R R BB AR /K 5 5 (8] 2B AL R 40

© BRI - R EH % 44 % B35 (The
amounts of variation attributable exclusively to the inter—

action of natural environmental and catchment scale

variables, V,,) , 3R A AN .

V=ViV VoV, (2)
KA Ve BN TR L4 RAE 2T
PA -1 BEM A R 1 2K o ) 2R AR O

© Ay T - Wi sUR e IR 22 2 BT 43 (The
amounts of variation attributable exclusively to the inter—
action of anthropogenetic disturbance and catchment
scale variables, V), Hi1E A K .

Vi=V—V ViV, (3)
AV, R SRR R 0 ARG i iR g A
REAS SRR BN K 2 AR AL R 20

DB RIIE- AN TR E R A AR
843 (Variation exclusively shared by the interaction of
anthropogenetic disturbance and catchment scale vari—
ables, V.u), IR AR«

Vos=V (Vi Vot Vot Vot Vot Vi) (4)

3 wREEE

3.1 HEFRSIRERFRES Y

A RIS S5 PR RS [RIAFAE ANR 2 B o 38
T EST, MKEIFIE KB R T2 R B3
(P<0.01), HFR 27K A i 7K o 2 18] A2 57 A B Y i T
FiKH, PIABHEIZIE ,NO;-N PAP I SS #r t #k
JFEZE SR BATRCA  i. (P<0.01), 1 TN DN Al TP {1
ZRWIKB] T B2EKF-(P<0.05 ), Ui RS R B 7K
B2 BT 975 A R LA 3R 4 o IR RS e B
o BEobh, Rl — B P, A 7K e b B 25 ) A8 S P
Ao K 1 BE—P I dkE IS R R POk R
RYZTT IS (] B RG22, A SR T ik
12 ARG T AR B EAT RDA J047, 15 214
(R IR 3R 8 PR 2 45 X s i 2 1) 0 O AR
HZE 3 A1, ARIEE RDA fHEF 34 535 H 7
Z A8 E AR (P<0.05 ), Ho i A7k B 7 5 25 18 4
(964.5% 2 i R I R R 2, X ARk
B, X— RN, TR T BV R 68.2%, MHT 4
ANHEFFRIT G R EME B EORE , SRR I g
AR B Nt U K S5 S (R S B R R B T
90% , HATAA-HEF R R R RN G2 7 85
BB 75%H , 1] WX 6P N T RERS AR P
EPRORE PSR AT IS YL AL, TT ELAS RIS S
KB B ZS ] 2353 56 42 W] DL BT P HE R Sl 21 T 1
B o F A K AR RS0 R A R K B2 8] 23 S R 26
BE T RIS BIBCR KA, ] AHEWT RS D 4% R
(242 T BB R B R I AR s YRS ™ H 22



F29EH AW

Kk W H OB

A 729

%2 FENEFREKR EEHE (mg- 1)

Table 2 Spatial water quality characteristics during different seasons in sub—catchments(mg+ L)

Kk H#% . FAI
Average[CV(%)] Min Max Average[C V(%)) Min Max P-value
TN 2.163 [85] 0.530 7.810 3.058 [47] 1.108 7.188 0.039
NH:-N 0.330 [190] 0.030 2.980 0.185 [130] 0.010 1.170 0.264
NO;-N 0.818 [85] 0.010 2.220 1.918 [72] 0.017 8.200 0.001
DN 1.511 [72] 0.222 3.920 2.195 [56] 0.820 5225 0.029
PON 0.710 [133] 0.010 4.070 0.864 [65] 0.110 2.072 0.366
TP 0.127 [96] 0.027 0.459 0.209 [78] 0.041 0.659 0.029
DP 0.069 [112] 0.017 0.257 0.048 [91] 0.007 0.195 0.201
PAP 0.057 [113] 0.001 0.206 0.161 [90] 0.019 0.626 0.001
SS 70 [103] 12 301 181 [72] 56 534 <0.000 1
COD¢ 22.99 [106] 1.02 102.03 34.10 [52] 12.55 69.03 0.059

R 3 MFEAHPRIKEE OERVERETERETRESTER

Table 3 Linear redundancy analysis(RDA )of the environmental variables affecting spatial variation of water quality

between dry and wet seasons

AR B AR S BT PR B TR E 43 Hb/%Cumulative percentage of canonical variance accounted for by axes 1-4
Data set Sum of all canonical eigenvalues 1 I m I\

MiKE  0.022° 0.645 49.6 77.2 88.3 93.3

Fki 00127 0.682 46.7 73.4 85.7 91.9

W B 5AHAERE TR 7 AHELAER 3 MANTIRAERM 2 MR R IEHZEZEER . The full set of 7 environmental , 3 anthropogenetic distur—
bance, and 2 catchment scale explanatory variables was used p: it 499 Ria%, 2FHIEHFHIIAZ T H3E /K Based on 499 permutations, tests of

significance of all canonical axes gave identical results.
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Table 4 Spatial variation of non—point source pollutant output explained by environmental factor patterns during different period

by linear redundancy analysis(RDA)

35 F#% Ji) Environmental factor pattern HiZK3A Dry season FAKH) Wet season
v TVEI% v TVE!%
4l B 4RIFIEAF Natural environmental(V,) 0.282 43.72 0.406 59.53
4 AT F Anthropogenetic disturbance(V ;) 0.144 22.33 0.145 21.26
#iREHRF Scale(V,,) 0.055 8.53 0.066 9.68
BRI - AN FHIE 44 Natural environmental-disturbance(V.,) 0.135 20.93 0.030 4.40
H kIR - R E K 74 4 Natural environmental— scale(V.,) 0.014 2.17 0.020 2.93
RE-AATHETHE Scale-disturbance(V.;) 0.004 0.62 0.010 147
AR IE- A - RE K 744 Natural environmental— disturbance—scale( V.4 ) 0.011 1.71 0.005 0.73

TV, SRS Total variance; TVE , S5 RN Total variance explained,,
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Figure 2 Redundancy analysis results for environmental factors

and water quality in catchment during dry season
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Figure 3 Redundancy analysis results for environmental factors
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and water quality in catchment during rainy season
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Table 5 Correlation of environmental factors with the first two

ordination axes of redundancy analysis

TRE ik FKM
Variables 4518 Axis 1 452 Axis 2 #5018 Axis 1 4528 Axis 2
PCP 05815 -0.521 4 0.036 6 0.706 0
Elev  -0.6884 -0.006 9 -0.052 2 -0.209 5
Slope  —-0.8009 0.053 8 -0.025 2 -0414 6
SL -0.676 5 -0.071 2 -0.142 9 -0.146 4

K 02553 -0.315 2 0.445 9 -0.061 8
oM -0.080 9 0.159 7 0.070 4 -0.212 0
TNs -0.229 0 -0.220 0 0.403 5 -0.256 3
NDVI  -0.1216 -0.250 2 -0204 5 -0.063 2
PA 0.601 3 -0.046 8 0.166 2 0.186 2
PR 0.846 1 -0316 3 0.241 3 0.603 7
Area  -0.0146 06222 ~0.408 6 -0.097 9
RD 0.036 6 -0.146 4 0.095 5 ~0.050 9

1 :PCP, I REK & ,mm; Flev, B KAAX 7 2 ,m; Slope, 33
B ,°5SL, P, m K, AT T OM, AL g -ke s
TNs, T 2R g kg™ PA, Rl FI M b3, % PS, & R FT i Hh 38, %
NDVI, A B — A8 %L ; Area, FIRIRAE R, m*; RD, BB, m - m™,

SO Y LA IR T L5 B LB = B A T
PN LA S B B LA e R 2208 T I
PRI A2 5 55 2 Sh S 2t S i T DA AR O 32
AR I R AR LA K B TS AR A R A2 e (4
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