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Eutrophication development and its key affected factors in the Yanghe Reservoir
WANG Liping* , ZHENG Binghui
State Environmental Protection Key Laboratory of Estuary and Coastal Environment, Chinese Research Academy of Environmental Sciences, Beijing

100012, China

Abstract: The Yanghe Reservoir has been the important drinking resource of Qinhuangdao and Beidaihe summer central
office. However, in recent decades the water body has been undergoing intense eutrophication, resulting in loss of water
quality and increases in the frequency of cyanobacterial bloom outbreak. It almost lost the function as drinking resource
during the occurrence of algal bloom. We have analyzed the eutrophication development and its key regulating factors of the
reservoir by collecting history materials and monitoring dataset of water quality in 2011. The results showed that the
concentrations of total nitrogen ( TN), total phosphorus (TP ) have been higher continuously than the critical ones of
eutrophication during 1990—2011. Algal blooms have almost broken out in August of each year. Based on the monitoring
data in August of each year, TN, TP, chlorophyll a ( Chl-a) increased significantly since 1990, their concentration
increased from 0. 72 mg/L, 0. 029 mg/L, 3. 35 pg/L in 1990 to 4. 25 mg/L, 0. 103 mg/L, 88.5 pg/L in 2011,
respectively. Secchi disk depth (SD) decreased significantly, and it was 1.65 m in 1990, while it decreased into 0.3 m in
2011. Trophic state index based on TN (TSI, ), TP (TSI, ), SD (TSI, ) and Chl-a (TSI, ) were also increased
rapidly, and from 49.71, 52.71, 52.78, 42.46 in 1990 to 75.33, 70.98, 77.36 and 74. 58 in 2011, respectively. Based
on the Carlson-type TSI, the trophic state of the system were mesoeutrophic in 1990 and became hypereutrophic in 2011.
There was a good relationship between SD and Chl-a during 1990—2011 (R*=0.9186), indicating that algae dominate

licht attenuation. From May to October in 2011, water temperature (T') varied from 15.7 t0 29.2 °C , with mean (22.75+
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4.77) C; SD was 0.30—4. 00 m with mean (1.66+0.98) m; dissolved oxygen (DO) was 5.38—13.58 mg/L with
mean (8.91+2.09) mg/L; pH was 8. 17—10. 92 with mean (8.87+0.78); chemical oxygen demand ( COD, ) was
2. 06—4.90 mg/L with mean (3.52+0.94) mg/L; total organic carbon (TOC) was 8. 26—23. 16 mg/L. with mean
(13.57+3.66) mg/L; TP was 0.0336—0. 095 mg/L with mean (0.060+0.014) mg/L; TN was 3.078—6. 752 mg/L
with (4.713+1.014) mg/L; nitrate nitrogen ( NO,-N) was 0. 393—2. 856 mg/L with mean (1.252+0.788) mg/L;
ammoniacal nitrogen (NH,-N) was 0.0077—0.2191 mg/L with mean (0.109+0.070) mg/L; orthophosphate (PO,-P)
was 0.0022—0. 0096 mg/L with mean (0.0066+0.0022) mg/L; Chl-a was 1.46—136.97 pg/L with mean (27.31x%
34.99) pg/L. It revealed that the concentration of each factor varied substantially among months. The correlation
relationship analysis showed that 7, SD, DO, pH, TP, PO,-P, COD,, and TOC have obvious correlation with Chl-a. SD,
DO and pH were the results induced by water eutrophication, but not the driving factors, therefore, SD, DO and pH were
the major symptom of water quality deterioration induced by algal bloom outbreak. Since the reservoir is situated in northern
temperature zone with 2—3 months ice cover, T should be a driving factor of summer blooms. The regression equation of
log-transformed values for Chl-a on the other factors was performed and it is presented as below: log( Chl-a) = —1. 768+

0. 0587+0.006SD-0.067DO+0. 068pH+0. 118 TN-0. 091NO,-N+1.25NH,-N+2. 272TP +11. 669P0,-P+0. 037COD,,, +
0.046TOC, R*=0.979. During the outbreak of algal bloom from the middle July to the end of August in 2011, T was
23.5—29.2%C, and the dominant species were Microystis aeruginosa and M. ichthyoblabe that belong to Cyanophyta with
cell density of 3.5x10° and 1.4%10° cells/ml, respectively. The Yanghe Reservoir was a typical lake-reservoir with slow
water flow and long residence time. In order to prevent the outbreak of algal bloom and improve the function as drinking

resource, the nutrient concentrations must be decreased by reducing exogenous and control endogenesis pollution, and

simultaneously change hydrodanimic conditions by increasing flow velocity or water exchange speed.

Key Words: the Yanghe Reservoir; eutrophication; algal blooms
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KUK o TEICIIIIA]RAE P2 i 2 E WA i 500 L, R [T , ¥ 1k 24 h 5, 220 Wi AR RV 4 20 mL,
A=) A AT B BT RO H e A M
1.2 Gt

IR & B FRACR AR R IR #j 45 50 ( Trophic State Index, TSI) N0 S RN R

TSI, =54.45+14.43In(TN,mg/L)
TSI, =14.42In( TP, pg/L) +4. 15
TSI, =60-14.42In(SD,m)

TSIy =9.81In( CHL, pg/L) +30. 6

I FEAR 8] ) AH OGO B AR R SPSS13..0 #£47

2 &R
2.1 FKEE B SR PR AR A B /Z,J
H P EE K K A R EAERRAE I 7—9 H &K, 7E

XAEHE BN 6 F TN TP . SD Ml Chl-a B A8 S it
%  ABFFEWCEE T 1990 4F LISRAFAE 8 1 Wil Efff"

Pt IR 2011 AEAHIETE /NI W 45 5 255 ol

IRESEN L= S A O S5 I WA SRE ST LTV

{4 TN TP \SD il Chl-a B KM B ERMRESE 2] ppon

BOrstRgAE AR . BT, TN TP A Chl-a HIZR | e e s o
B T EaE 43N 1990 4245 0. 72 mg/1..0.029 mg/

L1 3.35 pe/L BANZE 2011 4EfY 4. 25 mg/L.0. 103 1 RRKERAEET

me/L 11885 /L s SD W 5L B i [ #38 SA 1990 Fig.1 The Yanghe Reservoir and its sampling stations

AR 1.65 m FEAIRZE 2011 4E 1% 0.3 m, TSI, TSI, TSIy, Fl TSI, 4 HM 1990 4E [ 49. 71 .52. 71 .52.78 .
42.46 THE % 2011 4Ef4 75.33 .70. 98 77. 36 .74. 58,

2.2 PERDKEE 5—10 A& S SRR

Bl 3 K 2011 47 5—10 H KBS S5 R AR b a3, i B AT L, 5—10 F 8 1) 457K 5 B AR A FEAS
[ FERE RO 3l , e K AR B Rk W6 (7 AP Al 2= 8 HK), T 7E 23.5—29.2 °C Z[a],SD Ml DO B & F R (P<
0.05) ,pH {liMA T+, COD,,, F1TOC A BT FFF, 2011 4E5—10 H #F2E0H1 Chl-a W E AL H LK 4, Hrb
R PR R BE ) e 38 Chl-a B A& A B S ARAL  FE/K AR 28 A S 1A W I s ( P<0. 05) K AE B K s
IR PR (P<0.05) . SSBUWZALIEHEILER 1,

PEVIK I 2011 4F 5—10 H Chl-a 5E F8E K IREE S5 A0 AH G /A WL 3% 2, Jvh 7.SD DO\ pH {H TP |
PO,-P ,COD,,, F1 TOC #§55 Chl-a ¥R i AH G ; Foe 45 P Z M A7 AE— 2 A DG, 4n T 5 SD DO pH {H
1 TOC B 4154 ;SD 5 DO .pH {f TP FI PO,-P B B AHE55

7 AR 8 H R /K AT I ] PR LI Ry i 2R e B ( Microystis aeruginosa) %% B 183k 3. 5x10°
AS/ml, HoRON 0 E LB (M. ichihyoblabe) , %8} 1.4x10°4/mlL,

ZAEZ L Kolmogorov-Smirnov K46 & 3K, Chl-a A IR M IE 2543 A 111 J& AR M log {H IE 2537, BRI LR A log
(Chl-a) AP RFEATEIA3HT, log( Chl-a) S52F8ARIE 1YZ AL MIHTTFEN .

log( Chl-a) = —1. 768 +0. 058T +0. 006SD —0. 067DO +0. 068pH +0. 118TN —0. 091NO,-N + 1. 25NH,-N +

2.272TP+11.669P0,-P+0.037COD,, +0. 046TOC

R*=0.979
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Fig.2 Total nitrogen ( TN), total phosphorus (TP ), secchi disk depth (SD), chlorophyll a( Chl-a) concentration

TSI , TSIy, in August of each year during 1990—2011
TSI<40 KF0E 37 40<TSI<50 K 37 50<TSI<T0 H 5 55 TSI>T0 KB H 5

*1

FEAIK EE 2011 4E 5—10 A/KIRMESE Chl-a iR EW EHERERIHER (n=24)

Table 1 Mean values and their range of water quality indices and Chl-a from May to October in 2011 (n=24)

and TSIy, TSI,

EA41E Mean+S. D.

W shEE Range of variation

7K Temperature T/ °C

W Secchi disk depth SD/m

5 Dissolved oxygen DO /(mg/L)

pH {ii pH value

FARRER TS X Chemical oxygen demand COD,,/(mg/L)
S H LK Total organic carbon TOC/ (mg/L)
S Total phosphorus TP/ (mg/L)

JBA Total nitrogen TN/ (mg/L)

i ZS A Nitrate nitrogen NO;-N/( mg/L)
S Ammoniacal nitrogen NH,-N/( mg/L)
TE#§RREL Orthophosphate PO, -P/ (mg/L)

£ 2 a Chlorophyll a Chl-a/( pg/L)

22.75+4.77

1.66 0.
8.91 +2.
8.87 +0.
3.52£0.
13.57 £ 3.
0.060 = 0.
4.713 £ 1.
1.252 0.
0.109 £ 0.

0.0066 + 0.

98
09
78
94
66
014
014
788
070
0022

27.31 +34.99

15.7—29.2
0.30—4.00
5.38—13.58
8.17—10.92
2.06—4.90
8.26—23.16
0.0336—0. 095
3.078—6.752
0.393—2.856
0.0077—0.2191
0.0022—0. 0096
1.46—136.97
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Fig.3 The developing trend of water temperature ( 7'), secchi disk depth (SD), dissolved oxygen (DO), pH, chemical oxygen demand
(CODy, ) and total organic carbon (TOC) from May to October in 2011 ( monthly average value of each site) , the period between two dashed
line showed the time of algal bloom outbreak

Vel e 9 2 R 22 I 7k A e 4

Fz2 FAKEE2011 £5—10 AMERE a EZ2KRERFHHEXXER
Table 2 The spearman rank correlation in water quality factors and Chl-a
Chl-a T SD DO pH TN NO;-N NH,-N TP PO,-P CODy, TOC
Chl-a  1.000
T 0.682**  1.000
SD -0.724** -0.846""  1.000
DO -0.761** -0.790**  0.645**  1.000
pH 0.795**  0.766** -0.724"* -0.744**  1.000
TN  -0.197  -0.643**  0.266 0.415*  -0.500**  1.000
NO;-N  0.019  -0.229  -0.203 0.193  -0.179 0.783**  1.000
NHi-N  0.059  -0.038  -0.393*  0.220  -0.114 0.601**  0.838**  1.000
TP 0.426%  0.402*  -0.616"* -0.339 0.445*  0.114 0.524**  0.549**  1.000
PO;-P 0.452*  0.469* -0.713** -0.299 0.280 0.223 0.584** 0.719**  0.632**  1.000
CODy,  0.407*  0.251 -0.582** -0.091*  0.259 0.321 0.763**  0.792**  0.753**  0.772**  1.000
TOC 0.884°*  0.695** -0.799** -0.640**  0.669** -0.124 0.165 0.281 0.381*  0.614** -0.041 1.000

# % P<0.01; *P<0.05

3 g

XF 1990—2011 4 Chl-a 5 TN TP \SD [AHIC K RFAT40HT, &ZIK SD 55 Chl-a B AR, PIE [H] A9
HRAMWMES P, R =0.9612;2011 4-5—10 H SD .5 Chl-a BB AHSC (£ 2) , FBHFERIK K ARSI &
BLZ TR B AN R 755 Chl-a YR H B BAHSCHE M SR IR Fe b (% 2) , Hid SD DO \pH {
JEIKAETR R A AR 2 R SD DO | pH BT 7K 2 7K A6 5 J2 5 WA 7K 5 4 3 B2 R BLFE A, 17 SD 5%
KA ., COD,, 1 TOC JEAE A K A WL % & 22 /D iy ds bR, Hoh TOC KA ML B &
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Fig.4 The developing trend of nutrient and chlorophyll a( Chl-a) concentration from May to October in 2011 ( monthly average value of each

site )
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