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Abstract: To understand the temporal and spatial distribution of agricultural fertilizers and their potential threat to the ecological environ—
ment in the water source of the middle route of the South—to—North Water Diversion Project, the present study utilized the fertilizer pollution

environmental risk assessment model to analyze and evaluate the spatiotemporal variation and environmental risk of chemical fertilizer appli—
cation in the water source area. This model was based on field investigation and yearbook data of the fertilizer application amounts and culti—

vated land areas from 2002 to 2014 at the county level. The results showed that the intensity of chemical fertilizer application had been sig—
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nificantly excessive and increased from 2002 to 2014, with a net increase of 214.44 kg +hm™ and an average annual growth rate of 3.03%.

The intensity of fertilizer application was 2.74 times higher in the water source areas than in the safety standard fertilizer application of de—
veloped countries, which was 1.50 times the average value of fertilizer application in China and 2.47 times the intensity standard of fertilizer

application in China’s ecological county constructions. Additionally, the intensity of fertilizer application varied from region to region in the

water source area. The total environmental risk index for cultivated land fertilizer application in the water source area increased year by

year, increasing from 0.67 in 2002 to 0.74 in 2014, which was an increase of 10.45%. A medium risk level of fertilizer application was ob—
served in the majority of areas. The areas under serious risk levels were Xixia, Chenggu, Hanbin, and Dengzhou, and the areas under safe

levels were Shennongjia forest area, and Ningshan and Ziyang counties. The application of nitrogen fertilizer in the water source area was in

the middle risk level, and the risk of phosphate fertilizer application was at a low risk level. Excessive intensity of chemical fertilizer applica—
tion in the study area was caused by a wide range of sources, such as agricultural systems, different policies, technologies and ideas, and

level of economic development. Planting patterns, fertilization techniques, and management methods were the direct causes of the overuse of
fertilizers, whereas agricultural systems and policies were essential factors. The relevant government departments should take effective mea—
sures to control the application quantities of chemical fertilizers and improve fertilizer use efficiency, such as the implementation of agricul -
tural intensive management, optimization of the planting structure, reinforcement of farmers’ environmental awareness and agricultural
knowledge education, improvement of farmers’ scientific fertilization technology, and the popularization of soil testing and fertilizer recom—
mendation.

Keywords: middle route of the South—to—North Water Transfer Project; fertilizer application level; temporal and spatial distribution; environ—

mental risk assessment; water source area
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Figure 1 Regional identification of the water source of the middle route of the South—to—North Water Transfer Project ™
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Table 1 Classification of fertilization environmental risk indexes
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Table 2 Profile distribution and number of questionnaires in survey area
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Figure 2 Dynamics of fertilizer use in the water source areas from 2002 to 2014 (x10%t)
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Table 3 Classification of chemical fertilizer application in some water source areas
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Figure 4 Per unit area fertilizer application at country level in the water source areas in 2002 ,2008 and 2014
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Table 4 Fertilization intensity and classifications of total fertilizer , nitrogen fertilizer and phosphate fertilizer
in some water source areas in 2014
MALHE Total fertilizer ZUE Nitrogen fertilizer W5AE Phosphate fertilizer
C ‘e o " FXT 22 Intensity a3 Intensity Waxid
ounties Intensity/  Classifica— . . A . L il
kere b2 o Relative (Proportions)/ Classifications (Proportions )/ Classifications
grm 15 deviation/%  kg-hm™ kg-hm™
W& B Lueyang County 354.42 g 1.13 219.74(0.62)  HEdk 74.43(0.21) gy 1:0.34
T3 B Ninggiang County 553.08 ek 0.55 337.38(0.61) @k 105.09(0.19) Bk 1:0.31
HEEE Foping Count 288.15 g 1.99 181.53(0.63) gy 60.51(0.21) %4k 1:0.33
ping y
I [# £ Chenggu County 1 506.27 =13 0.87 1 039.33(0.69) =4 346.44(0.23) =74 1:0.33
89 y
7 £ H Xixiang County 601.69 e 1.49 348.98(0.58) @k 84.24(0.14) gy 1:0.24
fg E. Mian County 790.81 = 1.66 482.39(0.61) = 173.98(0.22) WEd 1:0.36
SEFIE Pingli Count 251.14 R 1.97 155.71(0.62) R 60.27(0.24) gk 1:0.39
g y
AJFH B Xunyang Count 660.98 =143 1.01 383.37(0.58) [ 99.15(0.15) R 1:0.26
yang y
IFIEL Hanyin Count 469.55 R 0.68 314.60(0.67)  HEdk 75.13(0.16) g 1:0.24
y y
£ H. Ziyang County 205.72 (%73 1.62 131.66(0.64) R 47.32(0.23) L35 1:0.36
WX Hanbin District 1 095.64 =193 1.72 646.43(0.59) =4 284.87(0.26) [ 1:0.44
Wil & Xichuan County 825.43 Y 0.86 462.24(0.56) [BE 148.58(0.18) BEd 1032
4% )| B Luanchuan County 489.24 W 1.16 278.87(0.57) Wk 83.17(0.17) gy 1:0.30
N IX. Shangzhou District 300.16 thf 1.62 195.10(0.65) g 48.03(0.16) [[35E3 1:0.25
F}R £ Danfeng County 449.80 Bk 0.65 260.88(0.58) =k 89.96(0.2) hek 1:0.34
T £ Shangnan County 359.49 Ry 2.04 204.91(0.57) ERE 61.11(0.17) [[35E3 1:0.30
42122 H. Zhen'an County 392.24 g 1.00 251.03(0.64) K@%k 86.29(0.22) gy 1:0.34
ARSI X Shennongjia forest area  60.31 i3 1.78 40.41(0.67) (%3 8.44(0.14) &% 1:0.21
["HET7 Shiyan Cit 752.92 =R 0.91 496.93(0.66) Y 180.70(0.24) BEk 1:036
y y

kg hm™ S SIS it A2 4 M . AW B B IR )
) 2 4 [ e M 26D A P 0 3 1) SR 81 (1
0.5:0.5) FEATHT A, 1 2 AL 1 20 85 2 4= Rl 150
kg-hm2, BEAEA BIE A 62.5 kg hm 22 HRPEIASE KBS
TEM AR (2) F1(3) S A XS5, 1545 2002—
2014 47K U5 b A5 b DXAR AR it FH XURS: P41 45 2508 e A
R R (R 5)

FH# 5 AT, 2002—2014 4F 7K U5 b 3% {4 f6 AR it
JE DRUBG JE Arh 7 Hp 5 XU A -, RUBS: i B8 S i AF 38
a3, P 2002 4E[Y 0.67 38 FE 2014 414 0.74, B4R K
10.45% 7K 5 b5 b DX XU i 5 BEAE (73 o 14 A {4
TIPS PER Inka ., 2002—2014 4E ], BEFH A
b EE BRI AR ELAE 15 /N X XU R BE AR R AN A, HL
Bk 55 PHEL (g 22 42 ) PG e 51 7 5 JXURS: ) Ak, oAt 13
A1l 1X 187 b AR XU, B b S5 XU RS . 2002—2014
AR, TR EL B EURIIR R LA 16 Ml DX RS R
T, AR L G X RSN T R R X B
USRS, i A 12 /3 X4 4 G XU = 45 R
BoRAS . IbAh, B BRI & X A5 5 A Hi X XU 2 B

IR AR A A, B 7 e EL RN b A SRR X e IR i 22 4tk
A0, At 3 AN HBIX AT F IRUSR S

L) 2002 4£ 2008 4EH1 2014 4451, 237 7K 5 Hb
AR it P 2358 IXUBS: S5 1 25 ) R i (81 5) 0 2002 47K
58 b 5 b DX R il P 2 5 JRUS: 55 20 48 AR Kb H 25 XL
6 AR KU R A, Fi 1 28 AL X ™ 7 XU A5 ) 3t
X 1A, Kk B\ 24X 7 A, FEAM ST
DX ALFR A T A T B B R AR 42 BT AR T 52 B
A LR AR BEARIX . 2008 4E 7K Y5 Hb 4% b X Ak AE it P
R XU S A 2002 4R B s fb, A58 X ALY T
Bl E H 18 2 A RS AR SRy vh A 4 5 R R 58 FH LA
BV BT R 08 28 GRS 5 IR XU RS i b DX AT A
144> AH XA A T AR b, E A 7EmF o8 X ALY
T TR T DA R B AR 22 BT 5 rh 25 XSS Fy i IX
R 17 A, 5 2002 4 B, 55530 JRURS: 1l X 5 AR Sy v
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R 5 2002—2014 £F 7K & 3 X 44 BB HE FA XUBE $5 80 B KB <5 2%

Table 5 Environmental risk index and degree of fertilization application in the water source areas from 2002 to 2014

2002 4F 2004 4F 2006 4F: 2008 4 2010 4F 2012 4F 2014 4F
X Counties
1 D I D 1 D 1 D 1 D I D 1 D
W% FH B Lueyang County 061 LR 058 LR 060 LR 061 LR 059 LR 058 LR 059 LR
Tk E Ninggiang County 063 LR 064 LR 063 LR 065 MR 067 MR 069 MR 069 MR
[ H. Zhenba County 049 RS 052 LR 05 LR 057 LR 060 IR 055 IR 055 IR
431 E. Liuba County 065 MR 058 LR 051 LR 054 LR 054 IR 052 IR 052 IR
s FEE: Foping County 057 LR 051 LR 065 LR 059 LR 055 IR 054 IR 055 IR
L& X Hantai District 071 MR 075 MR 075 MR 075 MR 070 MR 064 IR 071 MR
B ¥BH: Nanzheng County 070 MR 071 MR 073 MR 073 MR 074 MR 073 MR 074 MR
% H Chenggu County 077 MR 080 MR 081 SR 08 SR 08 SR 08 SR 086 SR
¥ H Yang County 075 MR 072 MR 070 MR 071 MR 073 MR 074 MR 078 MR
75 % H. Xixiang County 069 MR 067 MR 070 MR 071 MR 071 MR 072 MR 071 MR
i 5 Mian County 067 MR 068 MR 072 MR 074 MR 076 MR 076 MR 077 MR
S B Pingli County 047 RS 050 RS 051 LR 050 LR 050 RS 050 LR 051 LR
BPEEL Zhenping County 045 RS 043 RS 044 RS 049 RS 052 LR 051 LR 053 LR
A FAE: Xunyang County 066 MR 078 MR 072 MR 069 MR 067 MR 072 MR 073 MR
49 5 Baihe County 058 LR 066 MR 065 MR 065 MR 057 LR 067 MR 063 LR
LI £ Hanyin County 054 LR 061 LR 062 LR 063 LR 064 IR 066 MR 066 MR
£ SE Shiquan County 054 LR 052 LR 055 LR 060 LR 062 LR 063 LR 063 LR
TPk E Ningshan County 041 RS 039 RS 035 RS 033 MS 029 MS 032 MS 029 MS
B[ 8 Ziyang County 045 RS 046 RS 045 RS 046 RS 047 RS 046 RS 046 RS
5% B Langao County 048 RS 052 LR 052 LR 053 LR 054 IR 054 IR 052 IR
I IX. Hanbin District 066 MR 067 MR 068 MR 072 MR 074 MR 08 SR 08 SR
i1l 2 Xichuan County 068 MR 072 MR 074 MR 076 MR 077 MR 076 MR 077 MR
P B Xixia County 087 SR 084 SR 08 SR 08 SR 08 SR 08 SR 087 SR
P £ H Neixiang County 061 LR 064 LR 064 LR 067 MR 070 MR 070 MR 070 MR
XS 7T Dengzhou City 065 MR 067 MR 072 MR 073 MR 074 MR 079 MR 080 SR
2511 5 Luanchuan County 073 MR 076 MR 076 MR 076 MR 067 MR 067 MR 067 MR
5[ Lushi County 052 LR 053 LR 05 LR 057 LR 059 IR 060 IR 060 IR
M X Shangzhou District 063 LR 065 LR 08 SR 057 LR 068 MR 068 MR 055 LR
%5 5 Luonan County 061 LR 061 LR 063 LR 065 LR 069 MR 069 MR 070 MR
JHXE Danfeng County 0.70 MR 0.77 MR 0.83 SR 0.68 MR 0.66 MR 0.65 LR 0.65 LR
7 & Shangnan County 063 LR 060 LR 079 MR 055 LR 058 IR 060 IR 060 IR
1L BHE: Shanyang County 062 LR 058 LR 059 LR 060 LR 060 IR 060 IR 060 IR
$i%25L. Zhen'an County 056 LR 053 LR 045 RS 061 LR 057 LR 061 LR 062 LR
#E7K H: Zhashui County 055 LR 068 MR 071 MR 072 MR 071 MR 071 MR 070 MR
A HEFRIX. Shennongjia forest area 036 RS 040 RS 072 MR 076 MR 064 LR 073 MR 020 MS
[Tl Shiyan City 074 MR 074 MR 075 MR 074 MR 075 MR 077 MR 075 MR
JKIEHL Water source area 067 MR 068 MR 071 MR 071 MR 072 MR 074 MR 074 MR

T LIRS XUSE 25, DU AR B2, SR.™ F XU , MR 28 KUK, LRATRRURE , RS, i 22 4>, MS. 8524 HS i B2 4. R
Note : I.Environmental risk index, D.Degree of environmental risk , SR.Serious risk, MR.Medium risk,, LR.Light risk,, RS.Relative safety, MS.Medium safe—

ty, HS.Highly safety. The same below.

PR KUK 254 45 2002 4EF1 2008 4 51 Ky 705 | th 44z A, FESMAFER ST X AG A8 R 1 T A T LA R
RS ECH 24>, 30l TR AR AR IEAR AL T 5 A A XU R ) b X 4 2008 AR T T
[X; 1 22 A R b XAV BB 1A 5 A XU g b Xy 15 B, oA 14 4>, SRR i T8R4 KUK A b X 5 A R
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Figure 5 Environmental risk assessment of fertilizer application at country level in the water source areas in 2002 ,2008 and 2014
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R it FH AL - 19 2 4R 2 5 AR BT it FE AL 5 2 4 1
PRACGAR X, AU it FH Ak rh 452 A IR S BT
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Table 6 Environmental risk assessment of nitrogen and phosphorus

fertilizer application in the water source areas in 2014

i P W
) T tlLi»f Ali Nitrogen Phosphate
XH Counties Ot TETIHZET fentilizer fertilizer

I D I D I D

% BHE: Lueyang County  0.59 LR 0.64 LR 0.54 LR
Tt E Ningqiang County 0.69 MR 073 MR 0.63 LR
ffiFEE Foping County 054 LR 059 LR 049 RS
3 [E B Chenggu County 0.86 SR 0.89 SR 085 SR
P2 B Xixiang County 071 MR 074 MR 057 LR
91 EL Mian County 076 MR 079 MR 074 MR
FF|E Pingli County 050 LR 055 LR 049 RS
AJFHE Xunyang County 073 MR 075 MR 061 LR
W IHE Hanyin County 0.65 MR 072 MR 055 LR
P8 Ziyang County 045 RS 051 LR 043 RS
ILHEIX Hanbin District 081 SR 0.84 SR 0.82 SR
Wil & Xichuan County 077 MR 079 MR 070 MR
8)1[ 2 Luanchuan County 0.66 MR 0.69 MR 057 LR
M IX. Shangzhou District 0.55 LR 0.61 LR 043 RS
FHAE Danfeng County  0.64 LR 068 MR 059 LR
TR £ Shangnan County 059 TR 062 LR 049 RS
tH4 B Zhen'an County  0.61 IR 067 MR 058 IR
Pl BEpRIX. 0.19 HS 024 MS 0.2 HS

Shennongjia forest area

+-HE1 Shiyan City 075 MR 080 MR 074 MR
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