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Analysis of sources and characteristics of typical non—point pollution in a small watershed of Nishan
reservoir, China

WANG Liping', LOU Shanchong', SUN Xiuling’, YIN Erqin®, SUN Jiayu®

(1. Hydrological Bureau of Shandong Province, Jinan 250002, China; 2. School of Civil Engineering, Shandong University, Jinan 250061,
China; 3. College of Water Conservancy and Civil Engineering, Shandong Agricultural University, Tai’an 271018, China)

Abstract: To study the influence of non—point source pollution on the water environment of Nishan reservoir, China, the pollution
characteristics of different land use types (corn field, peanut field, sweet potato field, walnut forest, and village) were analyzed based on the
water quality of Nishan reservoir and inflow rivers, and pollutant loss in different land use types (village and corn fields) was analyzed using
delimiting runoff plots. The results showed that the eutrophication rate of Nishan reservoir was 89.58% during January 2016 to December
2019, and total nitrogen(TN) of Zhangma River and Muzhuang River greatly exceeded the V level of Environmental Quality Standards for
Surface Water (GB 3838—2002). Nitrogen and phosphorus pollution in corn and peanut fields was high; in these fields, the TN exceeded
the V standard by 2.05 and 0.93 times, and the total phosphorus (TP) exceeded by 1.38 and 3.08 times, respectively. The pollutant in the
village was mainly organic matter, and chemical oxygen demand (COD¢,) (32.0 mg - L") was the highest. During rainfall, the loss of
pollutants (COD¢,, TN, NHs—N, and TP) in the village and corn field runoff plots first showed an increasing and then a decreasing trend.
The loss concentration of COD¢, was 9.0~43.0 mg- L™ in the village. TN was 1.38~3.40 mg- L' and TP was 0.28~1.25 mg+ L' in the corn

field. The highest loss of pollutants occurred early during rainfall. Our results indicated that land use types have a great effect on non—point
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source pollution. The loss of nitrogen and phosphorus in wheat—corn field should be focused, and initial rainwater should be prevented and

treated.

Keywords : Nishan reservoir; non—point source pollution; runoff plot; pollution characters; source management
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Table 1 The situation of runoff plots

B R sm @ HBRALE Geographic position i
Number Land use type Area/hm® 2z g Longitude £ Latitude Slope

2-1 ACH: 0.57 117.2347° 35476 1° 14.7°
2-2 E/S:i] 0.82  117.1868°  354606° 15.3°
2-3 LI 075  117.2158°  354659° 14.4°
2-4 (20N 1.06  117.1874°  35.4687° 15.6°
2-5  APE(FERER) 271 1172198 354658°  16.3°
3-1 ME@UEE) 358 117.2401°  354753°  14.6°
3-2 Tk 115 117.2406°  35.4728° 15.7°
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Figure 2 Water quality of Nishan reservoir
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Figure 7 The change of pollutants with runoff in village
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Figure 8 The change of pollutants with runoff in corn field

T EAnif , OV 3 Bl 4 W A R S BRI
e 8 AT I, BRI TN R M5,
1.38~3.40 mg- L™, AR 2 2 1 66.67% B K 5
45V 285 TN (1 i i {1 H BRAE fpe K AR I 2 T, ELBE 5 [
T FREE, TN B 28 R B S 0/ o oK b i e
Wy 3R T R A it P A 24 A G R R R
(R B B 45 e R N 000, MDA P | S R A 2 1 R Aof
K BR e A L ep  (HLE s R E R B T R 75
Yy, Bt 255 ek TR 2 (R B0, 22 4% (14 TR /K 38 o b 8 A58 9 45
Jr AW E A R G, 15 YWD It 2 vk 3 s B R
H B2 RSB IR T5 L
3 itig

JE LK 3 3 35k P B b 7 S 3 3R 56.44%
2019 4F FERAEYEFI AL 7 165.1 hm?, AL JEf FH &
8 533.6 t, Ho i AU 4 809.5 t. WM 2 986.7 t. 4T
716.8 t, V- 55543 B jt FH AR KB 13 247.3 ke, Jiti b

A1 191.0 kg, i R AEAE RN 30% A2 47, R 3L
5 3 R AR b 5 | RS A8 1T IR 5 Y S JE L K e T YR TS G B

http://'www.aed.org.cn

LR E R ILIKE EZ AR F 8 TN, A&
WF5R 45 R0 4 FOR R PR A (oK FE A4 Ml 2T
S AEHRAR) H K B Y TN 3 MR BE SR K, T JE L
TR E SR AE 32 LA /INZ -5 FOK R, AR BE
HLAY 78.31% . FE/INFE AT KA =i R A, LARUIE Ky
F I TEHLAE AL AR SR & 3 3 T 7, Bl K it B2
TR A ATS A2 T2 2 iy i A A KT, DRt BEREATR R Lhik
2 S 358 8 A M T YR 5 Y, S AR T N2 - R OK
R, DR MR R A . AR RER,S
T AS i) - b ) FH 26 250 ep TP 17495 24737 26 vk B R 90 Ky AE
A > K > AZ AR S 21 2 3 > FE 5 TN A 44 3 2
Y E 26 BN K b > 16 A >R Wb AR > 21 8 > R
AR SE A A /NI R I AR A T T Lk
A3 T /NI [7) b ) FH 21 750 b B ) R0 U K R
S, S5 TSR B TN R TP HE O FE AR Ry SR BE> R 7 >
7% S e > B8 B > 7K R FH > R, 5 AR R 52 0 285 SR AT AR
2550, UL B R U O LA I ) R s R) 9 728 S 3
BT AN [] A b 1) FH 28 78 SR U 2 P9 AS A P % T
15 e R 2



MV BEIR S FREE A4 - 5 39 4 - 2 100

AN IR R O I 2k 5 Wt A A B
M 3 B S PR 2 . M B K M AR i TS Y P B
A8 U B 1 728 Ak AT I8 N ) B R AU I 2 1) S A
Ty /INS SO A 9 R A 28 D7 K B T 1 R i T
Jei , R T o 4 R 2 i - RO 25 A Bl R, KR
()R T I K -l A2 i A%, AT (i M R AR I 1Y
TN ¥ JE BRI | Bl 5 TN MR T B L DA R 2 v FRE %
ARG ], 22 L B T KA R ok
[ EF R K B R B PE S BUR R g i i ok, 5581
PR R R M A R AR, B e T SEC R A Y R B
Ref R AR T 485 4 R R AR B oK B S AL MR
B o MAGER SCEFEPBIFSY T A [R) it I 7 2 AR AN () T 3 4%
PF R X L3RR R s AR R R, S5 SRR
R SZ T R 5 /)N, 32t NE D 2 e R, — Uk M it
JE S 2 3G 0 T AR IO B . A kR AR o A
T RIS SO 06 o L AR 583 Ak P50 ol 7 i Ak B G A O
NI IR LY R 2 N R S R
T T Y B far o BRELAT SRR R I S AE D)
b F A AR BRI, i R RS R DL AR R & & AT
DA R 26 )2 - 38 00K Bl A% I U R I XU o R
PRIt R T, 5 Rg L X S AR b R AR AR 1
TR UL AR BN T R

AT 5T G LA T YRR i v B A sk K5 e HE TR
R 2 AN o e, DAL DR Sk 436 3 G i 7 A 0
FEL, Al A A Ly, T A s AR IR — 4k
B B2t L 5 388 2 o v o i e P a2 2 i A
() FH AR PARAE e, DT DA Sk s il TET U 95 G o AT
IR R AR i 5 AUIE a2 ] A 2 A
FERIE G R T2 R SR BOC R 3 Y /D it AU
AMLREFE = = o, I REI A TR TS G o AR K S50
P T /N - BORERAE X I 9E R B, £ oK 2
SR RV 4 e it AR AR BT F A v 29 15 i A 2k
ACNE A R i, HAEY) P N8, AR ks E LA
AIPEAR 18%, # FE S S5 F 5% %2 B L A2 ik b R
I = E it A T R0 2R B A 30% DA B . E FAE
A, RIRKNE— AL HOR R ) |, /] A3
e KRB 23 /D U A 2, 9 28 i 38k AR R 5
IR R, SR 3 S B K B — AR R 544 55 it
NEAH B AT 55 I8 30% 224, il R ER W VR 1/3 D) I,
BE AR, X6 JE L 7K PE 30T 358 40 35 0 7 3 G W 2 i
RIEIETF ORI B E N £ SR R HlE AR, anfe
BHEOR B SREOR BB EBOR S ml el b 28 77 It
UBCRAR L, BRI AR A0 I R, /D THT i
Py

4 £k

(1) Je 1K FBLBARE 0 TN, HA KA K AE
(R IRUISE o 7K JE 1 3 2% AT 3 v, i 2 Jnf 0B I Jf
CODe, A NH;—N AT 345, TN AR FR ™ 5 5 e T 7K it
FEXTEAT o 3 45T /K /K T B S 45 A /KA

(2) AR W N A i v 7 Yy 3 2 e 2 2
FTHE RS RN R A B TR . X
TREM AR AR T R nT5 4, R ) e
FARTEARIE  vp VR F R 15 G ik B K, T L)
R K s e T AR AE AT e T

(3) & 111 7K P2 35 Sk B b T 0595 e 2 P T T
FERH I AN [R) RIS B e, /NS — K b SR 2R Tk
JEE e LR T R A, R JE Ll K T R TS e T IR Y
K

S 3k

[L] 300850, Sk, B %48, 55 . TR Il 16 5 75 Yo 2 0] 23 A RRAIE K 43
PP ARG T]. FRBERLEMIT, 2020, 33(11) :2474-2483.  XTANG
S, WU Y, LU X J, et al. Characteristics and spatial distribution of agri-
cultural non—point source pollution in Erhai Lake basin and its classi-
fied control strategy[J]]. Research of Environmental Sciences, 2020, 33
(11):2474-2483.

[2] XUE L H, HOU P F, ZHANG Z Y, et al. Application of systematic
strategy for agricultural non—point source pollution control in Yangtze
River basin, Chinall]]. Agriculture Ecosystems & Environment, 2020,
304(10):9-22.

[3] SR MEUE, 18wy, IR, 55 . BT A b2 T iR Al i
15 PR E A XD, K R ARFERIFST, 2020, 27(5) :160-165. WU
X N, FU D G, PENG P Y, et al. Identifying key areas of agricultural
non — point source pollution control based on ecological stoichiometry
[J]. Research of Soil and Water Conservation, 2020, 27(5) : 160-165.

[4] &, fis ', W, 45 ARSI R I 5 W E RS A T
PR AT LR TR 3 B P R [J]. ARl BE U5 PR e~ 4, 2021,
38(2):160-166. WANG L, XI'Y G, PAN Y, et al. Agricultural non—
point source pollution control technology based on coupling effects of
agricultural spatial —pattern and landscape elements by developing or-
ganic agriculture in watershed areas[J]. Journal of Agricultural Resourc-
es and Environment, 2021, 38(2) : 160-166.

(5] BRmche, @i, Bl JUIR, A5 . =W DX/ N3 A ] = 4t ) 2 LR
FW L [I]. FRBIRL 2, 2016, 37(5) 1 1707-1716. CHEN C L,
GAO M, NI J P, et al. Nitrogen losses under the action of different land
use types of small catchment in Three Gorges region[J]. Environmental
Science, 2016, 37(5) : 1707-1716.

[6] WA, AR, A7, S5 E R LR/ A A A 1T T ok Y
fE AT, LR B e i, 2020, 37(10) :16-20, 27. PAN X, LIN
L, DONG L, et al. Analysis on the sources of agricultural non—point ni-
trogen pollution in typical small watershed of Erhai Lake during the pe-
riod of abundant water[]]. Journal of Yangize River Scientific Research

Institute, 2020, 37(10) : 16-20, 27.

http://www.aed.org.cn



FSLHE, A5 R LK /N R T 55 ok IR SRR 2 b

202241 H

(7] AR, BARRR, 130K, 55 =R IR BFE MR 1 R 40
R HEERL, 2015, 36(10) :3825-3831. WU D, HUANG Z
L, XIAO W F, et al. Control of soil nutrient loss of typical reforestation
patterns along the Three Gorges reservoir areall]|. Environmental Sci-
ence, 2015, 36(10) :3825-3831.

[8] COGLE A L, KEATING M A, LANGFORD P A, et al. Runoff, soil loss
and nutrient transport from cropping systems on Red Ferrosols in tropi-
cal northern Australia[J]. Soil Research, 2011, 49(1):87-97.

(9] SRUT, TR HH T, WG 7L, 55 . SBR RIR 3 X 28 28 VA S 52 ) AU g
PRI IEI]. K AR 5244, 2017, 31(2):7-12,39. WU Y H,
ZHANG L P, CHEN R Z, et al. Reasearch on the effect of slope length
and rainfall intensity on nitrogen loss in sloping land under artificially
simulated rainfall[]J]. Journal of Soil and Water Conservation, 2017, 31
(2):7-12, 39.

[10] # A, XU, 54t 45 . B iR R AR A1 ) - st 1) I 2 Y - g 5
SRRV RFAET). K R AR FRFST, 2017, 24(1) :25-30. XU M, LIU
H'Y, WU P, et al. Characteristics of soil nutrient leaching in different
land use types of hydro—junction in central Guizhou Province[J]. Re-
search of Soil and Water Conservation, 2017, 24(1):25-30.

[11] TONG Y, SHI J, HOU J M, et al. Effects of rainfall on reduction of ur-
ban non—points source pollution load in a low impact development
(LID) residence community in Shanxi, China[J]. Environmental Engi-
neering and Management Journal, 2020, 19(11):2021-2028.

[12] DONMEZ C, SARI O, BERBEROGLU S, et al. Improving the applica-
bility of the SWAT model to simulate flow and nitrate dynamics in a
flat data—scarce agricultural region in the Mediterranean[]J]. Water,
2020, 12(12) :488-897.

[13] M5k, FRE, BHE, S . LT SWAT R [ 35 VT 50 80T #4310 % 1hg I
15RO EE IR )BT )], AR 2SS AT FRBE 4, 2019, 35(6) : 722
729. LIU Q, WANG K, LUO B, et al. Characterization of the im-
pacts of underlying surface conditions of the Fujiang River basin on
the non—point source pollution loads using the SWAT model[J]. Jour-
nal of Ecology and Rural Environment, 2019, 35(6) :722-729.

[14] BERILL, Mpbhas, it 0, 45 AR IS Jeif B 4RV BLig 5 T
RS2 B —— WS I B R ()], RO FRBEERR =22 4, 2013, 32(5)
881-888. XUE L H, YANG L Z, SHI W M, et al. Reduce-retain—re-
use—restore technology for controlling the agricultural non—point pol-
lution in countryside in China: Source reduction technologylJ]. Jour-
nal of Agro—Environment Science, 2013, 32(5) : 881-888.

[15] SHEN Z Y, HONG Q, YU H, et al. Parameter uncertainty analysis of
non—point source pollution from different land use types[J]. Science of
the Total Environment, 2010, 408(8):1971-1978.

[16] FE ZPMFAR SRS . AR K I 5387 J5 12 M. DU R . A5 - o
45 Bl 2F H Ok, 2002:85-107.  State Environmental Protection
Administration. Methods for monitoring and analysis of water and
wastewater[M]. 4th Edition. Beijing: China Environmental Science
Press, 2002:85-107.

[17] Fv 22, X R AR KA BUAR A7 I B 3 58 (0], R
Ak B2, 2017, 23(2) :35-37. QIAO A L, LIU Z L. Status and
problems of fertilizing during corn production in Shandong and coun-
termeasures|J|. Tianjin Agricultural Sciences, 2017, 23(2) :35-37.

(18] e, VEVF, F A, 45 . =ik 7 DX ST /N GRg el s R AUt e 11y
O U5 6 A 0], T I K A R4, 2010, 10(2) :34-36. ZHU B,
WANG T, WANG ] C, et al. Source and load of non—point source ni-

http://'www.aed.org.cn

trous and phosphorus pollution of typical small watersheds in the
Three Gorges reservoir area[]]. China Soil and Water Conservation,
2010, 10(2) :34-36.

[19] ZHONG S Q, CHEN F X, XIE D T, et al. A three=dimensional and
multi-source integrated technology system for controlling rural non—
point source pollution in the Three Gorges reservoir area, China[J].
Journal of Cleaner Production, 2020, 272(2) :172—-184.

[20] /AR, KB, ZRAEHT . 58 60 X BB T K Ze bt AR i A
FWRFFAEN ). K £ AR5, 2017, 31(1) :43-48, 54, FENG X
J, ZHENG Z C, LI T X. Characteristics of runoff and nitrogen loss in
sloping cropland of purple soil during corn growing season[J]. Journal
of Soil and Water Conservation, 2017, 31(1) :43-48, 54.

[21] MRl S, B e, DE R, A5 . AN TR] R i R HE g X% 5 2+ 37 )
B2 1R[], T AL R, 2011, 44(9) 118471854 LIN C
W, LUO C Y, PANG LY, et al. Effect of different fertilization meth-
ods and rain intensities on soil nutrient loss from a purple soil[J]. Sci-
entia Agricultura Sinica, 2011, 44(9) : 1847-1854.

[22] Ze ki, KR4, ZIMAT. 55 . HSRFRM 40T T 2L b R fife
UL 17 3 J2 i A L)) R RS, 2017, 38(10) : 4178 -4186.
ZUO J C, ZHENG H J, XI T X, et al. Characteristics of phosphorus
output through runoff on a red soil slope under natural rainfall condi-
tions[J]. Environmental Science, 2017, 38(10) :4178—4186.

[23] MRy, Je3e, A AR, A L SRR XA 4 o/ N S R i R 2
R e il AR ()], FREERLAE, 2020, 41(3) 12761285, CHEN S Q,
LONG Y, YAN D C, et al. Characteristics of nitrogen and phosphorus
output and loss flux in Shipanqiu watershed, Three Gorges reservoir
areal]]. Environmental Science, 2020, 41(3) :1276—1285.

[24] F 250, mlS, 4. 55 . AEIIRRF T RAT MR b AR VA R o U K
AR RAE]. A%, 2019, 39(8):2732-2740.  WANG R
J, GAO P, LI C, et al. Characteristics of surface flow and interflow and
nitrogen loss in Quercus acutissima forest land under simulated rain-
fall[J]. Acta Ecologica Sinica, 2019, 39(8) :2732-2740.

[25] WAAEUK, VA, TR, S AN )it HE A 2R P2 1 A T DG ML 40
S I ALE ST - AT DU 7K DR S 491, AR 252541, 2011, 31
(12) :3488-3496. TAN D S, JIANG L H, ZHANG Q, et al. In situ
study on influences of different fertilization patterns on inorganic ni-
trogen losses through leaching and runoff: A case of field in Nansi
Lake basin[J]. Acta Ecologica Sinica, 2011, 31(12) :3488-3496.

[26] BREMG, S ZAR, VIITF, 55 . N [l AC A BRSO AR At I 2% v
AELT. K AR FF241, 2012, 26(1) :43-47.  HUANG C P, WU J S,
XU K P, et al. Runoff losses of nitrogen and phosphorus under Carya
cathayensis Sarg. stand with different fertilization[]]. Journal of Soil
and Water Conservation, 2012, 26(1) :43-47.

[27) SRFFH, VOARRE, BRI AE, S5 R0t T i A 5 A ok R b e 2 457
A0 U U 2R A ] O BIE S (0], AL FRBE A 2 2 4, 2009, 28(2)
287-291. GUO C X, SHEN G X, HUANG L H, et al. Control of soil
salinization and reduction of N & P loss with drip fertigation in green-
house[J]. Journal of Agro— Environment Science, 2009, 28 (2) : 287-
291.

[28] -, E 3, DRI, & Bty A R BHEAR T 0 43 it R e AL A
FEN]. TR B R 27241, 2012, 43(3) :346-350. XIN Y, WANG
X, QIU Y, et al. Discipline of nutrient losses from slope cropland in
Liaoning Province under different cropping modes[J]. Journal of
Shenyang Agricultural University, 2012, 43(3) :346-350.



