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Spatio-Temporal Distribution of Nitrogen and Phosphorus and Spatial and Multi-Variable Statistical Analysis of
Its Impacting Factors in Xiaoqinghe Watershed. WANG Qiong' > JIANG Deguan' YU Jing'> ZHANG Hua'
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Abstract: Water quality of the Xiaoginghe watershed in Shandong Province during rainy and dry seasons in the year of
2012-2013 were investigated. Based on the water quality monitoring data of the period principal component analysis and
cluster analysis were conducted to determine spatio-temporal distribution of various forms of nitrogen ( N) and phosphorus
(P) in the watershed. Meanwhile spatial analysis and correlation analysis were carried out to analyze effects of types of
land use on N and P export. Results show that nitrogen pollution of the watershed was very serious with the over standard
rate of total nitrogen( TN) reaching 100%. Ammonia nitrogen ( NH,"-N) and orthophosphate-phosphorus concentrations
(PO, P) were significantly higher in the rainy season than in the dry season whereas nitrate nitrogen concentration was
in a reverse trend. Principal components ( Z1) represented mainly by total phosphate ( TP) and total dissolved phosphorus
( TDP) explained about 50% of the total variability of water quality while principal components ( Z2) consisting mainly
of TN NH,*-N and NO, N explained about 20% of the total variability. TN TP NH,"N PO, P and TDP concen—
trations were significantly and positively related to proportion of the residential and industrial zones in the area of the water—
shed and NO,™-N concentration was positively related to proportion of the cropland but negatively to that of the forestland
and grassland. In terms of spatial distribution nitrogen and phosphorus the watershed could be divided into three groups of
sub-watersheds: Group One and Group Two were distributed mainly along the main stream and in the northern plain and
being receptors of point source pollution where the concentration of N and P were generally quite high and varied sharply
and Group Three was mainly in the southern mountain area where construction area was quite low in proportion and pollu—
tion was low too in degree.
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Fig.1 Sampling sites in and water functional zoning of the Xiaoqinghe watershed
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( P<0.01)
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Table 1 Descriptive statistics and ¢ test of water quality at different sections of the Xiaoqinghe River during the rainy and
dry seasons
/ / / / / 1
P )
(mg- L") (mg- L") (mg+ L") (mg+ L") %
11.16 11.87 2.87 5.96~16. 95 100 0.09
13.75 12.23 6.34 2.88~28.05 100
3.81 4.07 2.03 0~6.94 81 <0.01
1.21 1.19 1.14 0.02~4.48 19
4.07 3.49 2.56 0.99~9.90 — <0.01
8.99 8.02 4.56 3.02~17.55 —
0.31 0.31 0.09 0.14~0.51 38 0.71
0.30 0.29 0.16 0.04~0. 61 19
0.24 0.25 0.08 0.10~0. 40 — 0.19
0.30 0.31 0.19 0.04~0.75 —
0.15 0.14 0. 06 0. 06~0. 30 — <0.01
0.08 0.07 0. 08 0.01~0.39 —
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Fig. 3 Plot of water quality and principal components Z1 and Z2 in loading matrix during the rainy and dry season
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Table 2 Mean concentrations of pollutants and mean factor score in the three types of sub-watersheds during the rainy and

dry seasons

ol )/ ol )/ ol )/ ol )/ ol )/
(mg+L™") (mg+L™") (mg+L™") (mg+L™") (mg+L™")

1 14.10+1. 69 0.33+0. 06 5.13+1.68 0.16+0. 05 0.29+0. 06 0.62
23.70+4. 57 0.41+0. 19 12.50+6. 06 0.20+0. 18 0.39+0. 35 1.46

2 11.10+2.29 0.33+0.08 3.92+1.26 0.16+0. 06 0.25+0.05 0.03
14.00+3. 69 0.34+0. 12 9.74+3. 80 0.07+0.02 0.34+0. 11 0.09

3 7.75+1. 64 0.18+0.05 0.31+0.53 0.09+0. 03 0.12+0.02 -1.57
5.44+2.00 0.09+0. 05 3.75+0.59 0.01+0.01 0.07+0.02 -1.40
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Fig. 5 Dendrogram of the watershed during the rainy and dry seasons
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Fig. 6 Spatial cluster distribution map of the watershed during the rainy and dry seasons
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Table 3 Correlation coefficients between area proportion of each type of land use and pollution indices at various sections of

the Xiaoqinghe watershed

-0. 109 -0.099 -0.030 0. 245 -0. 063 -0.014
-0.313 0.042 -0. 147 -0.171 0.231 0.152
-0.120 0. 042 0.011 -0.169 0. 036 -0.071
0. 124 -0.170 -0. 002 0. 182 -0. 306 -0. 350
-0. 157 0.178 0.039 -0. 148 0. 027 -0. 068
0.076 -0. 155 -0. 156 0.215 -0.29%4 -0.29%4
-0.229 -0. 402 —-0. 496" 0.288 -0.270 -0. 387
-0.418 -0.324 —-0. 389 -0. 357 -0.268 -0.291
0. 622" 0.075 0. 089 -0.237 0.118 0. 130
0.555" 0. 342 0.542" -0. 004 -0.218 0. 469"
-0. 082 -0. 020 0.121 -0. 067 -0.090 0.132
0.038 0. 100 0. 301 -0.039 0. 005 0. 168
* ( P<0.05) .
4 .
4.2
4.1 ( 4-~6)
( ]) o o
27-29
S (1)
o :(2)
5 10
7, 39%
43%:
. 61%
. 439 7,
1000 tea . N



- 144~

31

4.3

23

04

35

30

83.3%
39.9%

32-34

43. 1%
02

305 kg * hm™
350 kg * hm™’
(225 kg * hm™)

27 31

80%

o

13

36-37

LIU J G DIAMOND ]J.China’s Environment in a Globalizing World
J .Nature 2005 435(7046) : 1179-1186.
LEE S W HWANG S J LEE S B et al.Landscape Ecological Ap—
proach to the Relationships of Land Use Patterns in Watersheds to
Water quality Characteristics J .Landscape and Urban Planning
2009 92(2) : 80-89.
TRAN C P BODE R W SMITH A ] et al.Land-Use Proximity as
a Basis for Assessing Stream Water Quality in New York State
(USA) J .Ecological Indicators 2010 10( 3) : 727-733.
ROTHWELL J J DISE N B TAYLOR K G et al.A Spatial and
Seasonal Assessment of River Water Chemistry Across North West
England ] .Science of the Total Environment 2010 408( 4) :
841-855.
NGOYE E MACHIWA J F.The Influence of Land Use Patterns in
the Ruvu River Watershed on Water Quality in the River System
J .Physics and Chemistry of the Earth 2004 29( 15/16/17/



- 145+

10

11

12

13

14

15

16

20

21

22

23

24

18) : 1161-1166.

PRATT B CHANG H. Effects of Land Cover Topography and
Built Structure on Seasonal Water Quality at Multiple Spatial
Scales J .Journal of Hazardous Materials 2012 209/210: 48-58.

I 2012 33(4) : 1098-1110.
. 2010 31(8) : 1775-1783.
. 2013 34(7) : 2582-2587.

MARIA L M RICARDO C MIGUEL A et al.Assessing Land-Use
Effects on Water Quality In-Stream Habitat Riparian Ecosystems
and Biodiversity in Patagonian Northwest Streams ] .Science of

the Total Environment 2011 409( 3) : 612-624.

I 2010 30( 15) : 4154-4161.

I 2012 33( 2) :0359-0369.
MUSTAPHA A ABDU A.Application of Principal Component A—
nalysis & Multiple Regression Models in Surface Water Quality As—
sessment J .Journal of Environment and Earth Science 2012 2
(2):16-23.
WAN Y S QIAN Y MIGLIACCIO K W et al.Linking Spatial Var—
iations in Water Quality With Water and Land Management Using
Multivariate Techniques J . Journal of Environmental Quality
2014 43(2) :599-610.
LI S LI J] ZHANG Q. Water Quality Assessment in the Rivers
Along the Water Conveyance System of the Middle Route of the
South to North Water Transfer Project( China) Using Multivariate
Statistical Techniques and Receptor Modeling J .Journal of Haz—
ardous Materials 2011 195:306-317.
KOKLU R SENGORUR B TOPAL B.Water Quality Assessment
Using Multivariate Statistical Methods: A Case Study: Melen River

System ( Turkey) J . Water Resources Management 2010 24

(5):959-978.
J.
2000 13(2) :23-27.
R .
2010.
M .
2007: 44-48.
. 2013 29( 5) : 207-216.
. 2011 42( 11) : 1283-1288.
. 2013 33( 17) : 5385-5396.
] 2013 33(2) : 0586-0694.

SUNDARAY S K.Application of Multivariate Statistical Techniques

25

26

27

28

29

30

31

32

33

34

36

37

in Hydrogeochemical Studies: A Case Study: Arahmani-Koel River
(Indid J .Environmental Monitoring and Assessment 2010 164
(1/2/3/4) :297-310.
.SPSS M .2
2011: 235-246.
SHEN Y N LU J CHEN D J et al.Response of Stream Pollution
Characteristics to Catchment Land Cover in Cao-E River Basin
China J .Pedosphere 2011 21( 1) :115-123.
DNDC

I 2012 28( 13):
127-134.
SUSL ZHI J J LOU L P et al.SpatioTemporal Patterns and
Source Apportionment of Pollution in Qiantang River ( China)
Using Neural-Based Modeling and Multivariate Statistical Tech—
niques J .Physics and Chemistry of the Earth 2011 36( 9/10/
11) : 379-386.
BOYACIOGLU H BOYACIOGLU H.Water Pollution Sources As—
sessment by Multivariate Statistical Methods in the Tahtali Basin
Turkey J .Environmental Geology 2008 54( 2) : 275-282.

J. 2011 30
(5):986-992.

2011.
CONWAY T M.Impervious Surface as an Indicator of pH and Spe—
cific Conductance in the Urbanizing Coastal Zone of New Jersey
USA J .Journal of Environmental Management 2007 85( 2):
308-316.
BOOTH D B JACKSON C R. Urbanization of Aquatic Systems:
Degradation Thresholds Stormwater Detection and the Limits of
Mitigation J .Journal of the American Water Resources Associa—
tion 1997 33(5) : 1077-1090.
MORSE C C HURYN A D CRONAN C.Impervious Surface Area
as a Predictor of the Effects of Urbanization on Stream Insect Com—
munities in Maine USA ] .Environmental Monitoring and Assess—

ment 2003 89( 1) : 95-127.

J. 2009 32( 1) :102-106.
BAHAR M M OHMORI H YAMAMURO M.Relationship Between
River Water Quality and Land Use in a Small River Basin Running
Through the Urbanizing Area of Central Japan J . Limnology
2008 9( 1) :19-26.
LOPEZ R D NASHM S HEGGEM D T et al.Watershed Vulnera—
bility Predictions for the Ozarks Using Landscape Models J .Jour—
nal of Environmental Quality 2008 37(5) : 1769-1780.

( 1989—)

o E-mail: qiongwang@ yic.ac.cn



