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Abstract This paper takes mixed algae as the research object to study the influence of single cell variable fluorescence
(SCVF) differences of algal species in mixed samples on the accuracy of variable fluorescence statistical analysis. The
research results show that when the SCVF ratio of two algae is no more than 5. 3, the analysis is still applicable, and the

mean absolute value of the relative errors between measurement results and microscopic examination results is no more
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than 17%. When the SCVF ratio of two algae is higher than 8, the measurement results are quite different from the

microscopic examination results. In addition, when high SCVF algal cells account for a large proportion, the measurement

results of variable fluorescence statistical analysis only reflect the number of high SCVF algal cells in the mixed samples.

As aresult, for the mixed algae with large differences in SCVF, the paper combines a filtration separation method with the

variable fluorescence statistical analysis method. The mixed samples are filtered by a metal filter screen with suitable pore

size, and the density sum of measured viable algal cells before and after filtration is taken as experimental result. The

results show that the proposed method can greatly reduce the mean absolute value of the relative error from 58.4% to

5.5%, effectively mitigate the influence of the SCVF difference of algal species in mixed samples on the quantitative

analysis of cell number, and accurately quantify viable cells in mixed algae.
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Table 1 Information of algal species used in experiment

. Culture
Phylum Species Water area .
medium
Dunaliella salina Ocean F/2

Freshwater BG11
Freshwater BG11
Freshwater BG11
Freshwater BGI11
Ocean F/2

Scenedesmus Meyen
Selenastrum bibraianum
Chlorophyta
Chlorella ellipsoidea
Chlorella pyrenoidosa

Chlorella sp.

Peridinium umbonatum Freshwater 119

Heterosigma akashiwo Ocean F/2

Pyrrophyta
Amphidinium carterae Hulburt  Ocean F/2
Prorocentrum lima Ocean F/2
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Fig. 1 Schematic diagram of experimental device for variable fluorescence measurement of viable algal cells in water
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Fig. 2 Comparison of viable algal cell density obtained by microscopic examination and measurement for seven mixed algal samples.
(a) Selenastrum bibraianum and Scenedesmus Meyen; (b) Selenastrum bibraianum and Chlorella ellipsoidea; (¢) Dunaliella
salina and Amphidinium carterae Hulburt; (d) Heterosigma akashiwo and Prorocentrum lima; (e) Peridinium umbonatum and

Scenedesmus Meyen; (f) Dunaliella salina and Chlorella sp. ; (g) Peridinium umbonatum and Selenastrum bibraianum
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Table 2 Average of relative error absolute values of measured cell density with respect to microscopic cell density of seven mixed algae

samples

SCVF ratio of algae that make up

Algal species composition of mixed samples

Mean of absolute value of relative error / %

mixed sample

Selenastrum bibraianum and
Scenedesmus Meyen
Selenastrum bibraianum and
Chlorella ellipsoidea
Dunaliella salina and
Amphidinium carterae Hulburt
Heterosigma akashiwo and
Prorocentrum lima
Peridinium umbonatum and
Scenedesmus Meyen
Dunaliella salina and
Chlorella sp.
Peridinium umbonatum and

Selenastrum bibraianum

1.6 12
2.1 7
2.6 8
5.3 17
8.4 48
9.4 47
28.6 59
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Fig. 3 Comparison of microscopic cell density of high SCVF algae and measured cell density in mixed algal samples. (a) Peridinium
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Table 3 Relative error absolute values of microscopic cell density of high SCVF algae with respect to measured cell density in mixed

algal sample

Mixed algal sample Parameter

Value

Cell number proportion

Peridinium umbonatum and o
of Peridinium umbonatum

0 0.06 0.13 0.25 0.36 0.47 0.57 0.66 0.84 1.00

Scenedesmus Meyen

. Relati
(SCVF ratio of 8.4) clative error

absolute value /%

— 519 137 52 39 22 15 10 11 21

Cell number
Dunaliella salina and Chlorella sp. proportion of

(SCVF ratioof9.4) Dunaliella salina

0 0.11 0.22 0.33 0.43 0.63 0.82 0.91 1.00

Relative error absolute value /%

— 144 60 31 20 1 19 9 16

Cell number
Peridinium umbonatum and proportion of

Selenastrum bibraianum Peridinium umbonatum

0 0.05 0.10 0.21 0.41 0.51 0.61 0.81 1.00

(SCVF ratio of 28.6) Relative error

absolute value /%
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Table 4 Algal species composition and SCVF ratio of four groups of mixed algal samples

Sample label

Algal species composition of mixed samples

SCVF ratio of
algae that make  Filter aperture /pm

up mixed sample

A Peridinium umbonatum and Chlorella pyrenoidosa (cultivating for 22 d)
B Peridinium umbonatum and Chlorella pyrenoidosa (cultivating for 3 d)
C

Peridinium umbonatum and Selenastrum bibraianum

)

Peridinium umbonatum and Selenastrum bibraianum

39.8 5
67.5 5
27.0 8
31.0 5
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Fig. 4 Comparison of measurement results without and using filter separation method and microscopic results. (a) Mixed sample A;

(b) mixed sample B; (¢) mixed sample C; (d) mixed sample D
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Table 5 Mean of relative error absolute values of measured

algal cell density before and after using filtration

separation method with respect to microscopic algal

cell density unit: %

Result without filter Result using filter
Sample label

separation method separation method

A 58.4 5.5
B 60.0 10.0
C 43.8 8.0
D 50.0 7.4
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