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Output Characteristics of Rainfall Runoff Phosphorus Pollution from a Typical

Small Watershed in Yimeng Mountainous Area

YU Xing-xiu', LI Zhen-wei' >, LIU Qian-jin', JING Guang-hua'”

(1. Institute of Soil & Water Conservation and Environmental Protection, Linyi University, Key Laboratory of Soil & Water
Conservation and Environmental Protection of Shandong Province, Linyi 276005, China; 2. College of Population, Resource and
Environment, Shandong Normal University, Ji’'nan 250014, China)

Abstract: Relationships between phosphorus pollutant concentrations and precipitation-runoff were analyzed by monitoring pollutant
losses at outlets of the Menglianggu watershed in 2010. A typical small watershed was selected to examine the runoff and quality
parameters such as total phosphorus (TP) , particle phosphorus ( PP), dissolve phosphorus (DP) and dissolve inorganic phosphorus
(DIP) in rainfall-runoff of 10 rainfall events. Precipitation was above 2 mm for all the 10 rainfall events. The results showed that the
peak of phosphorus concentrations occurred before the peak of water flows, whereas change processes of the phosphorus fluxes were
consistent with that of the water flows and the phosphorus flux also have a strong linear relationship with the water flows. The minimums
of the phosphorus concentrations in every 10 natural rainfall events have small differences with each other, but the maximum and EMCs
of the phosphorus concentrations have significant differences with each rainfall event. This was mainly influenced by the precipitation,
maximum rainfall intensity and mean rainfall intensity (EMCs) and was less influenced by rainfall duration. DP and TP were mainly
composed of DIP and PP, respectively. There were no significant correlations between DIP/DP dynamic changes and rainfall
characteristics,, whereas significant correlations between PP/TP dynamic changes and maximum rainfall intensity were detected. The
production of DIP, DP, AND TP were mainly influenced by the direct runoff (DR) and base flow (BF). The EMCs of DIP, DP, TP
and the variations of DIP/DP were all found to have significant polynomial relationships with DR/TR. , but the dynamic changes of PP/
TP and the EMCS of PP were less influenced by the DR/TR.

Key words : rainfall runoff; phosphorus; non-point source pollution; direct runoff; Yimeng Mountainous Area
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Fig. 1 Locations of Menglianggu watershed area
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Fig. 2 Land use of the Menglianggu watershed area
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Table 1  Rainfall runoff characteristics for 10 observed rainfalls
. — FERTHHE A
s T B T wocw FEWE  ROOUR  RAR o, DR/TR
/h /mm-min "} /mm-min ! /Les™! /Les™!
0717 2010-07-17 105.5 11 0.98 0.16 339.88 3.40 0.97 0.95
0719 2010-07-19 22.9 4.6 1.44 0. 08 114.52 35.52 0.38 0.53
0804 2010-08-04 4.8 6.0 0.18 0.01 1.23 0.45 0.42 0.42
0807 2010-08-07 22.3 3.2 0.76 0.12 39.51 3.59 0.70 0. 68
0812 2010-08-12 83.5 3.3 1.96 0.43 1.200. 05 28.63 0.95 0. 84
0824 2010-08-24 16.5 12 0. 10 0.02 16. 68 8.53 0.23 0.31
0826 2010-08-26 52.1 34.5 0. 14 0.03 54.02 14.79 0.36 0. 63
0906 2010-09-06 57.9 48.0 0.36 0.02 87.58 4.43 0.91 0. 80
0910 2010-09-10 17.7 10.5 0. 10 0.03 87.58 47.33 0.19 0.33
1015 2010-10-15 6.7 2.5 0.07 0. 04 3.22 1.82 0.24 0.30
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Process of phosphorus concentration and fluxes in rainfall runoff
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2.3.1 WA HRRE
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Table 2 Phosphorus concentrations of 10 rainfall events/mg-L ™!

e _ A E'DIP A _ ElDP A : _ A E'PP A _ EITP A :

W/AME ROKIE EMGs fvME ROK(H EMCs foME RORfE EMGs f/ME ROR(H EMGs
0717 0.01 0. 60 0.27 0.07 0.84 0.42 0.02 1.98 0. 80 0.10 2.19 1.22
0719 0.02 0.18 0.08 0.04 0.92 0.12 0.01 1. 68 0.43 0.13 1.82 0.55
0804 0.01 0.14 0.02 0.02 0.11 0.04 — — — 0.02 0.11 0.04
0807 0.03 0.36 0.19 0.04 0.37 0.21 0.01 0.51 0.33 0.06 0.74 0.54
0812 0.01 0.50 0.22 0.02 0.61 0.26 0.02 1. 66 0.74 0.07 1.98 0.99
0824 0.01 0. 06 0.03 0.02 0.34 0.05 0.01 0.17 0.02 0.04 0. 46 0.07
0826 0.01 0.15 0.05 0.03 0.24 0.07 0.01 0.09 0.04 0.03 0.28 0.11
0906 0.01 0.26 0. 10 0.02 0.30 0.11 0.01 0.20 0. 06 0.02 0.4 0.17
0910 0.01 0.08 0.03 0.02 0.15 0. 06 — — — 0.02 0.15 0. 06
1015 0.01 0.03 0.01 0.01 0.04 0.02 — — — 0.01 0.04 0.02

1) “—"FRPTN PP & EARAK, H238 T 0
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Table 3 Correlation between phosphorus concentrations and rainfall characteristics

- DIP(n =10) DP(n=10) PP(n=7) TP(n=10)

IO EMCs IEN] EMCs IENE EMCs iGN EMCs
KR —0.06(0.87) -0.12(0.74) -0.18(0.62) -0.15(0.69) -0.61(0.15) -0.62(0.14) -0.28(0.43) —0.28(0.44)
Kok Tl £ 0.86 *(0.00) 0.81*(0.04) 0.59(0.07)  0.87**(0.01) 0.54(0.21)  0.65(0.12)  0.71*(0.02) 0.80*(0.01)
KRR 0.717(0.02) 0.72%(0.02) 0.804*(0.05) 0.64*(0.05) 0.85%(0.02) 0.84"(0.02) 0.90%(0.00) 0.55(0.10)
SEYRER 0.73(0.02)  0.737(0.02) 0.50(0.14)  0.64*(0.05) 0.64(0.13)  0.78*(0.02) 0.72*(0.02) 0.62(0.06)

1) = FRTIE P =0.05 KF B3, #=«FRTEP=0.01 KFELWFE; FSHNIXIR P, FFH

DIP H1 DP ) EMCs 5 R & | e KRR 38 AP
P oA 5 B 2 AR DG OC R, BE R R o | 5 KRR R A
ST R DR R A, Bk o B G 1 D PR T 2
R 2t DL SRS A AR K, B2 1 DIP ., DP i#F A2,
WAL DIP . DP (4% i A8 A, FLy Hh o 1 R %
EMCs [ 52 MBI F PRI A8 K ke A s e 7= A 1) 5%
Ml ; PP 1) EMCs 45134 W 5 1 A T i S 28R OC
TP H 5 F TR 2t 5 35 AH G, T 76 DU 1 2030 TP £
EMCs Fifi 25 [’ T 52 (14 38 0 i s /), A /0N i) Jt P
P AR R A s R LTS G 1 1 TR R 9B A

@[31]‘
2.3.2 ARDESHER TR & 1 R IE

FH 3 YRR 8 I 1 0t 2 i D S R A T R [
T 255 2 i o 30 o [ 9 LA R A i A R A L
)25 v kB TR i (9 AR L R B A X 10 YRR
MR 5N FE A8 R W MGl & Pearson FH K47
Br (R 4) Wl LIFE  RRDE &8 i S i
ARG, H DIP, DP| PP Al TP 3 i 5 i S AH G R
B IA 0.919 ., 0.918, 0.924 F10. 926, 455
R TR B Rl a1 AR

R4 RESTRESHFZRERBENEXSH

Table 4  Correlation between flow and phosphorus concentrations, fluxes

15 k5 DIP(n =444) DP(n =444) PP(n =386) TP(n =444)
Ui S 0.446(0.11) 0.468(0.07) 0.485(0.06) 0.526* (0.03)
iR iiRis 0.919 **(0.00) 0.918 **(0.00) 0. 924 **(0.00) 0. 926 *(0.00)

FEAFRESHERE SRENER LR,
X 10 YR RN AN ()8 2 2 6 ) i i 2R A 7 1] )
A3, AN 4 fifzs. DIP, DP, PP Al TP i & 5 i &
PR RAFLIE R R (R >0.80) , L& B8 HS, X
SakE > BRI S TP E ) 0 F g B
A3k
2.3.3 FEREES

PG 2 TR FEN A FIE S8R EMCs 1
DIP/DP #1 PP/TP {#. DIP |5 DP (&3 59 K
64.30% , H v e R AE K 90.48% , f /N fH N
50. 00% ,AifE2E R 14.39% , H %/ N, DP 322
J& DIP JE 34 Y, DIP J& A8 9T 1 32 01 H A0 e ML

BERRER | X M e K R85 45 ELEESE W ; PP 7 TP 1Y
Ja it B 54.26% , B KB R 78. 18%
R/ IMEH 28.57% , bR 2528 20. 44% , IR I i/
TP 22 PP R AUk Y, X 5 R TE )1 #E
oI ST R PP b AR S AT RS R B A
BUR LA B — B

YK DIP . DP, PP il TP ) EMCs {H AN,
I B TEAS [6] (4 B 9 R AE T AS [ 258 2 o 9 EL 2]
AN[E, AT DIP/DP, PP/ TP {HAFAEZE S MM~
[FIFE MRRIEXT DIP 5 DP Hefil, PP &5 TP HL B AE L
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(I RE R g B | TR ot | -4 R i R e O T R A A T A



8 1

2649

30
24 F y=15490- 048 o8
18 b R*=0.8445 @-"0

-
-
-0

277 — AR

DIP;# ##t/g-min™'

6 — — 95% Fil I JiF
0 L 1 A L
0 02 04 06 08 10 12 14
120
o
+ 100 [ y=6578x-2.55 o0
£ 80 [ R2=0.8546 -
£ 60
=
) 40
& 20 L

0 0.2 0.4 0.6
Hidt/m?s7!

0.8 1.0 1.2 1.4

DP;# fit/g-min™!

y=8481x-3.51

120 R*=0.868 5

TPiE #it/g-min™!

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Hidt/m?s7!

R FR i R A, T
E4 FEESHFZEESREMNLMERDNA

Fig. 4 Linear regression between flow and pollutant fluxes
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Table 5 Correlation between DIP/DP, PP/TP

and rainfall characteristics

izt DIP/DP(n =10) PP/TP(n=17)
Kaf T st 0.39 (0.26) -0.70 (0.08)
[ T 2t 0.47 (0.17) 0.28 (0.55)
N 0.48 (0.16) 0.93**(0.00)
TR 0.44 (0.20) 0.67(0.10)

2.4 HbFRAR TR BE 2 i AR

FERZ A /NS AR s U575 G ) AR 9 h 2
FoR TR ARSI TG Y g AR ) T TR &
DR A1 BF F:[F]esE , DR 1 BF 20 55 A 55 055
Y AR A R E DR/TR B FUAEAE R PEAh

DR 1 BF X /N it 38l o VRO 22 4+ 9 532 il bL B —
) TR B LUK 7, BF #1 TR {HW1E 3 7R, DR/TR
HIZE 1 FiR.

DR/TR {1728 1k 32 22 32 B W A% i FR AIE | 9 3k
AN3Z 7K b T RRAR AR LA S A )T 3 H s TR R K AR
FRIZK S35 I T A 3 3R 375 7K b T AR 3 AR TE AR fk
HIEN A FHAE, 1t DR/TR {8 1284k 3Z (R 12
TURFIE S IALT. XT 10 YRR RS 1Y M A2 AR A 5
DR/TR #E4T Pearson 1 & 43 #7 F1 [l 15 43 B ( U 3%
6) , 5 K BRI IR | S KRR | PR GE | feR
Wik, BhiiES DR/TR (LW E LR, [T
A3 HT B PR AL B A 22 TP 5 DR/TR (B i
AR, AT AT T AR M R R L2 W e R
PIA RIFPIA R FUT5E L X 4 2 1
EKAE SR, PRI R TR 2 Hh BRI BE ik B, B TR
HHBOR, B8 E K DR/TR B 28 {6 Bk A . &
()75 5 2280 A DR/TR {H-Ah i 35 A5G, A8 5 R BUR
Wy it i Y S R L S AR RO e A IR

K, A DR/TR {EUERER K , PRI A7 IE A OC.

*R 6 [EWZFYHER DR/TR BEXEE S

Table 6  Correlation and regression between rainfall, flow characteristics and DR/TR

Eistun AHIC R AL BT ZWiA T

R TR (1) 0.30(0.39) y=19.511+2.26 (R*=0.09) y= —78.34> +113. 111 -21. 67 (R*=0.14)
FEm i (p) 0.90** (0.00)  y=129.57p -36.04 (R*=0.81)  y=262.63p* -184.18p +16 (R*=0.91)
BRI, ) 0.61(0.06) y=1711,, -0.38 (R*=0.38) y=-1.411,7%+3.391,, -0.81 (R?=0.38)
SRR (1,00, ) 0.59(0.08) y=0.311,,, -0.09 (R?=0.34)  y=0.432,, -0.207 . +0.05 (R*=0.36)
R Q) 0.55(0.10) y =846.53Q,.. -295.74  (R®=0.30) y=1628Q%, —1098Q,. +201.23  (R?=0.34)
F/NRE(Q,) -0.16(0.66) y=-10.98 Q. +21.21 (R =0.02)  y= —52.99 %, +52.48Q,., +4.92 (R?=0.04)
AR RE(CV) 0.94%*(0.00) y=1.25CV-0.19 (R?=0.89) y=0.89 CV2 +0.19CV +0. 09 (R*=0.90)
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Table 7 Correlation between phosphorus EMCs, DIP/DP, PP/TP and DR/TR
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TP(n =10) DIP/DP(n =10) PP/TP
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Fig. 5 Polynomial regression between DIP,DP, TP, DIP/DP and DR/TR
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