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Eutrophication and spatial distribution of N, P and chlorophyll-a in the Taizihe River Ba-
sin, Liaohe River Catchment
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Abstract. Dissolved inorganic nitrogen, dissolved inorganic phosphorous, total nitrogen, total phosphorus,conductivity, pH, dis-
solved oxygen and chlorophyll-a were monitored in 46 sections along the Taizihe River, Liaohe River Catchment to understand their
spatial distributions. The relationships between dissolved inorganic nitrogen, dissolved inorganic phosphorous and chlorophyll-a
concentration were identified using the regression analysis. The relationship between water quality and environmental influencing
factors was identified using redundancy analysis. The results showed that distributions of nitrogen, phosphorous and chlorophyll-a
concentration had a certain spatial-related variability. The concentration of nitrogen, phosphorous and chlorophyll-a were low and
stable in the upstreams, and were increasing and fluctuating in reaches of Liaoyang. In the reaches of Anshan the concentrations
were the highest. Redundancy analysis showed that the spatial distribution characteristics of N and P were closely related to the land
use, altitude,width of the riparian buffer and vegetation diversity. Ammonia nitrogen, nitrate nitrogen, dissolved inorganic nitro-
gen, dissolved inorganic phosphorous, total nitrogen, total phosphorus, and conductivity were positively correlated with chlorophyll-
a concentration. It indicated that nitrogen and phosphorous could promote the growth of alga. Eutrophication evaluation index in
Taizihe River Basin showed that there were 27 sample sites in the mesotrophic level , 19 sample sites in a status of eutrophication,
no oligotrophic, hyper eutrophic and extremely eutrophic status.
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Tab.1 Land-use structures in the Taizihe River Basin

SR X I, R + M I 2

L 1.2.3.45.6.7.8 BEHL 1% ~2% , PR 98% , JLABZE B b 7 HL A 2 1%

AEE 9,10, 11,1213 .14.15.16.17 .18, ZH X388kt 1% , M 99% , HoAth 27 F M BT o b ol i 2D 17
19.20 18 KBRS X IR b 7% , ARitb 93%

T PHE 21,22,23,24.25,26,27,28.29, T XBHEHkHL 87% , Akl 8% , AKI 4% , i HIHE 1%
30.31.32.33.34 .35 .45 46 21.22 .25 26 RAE 5 XU b 7% bR 89% , /K ek 4% |, HiflZk

HYFH T 4 L
#5211 B 36 .37 .38 .39 .40 41 42 43 44 L 929 | FRHD 1% , FEHb 1% , K 38% 4% , B R Hb 29% T 5870 5

e 41 SRABE A X SR 2% , M 98%

22 RO WMAE

KH YSI Z2HUK B ML ( professional plus ) B3zl & K i . pH {8 &M A (DO) L 53K, [RII R 4R
1000 ml ZKAE, i =40 FH e 11 52 5 i & T 85 B 8 v B T 4°C DRIRAR Y [T 9280 %, T E 2 AU (NH,-N) S A
(NO;-N) EAHSA(NO,-N) I HETEHLE (DIN) R TTHLEE(DIP) A (TN) (A (TP) FHER K a
(Chl.a) ¥ S 2A G b, ZKORE (10 CRAF 0 TR 2™ A% 02 HR KR AK W 437 0k ) 1847 NHL,-N ViR R
RICIT LI E ,NOS-N NOS-N 3 BER S8 A0 0O BE VA AE TN 3 J32 R FE P ok s A 20 e 52 4103
JEGEEZM AE , DIN =NH, -N+NO; -N+NO, -N. TP ¢ i % R 8 43 COG BE I 58 , DIP e B R FH AR B 51406
JEEETHEINE. Chl.a VB R FHNERZE U O BT HE I . RN, /N R SR, DL BRI E 20 E 3
W BHE S B Rt BT Y.
2.3 HES R

FIHT SPSS 18.0 GEi R AFHE AT AHOC 34T R J5 22 43 BT, BB #5465 B 43 BT ( DCA) FITA 43 #7 (RDA ) 2R ]
Canoco 4.5 B {#4T.

3HER

3.1 KFmimigik kiR

KA NH,-N #RBETE 0.126 ~0.696 me/L i [H A8l , PB4 0.388 mg/L, Hrf 2 A~ si i f5 & F
F 1 5 FRFREEARE, 41 DA A E R 2R K IR, 3 A s 145 A [ 5% T2 3t 26 /K PR v,
NO;-N ¥ AL FEI7E 0.260~3.890 mg/L Z [A], P34 A 3.143 mg/L. NO;-N ¥ B 254635 FE 7£0.002 ~ 0.029
mg/L Z[0], SEHIE R 0.092 mg/ L. £ %A A5 DIP #eELE 0.013~0.069 me/ L JEE ARk, SFE-HIE 4 0.109 mg/1.,
DIN ¥ B 7E 0.469 ~4.426 mg/L JL R ZEAk SN 1.570 mg/L. TN ¥ AL TEETE 1.2~11.17 mg/L Z
8], S ME R 3.75 meg/L, Horp 7 A S5 A B R VM F K EAR e, 8 A i i A B R V 2 F KRBT bR
1,31 A ST E R V 2 3K IREEhRHE. TP ik B2 AR AL 15 [ 7E 0.015 ~ 3.004 mg/L 2 [A], -3 {E 4 0.193
mg/L, il 4 A EAAEER 1 281 RKFRERRE, 30 A E B R D K FRK AR, 6 A&
[ 5% T2 M F K RERARAE, 2 A MR G IV 28 M FOK IR AR AE , 5 A S0l B 5V 28 M 3K SRR pR .
DO HREETE 4.3~12.5 mg/L Z i3, FI(EH 8.9 mg/L, DO ZEAL L4 H AT JE. Chl.a WETE 0.3~39.1 pg/L
Z A B B 10.2 we/L ARk S pH fHE 6.93~9.07 JEHE N IEEh, FHIME T 7.627. B SHRLE 0.063 ~
1.202 mS/cem JE I SN, FAME K 0.629 mS/em, H. 1%~ 44* %48 5 2 W) A - THE# (18 2).
3.2 XFimiigik R = @ ERES T

MK TR 3K BOR G0 B 430 b T DU I 8 0 b 3 3 B, oK T80 i3 NH,-N NO;S-N ik B 7E 17 ~ 20
KA SN I AR TP 3 2 A5 7 35 43 A A2 R F IS b U R AR VR B 217 ~ 357 R A NH,-N
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NO3-N ¥ 2 BB bR X B RApE 25 50 A0 763 BB 5 Tl NH,-N NO3-N e B ) 08 8 HH I A 38" ~ 44" %
FE R I S LA AE B B NOS-N W BEAE AR s IO W S A8 fh A 3. DIN ¥R EEAE 17 ~ 377 RAE AR/
B T A W H Hh IUAE 38" ~ 44" RAf o S AT AE L 1L B . Chla YREETE R F IR 401 4% 5 NH;-N
FINO;-N e a3 AHIT , 1 1“~11”""1¢ BN, 127 ~ 33" REE R I BT IR (E B LE 347 ~ 4472k
FE S 2Z (8] WO SRR BOK BT 07 22 08, S5 R BN, R FRNRE_E i BURM AR B i 33 pH |
NH,-N ,NO;-N \NO;-N .DIN DIP ‘TP TN FI Chl.a ¥R BE#4)1%A .35 25 % (P>0.05) (£ 2). BB pH #1%
HREZEF(P>0.05). LB AL BB NH,-N W& 25 TARBON_Li#(P<0.05) , # Il B 51T A B
BE27(P>0.05). #1lEB: NO;-N F1 DIN TP TN ¥ B . 3 K T30 PR B A& BEA L i (P<0.05) , 1T BB
NH,-N ¥R 8 K FAZEE (P<0.05) (B5 FIFX TG B2 5 (P>0.05) . 1T FHELAEL LB NOS-N ¥R 1 3
KF L7 (P<0.05) , SARBEBE I BEZEF(P>0.05). #1LEk DIP ## B i T H BB (P<0.05) , e
BRI JE B % 2 5 (P>0.05) . Chl.a ¥ AT TR B0 0 2 11 B S 35 K 10 PR 30 PRBL B 3K F i AR &
Bt (P<0.05).

12.0 - r3.5
. —2—DIN —o—TN R =
3 10.0 -
) =~ &
E 8.0 -
2 g 7
£ 6.0 < %N
F 4.0+ =]
z T Z
& 20 g 4
R A e
0 niflgas P alellidloyocol |l lid Z
1 4 7 1013 1619222528313437404346
45.0 - == Chla —o—DO r14.0 :
40.0 1 120 ; .
R i 20 o .
3 ] o - 10. 5 .
2 30,0 (1008 2
= 25.0 8.0 X g -5.0“
35 2001 60 @ % 064 e
S oo F40 & 0504 30
Y 2.0
111 S ||I|||| Ut
0 |,I..,..,...,||I,|||,III,II|,I I,I|,| " (ALY RRARY 0 IIIIIIlIu""“" (1)0
1 4 71013161922 252831343740 43 46 1 4 7 1013 1619222528 3134 37 40 43 46
SRR SRR
[&] 2 IR -TAT 3K Bk 1
Fig.2 Water quality in the Taizihe River Basin
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Tab.2 One way ANOVA of water quality factors in each sections in Taizihe River Basin
KR bR I3 AFBL LB BN
5 F/ (mS/cm) 0.142+0.009* 0.212+0.009* 0.424+0.013" 0.684+0.061¢
pH 8.127+0.143* 8.351+0.057° 8.248+0.054* 8.356+0.075*
NH;-N/(mg/L) 0.192+0.009* 0.207+0.005* 0.307=0.008" 0.459£0.029"
NO3-N/(mg/L) 0.754+0.088" 0.502+0.011*¢ 1.044+0.114" 2.857+0.205°¢
NO3-N/(mg/L) 0.090+0.014* 0.083+0.012% 0.040+0.007" 0.088+0.017"
DIP/ (mg/L) 0.038+0.005* 0.078+0.020" 0.060+0.012° 0.313+0.080"
DIN/(mg/L) 1.036+0.088" 0.784+0.013* 1.390+0.114" 3.405+0.228°
TP/ (mg/L) 0.032+0.017* 0.113+0.065* 0.077+0.043* 0.660+0.994"
TN/ (mg/L) 1.651+0.630" 2.548+1.003 4.091+2.219" 6.594+2.982°¢
Chl.a/( pg/L) 1.467+0.200" 3.861+0.336" 8.410+0.809" 30.063+1.059°¢

# [T AR TR 7 B3, B MK 0.05.
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3.3 /kRiE#rS Chl.a iR ERHEX D

KT K BT 5 B Chl.a ¥R EEAR 4087 7%, NH,-N \NO;-N .DIN .DIP \TN . TP Fltfi 53 5 Chl.a ¥k
BE R IEA O (P<0.01,3 3) . [ 3 J2 R itk Btk 45 #6555 Chl.a B ENE S M. k)7 fR BETR
I M4 Chl.a 5 NH,-N,NO;-N DIN | DIP  HL 5§ TN 1 TP A& &, R* 4351k 0.5222.0.5555,0.5834
0.2472.0.4794 .0.4258 F1 0.2099, H: | NH,-N NO;-N FI DIN i R*{E KT 0.5, 50 Chl.a ¥ B it 5 5 [
F. Chl.a V&5 NH,-N DIP FIHL 3384 1 HZARRER, Ui BE NH,-N DIP FIHL S22 A3 I Chl.a kB2
O, i Chl.a ¥ JE 5 DIN A1 NO;-N 804 10 H L RHRH /N, UL B DIN F1 NO;-N ¥ B B9340 Chl.a ¥R
WIS,

2 3 KPPk Brdg b S Chl.a ¥ BEAH G4

Tab.3 Correlations coefficients between water quality factors and chlorophyll-a concentration in Taizihe River Basin

k=t SR pH NH;-N  NO3-N DIP DIN NO;-N TN TP Chl.a
R 1.00 -0.03 0.92™ 0.65™ 0.62* 0.71* 0.16 0.78 0.60* 0.68
pH 1.00 -0.05 -0.05 -0.09 -0.05 0.00 -0.11 -0.14™ 0.10

NH;-N 1.00 0.63™ 0.63 ™ 0.69 ™ 0.19 0.74 ™ 0.62™ 0.70™
NO3-N 1.00 0.47 " 0.99 0.10 0.69 0.45* 0.75*
DIP 1.00 0.52™ 036" 0.63™ 0.91* 0.50™
DIN 1.00 0.16 0.72™ 0.49 * 0.76 *
NO;-N 1.00 0.11* 0.34" 0.05

TN 1 0.63* 0.65*
TP 1 0.46 ™
Chl.a 1.00

# WFPEIRT- 0.05, =+ WFHMIKT0.01.

45 y=65.868x—8.6408 7 »=7.5695x+0.9907 4 y=19.038x+9.1137 1 »=7.1031x—0.9605
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Fig.3 Regression models between chlorophyll-a concentration and water quality factors in Taizihe River Basin
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Tab.5 RDA analysis for water quality and environmental factors in Taizihe River Basin

Herr b FRIEE KSR - IR R AR A KT An stk /% K BTde bR 5 BB R 1 B AR TER R/ %

1 0.480 0.778 48.0 95.4

2 0.012 0.379 49.3 97.9

3 0.009 0.409 50.2 99.7

4 0.001 0.170 50.3 100

300 - 3.5 & .Mt E
R K 50 A3 i o K S 6— 7 H By R S
2207 WEE (8 5) , 318 NH,-N NO;-N .DIN .DIP ‘TN I TP 7£ 6—7
200 Amd 2 B i (| 6) S5 E W], NH,-N . NO;-N |
élso_ DIN TN it ik 24 26 30K 17 < A% R B < 10 R B < 1) B2
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Fig.5 Water discharge in Taizihe

River Basin from June to July
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Fig.6 Change of NH;-N, NO;-N, DIN, DIP, TN and TP output quantity in each section of Taizihe River Basin

CEAEEFORE SRR, TR TR A S 100
BB TR R g Hoh e BRI 27
A0 58.7%, “E T EFRE 194, 4 41.3%, WA
T CEECMCWE T EFRS. ELRSAR 4R 60
FER K 24.26 e e (B U PIAE 437 SRkE R, ] 69.15. BN &
1R U R LB s, oy 3960 (0
7). 204

4 Wit o+
1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46
4.1 KFiaimis N\.P.ChLa iRE=EoHmEE LT KA,

KL N P BAT LR 9 s 8] S B, S B0 b 7 R FFEOK S TR 2R G 35 EL
R FERAR B AR PR A BB N P R BE B 7 B Fig.7 EI values in the Taizihe River Basin
PSR B BE N PR B2 ey o L PR 3 252 3
R PN S Gy A DR BERUE R DIPRS00 i = MM I 254 (3% 1) nT LR R3]
DU DX AR D 2 o TR 9 98% LA L, AR Brth IR o F2 B AR Z WP T4 HH Ul p b st e
T 5 AR E S E SRR R NP YR S ORGP B AR S E S N P YR B IEAR D 1L
FH BN L1 BELLAR M Py 22 ARlb I M v AR 25 AR HE A s B, A5 B R, DL K TR AR Y
S RN T IR TS YRS RT3 B 1 522 18 3R T ) B TR Y 1 RE T, A P BEA % L1 BE DIN
DIP i HEZ M L 3 ELIL BRI 38 LL B Tl A0 3ok i e S50 45 - st R P O 5GB Wi8 22, Tl ¥ /KR B 11 15
il ATE S5 DIN DIP W BZR e (k. AT N P S Chla W5 FREER T IR HTEA AR (1] 4) 5
7, AT A NP R K Chla WS 5 35 SUARE.

BrRitb 2z Sh R0 W S Chla ¥R 25590 /5 22 iy 36 B RIE 4 52 URH O (1] 4) . ‘ZT)LHQJ‘E{*H?A;JUJ(EE’JE/
M 2 SRR NP (I AT 0620 AR 7 W ] el R T A S A N P 5 e R R
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SR T VRS e | AT T K R A R B R ek R T DR A R e e,
ZEI AR T/, R -8 F 0 R & i K T Ui R X, S 3T T4 B AR B A 7R 3
A FIHE K 1K AR Z W7 FBEVE e 20 7 T TE BT, 32 21 9K 0 2, R s b T VR 75 e 1 AT 7K i, B fil
T NP R K.

Chl.a ¥ FEAER T Gidk i) A da 35 5 N P YR R ARG, T 3808 37 Ui A L8 2 ot Moy 4 1R
Yo AR AT I PSS At B4 A PR [RITT  AE 22 5, T2 B Chla Wk ) B 45 0 A R AR 25 5. R3]
i DX AT LR, K AR SRR R BE (AU, AR IR B AL BH B 1L B B0 ARl FH b AR Sk T AR
Wit K, S BUK R A8 SRR W BE AT T w3, e rP 3 FH BRI B Tl Ak 3 22 S 8O 4 (08 FRER vk B 2R 3
5|2 Chl.a HREEHE K.

42 Chl.a 5 N.PiREXALSH

TEIAAE ) 0L RS TR AR R T 2 [ 1 e RAE R B ), PRI 8 6 AR T BOK i NP & il An i
Bt MR, Chl.a VBN PRI AF B RO RAE AR 4R, 5 N P R AY SE R A Z 7 AR SRR Chla ¥
B 5 NH,-N NO;-N DIN DIP /TN TP FlHE T4 5 g B IEAHOC, UABH PV ME N P E— e R B AR E PR e
MK A SRR R 35 R B A 42 R e o VR A A e T A R AR T o
AR « TSRS A PRI S 7 AR T R X B 3R 8 &5 AR R T3 R, ABAE Z B0l vh | V7 e e 2
L W S5 KA P R SR SR R BE AR AL S — 3. AR NP RN B S T R e, T
TR AEE EIMNC R, — LT N P J& /K IR P A K AN R/ B g S S i, HC o B ARk mT 52 i)
TRWERE I BRI 19 A BRI O] SECE SRR AR 8, A T N P 5 Chl.a VB 76 Y
W2 B MRS X UL B 2870 A K B P R T3040 NP BRI A0, A L (N/P L)
SRR A AR AR Y E R AL K A b R WA ) — 045 Redfield LU SRARICE 3288 WARA —FB 4 N
(X P BRI S ) 3 PO N BREIKARTTE ) ARXT T 30285 Ay 198 F 3R 5L bR L R REBE 7 i A 4 1)
FH R X KA 8 R SR Bk . AR ORI SR KK AR N/P H<7 N & AT RE A9 BR
PSSR N/P 7,00 PR AT REARREIMEE S8R, R 46 A SRR s A 31 i TN W
i T E RV SRR IREERRIE T TP W) R 5 A s A8 id B R VIS FoK B bre , K& N/P HF4(E
h46.5, AT LA K TR UK (4 & SR LR R P P Yk BEARXTEAIE , B P R AT REAY R B M S 5 3h. MNP ik
¥ 5 Chl.a ¥ 0 [RHE 50 Fr -t ml LA H (] 3) ,DIN Fil TN 5 Chl.a 3% 814 #2819 AR50 50k 7.103 i
2.857, /N DIP A1 TP &5 Chl.a RIS 2RI A2 (26.324 F1 10.451) , Ul A BEZE /KR P 2 (9 38
Chl.a ¥R EERE AR, BEds KR 0 B B FRfbalb R SCHT BEAE T8 P AYT5 Y .

43 K FREEEFRRRSH

TFKA Y N P g vk B ™ B AR, H0 il K R R IR, EBR AR B EFRILBE N TP =0.02
mg/L, TN=0.2 mg/L"* | KFWFrA AL TN K5 AL TP #7588 H 7L B fE. I Chla WE R,
<3 /L KR E TR 3~7 wg/L NP ESR 7~40 ng/L NS ETR,>40 wg/L N EEEFR, KT INHEE
BIE PEIR B EFRNEALRAE 13,14 A9 A EA EE ST AL UL K k4 s hr s
FIIFRGEBELA R EAR. RS T P B AR X B N P WREE TR T Chla WREEAUR
WA 1710 T9E 1/100. H B Fp LG — Ty i A& B W50 0K 3 91 2 Al 20 7 i et i Ak 4 59— il
Chl.a ¥ B #4347 0] BETR 52 FoAh X B v, Ui 6 I8 K 5 037 1 45 K 30 ) 4 (R S48 AIE RO IR ). AR T
FEHE— R T T8 IR K R KR B SR PR X O R R B IS HR A A S
AR E B RN L A58, B T R T B S AR 1 3 FR RS G SRS B R T ek A
FRRBH e e g BRI, b B RIS & 58.7% , ¢ B TEFRIRES & 41.3% . X5 RN EAE
A -4 FE A3 BT A 2518 — B0 AR WA AN 00 =, Tl 052 ARSI o L3, 17 Y AR 3 Mk B FR kg il
A AR AR, TC SRR e Al i) s 8 TR AR 7. ARWFSE R0 T i X TN (TP (9% it
43R 586.81 1 58.72 g/s, 3% 8 N P BEI0 A KL A it , Xof B 20 v 3o A 75 28 & 1 B2 T, 330K 1A IX
BT K ST B )RR 5 3 45
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1) RFAEL N P EA B A2 Bk 3R e BB H AR BT AR S FH Bk e i bt
H WA, Sl By, TURAMT R N FI PR as (8] 43 A0 FRAE 5 R D7 =X i3k T i 2 oty S B A
T B 22 HE PR DDA 6.

2) KTl Chl.a W BEYE I 0.3 ~39.1 pe/L, F¥I{E N 10.2 wg/L. Chl.a #kJF 5 NH,-N NO;-N
DIN \DIP TN TP Ity 46 52 i 25 IR ARG, LW E FREb I 210 — @ R E R BEIF s e g K.

3) RF MUK E EFATEM LA 185 (ED Bon , KT o 8 FR RS S 0L 27 4, 5 58.7%
CETEFRRE AL 19 A, 41.3% BT CHE T RCE T EFRIRAS. HK R N PR BEAR X, Y
RA e W B SRR AT A ARV | F 1 I BRI 3 i AL
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