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Determination of the threshold conditions for the outbreak of dominant algal
blooms in landscape water bodies supplemented with reclaimed water

YU Huiyang, XU Zhiqgiang, LONG Yijing, SHI Ke, CAO Chenjie
(State Key Laboratory of Eco-Hydraulics in Northwest Arid Region of China, Xi’ an University of Technology, Xi’ an 710048, China)

Abstract ; Landscape replenishment with reclaimed water is one of the most important ways of sewage re-
cycling, but frequent occurrence of algal blooms is the main bottleneck limiting its utilization. Three pre-
ponderant algae species identified from the typical reclaimed water bodies of landscape replenishment
were taken as the research objects, and their growth status under the combined effects of temperature,
light intensity and concentration of N/P were studied through indoor static experiments. The results show
that Microcystis is more likely to become the dominant algae species at T =30 °C, light intensity =9, 000
Ix in low N/P reclaimed water. After only three days of cultivation, the agal density became 91 x 10°
cell/mL compared with 10 x 10’ cell/mL before cultivation, approaching the threshold condition for
blooming (10 x 10* cell/mL) ; Chlorella vulgaris and Scenedesmus quadricauda like to grow in the raw
reclaimed water with T =25 °C, light intensity divided into 5, 000 Ix 7, 000 Ix, and relatively high
N/P. They reached the threshold of alga bloom within 5 days of cultivation. The reduction of the P con-
centration can restrain the growth of alga. When the TP decreased from 0.3 mg/L to 0. 1 mg/L in the re-
claimed water, the inhibitory rates of the two kinds of green alga were 56. 6% and 40.7% , respectively;
however, the reduction of phosphorus concentration had relatively weak inhibitory effect on Microcystis.
The research results give a theoretical support for comprehending the expansion of alga and curbing the

outbreak of algal blooms in the reclaimed water bodies of landscape replenishment.
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DU BRI 't BEGR JBE AY ORROR T RE A 7 — 2 1Y
Ze5t o (B H BT AR KA K B KR rh 2R e 8 3R
TR RE |l L R R L [R5 W R A A A T 5T A
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(1) SEGKHFE . ABFFE R IO 2 T 47 3T A
IRAMK BEF KRR A KT H T KA RS2 56 K, 5
e N/PCBEEHR 5 BB B 2 H) 19 B X 7K
JEHEA TR SIS S AR A SR KRR o R PR T A
FA K AN K BRI A K T 7K KO 1) W I 285 5 (3
1.2) A, FA K P A B R B U S A IE U7
TECH AR 85% ~95% ) , W ELLIERERRER N 3
(52 80% ~90% ), H B FiA KA KB N/P
SERE R 175 2 1, FAEIK T T KT N/P S E
F130 : 1,

*1 BEWEIESPEABEEKIKERKKERSH

KBRS A4 KBRS A4

T/°C 19 ~33 || COD,,,/(mg - L") 7~12
pH 8~9 || Chl -a/(mg - L") 85 ~115
NH, *—N/(mg - L") 0.16 ~0.34
PO, /(mg - L")
HL9%/ (S - em ™)

TN/(mg + L") 3.2 ~4.0
TP/(mg - L") 0.1~0.3
DO/(mg- L")  4~12

0.08 ~0.27
600 ~ 800

R2 BERMPHITEBEKNHT KKRSH

IKBidERR EALIEN IKidERR EACIEN
T/°C 15 ~27 || COD,,,/(mg - L") 6~13
pH 8~9 | Chl-a/(mg-L™") 20 ~70
TN/(mg - L™') 8.5~9.5 | NH,"—N/(mg-L™") 0.7~1.6
TP/(mg - L™") 0.2~0.4 | PO /(mg-L™")  0.16~0.36
DO/ (mg - L™')6.5~10.5 || H1'%/(pS - em™) 700 ~950
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T 1 AR PR IR A K MK K R (CRA K
J7K ) RT3k B AT R A, BRI, B 0 AR (E
#:TN =9 mg/L,TP =0.3 mg/L,N/P =30 :1;

T 2 AR IR F AR K AR OK B 2019 AER R
KR R - 2 e B R AT R g DR Bl Y O R A
J7:TN =3.5 mg/L, TP = 0.2 mg/L,N/P=17.5 : 1;

T 3 2 ARG B AT 2R K AR K B SE PR TN Al
TP ¥ i AR FN A >R F5- A2 7K T B A 00 310 7 TV 280K
JIhREZER , [R5 8 TN Ve B i — 20 B AIC LU TR
MEO TR KRR K BE TN W AT T 0 2 %,
PRAEIK T 42 hR 5 , TP W BER B4 T (b ROk FR B T
HARE) (GB 3838—2002) Hr i IV 2Rbnif, it i # 7E
S G 5 5 FH 0 R B R0 S B 9% T R Wl 1 R A M
J:TN =3.5 mg/L,TP= 0.1 mg/L, N/P=35:1,

(3) EHABERN Y 85 . 7 I AR K AR K Be
75 BT oy /K A e i | N kR
DU REAMRAE ) o A e FE R 2 B kA S A S ) e
T KA R 4 e (FACHB - 1028 ) | 5 i /] 35k 3
(FACHB -8) F1d 2 % ( FACHB — 1468) , % FH it
BEIFH BG - 11 ¥ FEAE A R 5% 5548 rh A T 0 e
PR35 BE A MIREE T =20 ~25 °C G R
JE =1000 ~2 000 Ix JEREEE =12 h =12 h, 55 FRE [
#7120 ~30 d,

(4) BERATTCH] o K 554000 3 FhOL AW o1
T A N8, AR S B Y 8 R L R ) e
B D KBS v B B R K AR R B S
JIr s B o R Y B A T I BB
P14 000 v/min %3 5.0 15 min, 46 FyE W, T80
NaHCO, ¥ (15 mg/L) 20 FIG 2B 3 1
AR 3 K, BRI AT bi b v v i 38 TR R 0, 15 3 S
95 i it o
2.2 EWAHE

(1) RRERTL

OBE A K AR 000 : L T00 2 S5
KA (CABEALL PG 22 T P 3k ] P AR K R K B K BT ), %) 5
Y KFEAT R T, o0 4 A K AR T e e (B B
F71.0 x10* cell/mL,Chl —a ¥4 2 mg/m’) X5l
JNERE (BB R 1.0 x 10* cell/mL, Chl — a ¥ K
5 mg/m’) DURBMEME (R 1.0 x 10* cell/mL,
Chl —a ¥ J¥ J9 10 mg/m’) , fECIERE = 5 000 Ix,
FemE Lt =12 h < 12 h 2508 T, WA AR (15,20,
25.30.35 .40 C) MR KAG O, B 2R A K Y

AR . MKHE AR R 3 APl (93565 BE AN Chl - a
i ds

QA K A IR B A DL T 2 R
SRR, DL k@ TR 8 B A R KR s
WISAE  ZECIE L =12 h 212 h B LET, WIS R
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3 R SR A KA O, LA SRR R 2

@UA_L AR OFI QB 2 14 e A4 B FE B
FE M A5 F  FEERE L =12 h < 12 h (9504 T, 0
W3 A TALT 3 FhOLFABFR Y R K AE D

IR R SR 3 A PATRE, SIS IR ]
710 d,
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JERELE =12 h 212 h Z5F T, WU 7K A8 ol 3 8 i 7
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FRAT 04 30 /)N R g i A TR P O R R R o A%
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VU M bR 2 S5 A S« DA PR 3 556 rh AR AR
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P SR TR A A T B0 T Chl - a Y
JEE R F 2 2R 9 ' I 5 ASCRI P iR — R 75 2 (e A it
RFAL) MZE 5 BRI H R AT

IR = (1 = N/N,) x 100% (1)
IR PRG3R, % 5 Ny R )06 % L
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MR = 5000 Ix A9 4514 T, K AR H00E e 3t /N Bk
PRI VY FE ML 3 L S Y 5 5 FE T Chl — a VR
BEAAIREE( T =15 ~40 °C) By e oe an &l 1 e
o HHIEL T AT, A U AR AL T, 3 R Rl
AERHUR BRI KGN B, MR T =25
C s, 7300 /N RS FF IG FE Ms 1)  2 FE SA B AR K, 4
A 74.3 x 10* 1 38. 1 x 10* cell/mL, it B} 7K kE
PR Chl — a YR EEHLIK BN IE(E, 4351k 368 Fil
376 mg/m’, i K 46 R 40E 8 ) Fo AR A R B R 30
°C , I HHEEE 25 35 F Chl — a ¥ B8 4351k 105. 2 x 10
cell/mL F1209 mg/m*, 2 J& , B % i B (4 i — 25 T
5,3 PR Y A KGRI IE TR, 2 T =40 CHY,
TRAEGHUE e 5730 /)N 1R g R D R A 1) 3 % B 43 )
28 15.8 x 10*,0.7 x 10* 1 0.7 x 10* cell/mL, i},
WY AT 3 AR S e A KA RIVE R . e
PUFFAE IR RN K R 7K A4, 7K A8 B e 0 A K e R iE
B, LR OR8N R e T Y R e . A ERATT L, K
AT AR B IR E (30 CZE4y) My FR A K bk 4%
PR AR RS, Se 4 UL 3050, 1530 /N BRI 2
MG LB e PR (25 CAEL) &M TFHA—EN
AL

3.2 RESEEXNEEEKHZMW

TE T2 S8 KRR GG =12 h 212 h K48
e A KRR T =30 °C L 358 /N Bk i Fn 2
B AR T =25 CHIZRMT,3 FhIL s i3
P BEAN Chl — a ¥ B2 E G RESR B (0 ~9 000 Ix) 4%
TGS NEL 2 s o

Hi & 2 A, DG R B EE R O I, R ik AR K,
Bifi o ' IR B 3 i, ST R A A, PR A
Chl —a Y BEREZ 34K, SO HRER K 5 000 Ix 1,
A SE /INER B Y B85 B T Chl — a YR BE IS B B A, 2 1)
5 74.3 x 10* cell/mL f1368 mg/m’, )5, &G
PR B Y T — 2D B8, 573 Nk e i A Az B
MO RETR FESAF 9 000 Ix B, B RN E XL 5
FICHF TR A — 2 o R A 5 'F 4 0 B
12 7 000 Ix, g B 0 2 A 5 179 386 9% B2 Ol 63. 4 %
10* cell/mL, Chl - a ¥k 629 mg/rn3O IK A T B
TP A ' HR R B (R 3 0 T 4 22 2R 4, 20 R B Gk
F]9 000 Ix B, 7K AEfH0 28 35 1) 38 %% B =y 8 1340 x
10* mg/m*, 0] W, , 78 75 52 25 14 1 T LA B i R 4 1
T KA TR A AR KR K B KA T BT 25 5
DB | H R K AR I XSS 5

I AR [ O N ER B Y Bl

140 500
120t £ 100
B 1o0f g"
£ wof 1§ 300}
é 60 g 200
| T I = 100} T
w 20f . ) 3 _ I

15 20 25 30 35 40 0= s 20 25 30 35 40
ERKEBE/C ERBE/C
QEFEMEKERENZL (b) Chl-a¥ B I £ K 15 FE B3R AL

Bl 3FMABENEREZEMChl - REBEKBENIZLER (TR 2 KEAE)

KRR N EE R DY 2 A
160 700 -
= 7 s00f i )
E 120 & 500F
& sl € 4ot =
2 I § 300 | -
#® I T 200 z
w of : I =
% T O 100 |
EA— 1000 3000 5000 7000 9000 " 1000 3000 5000 7000 9000
o 3R/ 1x O JE 5 BE/ 1x
QUFEFEMEERBEENEL (b) Chil-adi A B % M8 38 BE f9 2% 1k

B2 3FMBENEREEM Chl -2 RERMERBENITLER (TR 2 KEAKE)

3.3 EBNREXEEREKPEN
3 b A g 3 S A e A 170 A K L TG B iR
FER (KRB R . T =30 C )G =9 000

Ix; EE/NEREE A T =25 °C)EIEEREE =5 000 Ix;
VUM : T =25 °C, MR =7 000 1x) ,7£ 3
Pl T (AL NP 43512030 :1.17.5 :1.35 1)
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LI KAE R 3R 10 d, K AE U i 5 /N K e
DU FE A8 1 38 2 3 N Chl — a 9 B AR Ab 75 00 4 18] 3
Jr7R o 3 AT, 35 /)N R R DY R A A A
VR PE AR B B 00 V(AR AR 7K) S/ T Y
R, FCBE AN Chl - a R 43 BT 35 122 x 10°

81 x 10" cell/mL 1593 .794 mg/m’, [fij /K A& 4% e
B 5 T A FEARR AR 000 2 (R /K AR 2K ) B 7K
BT h oA K, B B KORT 8 i & 134 x 10°

cell/mL, {3 IR 133% 3@ b % A K 7K i
TR B4 T e (3 S it ok AR TP vk B2, B T4
3),3 AL HEn A K a1 B 52, RSB
WEE( TP =0.3 mg/L [E% TP =0. 1 mg/L) {fif5K

HETUREE 3 /NI | IO R B P % B Sl e T
M1 B 104 x10* 122 x 10* 181 x 10* cell/mL 3@/
785 x 10* .53 x 10* F148 x 10* cell/mL , HA | = 43
Wk 18.3% .56. 6% F140.7% .

KRR R ST Y R A
160 - 1000 -
'g 156 g 800t
— on
3 § 600 |
- 80 b
= o g 400 |
% Ll I = 200}
c ° j
0

0
TRI(N/P=30: 1) T.{R2(N/P=17.5: 1) T.HR3(N/P=35:1)
T

(a) BB HL T R I B

TLHIN/P=30:1) ImZ(N/P 17.5:1) TH3IN/P=35:1)

(b)ﬁﬁﬁ%wﬁcm alI & W

B3 3MABREEAR TR THEZFEEM Ch -2 RETUBR(EREEKEBEMLREE)

HRE S A5 14 3 P L AR B %5 B2 5 Chl - a
W BT PE 53 AT — JC 2 [BLE 23 B, 7K A2 f
BT NEREE RN R BB BE S Chl - a ¥R
B 7 #2r 5R y = 1.9730x + 0.4390(R* =
0.9978,n = 108,P < 0.05) .y = 4.8270x + 0. 6855
(R* =0.9966,n = 108,P < 0.05) fily =9.9102x +
0.0067(R* =0.9994 ,n = 108,P < 0.05) .3 Ml &
FRERAU AL R AE33ET 1, U600 3 Fhil 3ok 1
WEEE Chl —a IREZRIBHFELEXR(n =
108,P < 0.05), H g EMH®E.
3.4 KEBERRSH

M 3.1 ~3.3 WHMF SR S5 R AT A1, 3 Bl i
PEAE RS oy KA e i T =30 °C, B R
B =9 000 Ix,N/P=17.5 :1; %@ /Nek i T =25 °C,
JEREBREE =5 000 Ix,N/P =30 : 1; JURHIME N T =
25 °C,JGHBBRIE =7 000 Ix,N/P =30 : 1, el /k4E
R G AR A, K R R KT 1 x 10
cell/mLET, KR 2 5 & B AR AR IR R, 1 3% B K
F10 x 10* cell/mL B}, 7K A v 25 H 3K 1 55 % B
G123 RIS AE & e AR K AR
FEREA A ] A9 22 AR 1% 0 DL 1 4 fR ET 4 \T T, K
R K R At TR 92 256 3 d i), B
SEMFIUGAE 1. 0 x 10* cell/mL 3% K % 9.1 x 10°*
cell/mL, B3 K AEHR K 1 S5 8 (95 > 10 x 10°
cell/mL) , fEAkZ 537 356 10 d B}, 358 15 =1k 138
x 10* cell/mL, KA B K Ak = d KA, 38 /N ks

DY AR AE G IR 25 5 d I BE R 70 1 20. 0 x
10°.9. 2 x 10" cell/mL, 11 ik 51 5 132 I /K 46 15 % 18

{6, B2 10 d BHFERED R AR TR E KA, Bk
KT, KA e P RN 38 /N R ke AR K AR R R Y R
JE
N 200 —— KRR
T'_] 160 - - EFENERE
& —— Y BB
% 120
«g 80
40
& O
-40 N N 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
KA E/d
4 BRMERKEGT I MAEE
EETEBAERKEENTL

4

3 TS P 2T A kil P A AR K B U Y 3
b DS Pl O o A i 2 ' e i B2 AN R 7 R
J3E B DR RS i S I R A5 SR AR, 3 bl IR B SRR
KAYFL 3 Al A it AR KRR R —RE Y
Zet o TERR R AR A IR HL NP E AR X
BRARAY A K AR Rl e A W B A P B SR DL
TP P38 T4 1 BTG 5 L NP B e 1Y
JRPAR B/ INER R DU A A A R 2 O
PR o X5 AR I BE AL iR B AR A5 e
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9 8 25 00 A R RE & A A YRR R A A —
O (B AR R B R N/ P AR R AR K
A 33 /N R T D A 9 5 4 0 O A 5 IR R A
£ RN 8 772735 A B d SR oy -l w1 ]
HER P JEHY TP M < 0.1 mg/m’ I, %%
3 /INER g IO R A 1 41 o 4 R B 5, (EX K AR
T (T P — P D3T3 5 RGP K
TR SRR BB, T 1 — i PR | 2B P AR KR A B
LKA K FE 8 S I 5 LV 75 7 05 P2 K R
KB TE KA, AL, T2 2K K T i B2 T e
S8 ] B2 | T A KK R Pl S A B 78 g
BARSFNRE

X 3 RS RN A FE B S Chl - a R AT
HYLRPE /3T 32 0, B 8 5 Chl — a YR8 2 ] 52
BEEMI(P <0.05), FFLL, BT A KR
DU AW FIE AR B, 7T A8 P 99 25 22— Sk, ik
5 HAA B s 4

3RS R LS B B R K AT AEK
3 ~5 d AT IR B K AR A BIAE, H K A1 s il
T /NERE B A I R R T, e 7R K AR R 1R
XU BT BB, W )G 38 A K B0 7 Al e 3 Tk A
Vel T, S AN, G S KRR L, T
HIR E IR FE (A8 A, B4 AR KA v AR Ao 2 A et
LN 555 4 e 2 T BB 2 R A BUIE , TR AE X 7 T
PEATBFFE AR , T S T 2K K Ak S 48 % B
B LA B K A i B R S

5 4%

(1) BI®0 T 3 ML s dp i R E A K A K
TR T =30 °C JEREEREE = 9 000 1Ix H N/P
AR P A KR K B K AR P e Bt K B 0 5
3 d fHEAT IR B K A2 & 00 B AH 2% 14 5 35 38 /)N BK 3
TWEMEEAE T =25C B R 5E 3 43 %k 5 000 F1
7 000 1x H N/P FHXFE 0 FAE K K 5 A
K, 5555 5 d BTk B BEE K 4R 4 2 1 IS0 (L

(2)3 P i B 5 H Chl —a R EEZ
) 5 68 3 E M OGPE (P <0.05) , AT & 2 —
A Sy 98 28 A KPR T L A REA A A

(3) BRAR AR AR AR FP B o B ] o — e R I
R, T HY TP ¥ < 0.1 mg/m’ i,
Xof 36 /)N R v R O A e ) 00 oA R S
B 2R 43 5 AT 3k 56. 6% Fi1 40. 7% , 1 X 7K A 1k i
PRI AR 18.3 %
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