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dN/dt = rN
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H-A M

Ratte
1990

Relationships of growth rate

= metabolic rate/unit  weight

T.: generation time
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Img/L  128mg/L
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0-72 ErC50 = 8 mgll
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N. Nyholm (1990

N. Nyholm in 1990
Arch. Environ. Contam. Toxicol. 19: 518-522 (1990)

Ratio is not constant and depends on
* slope of response curve , a
* species-specific maximal growth rate, Y, .,
* test duration, t

50 ErC50) 50
EbC50) o
4 max
X 0 1

o 033( /a 3)



Slope of the dose/response relationship
Steep

Moderate Flat
0-72h 0-96h 0-72h 0-96h 0-72h 0-96h
E.Cso 3.7 31 0.8 05 0.3 0.2
ExCso 39 3.3 0.9 0.6 04 0.2
E.Cs 10.0 10.0 10.0 10.0 10.0 10.0
ErC*50 10.0 10.0 10.0 10.0 10.0 10.0
ErC50/EcC50 2.7 3.2 125 18.8 34.2 60.6
ErC50/EbC50 2.5 3.0 10.6 16.4 27.1 50.0
Ratte, 1998 3.1-3.9)
0.3
Ratte 2003
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OECD-TG201

Unlimited Condition

TG201

Exponential Growth phase

0-72hEC50

(24-48h)EC50
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Exponential

Response variable

Growth rate

The reasons for preferring growth rate have been discussed extensively within the expert

group and have been summarised in the current paper by Kéllgvist (2001). In a contribution
to the 5nh Nord-UTTE Network Meeting (30.9. - 2.10.2002, Smygehus, Sweden) Kallgvist
(2002) provided a very clear and concise presentation of unintended inconsistencies due to

using biomass-related test parameters (e.g. dependence of test results on test duration,

possible misinterpretation of inter-species differences in sensitivity: e.g. toxicity on species

with lower growth rates is underestimated compared to species with higher growth rates,

when biomass-related test parameters are used).

Kéllgvist 1998: Background Document for the Revision of OECD Test Guideline 201: "Alga
Growth Inhibition Test". Norwegian Institute for Water Research., 12 pp.
Kéllgvist 2001: Revision of OECD Test Guideline 201. Algal Growth Inhibition Test.

Norwegian Institute for Water Research., 13 pp.

Kéllgvist 2002: Growth rate or biomass as endpoint in the alga growth inhibition test.
Contribution to 5" Nord-UTTE Network Meeting, 30.9. - 2.10.2002, Smygehus, Sweden.

(Abstracts, pp. 41-42 + PowerPoint presentation.)

Nyholm 1985: Response variables in algal growth inhibition tests with algae. Water Research

Vol. 19, pp. 273-279.



Staveley, J. 1999: An Evaluation and Comparison of the Relative Merits of Various
Parameters Used to Express the Results (at 72 and 96 hours) of Algal Toxicity Tests. OPPT
Report.

Ratte 1998: Influence of the growth pattern on the ECso of cell number, Biomass Integral and
Growth Rate in the Algae Growth Inhibition Test. RWTH Aachen University of Technology.,
Umweltbundesamt Project No. 360 030 10, 114 pp.

Lag phase
Lag phase
Lag phase
- (1)
)

Limited Growth
Stationary phase
Exponential growth phase

)
) -

- (1)
Ca

(2)

3)

EC50
50 ECS50 EC50
EC10 NOEC
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VALIDITY OF THE TEST
11. For the test to be valid, the following performance criteria should be met:

The biomass in the control cultures should have increased exponentially by a factor of at
least 16 within the 72-hour test period. This corresponds to a specific growth rate of 0.92
day-1. For the most frequently used species the growth rate is usually substantially higher
(see Annex 2). This criterion may not be met when species that grow slower than those
listed in Annex 2 are used. In this case, the test period should be extended to obtain at least a
16-fold exponential growth in control cultures. The test period may be shortened to at least
48 h to maintain unlimited, exponential growth during the test as long as the minimum
multiplication factor of 16 is reached

72 16

The mean coefficient of variation for section-by-section specific growth rates (days 0-1, 1-2
and 2-3) in the control cultures (See Annex 1 under “coefficient of variation”) must not
exceed 35%. See paragraph 49 for the calculation of section-by-section specific growth rate.
This criterion applies to the mean value of coefficients of variation calculated for replicate
control cultures.

Exponential growth phase

(0-24h) n=6
(24-48h) n=6 L CV < 35 %
(48-72h) n=6

The coefficient of variation of average specific growth rates during the whole test period in
replicate control cultur es must not exceed 7% in tests with Pseudokirchneriella
subcapitata and Desmodesmus subspicatus. For other less frequently tested species, the value
should not exceed 10%

Ccv
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Initial biomass

The initial biomass should not exceed 0.5 mg/l as dry weight.

Pseudokirchneriella subcapitata  5x103 - 104 cells/ml
SOP

The cell density should be low enough to allow exponential growth throughout the test.
Experience have shown that 104 cells/ml of Pseudokirchneriella in combination with light and
temperatures towards the upper part of the recommended ranges may result in too high cell
density towards the end of the test which in turn leads to reduced growth rate and too high
pH-drift in the control. This can be avoided if inoculum density is reduced to 5x10s. A degree
of flexibility on this point helps the laboratories in selecting a test regime that fulfils the
validity criteria. The recommended cell density for Scenedesmus subspicatus will be changed
to the same as for Pseudokirchneriella.
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Stationary phase

EDTA

Denmark: Error in balancing iron and EDTA in the OECD medium

An old mistake made by the secretariat for the ISO algal toxicity working group 1SO
TC147/SC5/ WG5 (replacement of an amount of 100 pg/l Na2zEDTA) agreed by the working
group with nonequivalent 100 pg/l Na2EDTA.2H20 without lowering the equimolar iron
concentration) has been carried over. The iron surplus in relation to EDTA can potentially
cause unpredictable/not reproducible iron precipitation and hence growth problems. In
accordance with a decision by the 1SO, it is suggested to maintain the concentration of 100
pg/l Na2EDTA.2H20 and lower the added concentration of FeCiz.6H20 from 80 pg/L to 64
pg/L - slightly below the stoichiometrically balanced concentration of 72.6 pg/L. Thereby, a
slight surplus of EDTA is left to compensate the binding capacity of trace metals and in
addition allow some photochemical decomposition of Fe.EDTA

As EDTA is still essentially balanced in proportion to iron, the medium still allows a
reasonably sensitive test with materials containing heavy metals..

“*) The molar ratio of EDTA to iron slightly exceeds unity (the equimolar concentration of
iron salt

would be 72.6 pg/l with 100 pg/l of EDTA salt). This prevents iron precipitation and at the
same

time, chelation of heavy metal ions is minimised.”

pH

Denmark: Correction of stated pH adjustment procedure

The pH to be prescribed must be the pH prevailing when the medium is in equilibrium with
atmospheric air (or generally speaking with the gas phase in contact with the medium). This
pH depends on the bicarbonate concentration (or the alkalinity). With 15 mg/l NaHCOs pHeq
= 7,5 (U.S. EPA medium) and with 50 mg NaCOQs/l, pH = 8,1 (ISO/OECD medium).

At 25°C, the following relationship applies:

pHeq = 11.30 + log [HCO3]

derived from the Henry’s law constant for CO2 and the pKas of the carbonate system, the
concentration referred to is the molar concentration. This equation and other information on

151



pH control in algal cultures can be found in Nyholm, N., Kallgvist, T. (1989): A Critical
Review on Methodologies for Growth Inhibition Toxicity Tests with Freshwater Algae.
Environ. Toxicol. Chem. 8, 689-703.

When preparing media, add the prescribed amount of sterile filtered NaHCOs to an
autoclaved medium that has cooled to room temperature and equilibrate by bubbling with
sterile, filtered air for some hours.

Acid or base must not be added since this affects the alkalinity and hence equilibrium pH.
Proposal: Replace the last 2 lines on the first page of Annex 3 by the following:

“The pH of the medium is obtained at equilibrium between the carbonate system of the
medium and the partial pressure of CO:2 in atmospheric air. An approximate relationship
between pH at 25°C and the molar bicarbonate concentration is

pHeq = 11.30 + log [HCO3]

With 15 mg/l NaHCOs, pHeq = 7,5 (U.S. EPA medium) and with 50 mg NaCOs/I, pH = 8,1
(OECD

medium).

When preparing media, add the prescribed amount of NaHCOs solution (conveniently sterile
filtered) to an autoclaved or otherwise sterilised medium at room temperature (if autoclaved
allow time for cooling) and equilibrate with the atmospheric CO2 by bubbling with sterile,
filtered air for some hours.

Acid or base should not be added, since this affects the final bicarbonate concentration and
hence the equilibrium pH obtained after CO2 exchange with air. Note that the mass transfer
rate of COz is slow at the low partial pressure in air and that it takes some time (hours) to
reach equilibrium (the needed equilibration time can be reduced by vigorous aeration and the
use of diffuser stones).”

Proposal: In the first table in Annex 3, bottom line, right column:

Correct the stated pH 8.3 of the OECD medium to pH 8.1.

Germany: Desmodesmus is a new taxonomic name for Scenedesmus (cf. Hegewald, e.
(2000), Arch. Hydrobiol. Suppl. 131; Algological studies 96, 1-18).
Desmodesmus subspicatus (formerly known as Scenedesmus subspicatus), 86.81 SAG

Glass is not the preferred choice for test containers when metal toxicity bioassays are being
carried out. Even when glassware is silanised with Coatasil, significant losses of metals such
as copper and uranium occur (up to 20%) (See review by Stauber and Davies, 2000, Environ.
Rev.8 255-301).
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Indicate what is meant by “thoroughly washed”. For example, indicate that glassware has to
be
acid washed (3N acid wash) or use of non-phosphate detergents, etc.

Acceptable
Proposal: Change Paragraph 13 into:
“The test flasks will normally be glass flasks of dimensions sufficient to obtain a ratio of
water/air
interface area to liquid volume of at least 0.15 cmz/ml (e.g. 250 ml conical flasks are suitable
when the volume of the test solution is 100 ml and 2 cm @ cylindrical glasses are suitable for
a volume of 5 ml). Small volumes will generally provide the best mass transfer conditions for
COg2, while the problem of sorption to the glass surface decreases with increasing volume.”

Acceptable
In Australia, we carry out a lot of bioassays with tropical green algae (Chlorella sp,
Monoraphidium arcuatum) which are run at 27 + 1oC. Again it needs to be stated that the
incubation temperature can be varied to suit tropical species tests.
More sophisticated counting instruments are now also used including flow cytometers so this
should be inserted into the text after electronic particle counter.

WAF

What to do when no analytical method is available or when the test substance is too unstable
to be analysed?

There may be situations where analytical verification is not possible, i.e. when testing water
accommodated fractions of multi-component test substances. An absolute requirement for
analytical verification should not prevent testing in such cases.

If the substance is too unstable for analysis, it is probably to unstable for testing as well?

Is it necessary to analyse media with algae at the start of the test?

No, the low cell density at the start of the test will not affect the initial concentration of the
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test substanc."during the test" has been inserted in paragraph 34.

%

Paragraphs 34 and 35. Include the use of “blanks” in one of these paragraphs.

Blanks are test vessels prepared exactly the same way as the test vessels that are inoculated
with algae (e.g., use same size vessel, same volume of solution, same incubation) but they are
not inoculated. These blanks can be used to determine if any observed loss of test substance
from solution is due to adsorption to, or degradation by the algae, or due to other degradation
processes (e.g., hydrolysis, photolysis, volatilization). Without using blanks it is not possible
to understand the behavior of the test substance in the test system. It is recommended that
blanks be prepared for at least the highest and lowest test concentrations.

It may be useful to analyse test solutions with and without algae and at different times during

the test in order to describe the behaviour of certain test substances. The question is: What
should be the minimum requirement?

Technical comments. Why not geometric mean values?
Accepted. Geometric mean value may represent the average exposure concentration better.

exponential

pH

Regarding test substances that decrease in concentration (transform) throughout the study:
rather than automatically using the initial nominal or measured concentration, it would be



more appropriate to measure the concentrations at the beginning, middle and end of the test
duration and use scientific judgement to determine what concentrations should be used to
estimate the toxicity endpoint of interest (e.g., ECso, EC10, NOEC).

Agree. This is what is recommended in section 35. Section 36 addresses specifically loss of
test substance by adsorption to the algae. In this case, analysis of the test solutions with
algae will not show a significant decline in concentration of the test substance, while analysis
of the medium after removal of algae showes that the concentration decreases as the alga
cell density increases. As pointed out by Denmark below, this problem is only relevant for
substances with log Kow>6. It should also be noted that this effect is less important at
concentrations that inhibits the growth of algae than at lower concentrations. At EC50 (for
growth rate) the biomass density after 48 hours in a test with P. subcapitata is less than 1
mg/l and the portion adsorbed to algae is only approx. 2% at log Kow=5 and 16% at log
Kow=6 The biomass density in a algae test is low as compared to an acute Daphnia-test (2
ml/animal correspond to a biomass density up to approximately 6 mg/l).

Thus, it may not be necessary to stress this point specifically in the algal test?

If the dissolved concentration is very low due to sorption onto the algae and the flask wall, it
may be preferable to quantify exposure as the sorbed concentration in the algal phase (mg
sorbed substance/mg algal dry matter). Normally the concentration of chemical sorbed to the
microscopic algae is in quasistationary equilibrium with the dissolved concentration and can
be predicted from the latter using a simple linear partition coefficient, Kd. With carbon
making up 50% of the dry weight, a0 partition coefficient for neutral hydrophobic compounds
can usually be estimated as Kd = 0.41-* 0.5 * Kow (mg/g dry weight)/(mg/l). This becomes
important for logKow > approx. 6. Sorption to glass walls may be a slower process and
unfortunately it may be significant at lower Kow’s. Here the dynamics sorption/desorption
may be important. The influence of sorption to glass walls can be reduced by presaturating
test flasks repeatedly with test solution for each concentration tested.

The use of initial concentrations instead of average concentrations in situations where the test
material disappears rapidly may not be appropriate, although the response results from
integration over time giving automatic more weight to the initial phase. The test result must
always relate to a time with known and reasonably well defined exposure. If this is not
feasible due to losses of the compound, the test design must be altered, e.g. by decreasing the
test time or by repetitive spiking with new test compound solution.

Proposal: In paragraph 36: Replace the sentence: "In such cases ..lost from the test system"
by:
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“Sorption to algae or to flask walls will diminish the effective dissolved concentration of test
substance and thus decrease the exposure”

Proposal: After paragraph 36, add the following: “If the dissolved concentration is very low
due to sorption onto the algae and the flask wall, it may be preferable to quantify the
exposure as the sorbed concentration in the algal phase (mg sorbed substance/ mg algal dry
matter). As a rule of thumb, this is not relevant for substances with log Kow<5. Reference is
made to the OECD Monograph No. 23 on difficult substances, sections 3.1 and 3.6 (2). "

Four replicates of the test concentration may be sufficient to give enough degrees of freedom
for simple t test comparisons with controls.
The requirement of at least 6 replicates should be retained.

The draft TG does not lay down the circumstances under which the results of limit test are
insufficient. We propose to amend the sentence given below.

"If a mean decrease of 25% or more in growth rate (or log-biomass integral) is found in a
limit test,

a full test should be carried out."

Not accepted. - This would depend on the documentation requirement. If determination of
NOEC is required, a full test must be performed if a statistically significant growth inhibition
is observed in the limit-test.

Why is the average growth rate based on the unreliable biomass concentration at the start of
the test while the more reliable measurements after 1 and 2 days are not used for a
determination of the growth rate by regression? Compared with the extensive discussion on
statistical aspects this improvement should not be considered as difficult.

In section 51 is also regression analysis of the concentration response curve.

Note that the recommendation is to use the nominal start concentration, which is generally
more reliable than measured concentrations at this low level. The point in recommending
calculation of average growth rate from start to end is that it is more appropriate when
growth is not exponential. In this case the two alternatives may give rather different results,
while the difference will normally be negligible for exponentially growing cultures.

Proposal: Include option to calculate growth rate by regression analysis when inspection of
growth curves indicate exponential growth. (if the regression analysis gives r2<0.9, average
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specific growth rate should be calculated from cell density at the start end of the test period.)





