BRBEAEVE 2258 (Jpn. J. Environ. Toxicol.), 9 (2), 101-113, 2006

AN EMERE AV -AERBEARGT EDEHRE

Development of A Growth Inhibition Test Method Using Fresh Water
Attached Diatoms

AR 1E,ER B, DESRZ, #liEs!, B

AT BOE N BE SEBEHR FSET AT BRAL S I USRS T 305-8604 KR IL D < 1 il 3-1-3
‘ ROV E KPR /T 1848501 HUACHB/AN G T EEALHT 4-1-1
Satoru ISHIHARA', Takeshi HORIO', Yuso KOBARA', Atsushi YOKOYAMA' and
Shigeki MAYAMA®
1Organchemicals Division, National Institute for Agro-Environmental Sciences/
3-1-3 Kannondai, Tsukuba, 305-8604, Japan
2Department of Biology, Tokyo Gakugei University/
4-1-1 Nukuikita-machi, Koganei-shi, Tokyo, 184-8501, Japan

ABSTRACT

A growth inhibition test method using fresh water attached diatoms was developed by
improving microplate algal assay technique for planktonic green algae. Applying the solid
culture technique for the pre-culture, using the flat bottom microplate for the test vessel
and shaking the microplate at least twice a day were necessary procedures for ensuring
the reproducibility of the test using attached diatoms.

Reproducible result was obtained from seven repetitions of growth inhibition tests using
dimethametryn, a triazine herbicide on Achnanthidium minutissimum of attached diatom.
The average ErC,, values calculated from these tests was 7.9 sz g/1 (n=7, SE=1.3) .

The optimum culture condition and the adaptability as test organism were evaluated in
ten kind of attached diatoms (A. minutissimum, Craticula molestiformis, Eolimna minima,
Eolimna subminuscula, Fistulifera saprophila, Mayamaea atomus, Nitzschia palea,
Planothidium frequentissimum, Planothidium lanceolatum, Sellaphora seminulum) .

The optimum culture temperature was 15-30°C. The difference of illumination intensity
(c.a.2,000lux or c.a.5,000lux) did not influence the growth rate of every diatom at the
optimum culture temperature. It is concluded that C. molestiformis, E. minima, E. submi-
nuscula, F. saprophila, M. atomus and N. palea are suitable test species in these diatoms
in terms of high growth potential and that M. atomus and N. palea are valuable test
species in terms of habitat diversity and easiness of isolation.
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A: Achnanthidium minutissima (NIES-71) B: Craticula molestiformis (Kimijima)
C: Eolimna minima (Kimijima) D: Eolimna subminuscula (Kimijima)
E: Fistulifera saprophila (Kimijima) F: Mayamaea atomus (Kimijima)
G: Nitzschia palea (Usui)  H: Planothidium frequentissimum (Kimijima)
[ Planothidium lanceolatum  (Kimijima) J: Sellaphora seminulum (Kimijima)

(parenthetical reference means strain No. or sampling point)

Fig. 1. SEM micrographs of tested attached diatoms.
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Fig. 2. The location of sampling sites of attached
diatoms.
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Table 1. Composition of the modified Csi-medium.

Component mg/l
MgS0O,*7H,0 40
Ca(NO;),+4H,0 150
KNO; 100
Na, - glyceroPO,4-5H,0 50
VitaminB,, 0.0001
Biotin 0.0001
Thiamine HCI 0.01
Tris(hydroxymetyl)aminomethan 500
Na,Si0;-9H,0 100
FeCl;-6H,0 0.59
Na,EDTA2H,0 3
MnCl,-4H,0 0.11
CoCl,-6H,0 0.012
Na,MoO,-2H,0 0.075
ZnSO,-7H,0 0.066

pH7.5
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Table 2. HPLC condition for Dimethametryn analysis.

HPLC Hitachi 7000 Series
Column

Guard Column

Elution

Flow rate 1 ml/min

Injection 10l

Detection UV at 230nm

Wako Wakosil-1I 5C18AR (4.6 X 250mm)
GL Sciences Cartridge Guard Column E (4.0} 20mm)
Gradient elusion, methanol/water =65/35—>100/0( 0-12min)

100/0 (12-15min)

DMSO (dimethyl sulfoxide) IZVAfEL 7z, 2O
DMSO #ifi % 2 # — 7 — THIER L T ik
M 200ml thZ W N L, iR BRI W K IR
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9 FEOIRAPER & MEEESE (C. molestiformis, E.
minima, E. subminuscula, F. saprophila, M. atomus,
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Fig. 3. Microscope images of A. minutissimum cells on
the bottom of microplate well after 72 hours of
culturing. A: Flat bottom, agitating twice a day.,
A-1: Closeup in edge part of A., B: Flat bottom,
static culture . B-1: Closeup in edge part of B., C:
U bottom, agitating twice a day., D: U bottom,
static culture.
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Fig. 4. Correlation of absorbance (OD,) and number
of A. minutissimum cells. (The wavy line shows
the regression line)
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Fig. 5. Comparison of doubling times of ODg, value at 72-h from O-h of tested attached diatoms under different culture
conditions using 96-well microplate.
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Fig. 6. Growth curves of A. minutissimum
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—1

variation with respect to the control of cultures of A.
minutissima versus different dimethametryn concentrations
after 72-h of exposure.

Table 3. Description of the test procedure

Achnanthidium minutissimum Nll—% 71
Approximately 5x10 cells/ml (OD,4,=0.007)
Static non-renewal 72hour duration

(Shaking microplate twice a day )

Test organisms
Initial cell concentration
Testing period

Replicates 6 replicates
Test container 96-well plate (Flat bottom )
Medium Modified Csi , 200 1/ well

Test temperature & light intensity
Observation
Endpoint

20£2°C, Approximately 2,000 lux (Continuous)
Cell density (OD,y,)

ECs, 0-72h for growth rate reduction

Point to notice Using solid medium for preculture.

The cells concentration in the control cultures

should have increased by factor of at least 10
within 72 hour.

Conditions for the validity
of the test

B+ s L, wxmhmmﬂwmwxmv

VC@ 57z, aRBRRE TIEIZ IR A p5ie
&R 2242 4% (CF¥32 %, SE=6.2) (ZHEG L
7z,

BE, VAZRADNY) VEZPEZOWTIL, Rk
%O P subcapitata 7T ErCy, 0-72h =6.0 rg/l, AL
< KD Chlorella vulgaris T ErC,, 0-72h =6.9 y7
g/l, % U TCHHD Merismopedia tenuissima C
ErCy, 0-72h =13 g/l EDOWMGAH D™ | Ao
UA LD VAT B2 O o S
W E AR T H - 7=,

AP TR U 72 A minutissimum % 727

RPHHERBROBE S A Tabel 3 12/R L 72,
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Table 4. Number of isolated epiphytic diatoms from
midstream (Kimijima) and upstream (Usui)
of river.

Usui  Kimijima
10

Achnanthidium minutissima
Achnanthidium sp.

Craticula molestiformis
Folimna minima

Eolimna subminuscula
Fistulifera saprophila
Mayamaea atomus

Nitzschia palea

Nitzschia sp.

Planothidium frequentissimum
Planothidium lanceolatum
Sellaphora seminulum
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MO M. atomus %3 15-30°C, P. lanceolatum M TS,
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Fi i TORGEREC, ICZIX (]92,0001ux)
ErnlIEIX (8 5,000lux) & DT/ il

NEEAEZIBD N 572 (Fig. b)), mEEhs
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Fig. 8. Growth curves of tested attached diatoms.
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