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Studies on seasonal variation and sources of nitrogen and phosphorus
in the runoff of Shibianyu reservoir

HUANG Tinglin, QIU Shi, LI Xuan

(School of Environmental and Municipal Engineering, Xi'an Univ.of Arch. & Tech., Xi'an 710055, China)

Abstract: Shibianyu reservoir one of drinking is regarded as researched object . The concentrations of nitrogen and phosphorus of
upstream river and reservoir were monitored. The results showed that Shibianyu reservoir is a stratified ,deep and canyon-reservoir.
Nutrients in the reservoir has a significant seasonal variation. The average concentrations of total nitrogen( TN) and total phosphorus
( TP) were 4.26 mg/L and 0.03 mg/L ,respectively. In spring , the soil of upstream was frozen and a large amount of nitrogen was
flushed into the reservoir, which led to increasing inflow and the total nitrogen( TN) of Shibianyu reservoir. The total nitrogen( TN)
in the surface may reached 6.44 mg/L. The hypolimnion becomes anaerobic in the stratified period, increasing the release of phos-
phorus from the bottom sediments. Continuous heavy rains cause upstream landslides, and a large amount of sediment is flushed into
the reservoir, which result in an increase of nitrogen and phosphorus concentration in the reservoir. The concentrations of total nitro-
gen( TN) and total phosphorus ( TP) in hypolimnion can reach 5.42 mg/L and 0. 10 mg/L. The results also showed that the key of
controlling reservoir pollution is to control the endogenous pollution , and for this reason the exogenous pollution is hard to control
actually.
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1 ARZIBKEMBMERESmEREE
Fig. 1 Location of Shibianyu Reservoir and
the sampling sites

P, S, BOKSLMINEE, IR pka R
KEE, WHIER 132 km®, IR0 2 X,
S BT RNE. iR R ARE %
AR ERRRALZ 1 500 \. SAETHRZFE 0.95
12 o', GEFHRET MR RS BN 898 mm
948.5 mm. KL P % S 51K R S Bk
¥, HAOKAES 40 J7t. KFEBER 2810 Fm',
i X B ROKIRZ1 A 60 m.

1.2 NSMMATE S5 =

AT L WD g 2014 48 1 H & 2014
12 B EREMEN SR IE 1 RER (S1, S2,
S3, S4, S5) , KRS AANIER (S6) , EJE
IX 55 (S7) FIUHG A% (S8) , ST A7k B KK IRAL . A
WGk R KK BR ST KRS . _BesRpE
BOKTE 0.2~0.5 m DL RM7KAE. FEIXEURE, BOKHE
T 0.2~0.5 m AbsKARAMER RIZKEE, R H AL
KRS KRG 5~10 m BUBE—R. RAESIR
AR —IRk. HECRE R SLEIZEN 500 mL R4
BB L ®, BN 4 CkFh g, FihdE
FREIIAE 2 RS2, K RIR WA (DO)
4 b7 B #5238 33 HACH Hydrolab DS-5 1 £ Tifg K i
SR AT I R -

Gl S oW, N s =p e v e g A ) 45
RREZT LR EMANERS S LRE RS
BIAAL, SRR PEAT TR R K gk
. BT RREKE Lt X AR E LR
MELLE, PSR Rk k. 5
W BN 2 R, ARG REIG K i ST
KA, BCEIRER 0~50cm, HU5E) B4
FER . KR 2014 4E4 BIARINS (HE

b Z JEWIKEE) FIEZERERK . Sehid Kok
HATHEE (B 2) BF—10 CHkFEH, %18
M 4 L EsRKEES KSR 12 h, SR )4 Scsn e Bl
A 4 Cokfry, & 2 d BL—ik/KAHE 200 mL, J 0.45
um AL IR R IR S S B B A e bR R UK IR
HILWREETERT, HRRAKGELHF .

2 #EMEREEREE
Fig. 2 Schematic diagram of the reactor

SRR EE(TN), S8 (TP) , WiFkk
BEE(DTN), B Es (DTP) , /% (NHa-N) ,
% (NO3-N) . FIlE TNy TP A\ K B vA R
ADEAMBEDTN. DTP) , HFkA% TPN = TN—
DTN , EBkiA#s TPP = TP—DTP. TN, TP,
NH4"-N, NO3™-N 3% KA B 4047 7 1 »
i) e . KK OKAL, TR,
AR AR H A Rz WK FE 7K ST s .

2 ZR54HH

2.1 JE X RBET AR ACRE

FEX(STBIREBES BN 3 iR, fARzikE
BRI, Serp BRI AP (4.26
mg/L)EHIIRK (1 mgL) 3 f5%; TP M4-FH
B 0.031 mg/L, MR, FXOKME BB
BEIHR 3 i I 2 [IROK 2K (0.05 mg/L) . A3
HEr2E s AF, EXERSERE L. SARA
P TR, HRBARRFRLE 3.34 mg/L YL L, H4E 9
HUr AEREERTE, RRKERE 545
mg/L. 10 A2 )5, BRI TR SRR EAE
HFZ )R HEBFEAL, 6 A Ak R HAR(E 0.011
mg/L, M 6 AAKMEEBEEEAR ST, 9 H B
JRIBIBE e (0.121mg/L) . AL AL AT L,
9 A, EBHEMFRS TR, W2FRE, FEKX
BRSBEFEFMKFREIH, BREEKFRKR
BICNIKE .
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Fig.3  Distribution of nutrients in the reservoir
2.2 BERRABSRIHE

KR & BT R EZORE WA : SRS
PN IRTT 9. WIS SR FORATE A RIG R 72
S B N R e /B o 2 7 e N PR S &Y 2
WA 2 ML TR R 2 TR K, HE A RIS e EOR A
TR RHBIRARAE PREESAE T, IKZEDUR Y55
PRI 3 A DAKK AR 2 [ A R AR PR
MR, WA (DO)IK E— B4 +F 4 mg/L YL L (& 4),
VIR b R HCRAR . B IS IR A R E X
TN EFHEZE A .

F 1AW T _EIROREBES BAERE, A
F 1A AE, 3 HJKE] 5 AH), kX1 S1-S5
HRKBEEREIHA T~8mg/L (£1) , Mzt
f A\ P BRI R 4.5m/s (] S) . BABEK

BN HER 0370d. FiEskkEBEes8H
0.01~0.03 mg/L (3 1b) FHIF 42 FE XOKAR AR,
R XK B SR BRI PR3, T,
ARZIKIE R R FERE T BRI, PAMNETS
Pk E, XS INEIG R EATE RGN K, FFEEn
KA, BSEEX Y KRR SRS 2T
R EEERA.

DO & /(mg-L™)
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Fig. 4 DO concentration vertical distribution characteristics

TR IIX B ], bRk PASR AR
/NEIRETR AR T RMEK A T . ROK EZEABHR Y
K& BRILRIB RN K ER . B EERS
WERE R : BT ME KK EBERAL, &
RIRIES I 3.2 F1 3.0 mg/L, JE@ES 51 0.017
A10.015 mg/L. BEHEENELRS, KESH
9227021 mg/L. Mk, XFHF 2a fisk 2b: vkif
SR KR SR B R AR KR ALY 3 1%, X Rt
A FEME, LR EAZYOR . Tk
Vel BB A G B BB/b, LSRR S BRI BB X
%, SBOKELSBHKERI TR#ESE. B, X
Isf 1F) Rk FE 2 A OK BEK A b L, B
EEH TN SRKXEA R (B 3) , W FEKREE
B RBAFNEN .

* 1@ LiFskkERSENNTEMN (ng- L)

Tab. 1 (a) Dynamic characteristics of TN in the sampling points of upstream/(mg-L™)

HEV (A-H) 0314 03-21 04-07 04-27 05-05 05-28 06-09
ST 421 6.28 6.42 5.63 431 4.15 3.05
s2 3.25 4.67 5.61 5.13 4.95 434 3.23
S3 1.25 251 5.74 4.71 421 4.01 421
S4 2.12 3.26 6.31 5.52 5.53 4.04 4.01
S5 422 6.21 8.13 7.84 7.51 5.24 471

=1 (b) LRk E#EEBHNHTEN (g - L)
Tab. 1 (b) Dynamic characteristics of TP in the sampling points of upstream/(mg-L")

H#/ (H-H) 03-14 03-21 04-07 04-27 05-05 05-28 06-09
S1 0.007 0.001 0.007 0.010 0.010 0.007 0.015
S2 0.010 0.004 0.007 0.014 0.014 0.005 0.016
S3 0.020 0.018 0.010 0.007 0.017 0.010 0.020
S4 0.027 0.012 0.022 0.014 0.014 0.020 0.021
S5 0.027 0.025 0.027 0.017 0.014 0.023 0.023
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Fig. 5 Variation of inflow and rainfall

WP WKL ToI R vk IR AR Uk O A%

T, BRASRET, BKSEPHAURERE,
RS B, MIAEBMK 3 TR T IS
H, DAUKIRAURB] (38 3) 5 kiR iR AR
KBS, R EAR] T 11.37 mg/L, B
JE R R EAR (3.72 mg/L) , ABAT Tk 9 B
(0.89 mg/L) ; MK & BRI AFEER, H
L GA R B B LLJFUK AR 44% , ke FE R 2 —
AR RO K BR, i A SO R gt
Al e, XERRBTRRABKMERIEE A2 LR
Wb BT ISR 2 () AN 3 KB
HARH R EA E, R G BB EEN, #K
U K B I AIRFAE AR 2K BRI S A — B

* 2(a) REMEMIENZSTHK
Tab.2(a) Dynamic characteristics of TN and TP

VKPR 2
Wi EM% 2 4 6 8 10 12 14 16 18 20 22

K¥/d
H4/mg-L! 15.92 12.35 10.54 9.78 7.35 5.74 5.15 5.04 4.85 4.75 4.73
HBs/mg L' 0.095 0.084 0.041 0.033 0.019 0.015 0.009 0.005 0.004 0.004 0.004

= 20) RRAMEBSENNEER
Tab. 2(b) Dynamic characteristics of TN and TP
v \,\é \! N
E'Fw({ijftﬁmi% 2 4 6 8 10 12 14 16 18 20 22

K#ud
i&‘\ﬁ/mg-L’1 5.61 4.43 3.02 2.56 2.03 1.85 1.50 1.32 1.12 0.98 0.82
Ei/mg L-1  0.081 0.052 0.28 0.021 0.014 0.08 0.004 0.002 0.001 0.001 0.001

® 3 EEAMHEASENHNTEN
Tab. 3 Dynamic characteristics of NH,"-N and NO;-N

1 ‘/\é Wy
Wik ﬁMY% JEIK 2 4 6 8 10 12 14 16 18 20 22

KHud
H&/mg-L! 2.20 1.23 0.65 0.54 0.47 0.48 0.44 0.38 0.36 0.31 0.27 0.22
W5 /mg-L! 0.89 11.37 11.29 9.25 8.54 6.54 4.21 4.11 3.98 3.77 3.74 3.72

2.3 BEFRRABISIAFE

FFERZ )G, mMTURETHE, BEXERR
BEM 20 'C EFFZE 28 T (B 6) , KRR ETE
oz (B 6) . EEMEKARIET EE DO
0] RO 2 9B, TROKJZ 9 DO AW iiFe (1 6) ,
JEHS DO W ZHHEART 7. K PEAE 6 A AR
TR HBURAZE, BRI DO KAKIHFE, KA
BAWME (BB 13.5m) . BT REEH
B, AKFEREUUR P BT iR (1] 7)
FHZ W LR . W 8 A 3 PR, JRE
KA SRS BT R, 8 A THIEEIREE
0.121mg/L. iij i _E 38 BBl & B AR BEBU - IR
IKEERALIGE NRE (& 8) , KM 45 m JRFER
22m (FEXJRMHER 672 m) . FILTIRW IR

A8 FH L 3 BE I ) 28 XU 3 K A 8 Bl o v iy 3 B
H. BT IR REEBARE I E, WA
R AR B B R EORE TR (R 4) , W
BEYURRY S RO B AR, B
=G I N
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Fig.6 vertical distribution characteristics of DO (a) concen-
tration and water temperature(b)
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Fig.7 Variation of phosphorus concentration in
hypolimnion
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Fig.8 Variation of water level, rainfall and inflow
in September
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Fig. 9 Variation of nitrogen concentration during the period
of heavy rainfalls in September 2014
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Tab. 4 Dynamic characteristics of NH',-N, NO';-N and TN concentration in hypolimnion

H#/ (H-H) 06-09 06-16 07-03 07-19 08-05 08-12 08-21
SR ( mg'Lh) 0.11 0.13 0.18 0.28 0.72 0.84 0.81
AW E ( mgL) 3.89 3.71 4.03 3.27 3.06 2.51 2.59
Bk ((mgL™h) 4.15 3.95 425 3.95 4.01 3.45 3.44

2.4 MERRABSRIHE

20145817 fiz W K P e T B 2 AR A2 9 A 4y
(F8) . HEEWEIAE 73115 mm, i HPAFFEE
KEEFIRE, EIHFRRRRRN T EAE]40 m's
P58 A T e R e T g okt R b SRR IR OK B
TCNIREE . T ok A AR ORI B R,
NKEG, BN TKER T, SBOHMBK
b AR SR B A B T R (BI3) , T EJRK
PR RS B AR . O 10H PtigeR)k H A,
RS RISFI R .

MEORIEL0RT A i, A XK OREZS &
R i34%, RORIAEBEG67%. FREkEmd)aF X
IR BRI T U0, KA BURL S P Sl
Bl 2 b, TNAITPHR b 2 R
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Fig. 10 Variation of phosphorus concentration during the
period of heavy rainfalls in September
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(2) flzifk T L g g ki

Ja, Hoar AR SBRREA R, 2dEFRE
A hz WK P 2 2 BT 43 2 G5 B T IR R T
BREX, SBOKERBIRIG RO, mz
MEm R AT, E 2 ERRR A E RS LTt

(3) ARMKEKT OAM) mTHrEE5E

WETN, i e A 2 R 30 IX 3 g e R K K
W, BRI XK R E 77 2h & AT
K _EFR 451353 T5.42 mg/LAI0.10 mg/L.
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