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Effect of iron on growth and toxicity in production of Microcystis aeruginosa under different phosphorus sources//
WANG Ju, CHEN Rong, CHEN Jing, SHEN Ying( School of Environmental and Municipal Engineering, Xi’an University of
Architecture & Technology, Xi’an 710055, China)

Abstract: Aiming at the interaction of phosphorus and trace element iron on the growth of algae, the interaction
characteristics of phosphorus and iron in the growth and toxicity of algal cells were studied under different phosphorus
sources. Microcystis aeruginosa was selected as algae species, and nitrate nitrogen was used as nitrogen source.

Dipotassium hydrogen phosphate (K,HPO, ), small molecular organic phosphorus sodium glycerophosphate ( NaGly) and
macromolecular organophosphorus lecithin (LEC) were used as phosphorus sources respectively. The growth and toxicity of
algae under different iron (Fe’* ) concentrations were simultaneously investigated. The results showed that K, HPO, and
NaGly were the phosphorus sources preferentially used by algae cells. Under these two phosphorus sources, the growth and
toxicity of algae cells were promoted, and the average particle size of algae cells remained stable with the incubation time.

LEC was not conducive to the growth and toxicity of algae cells, and the average size of algae cells fluctuated greatly.

During logarithmic growth period, chlorophyll a was positively correlated with intracellular algae toxin (MC-LR) , but there
was no correlation between total intracellular phosphorus and total alkaline phosphatase activity (APA) in algae solution.

The effect of trace element iron on the growth of algae cells was different under different phosphorus sources and the
synergistic effect of NaGly and iron was more conducive to the growth and toxicity of algae cells.
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p(Fe) 7 1000 g/ L B, 5 200 B Ax 10 5 1 30 Wk B e
A5 LEC v s 20 i 7= B 2 AR B30T, L IR 35 400 it 4
RN, NS EFER T R, p(Fe) N
50 pg/L B, T 400 7 o AR 5 NaGly H i 4 i
FERERAREIT (0 R T A AR e, R e
B, LA NaGly A BEIRE, AS [ kv B 0 5
AN B ARRET, P p(Fe) 2 500 wg/L i 5 4
7= RE R K, p (Fe) N 50 g/ L I 4™ R 10 fix
15, SRS A0 Mt d v, P B ) R o i i
L EEME T K HPO, MBEIR A F s RS
i, DL LEC SWIRIT , BE Bk v B i 2 1% 986 40 rh
BEEE R VRN N, RIRER VR B 2% F A R

BRERMNTA, BRI, UL K, HPO, MBS IR, A
7 3 10 0 X o 20 L = 5 B ) ) 2 S M, D
BRICRE AP R EEAER ; LA NaGly 8RR,
PR = AR AN AR A O LR e A 5 5 A
LEC S BRI, 58 200 6 25 S5k Jpc IR, AN [R] 1 Bk v JBE o)
H =g g AR IR VR B 450 T A T 3 g
Eq ()i
127 [ p(Fe)=1 000 pg/L

p(Fe)=500 pg/L
p(Fe)=50 pg/L

1.0

08+

oo

BIP=HER(105pg )

K>HP

NaGly
T

H7 FREBETEAmSE 58
3 4 g

a. K,HPO, 5 NaGly X3 4t i 25 4 (1% fie #F 1
2 K, HPO, Z5 8T oy vl B i)k 2 i 25 B 7 v 4
M A,

b. L K,HPO, ABEIERT,p(Fe) H 500 wg/L Aif
A AT B4 7= ; LA NaGly ABERET, 540 i
FR 7= B RO, AN TR B B T 9 77 1 1 25 RS R
PLLEC SR B, B 40 M 1) 7 5 ik g /D (AR
YA T AN 7= 7

. TEXTEOE K I BE IR B B, B4 ML b i 4
K a 58 R R IUROR AL A Sk

d. 7EAFBEE S MEE T R R SR T B2 i
ML BB S APA R IR S

e. NaGly 58 IL[E/EHIDO S0 A K 5 70
IS 75— 5 2578 F e K, HPO, 5 4k % 35 21 i A=



IS T I AE SR S N A D VAN e SN
Wi RIS ) =B SR S 22 R T R O R
B IHAYE

S E Lk

(1]

(2]

[3

[

[4]

[5]

[6]

(7]

[8]

(9]

HUANG C, WANG X , YANG H, et al. Satellite data
regarding the eutrophication response to human activities
in the plateau lake Dianchi in China from 1974 to 2009
[J]. Science of the Total Environment,2014,1(1) :485-
486.

SOLIS M,PONIEWOZIK M, MENCFEL R. Bloom-forming
cyanobacteria and other algae in selected anthropogenic
the Lakeland [ J ].
Oceanological and Hydrobiological Studies, 2009, 38
(Sup2) :71-78.

TR, ELC, BERMS , 55 . 200 4% G e e MR BR e 2R
KB R ZRIO MBI R[] TR 224 (A 4R
B2 R), 2018, 46 (2): 115-121. ( TAN Xiao, DAI
Kaiwen ,DUAN Zhipeng, etal. Comparasion of the effects of

reservoirs of Leczna-Wlodawa

naphthalene on the growth and chlorophyll fluorescence of
Microcystis aeruginosa and Synechococcus sp. [ J]. Journal
of Hohai University ( Natural Sciences) ,2018,46 (2) .
115-121. (in Chinese) )

PAERL H W, XU H,MCCARTHY M J, et al. Controlling
harmful cyanobacteria blooms in a hyper-eutrophic lake
(Lake Taihu,China) ;the need for a dual nutrient (N &
P) management strategy [ J]. Water Research. 2011,45 .
1973-1983.

WANG Z C, LI D H, LI G W, et al. Mechanism of
photosynthetic
PCC7806 to low inorganic phosphorus [ J]. Harmful
Algae,2010,9(6) :613-619.

LI J, WANG Z,CAO X, et al. Effect of orthophosphate

response in  Microcystis  aeruginosa

and bioavailability of dissolved organic phosphorous
compounds to typically harmful cyanobacterium Microcystis
aeruginosa [ J |. Marine Pollution Bulletin,2015,92 (1/
2).52-58.

BAI F, LIU R, YANG Y, et al. Dissolved organic
phosphorus use by the invasive freshwater diazotroph
cyanobacterium, Cylindrospermopsis  raciborskii [ J .
Harmful Algae,2014,39.112-120.

LI J,WANG Z,CAO X, et al. Effect of orthophosphate and
bioavailability ~ of  dissolved  organic  phosphorous
compounds to typically harmful cyanobacterium Microcystis
aeruginosa [ J ]. Marine Pollution Bulletin,2015,92 (1/
2):52-58.

CHEN R,LEI Z,]JI J, et al. On the effect of Fe (III) on

proliferation of Microcystis aeruginosa at high nitrate and

low chlorophyll condition [ J]. Journal of Environmental

[10]

(11]

(12]

[13

[

[14]

[15]

[16]

[17]

[18]

[19]

Sciences,2017,52(2) :105-110.

BOYD P W,LAW C S,WONG C S, et al. The decline and
fate of an iron-induced subarctic phytoplankton bloom
[J]. Nature,2004 ,428 ;549-553.

GEIDER R J, LAROCHE J. The role of iron in
phytoplankton photosynthesis, and the potential for iron-
limitation of primary productivity in the sea [ J].
Photosynthesis Research,1994,39.275-301.

NANNY M A, KIM S, MINEAR R A. Aquatic soluble
unreactive phosphorus: HPLC studies on concentrated
water samples [ J]. Water Research,1995,29 (9) :2138-
2148.

ARGH, I A, S S RSB IR X A Ak i e
R A= 11 20 e B AR O RZ R [ T ] 3RS B2, 2005, 26
(3) :118-121. (ZOU Di,XIAO Lin, YANG Liuyan, et al.
Effects of phosphorus sources of different forms on
phosphorus metabolism of Microcystis aeruginosa and
Adhesive Pseudomonas sp [ J]. Environmental Science,
2005,26(3) :118-121. (in Chinese) )

s B, SN AR A PR SN RE R X i
THEEHE ( Microcystis aeruginosa) 4RI [ 1], W HS
FREE A W24 ,2002,8(5) :507-510. (ZHANG Min, SHI
Xiaoli, JIANG Lijuan, et al. Effects of two exogenous
phosphorus and shake on the growth of Microcystis
aeruginosa [ J]. Chinese Journal of Applied Environment
Biology,2002,8(5) :507-510. (iin Chinese) )

BERMAN T. Alkaline phosphatases
Lake [T].
Oceanography,1970,15(5) :663- 674.
O, mBh 2 FAAR A MR b B R Al 1) A
FHBIME [ J]. #2000, 12 (4) :353-358. ( GAO
Guang, GAO Xiyun, QIN Bogiang, et al. Experimental

and phosphorus

availability in Kinneret Limnology &

Study on the PO] -P threshold of the alkaline phosphatase
activity in Taihu Lake [ J ]. Journal of Lake Sciences,
2000,12(4) :353-358. (in Chinese) )

LONG B M. Evidence that sulfur metabolism plays a role
in microcystin production by Microcystis aeruginosa [ J].
Harmful Algae,2010,9(1) ;74-81.

Ve T AN B AL PR RN I T B A K R R
BOVE[ ] BREERFE A4, 2001 ,21(3) :328- 332. (YAN
Hai, PAN Gang ,HUO Runlan. Oxic effects of copper, zinc
and manganese on the inhibition of the growth of
closterium lunula [ J]. Acta Scientiae Circumstantiae,
2001,21(3) :328- 332. (in Chinese) )

VT, AV PRBRRRE , 45 ) B R 00 1 2 A% /e
WA TR [ T]. FREERE:,2001,22 (1) :23-26.
(YAN Hai, WANG Xingjun, LIN Yixiong, et al. Toxic
effects of Cu,Zn and Mn on the inhibition of Chlorella
pyrenoidosa’s growth [ J]. Environmental Science,2001,22

.03 .



(20]

[21]

[22]

(1) :23-26. (in Chinese) )

EHE, FREE. N RIE S BE I BOE A7 3 R K Rk
PEBERRE RS0 [ )] A RS2 ,2006,25 (1) : 38-40.
( WANG Yan, TANG Hairong. Effects of different
phosphorus on the growth and alkaline phospohatase
activity in phaeocystis globose [ J]. Ecologic Science,
2006,25(1) :38-40. (in Chinese) )

PETTERSSON K. The availability of phosphorus and the
species composition of the spring phytoplankton in Lake
Erken[ J ]. International Review of Hydrobiology,2010,70
(4) :527-546.

CHROST R, SIUD W A, HALEMEJKO G Z. Long term
studies on alkaline phosphatase activity (APA) in a lake
with fish-aquaculture in relation to lake eutrophication and
phosphorus cycle [J]. Archiv Fur Hydrobiologie , 1984 ,70
(Supl) :1-32.

(23]

[24]

5K R0, R AR, AR, AL O AR W R A G R R
Fe’ * Y X H i e i A KRB R G sz [ ] 3
T HRE2AH,2007,7(6) :1192-1196. ( ZHANG Yifeng,
KANG Ruijuan,CONG Wei,et al. Effects of intensity and
Fe’* concentration on Microcystis aeruginosa growth and
micmeystin production in a photobioreactor [ J]. The
Chinese Journal of Process Engineering, 2007,7 (6) .
1192-1196. (in Chinese) )

GG , B AR T, e 0 Jofh 3 X 2 ol % 38 1) 410 )
VR K B Fr R W BE X LRI GO [ 1] KB IR AR A
2017,33(6) :96-101. (Ni Lixiao, CHEN Chunming, MA
Yanyan. Inhibitory effects of cadmium stress on Microcystis
the alleviation effects of nutrient

aeruginosa  and

concentrations[ J ]. Water Resources Protection, 2017, 33
(6) :96-101. (in Chinese) )
(UCh H9.2018-0123  Zifi. T 35)

(L#EF 78 1)

[45]

[46]

[47]

[48]

[49]

[50]

[51]

(52]

HOU J,YOU G,XU Y, et al. Effects of CeO, nanoparticles
on biological nitrogen removal in a sequencing batch
biofilm reactor and mechanism of toxicity[ J]. Bioresource
Technology,2015,191.73-78.

PUAY N, QIU G, TING Y. Effect of Zinc oxide
nanoparticles on biological wastewater treatment in a
sequencing batch

Production,2015,88 :139-145.
WU D,SHEN Y,DING A, et al. Effects of nanoscale zero-

reactor [ J ]. Journal of Cleaner

valent iron particles on biological nitrogen and phosphorus
removal and microorganisms in activated sludge [ J ].
Journal of Hazardous Materials,2013,262 :649-655.

HOU J,YOU G,XU Y, et al. Impacts of CuO nanoparticles
on nitrogen removal in sequencing batch biofilm reactors
after short-term and long-term exposure and the functions
of natural organic matter[ J]. Environmental Science and
Pollution Research,2016,23.:22116-22125.

CHEN Y,CHEN H,ZHENG X, et al. The impacts of silver
nanoparticles and silver ions on wastewater biological
phosphorous removal and the mechanisms [ J]. Journal of
Hazardous Materials,2012,239,/240 .88-94.
KA, DR A PO AR W IR A T K A B TR BT 5
BERELT]. KBHE 5 TR ,2010(5) :3841. (ZHANG
Lei, LANG Jianfeng, NIU Shanshan. Biofilm research
progress in wastewater treatment [ J]. Water Sciences and
Engineering Technology,2010(5) :38-41. (in Chinese) )
HENZE M, Van LOOSDRECHT M C, EKAMA G A.
Biological wastewater treatment [ M ]. Boca Raton; CRC
Press ,2008.

SHENG Z, LIU Y. Effects of silver nanoparticles on

.04 .

[53]

[54]

[55]

[56]

[57]

(58]

[59]

wastewater biofilms[ J ]. Water Research,2011,45(18):
6039-6050.

HOU J,MIAO L,WANG C,et al. Inhibitory effects of ZnO
nanoparticles on aerobic wastewater biofilms from oxygen
concentration profiles determined by microelectrodes|[ J .
Journal of Hazardous Materials 2014 ,276:164-170.

MIAO L,WANG C,HOU ], et al. Response of wastewater
biofilm to CuO nanoparticle exposure in terms of
microbial

Total

extracellular  polymeric  substances  and

structure [ J ]. Science of the
Environment,2017,579 .588-597.

BATTIN T J,BESEMER K,BENGTSSON M M, et al. The

community

ecology and biogeochemistry of stream biofilms [ J]. Nature
Reviews Microbiology,2016,14(4) :251-263.
FLEMMING H C, WINGENDER J, SZEWZYK U, et al.
Biofilms ; an emergent form of bacterial life [ J]. Nature
Reviews Microbiology,2016,14(9) :563-575.

GIL-ALLUE C, SCHIRMER K, TLILI A, et al. Silver
nanoparticle effects on stream periphyton during short-term
exposures [ J ]. Environmental Science and Technology,
2015,49(2) :1165-1172.

LIU J,TANG J,WAN ], et al. Functional sustainability of

2+
removal

periphytic biofilms in organic matter and Cu
during prolonged exposure to TiO, nanoparticles [ J].
Journal of Hazardous Materials,2017,279 .68.

TANG J,ZHU N Y,ZHU Y et al. Responses of periphyton
to Fe, 0, nanoparticles ;a physiological and ecological basis
for defending nanotoxicity [ J]. Environmental Science and

Technology,2017,51(18) :10797-10805.
(ki H 20180828 S . 4Bk )



