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Distribution and Sources of Phosphorus of Surface Water in Dezhou Irrigated District, China

CAI Wen—jing'2, CHANG Chun-ping?, SONG Shuai', LI Jing', ZHANG Fang'?, LI Fa—dong"

(1.Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, CAS,
Beijing 100101, China; 2.Hebei Normal University, College of Resources and Environmental Science, Hebei Key Laboratory of Environmental
Change and Ecological Construction, Shijiazhuang 050024, China )

Abstract: The phosphorus contamination of surface water is closely associated with human health and change of water ecological environ—
ment. In this study, 33 surface water samples were collected in the Dezhou Irrigated District located in the lower reaches of the Yellow Riv—
er. pH, water temperature, and electrical conductivity were analyzed in situ. The concentrations of total phosphorus(TP), orthophosphate
(P-ortho ), dissolved total phosphorus(TDP) and dissolved orthophosphate( P—=D-ortho) were determined by the method of phosphorus de—
termination using Semi—Automated Colorimetry ( Environmental Protection Agency, EPA ). This study provided a scientific basis for the
management of the surface water in the Yellow River Irrigated district. Results indicated that the concentrations of TP, P—ortho, TDP, and
P-D-ortho were in range of 0.03~5.39 mg*L."!, 0~5.10 mg* L', 0~1.73 mg*L™" and 0.01~2.19 mg* L™, respectively. EC, TP, P-ortho, TDP
and P—D-ortho had obviously spatial variations. Spatial variations of EC were found within each river. The spatial distributions of the four
forms of phosphorus concentrations had significantly differences. The concentrations of phosphorus in the Zhangweixin River were the high—
est, followed by Tuhai River, and lowest in Dehuixin River. Moreover, the spatial distributions of phosphorus in suspended matter were af—
fected by suspended matter concentration as well as industrial and agricultural productions. TP was affected by human activities extremely,

and water bodies had different levels of contamination in the Dezhou Irrigated District. According to the Surface Water Environment Quality
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Standard of China( GB 3838—2002), about 84.9% of the samples have reached Class I (0.1<TDP<0.2 mg*L™") or exceeded water quality
standards in the whole irrigated area. The concentrations of phosphorus was the highest in the Zhangweixin River, about 77.8% of the sam-
ples have reached Class V(0.3<TDP<0.4 mg- L") or exceeded class V(TDP>0.4 mg-1.7").

Keywords: Yellow river irrigated area; surface water; TP; P-ortho; TDP; P-D-ortho

TERIRKAEFBK B, B LA FhBERRER B A7
e, 73 HIEFREL  ZUREE A MLAS S0 =R, 2
FAAE T AR BUKAE AR . —RRIRK
TR ERL 155 S AN o ABJIE R R B LIRS AT
8 Ml R 7K R A 3% 9 7K HPd 5 el R iR
WA KR Z — , W R EUK IR E SRR K
S IR 7 AR N BT KA FR T SRR ER P A 3t (o A L
B BRRIRLA O R — B AR R
S B e, HR AR A2 K IRIZ 8l T R AR
AP0 R M ] S B PR K S B2 b,
BR824 18] G4 e 2 e B RIFSE 3 B vh 7R 9TIA
IR PR TR A A LA K IO R =100, T el 3 8 0F 52
DUIRRRS A BALLR PRAFIINS Jbaz o] i Al [ [X 7K
PR R BER 0 5w B S DL T TR SR,
BEIRFH I XK AR P L B I 23 3 AR A I
SV CTP) FIYE PERERR £ (SRP) Bl 2= 45 22 AL R ik BE AR
— &, BE BRI Z A48 ek U, Jdtia i) R i
P X ARATERS 25 R EIA TP s " B TR 42k
FEAFILAE 5OUK I GIRIETE 115 B K v
TRJZHL T K BYSEI , I i 2 AR B A B E A
[FIB B BT R e A i LRI, Z52R 3%
W1, i TR R AR B, B B T T A
BTN ER , REAE B AT K AR D, R 0K
LR RED SR 90 b: N S A % S

WFRER TR B & Y B B SR A K AR ]
P A R LT S, SRR ) i A B ) W ) 5 DA K
P B S VA AR Sl 2 22  TTURR ) P R ) Bt /K
P HIOR N IR I K ST ) R A 3R SR A DTvE
TEUURRII R 875 3L il T8 A R ot AKAR,
X 7R A 3 B Yo, g ey eyl DUBIE 3
IKRABTIEFER I8, 5F B R EUKIA S
B, IR PR R A Ak i —
ANEEGI AR, Horppila A1 Nurminen® WA , B 74
XA ATV R T B R R

TR P B e 1 22/ BLHERE R KB, XA
AT QR AT E A P, 0 M DX K rh i A B
G A WLARE o A SCLRL T i I TR —— i i
5 BT DX 18] 368 3 X 8 DX P 9 T | o]

ROHTINT HESZ T FI AT K5 |8 T R 1 B 37 ) TN BORE
G, WESE T RN | B IX S K R R K Sk
(TP) IEWERRER (P-ortho ) S ME SV (TDP) A A1
IEBERR £ (P—D—ortho ) S 2 77 Wt 75 10 1) 2% 8] 4347 il
AT /KFREE N 2 (pH A EC) BIFHIE , E— 45 T
TP DX b R K R 1) 2 R PPN T I
58 DX IR T A SEI] , XoF TP A 38 DX b 2 AR Ml 75 G B b
TR HS EAT LR

1 #MREFE

1.1 FAREXER

ARG FAEMFE X P (E 1), A5G0 E K
g IR X T B B IR E L RBE R
EELLCT) , FELOK RS0 e g | 0]
T MG RN . IR 289 X e v, T LR 18
b RFRZV AT | 8 | 31570 R 2 S 1 NP 2 N 8= T
TP X, BEFERZ L, EPAEHERT
1000 km? ARSI : — 2Bl 29T, J& HE B2 T Yt ek 5
RN, B LR, BRI EASE, 300~1000
km? [ SCIA 12 45, SRS W0 A 3530 | DU i |
XA T A 5 SIS A RG] 7] BRI
8 5 B RT3 ) 2R AT I AT BRI i XA
T T A Bz pp R (369247 ~38°0N .
115°45'~117°36'E ), Hi V22, [ P4 pg ] ARG R 5
& W A SR 2 TR, WU B A R S
FRAH G o FK B 28 3 A AT 57 K R s+ e e, 1
LRI AR HARRHE . X BEFLA 10 341
km?, F P EEHE 5780 km?, RAEYILA/NZE | KR SFMAE
YEYIFIRRAE GHORHSE L BRI &, D TR 2R
rn AR . VEIX H 1972 LR E A 40 4F,
A5G 500 12 m®, 518K 53k i gk ok I8
1 33.7%. #Z 2009 4ENE, VX HLFKAK Bk
13.93 4 m¥,
12 BmRESHHAE

2011 4F 4 FHIRAEWTFE X N =20 A 33 A4~
HFRAKE L 1) o TR TUFNM A RAE S AT 9 A IR
R RAE A 74, IR ECHTIT R R 6 1,
W TERET I RAE A 4 A, B S5 | BT IR IR AN



BSR4 N RE X B K B 423 )40 A 5 SR RIS 1053

® i K

0 1020 40 km
WS T S S

| ENEREEKRRESRERDTHE

Figure 1 Main river reaches and sampling sites in Dezhou irrigation district
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Figure 2 Spatial distribution of EC in the main river reaches
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Figure 3 Variation of EC along the rivers



1054

RAIMER F 2 IRV T R

TR KR Bt B v, Bl A s B 1) s £ 1
IR, HH T UEVE R AN A B A 3 iy
SRR IR 5 R B/ MK IRIR 591 H
TCHS AR BATTIE KR EC HahZ Wi T = o 1 T
TR I E A AT X N I 2 AR AR B, 32 1 Il =2
TAKARFII T T A HEZK S AR, Rtk BC A8 544
LN
2.2 TP.P-ortho 1 TDP .P-D-ortho B % [B1 53 TR 4F1iE
& 4 BT 1, S [ER L [E] TP P—ortho 1 TDP \P-
D-ortho A& HE2ZE FARECN B3 . TEEUHIX 4 FE
e IR BTN = BT R T NS S B, ) Fe N ERUER 124 R A B
T8 U SV R R, A, BP S36.
826 (RLUEJE M 45 XA $35.825), #EAIFFEIX
TP .P—ortho F1 TDP .P-D—ortho F*#5 K AE AR H BLAE 1%
MY S35 &4, 3518 5.39.5.10 mg- L F12.19.1.73
mg Lo TEFE 5| BT, P-ortho W& B EL T
WesfE S24, 355 1.11 mg- Lo RS540 0] 1, 1%
JLE) TP TDP Fl P-D-ortho 7 [FIAEE & , HA F5F
T LA BTG BT B, ML BT BR 28 T R SR ARSI, B 7
DB A FRE s FEAE Tl &k, Tolk
RIS Yt i FE L . AF5E XN TDP S A
R IAES BT R S61 51,74 0.01 mg- 17" ARFEHE

6 -
836
5r #
$26
4t
=
£ 3r
&
2 L
1 - Q E
—
R N
FEHCHN Chdgiml  AER 51 ¥ T W
25,
$35
°
20t
=15t
o
£
=10t
=
osl é
= =
or . o561

TEREHA S SR 518 T R R T

PRI TR AR E (GB 3838—2002) , 1% KA s ik £l
T 12K AR HE(TDP <0.02 mg L), BT XK i
b 5g SR

& 5 AT LI 1, TP P-ortho A1 TDP . P-D—ortho
TS (R A3 AN IS B W I A2 T T Y 45
TE AW 7 2y LT o 6 3 T i 1
iz ] B (4 S19 Fl S25 P R A 4 B9 TP.P —ortho Fl
TDP .P-D-ortho 75 f#P 4 i5 , & W 1Lz o] Be s Y™
T E AR, I TR E T 20 4K 5 G IE #
FElR AR T GEACS T R BT R B SE
kG K B HEC R & HES B R BT 90% , X i i
FEEE N o X T 2 PR 25 R B, s
KBTI TV 2R, R I E © RO HES
W, R, R TS G IR AR HES S EO K TS G
FEEE, SR S YL A
2.3 TP.P-ortho 1 TDP .P-D—ortho BYiE A iE T R
2.3.1 EIVH S IB AR AR

HE% 1 AIAL, TN 4 FOEASEE S Rk, bR
HEZE AR A, R IR TBT 4 R A0 0 3 AR Sk
R, I A R R, TP Al P-ortho FYZAELL
IR EAR K (I 6a), Horb,S41 fAY 4 FIIES#EI & &
HRARMIG, X IR AR AL T =KL G 2 Ab T

S36
*

W
T
*

S26

&~

P-ortho/mg* L™
oW

S24

_a g - H

—_
T

0f . . . . . .
PERHA EHBU GERE 51 TR R
20,
835
°
15t

P-D-ortho/mg* L™
S

o
n

T oL

TESEHI BT FER 5 BT 0% 1

B 4 FZE/KZE TP.P-ortho 1 TDP.P-D-ortho HIEES T IEFR

Figure 4 Concentrations and spatial variations of TP, P—ortho and TDP,P—D-ortho in the main river reaches
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Table 1 Concentrations of phosphorus forms of the main rivers
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Figure 6 Variations of phosphorus forms along the main rivers
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Figure 7 Spatial distribution of phosphorus in suspended matter
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