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Mathematical model design of time-effect relationship analysis about the

inhibition of four eighteen-cabon fatty acids on toxic Microcystis aeruginosa
HE Zongxiang' , ZHANG Tingting” *

1 College of Mathematics and Computer, Anhui NormalUniversity, Wuhu 241000, China

2 College of Life Sciences, Anhui Normal University, Wuhu 241000, China

Abstract: Water eutrophication is one of the most serious environmental problems in the world, and the concomitant bloom
of blue-green algae has become a great threat to the aquatic ecosystem including inland lakes, leading to an array of
economic, ecological and social problems. It has been characterized that some allelochemicals, i. e. fatty acids, derived
from aquatic macrophytes can inhibit effectively the growth of blue-green algae. The relationship between the inhibitory
effect of fatty acids on the growth of blue-green algae and the chemical structure of fatty acids can be summarized as follows ;
firstly, the more unsaturated bonds in fatty acid, the stronger on the blue-green algae growth inhibition; secondly, the
shorter the carbon chain of fatty acid, the better on the inhibition of algal growth, and thirdly, fatty acids with odd-
numbered carbon atoms are more effective than those with even-numbered ones on the growth of blue-green algae. In order
to further reveal the time- and concentration-dependent growth-inhibiting scenario of fatty acids on blue-green algae, two
mathematical models were constructed based on the experimental data obtained from the inhibitory effects of four 18-carbon
fatty acids, i. e. a-linolenic acid (cis-9,12,15-octadecatrienoic acid) , linoleic acid ( cis-9, 12-octadecadienoic acid) ,
oleic acid (cis-9-octadecenoic acid) , and stearic acid (octadecanoic acid) on the growth of toxic Microcystis aeruginosa.
The first model was constructed based on the time-efficacy analysis of individual fatty acid on the growth of Microcystis
aeruginosa. According to this model the half maximal effective concentration ( EC,,) and minimal inhibitory concentration

(MIC) at varying exposure time can be calculated easily and quickly. The second model was constructed according to the
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time-efficacy analysis of multi-fatty acids (a-linolenic acids, linoleic acid and oleic acid complex) on toxic M. aeruginosa.
These two kinds of models will lend fundamental support to the time- and concentration-dependent analysis of different fatty
acids on the growth-inhibiting effects of algae. Compared to the experimental data, such models are practical, effective and
accurate with respect to the time-efficacy relationship analysis of fatty acids on the growth-inhibiting of M. aeruginosa.
These models are of important significance in two aspects. It will shed light on the design of most economical scheme for
blue-green algae control and on the development of environmental friendly algaecide on the one hand, and on the other, it
changes the macroscopic water bloom control into a micro-scale one and converts the conventional quantitative analysis to

fine prediction and budget.

Key Words: mathematical model; fatty acids; time-effect relationship; concentration-effect relationship
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Fig. 1 Inhibitory effect of the four kinds of fatty acid at different concentrations on toxic M. aeruginosa respectively
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Fig. 2 The simulation value and experimental value of toxicM.
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Table 1 The mathematical model based on the time-effect relationship analysis of different o-linolenic acid inhibiting on toxic Microcystis

aeruginosa
e Concentration/ ( mg/L) Eeey el Fitting model

0.02 dei‘) == 0.36902N( 1) e 0007014NW0 4 1 00549575N (1) — 0.09743916N* (1)

0.04 % = - 0.51483N (1) e " 003723N) 4 1 00549575N (1) — 0.09743916N*(1)

0. 06 (Wd# = — 1. 087264N(1)e 0 0H060MD 1 1 00549575N (1) — 0. 09743916V ()
J .

0.08 % = — 1.31332923N (1) e~ 12507064V 1 1 00549575N(1) — 0. 09743916N*(1)
d

0.10 CA(COREY 420184 N (1) e 0 1329MNW 4 1 00549575N (1) — 0. 09743916/N*(¢)

di

FIHZR 1 ey —Fr-22, nl Rk AR B9 — Fr- 50 F .
d*N(t)

P =[0.136176N(¢) — 0. 00827N*(¢t) Je O 21*N®
t

0. 02mg/L

+ [ = 0.7421N(t) + 0.130401N*(t) — 0. 00218 N> (1) Je 072V
+ 1.011022N(¢) - 0.29392N*(t) + 0.018989N (1)

2
dNCE) =[0.26505N (1) - 0.00101N*(¢) Je >N

2
dt 0. 04mg/L

+ [ = 1.03532N(¢) + 0.152457N*(t) — 0.00019N°(¢) Je 27N
+1.011022N(t) — 0.29392N*(¢) + 0.018989N° (1)

2
dNCE) = [1. 182143N (1) — 0. 10888N*(1) Je * 21N

di’
0. 06mg/L

+ [ —2.18648N(t) + 0.418521N*(t) — 0.00976N (1) Je - ®00N®
+ 1.011022N(¢) - 0.29392N*(t) + 0.018989N° (1)

d*N (1)
di’

= [1.724834N(1) - 0.21573N*(1) Je O 2014128V®

0. 08mg/L

+ [ = 2.64109N(t) + 0.549071N*(¢) — 0.01601N* (1) Je * 1207004N0)
+ 1.011022N(t) - 0.29392N*(t) + 0.018989N (1)

d*N(1)
de’

= [2.016923N (1) — 0.26815N*(1) Je > 238N®

+ [ = 2.85598N(t) + 0.604995N* (1) — 0.0184N’ (1) Je 0 314N
+ 1.011022N(¢) - 0.29392N*(¢) + 0.018989N°(¢)
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Fig. 3 The simulation value and experimental value of different initial concentrations of a-linolenic acid on toxic M. aeruginosa respectively
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Fig. 4 The surface diagram of the simulation value of different
initial concentrations of a-linolenic acid on toxic M. aeruginosa

respectively
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d(t ) - K,AN(t)e™ ™" 4+ 1.0054957548N () — 0.0974391644832N(t) (5)
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Table 2 The mathematical model based on the time-effect relationship analysis of different linoleic acid on toxic Microcystis aeruginosa
e FE Concentration/ ( mg/L) AR Fitting model

0.02 de(l‘ ) - _o. 10854709N (1) e~ 0333027IN®D 4 1 00549575N (1) — 0.09743916N*(t)

0.04 de(t‘) = = 0.29239604N (1) e 12052382V 4 1 00549575N(1) — 0. 09743916N* (1)

0.06 % = - 0.50195818N (1) e 301N 4 1 00549575N (1) — 0. 09743916N*(1)

0.08 ‘”Vd# = = 0.91565704N (1) e~ BN 11 00549575N (1) — 0. 09743916 N?(t)

0.10 de(t‘) = — 1.46849181N(1) e~ 1023453N0 1 1 00549575N (1) — 0.09743916N*(t)

#3 ARERERHMBIIENE-BX RS TR FER

Table 3

The mathematical model based on the time-effect relationship analysis of different oleic acid on toxic Microcystis aeruginosa

i Concentration/ ( mg/L)

A BAY Fitting model

0.50 de(l‘ ) - _o. 16200529N( 1) e~ 0801332IN 4 1 00549575N (1) — 0.09743916N*(t)
1.00 ‘Wd([” =~ 0. 13893123 N (1) e * 228N 4 1.00549575N (1) — 0. 09743916N* (1)
1.50 % = — 1. 55744872N (1) e~ 34986N() 4 1 00549575N (1) - 0. 09743916N*(1)
2.00 ‘”Vd# = — 1. 14616564N (1) e~ 129357V 1 1 00549575N(1) — 0. 09743916N%(1)
2.50 NG

= - 0. 19094561 N (1) e~ "4V 4 1,00549575N (1) — 0.09743916N (1)
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Table 4 The mathematical model based on the time-effect relationship analysis of different stearic acid on toxic Microcystis aeruginosa

e Concentration/ ( mg/L) AR Fitting model
5.00 le(t”) = = 0.61223999N (1) ¢~ 0M2413ND 1 1 00549575N (1) — 0. 09743916N>(1)
d

dN(¢) ~0. 06968425V (1) 2
10.00 5 =03 132747N(t)e + 1.00549575N(1) — 0.09743916N*(1)
15.00 % = — 0. 64529674N (1) e 03098V 4 1 00549575N (1) — 0. 09743916N*(1)
20.00 (Wd# = — 0.46787069N (1) e~V 4 1,00549575N (1) — 0.09743916N (1)
25.00 d/\;# = - 0.95200817N (1) e " 1416NW 4 1 00549575N (1) — 0.09743916N (1)

A SCHR ! A 56 Z2 i i I IR 106 B 410 88 1) 4080 O 1 A7 3 A S 0 A9 B A B800E (1 5 ) L 34 Il R (0. 04
mg/L) , a-W AR (0.03 mg/L) MR (0. 70 mg/L) BeE4MEE I e .

% =— 1. 832376 N (1) e PPN L 1 00549575N(t) - 0.09743916N*(¢) (6)

K5 g th 1 2P0 IR I RRIBE G AT A2 G e | 7 [R)— I [B) 5 b S IR A5 3 1 3 2 B 5 R T b SR As A
(6) THE B FE(E 8 TR X P B O AR AR A8 N 0.998942,

XM B0 MR G s R v, U0 A5 2 A T Y I S AR P _ESRAE (6) T R 138
LR PN R , BT ARL S RS AR . N, BT it ) 22 b i 07 IR 1B 45 490 386 1) B30 R
BB A B, Bl G A B A I E R
2.2 P AR R R AN [R) Y (4 i i R 40 et A 7 i R M

M TAE LR Z R IR IR T SR S b T o-JEFRAR (0. 03 meg/L) , # Al MR 1 5 i
AL P ) - S JRRTR A1 38 ) R~ B B HEA T B0, 7541 (181 6) - RRTR (0. 12 mg/ L) ST 388 Py e S 1

dN (¢ - ]
# =— 1.8IT17N(1)e ™MD 4 1.00549575N(t) — 0.09743916/N* (1) (7)
3
+
—&— 0.12mg/L
z 2
& E
g g 2
2 s
= 2
B
g g
g g
< <
1 |-
1 0 1 1 1 1 s 3
0 1 2 3 4 5
Time/d Time/d
5 o-TPRRER. LM B F0iH BREX A I = SN BE R T 6 EAREMBNHSREMEENRSIMENIRES0.12
EEREE mg/L iR EH oI RERHNENEEE
Fig. 5 The simulation value and experimental value of «- Fig. 6 Compared the experimental value of three kinds of fatty
linolenic acids, linoleic acid and oleic acid complex on toxic M. acid complex with the simulation value of 0. 12mg/L a-linolenic
aeruginosa acids inhibiting on toxic M. aeruginosa
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T R — B TA) 3 b I AR (7)) TN ) 38 2 8 ) 8000 5 S 0ol e v i 15 30 10 98 2 B2 O R8s ,
IZ A AR LR SC AR BOAHSCRE BEAR s o g THAR, 3X 2 2 8t B AR R MEAH G850 0. 991742

HOH AT AW & 76 b SCsd B b fE 4N 1) 35 5 B, IR (0. 04 mg/L) 5l (0. 70 mg/L) RS
BHVRCR S - WRRER (0. 09 mg/L) FARAD B AR FEA A

DR L3R T AR, m] IR 252N [ B R 7 R AT R A T i 8 M o 3 sk — 2001 P 22 i 1y IR 2 45 41
ROy e S 7/ P B PR | S S = A U

(B2, o B E R BRI AU h S0 5 R AT AU . 1 T SE R UR 22 O AAAE , IX i by S 03
KR FRIMES FAERY S OCRIC AT REA —E R ZE0E X — 22 A8/ A i K iS58, LA R A FH K 7
VEEAT AT SEVER IR AT AT (S BRA T, S B AR 3, d R — IR RO A E L2
3 &g
3.1 GEIEXARD AN HEA AR PR ST, BTV S A R AR R R | I 5 0 B A Y E— 25 )
Br S, BERS XS i I P I e iy ML A B i TR SERE CEIRAKY 1R AAR, S 45 T A RIS 5 R A T
TF R AR S R IR 700 B 9 2 R Him 2 U Y BRI TT 855 2+ r R
3.2 UASHIETERUL, K BRI R I8 03X — S AR i A e A B Y A BT RV ST A 0 D 7 TR 410 38 F A
PNBIFFE IR 7 I SE B T pl = Z5 007 5 1) o0l ) e 2 AR 0 38 D7 1 S B T o 33l g 7 5 1) * A 4 i
IR AR X — T A8 A S B R i S AR W 1) LA B DA S B 3RR i 07 X By o ARBIFSE—T7
TS 4 Bt/ \BRAR W PR A EE I BOC R BEAT 1 — 647 25 OPRTT, BT sr ORI A AR R B R 1 s i v
RSB ; 75— J7 TR R IRITIR S 5 4 B i A8 AR e W b AT TS A 0 At ie . ED0 B — il &2
FAERRATHE , FCIN A IR BRSO AR ELIA] G ek 5 4] 7 LB He s e 2 2R 45 ] AOARAR SR
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