. - .

075y o/ AN

INIT 8?/14/94
Ecotogical and Toxicological Acsociation of the Dyestuffs Manufacturing Industry

U.S. OPERATING COMMITTEE OF ETAD

{,ontalng B~ ~p

i
OPTS-41023 " Pebruary 9, 1987

Comments by ETAD ¢n the
ITC testing recommendations for ! Y “W/ g
BRI

C.I. Disperse Blue 79
(19th ITC Report, 51 Fed., Reg. 41417, Nov 14, 1986

849408008249

These comments are submitted on behalf of the Ecological and Toxicological

Associavion of the Dyestuffs Manufacturing Industry (ETAD), an international
organization with headquarters in Basle, Switzerland, with the objective of
addressing toxicological and envircnmental concerns about organic colorants.

The ten U.S. members of ETAD are American Hoechst®, Atlantic Industries#®,
BASF Corporation, Carey Industries, Ciba~Geigy Corporation®, Crompton &

Knowles Corporation®., ICI imericas®, Mobay Chemical Corporation®., Hort%g
Chemicals, and Sandoz Chemicals Corporation®.
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Physiocal and Chemical Information
Solubility in Water L
ETAD is currently collaborating with Dr. G. Baughman, University of .o
Georgia, Athens, whose studies involve the experimental measurement ;i;
water solubility. This experimental value will be submitted when -2
available.

Bioconcentration Factor
The recommendation that bicaccumulation stuuies in fish be conducted
is based on the estimates of log P (4.1 and bioconcentration factor

(757).

Even if current studies at the University of Georgia provide experi-~
mental confirmation of this log P estimate there ure several reasons
to conclude that Disperse Blue 79 will not bioconcentrate in fish to
any significant extent (i.e. less than x 100).

-Studies reported by ETAD (ref.l) have included the measurement of
fish bioconcentration for numerous dyes, including 23 Disperse Dyes,
of which 18 were - .0-azo Disperse dyes. Although 10 of these dyes
showed log P values of 3 or higher, none of them was found to bio-
accumulate at x 100 or higher.
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Bicoongentration Factor

The recommsndation that bicacoumulation studies in fish be conducted

%l bl)ud on the nlti:ntes of log p (4.1) ard bioconcentration factor
_ LT85T . N

Even if ourront studies at the University of Geor_ia provide experi-
mental confirmation of this log p estimate there are several reasons
to oconclude that Disperse Blue 79 will not bioconcentrate in fish to
any significant extent (i.s. less than x 100).

-Studies reported by ETAD (ref.l) have included the measurement of
fish bioconcentration for numerous dyes, including 23 Disperse Dyes,
of vhich 18 were mono-azo Disperse dyes. Although 10 of these dyes
showed log p values of 3 or higher, none of them was found to bio-
accumulate at x 100 or higher.

-Comparison of the experimental fish bioconcentration data obtained
for several closely-related structural analogs of Disperse Blue 7.
(Appendix I) (ref 2) permits the conclusion that significant
bioconoentration of Disperse Blue 79 should not occur.

Evaluation of new substances by the Japanese authorities under the
Chemical Substances Control Law places much emphasis on the
bioconcentration potential of new substances which are not readily
biodegradable. Numerous subdbstances which bear a close structwal
resemblance to Disperse Blue 79 have been accepted by the Ministry of
International Trade and Industry (MITI), which is indicative of a
bioconcentration factor in fish of less than 500 the upper: limit for
MITI approval. A list of eleven such substances accepted by MITI is
provided in Appendix II.

In view of the substantial expertise and data on fish bioconcentration
available to MITI, ETAD urges .he EPA to request MITI to provide the
specific fish bioconcentration data for these or any other close
structural analogs of Disperse Blue 79. In addition MITI should be
asked to confirm that data are not available on any of the four

Dis%rn Blua 7& qna’ln\a- nafannad o in the ITC nnnmk ETAD ia

unable to obtatn these fish bioconcentration data rron MITI because
MITI does not disclose such information to private companies or
organizations,

The lower than expected bioconcentration of similar Disperse dyes may
be explicable in terms of reduced membrene diffusion rates due to the
large molecular cross-section of these substances (ref 2-4). In the
specific case of Dispesrse Blue 79 the molecular croas-sections at the
lowest snergy conformatior (35.7 Kcal/mol) along the X, Y, Z axes are
19.7, 12.3, and 9.5 Angstrom units respectively. The maximum "folded"®
conformation of Disperse Blue 79 (51.2 Koal/mol) shows X, Y, Z values
of 20.8, 9.6 and 9.0 Angstrom units respectively. Furthermore, this
conformation is unstable and it relaxes spontaneously to the more
stable conformation with larger oross-section. Based on the
experience of Opperhuizen et al. (ref 3) membrane permeation of such a
large molecule is greatly hindered if indeed possible.




Exposu. e Information

AL uction/Use/Envirommental Release
The estimate of annual procuction of 2 to 3 million pounds over
1980-1984, as active colorant, appears reasonable for Disperse Blue 79
and Disperse Blue 79 analogs. Our estimate of the current U.S. sales
market is 1.8 million pounds of active colorant. See als~ comments

in page 5.

Disperse Blue 79 (including DE79 analogs) is now used almost
exclusively for nolyester dyeing. Mr. Heath's memo (ITC ref 21)
refers to the use for dyeing triacetate, but since Celanese stopped
production of triacetate fiber when methylene chlorid: was projected
to be a carcinogen, the quantity of triacetate to be processed has
continually diminished and may well be approaching zero.

B, Evidence of Human Exposure

Manufacture The NOES estimate of 1450 workers at 25 plants being
potentially exposed to Disperse Blue 79 is grossly misleading as a
measure of the number of workers with any significant exposure. Mr.
Heath's estimate of 13-26 workers at 11 sites (including manufacturing
and blending) or a maximum of 236 workers seems much more reasonable.
Even if all of the jobbers that have mixing equipt 't are added the
total number of sites may reach 25, but there would only be an
additional 15-39 workers.

Processing ETAD agrees that the estimate of number of workers
exposed in the processing industries is reasonable.

Consumer Appendix XII of the ETAD submission -o the ITC (ref 5)
provided extensive experimental evidence supporting the conclusion
that consumer exposure to Disperse Blue 79 from dyed fabrics is very
low, due to the excellent fastne- characteristies. The data
presented in Table 2 of Appendix . I to ref 5, relating to the
exiraciability of four Disperse dyes from polyester textured yarns,
exemplify this extremely low extractability and the last dye listed is
the Br/OMe analog of Disperse Blue 79 (i.e. CAS 3618-72-2). As

- Disperse Blue 79 is a high-energy dye it is not anticipated that there

is any significant usage in home-dyeing products.

C. Environmental exposure

The estimation of envirommental exposure assumes 504 removal of the
dve during passage through biological treatment plants due to
adsorption on sludge solids. Current studies by the EPA, Cincinnati
(G. Shaul) will provide experimental data on the extent of
biodegradation and adsorptive removal which should be a sounder basis
for estimating environmental exposure levels. The EPA estimation of
surface water concentrations (ITC ref 22) appears to allow enly for
adsorptive removal of the dye in the effluent treatment plant. Such
adsorptive orocesses also occur downstreanm through adsorption on river




wlle

sediments and suspended solids, effectively reducing the potentizl
levels in drinking water supplies. In the case of substances like

__Disperse Blue 79 (low water solubility, finely dispersed particles)

these removil processes are particularly important.

In reference 22 of the ITC report, Table 1, the estimatiors of surface
water concentratioas for the Ciba~Geigy Corporation plant at Tom's
River overiook th: fact that the plant effluent is not released to the
river, but is piped, after treatment, for releass in the ocean
off-shore, which is not a source of drinking water. Furthermore, this
site is being closed for the production of dyes. There appear to be
further errors and the correctness of the data relating to other
ssnufacturing sites in this tabulation should be verified.

D, Persistence -~ Reference is made that no protocols for the tests

" vere provided by ETAD. It should be noted that additional information
about the tests was not requested by ITC. The test procedwre is shown
in Appeadix III.

We have also included the OECD procedure for your information.
(Appendix IV.)

III. Biclogical effects of concern to human health.

The ITC has recommended to the EPA that Disperse Blue 79 be tested for
health effects solely on the basis of potential bicavailabilitv due tc
ingestion of inhaled dye-containing dust. It has recommended
subchronic toxicity and absorption and disposition studies fol.iowing
oral administration.

The industry is willing to participate in further discussions to
evalu te the need for a sub-chronic toxicity study in the light of the
forthcoming data on potential exposure. ETAD questions the need for a
chemical disposition study based on the available data on the
hypothetical metabolite, 2-bromo-l, 6-dinitroaniline. Testing of this
suhatance has heen dronpad hy EPA in the contaxt of tha suhatituted
anilines category. ETAD agrees with the ITC that no further
stiort-term testing is required.

IV, Ecological effects of concern

The data reported in Appendices VII, VIII and IX of the ETAD ITC
comments to ITC (ref 5) would appear to indicate that further acute
and subchronic (short-term) effects at maximum solubility levels would
provide little if any useful data. For example, Appendix VII shows an
LC. of 200mg/l for the formulated dyestuff containing 52% Disperse
Bl\ole 79 and 18§ dispersing agents. In view of the extremely low water
solubility, the above LC. was obtained under conditions of complete
saturation with excess Jterial (98 mg/l) present in the form of
sicron sized particles. Even under those conditions, no deaths were
obsarved in 48 hours.
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The procedure for this testing is given as Appendix V to theae
comments.

ITC mentions a concern about the LC 0 level being over 100 tines the
solubility of the dye. This is becguse the formlated product
contains the dispersants (typically sulfonated lignins) which hold
the dye in dispersion.

The values reported for LCSO and Lf31 could in fact be the reault

of the action of insoluble ' {dispe - 989 dye particles or the dispersing
agerts themselves on the respiratory system of the test fish. (e.g.
clogging of gills).

ITC also raised a concern that the fish toxiciiy data related to a
B8-hr test neriod and not to 96-hr. Additional data submitted to the
EPA by an ETAD member company indicates an LC of 42,5 mg/l in a
96-hr study in rainbow trout, generally regarded as a sensitive fish
species. These data were obtained on a formuiated preduct containing
25% of the Br/OMe analog and 75% dispersing agents.

FOQCUS MEETING

Clarification of chemical identity of substances under
consideration. At the Focus Meeting on December 16, 1986, it became
clear that there is still some confusion over the identity of the
substances which should be under coasideration for testing. It is
hoped that these comments will assist in eclarifying the position.

~Under the Colcor Index nomenclature system Disperse Blue 79 applies
uniquely to the substance defined by CAS No. 3956-55-6. (i.e. the
Br/0OEt analog).

-0f the 4 analogs referred to in the ITC report only 3 are believed to
be of commercial significance.
(1) Br/0Et (Disperse Blue 79) CAS No. Br/0Et 3956-55-6
{(2) Br/OMe (p70, derivative 1) CAS No. Br/OMe 3618 .72-:
(3) C1/0Me (pTO, derivative 2) CAS No. Cl/0Me 3618-73-~3

ETAD is currently completing a survey of the 1985 production/import of
the various analogs, and this will bte submitted to the EPA by February
13, 1987. Preliminary results confirm cthe Br/OMe analog (CAS No
3618-72-2) as the dominant analog, based on these 1985 data.

-Available health and safety data and use information on all the
analogs are relevant to the assessment process and are veing made
available to the EPA by the ETAD member companies on a voluntary
basis. It is unlikely that any further relevant health and safety
data or us information would be obtained if the other nnalogs were
subsequently to be added to the Priority List.
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Eatimated availability of new data from ongoing studies The
-EPA's attention is drawn to data, pertinent to the evaluation of

—Disperse-Blue-T9 type products, which is currently being developed.

Being Estimated
Test . Conducted by Completion

Water Solubility G. Baughrman June, 1987
Partition cosfficient Univ. of Georgia

(octanol/water)
Sediment sorption coefficients

Effluent treatment plant G. Shaul, EPA July, 1987
adsorption and extent of Cincinnati
biodegradation

Occupational Exposure of ATMi/EPA/ETAD September, 1987
textile dye color-storeroom Joint project
workers

Landfill simulation W.C. Tincher June, 1987
ETAD/Georgia Inst.
" of Technology
(Atlanta)

Suamary Assessment of ITC Testing Recommendations
ef fects

Subchronic toxicity - The need for a suhchronic loxicity study should
be evaluated in the ligit of the more coaprehensive data on
oscupational exposure levels of :olur storemcn workers to dyes, and
tuxng uu'.o account the PE&II;J.VU.I.Y MW i o wpumnlon expoaeq in ootn
manufacturing and processing plants.

Absorption and chemical disposition This test is not necessary. A
fecal bacterial test should be adequate to confirm reductive cleavage

of the azo group with formation of 2-bromo 4, 6-dinitro aniline as a
asignitiocant metabolic pathway. The disposition of BDNA is elucidated
in ref 6.

Chemical fate. Solubility in wacer/Biodegradation-aerobic and
anaerobic.

Relevant studies are currently underway.




Baological effects

Fish acute toxicity
A study indicating a 96hr I.l>§3 of 42.5 mg/l in rainbow trout has beea
g

submitted for the Br/OMe ana

Acute Toxicity to other organ.sms The fish acute toxicity is low and
extensive studies suppart the view that aquitic animals are generally

more sensitive indicators of acute toxicity than plants. Although
toxicity data in other organisms may be of sode interest it is unusaal
to seek such testing for chemicals oxhibiting low acute toxicity to

fish,
Fish Bioconcentration

Substantial data cxist to support the conclusion that Disperse Blue 79
will not bioconcentrate in fish to any significant extent. This test
recommendation is superfluous.
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Eric A. Clarke
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APPENOIX 1

Data on pertition coefficjent, water sol:hility and fish biocorcentration of
closely related structural analogs of Disperse Blue T9. (abstract from ref.2).

Compound M.W. log p log p water sol log (fish
(exptl) (calc) (cale)mg/i biocorcemtration)

h.65 0.8-4.7 <0.7

3.5% 0.37-2.8 1.76

5.35 2.8=9.2 0.70
X 3.03 1.0=5.3 0.30

Disperse
Blue 79
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APPENDIX II

1o ) o Dyes. stiuct ly related to Disparse Blue

istered in Ja under Chemical Substances Control Law: indicative o
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Testing the Btological CYimination of
Products and Mastewaters 1n a Stability Test

Seneral

The "stability test® method descrided below was developed 30 as to be
able to test the degradadbi ity of products and chemical compounds n a
simple and readily reproducidle manner and under conditions similar to
those in actual f actice, based on & wastewater treatment plant.

-y gtandard used 'n the test is the ratio of the COD value at the end
_+d at the beglnning of the test.') As the determinative magnitude,
the COD value has the advantage that nearly 311 substances can be
measured with the same analytica’ rethod and, unlike substance-related
analytical methods, the actual elimination 1s tested. Compared with the
determination of blological oxygen demand, the measurement of the COD has
the advantage that not only the dissimilatory but also the assimilatory
processes are recorded.

The substance under investigation As used n concentrations corresponding
to COD values of 300 - 1 0CO wg o,n. Even though these concentrations
may seem too high and unsimtlar to those Found in actuai praciice. they
nevertheless have the advantage that

a) the concentration of dissolved metabolism products of activated
sludge (dlank value), measured as the COD, 1s small compared with
the COO value exhidited by the substance;

1) Determination of the degree of degradation by measuring the oxidizadility
properties was recommended by W. Janicke (Gesundheits-Ing. (1968),
p. 309).




the scattering caused by sampling and analysis methods up to
degree of degradation of over $0X remain small compared with the COD
valye attridbutadle to the substance;

¢) the test takes place under more severe conditions for the activated
sludge and therefore the results are always on the safe side.

The ecology s generally not disturbed at these concentrations, although 1t 1s
advisable to ensure this Dy toxicity tests.

Through the repeated loading of the same sludge this method offers the
possibility of investigating adaptation processes which are of decisive
importance for the degradation process in blologica) wastewater treatment

plants.

The starting amount 1s set at 2 liters so that dai\y sampling 13 possible even
over prolonged test periods, even when other analyses are required than (0D
detersination, as for example with detergents.

substrate

The product is weighed out according te a (measured) COD of approx.

- ove wg 'z. rp W ampEprvAs WYV g VLI Ve

Solver*: cold tap water

Fertilizer 220 g vrea and 89 mg NaHPO4 - Ha0
addition: per 1iter (COD : N : P « 100 :5: 1)

The pH 1s adjusted to 6.5 - 7.5 with either NaCH or HSO4 as required.
Activated slydge

Activated sludge taken from an aeration basin of a (public or industrial)
dologica) wastewater treatment plant 1s centrifuged at 2000 rpm for §
min, suspended in tap water and adjusted to 2 ¢ Tr.S./1 (& 20X).




Mix the solution prepared as described In Section 2. and the suspension
prepared as in Section 3. together in equal parts (preferadly 1 liter
e2ch) in an open vesse) and adjust the temperature to 22°C (2 3°C).

The sudstrate concentration will then be 1 700 mg €00/, or 400 mg TOC/?.

Control batch

For each test serles, one vessel is included which contains only
activated sludge (1 g Tr.S./71) and fertilizer (one half the concentration
of that given in Section 2.).

Test conditions

Aeration 1s carried out by means of a magnetic or blade stirrer and
additiona) supply of compressed alr via a wadding Filter and bubdler.

The stirring speed should De set so that the sludge does aot settle. The
alr supply msust maintain an 0% concentration of at least 2 mg/1.

Losses due to evaporation are to be compensated with distilled or
demineratized water (at the latest before each sampling). The pH must be
checked each day and corrected as necessary (see Section 2.).

Analvsis

The olimination of the organic substance 1s checked by CO0 determination
carried out each day (ASTH D 1252-58 T) or by determination of the
organic carbon content (T0C). For preparing the measurement, the sample
from the test and control vessel wAich Is to De analyzed is filtered
througa 3 paper Filter (Schleicher and Schill, Blue Band No. 589) which
has been washed three times with distilled water. If the filterability
As poor, the solids can be eliminated beforehand by centrifuging.
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The COD elimingtio: 'e parceat of the subitasce vnder lavesticaties ts
given Dy the fore -6 '

Cﬂwé ~ 50@T - ?53k

coo,

109

am - BV

CGBA e one half COCD accciding to Secticr 2. (Initial value)
coc, - £2) of test batch
coo‘ » C0D of control batch (bdidir vaiee)
The szme applizs tu the determination ac:n--ing o TOC.
»
Fer determination. of any adsorption ¢at~ the activated sludge, the First
sanie 18 analyzed about 3 hours s7ter '3 1s placed the test vessel.

Iime gt test

Tr - test is conti.ucid fer 2% Yen) 435 the degree of degradation remalns
virtually urchiang:d cmiximum ¥4 deys;. If satisfactory degradation does
not o.cur, it should Le checkes “Sesher

a)  the subszance fahibivs Dacte: 3a at s~ vorientration set. if
requirad, the tast should le ~epwatou at = coerrasrondingly higher

dilution, However, &tae iadet L SO0 {L00,) sweudl ael be talow

300 mg 02/1 ¢r the I6C nod fess <hat 120 e,

improvement in the d~gridai’sr. My pe vi.talned by Jepeating the test
with the adapted sluuge.




*Innerent Oledegradablility:
Medifind zlnn-lollcnu.toat'

1. INIRQQUCTYORY INFORMATY'N

* prereaovisite
e Water solubility

Guidence joforeetion

informetion on the relative proportions of the
eajor components of the test material will be
vuseful iIn Interpreting the cresults obdtained,
perticulerly in those cases where the result lies
close to the “pass lsvel®.

tnformation on the toxicity of the chemicsl may de
useful to the interpretation of low results and in
the selection of appropriste test concentrations.

 guajlifying gstetements

tThe aethod is only applicadble to those orgenic test
saterisls which, at the concentration used in the test,

are soluble in water to the extent necessary for
the preparation of the test soiutions,

have negligible vapour pressurs,

ste not lnhlbltorz to dacteria,

do not significantly adsord on glass surfaces, and
sre not lost Dy foaming from the test solution.

This test has been Tound svitaviv by the GECO SEpers
Group "ODegradation/Accumulation® for deteraining the
inherent bDiodegredadility of organic chealcals under
assrobic conditicns. It has been tested in the OFECO
Laboratory Intercomparison Test Prograase (1978-1980).

* Recoesgsndstions

" test chemicels giving a result of greater than 20 per
cent loss of (dissolved organic cardon) in this
test mey be regarded ss inherently blodegradable, .
whereas o result of greater than 70 per cent loss o?
00C is e-idence of ultimete blodegredadility. The vae
r‘ o compound specific aenslytical techaique on
C-lsbelled Rest substances wmay ellow grester
sensitivity. In these last ceses & lover level mey be
regarded as svidence of inherent biodegresdablility.

Users of this Test Cuideline should condult the
Prefece, in particular paregraphs 3, 4, 7 and 8.




™his Test Suldeline 1s Dased on & modificetion of the
sethod cited {n reference 1 and {n reference 2,
Section &, litersture.

2. NETHOD
A. JNIRODUCTION RELEVANCE ,

The static test is a simple, reproducible method for
svalusting the ultimste biodegradability of organic
uﬁ:uncu in water by micr--organisms In en aerobie
] . '

The static method is limited te the examination of the
diodegradability of water soludle, non-volatile
orgenic compounds. The compounds to be studied are
used in concentrations corresponding to D0C-valuas in
the range of 350-400 nmg/litre or COD-values in the
range of 100-1000 mg/litre (DOC = dissolved organic
carbon; COD e« chemicel oxygen dsmsnd).

These relatively high concent.._.ions have the advah-

tege of enalyticsl reliadility. Compounds with toxic
properties @sy Jdelay or inhidit the degradation

process.
L in n_an n )

the amount of degradation attained at the end of the
test is reported as the :

»giodegredadility in the Static Test":
(Cy - Cp) .
Ca
Or = biodegradation (X) at time T
Ca initiel velue (0OC or COD values In the test
aixture cslculated from the DOC or COO values
in the stock solution, [mg/l]

Cy = DOC or COD vaiues at time of sampling, (mg/1]

Cg = DOC or COD velue of the blank, (agrl]

The dsgredation rates are rounded to the naarast full
percent.

¢
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i . .
., .

on is stated as the percentsge 0OC

Peccontage degradsti
(et COD) removsl of the tested sudbstance.

mv. substance

fn eome cases when lmnugnunr (]
referonce subdbstances wey be useful, howevet specitic
reference substances cannot yet be tecomsended.

. L

Activeted sludge, aineral nuttients end the test
saterisl as the sole cardon source in an aquecut
solution ate pleced together in a 1-4 litre glass
vessel eoguipped with an sgitstor end en secetor. The

aixture is sgiteted snd sersted et 22°C (o 39): under
up to 20

diffuse 1llumination ot in & dark toom for
deys., The degradstion process is sonitored by
00 coD) velues in the

deteraination of the ¢ (or
solution ot daily or othet sppropriste

filtered .

reguler time {ntezvels. The ratie of elininsied

tor COD) after esch interval to the velus st the start

is expressed as percentage biodegradation snd serves
rate of de cadetion et this

es the aessure fot the
time. The result is plotted versus ime to Dive the

biodegradation cusve.

¢ W
Reptodyeibility
in ping tests.

‘Reproducidility has peen proven
Detection of < 20 per centi > 20 to ¢ 70 pet centy
tea mar ‘cant DOC-temovel o8 tqumd for testing

{nherent piodegradebllity is posssbes.

gansitivity

the limits for sensitivity ere glven by: the sensi-
tivity of the carbon snalysis (0.8 - 1 8¢ c/1) and the
c00-analysis (3-10 0g/1).

Specificity
Applicable for tests with water
nonevolstile orgenie subatences.

soluble (100 ag/1),
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SQondlrcllqtlcn is possible.

Possibility of eysometion

Mtomation of snalysis is possidle.

8. DESCRIPTION Or THE_TEST PRQCEDURE

Preperetions

Resgents

Test watar: drinking water with asn organic-cerbon
content <3 #9/1. The concentration of celcium and
asgnesium fons together must not exceed 2.7
nole/l; otherwise sdeguate dilution with delonised
or cdistilled weter is required.

Sulfuric scid, snalytic reagent (A.R.) 50 g¢/1
sSodium hydroxide solution, A.R., 40 g/}

Ninersl nutrient solution: dissolve in one litre
deionised water:
38.5 @ samonium chloride, NMCl, A.R.
33.4 @ sodiua dihydrogenphosphate,
"."2 .-2"’0 Ac Re
:&’-8 po:latiu- dihydeogenphosphate,
4 0’ e Mo
21?73‘9 g!:ootalnlu- sono-hydrogenphosphats

ﬁzﬁ‘r‘s. g MeTuge

The aixture serves both as s nuirient ‘compound snd
as ¢ buffering systenm,

Apperatus

Ciass vessels with o volume of l.a litre (e.g.
cylindrical vessels}

Agitater with a gQless or metal stirrer on &
suitable shaft. (The stirrer should rotste about 3
tc 10 cm ahove the bottom of the vessel.) 2
megnetic stirrer with a 7-10 cm long rod csn De
used instead

Class tube of 2-4 mm jnner dismeter to introduce

. ¥
:éx;“ gg.og:&iga g{ é\h.o vt.c.&b’cushould be sbout ] ca
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A () [ e - e

e Centrifuge (at least 2000 rpm)

e pHemstar

» 0Op-maasuring instrument

« Peper 'mmu

« MHembrane filtretion apparatus

. Mendrane filters, pore size 0.2 pm

o Analytical eaquipment for determining orgenic
carhon eantant and chealcsl oxygen deaand

Pragscation of the {nocylys

Activeted sludge Prom a biological treatment plant {s
washed by (repeatedly) centrifuging or settling with
testwatar (abave).

The activated sludge eust he {n an aeppropriste
condition. Such sludge is avatlsble from a properly
vorung sewaie traatment plant. To get' as ameny
possible different species or strains of hacteris In
special cases it may be preferred to amake o aixture
frca different soutrces (e.9. diffezent treatment
plants, soil extracts, viver waters, ete.). The
aixturs is to be treata:! as described esbove.

For checking the ectivity of the activeted sludge see
functional control, bdelow.

Praparation of the test soluticns
Ta the test vessel add 300 al eof test water
2.9 a17litre mineral nutcient salution end activeiew
sludge In &n aemount corcesponding teo 0.2-1.0 9/l
(nornally 0.2 or 1.0 g/1¢) dry matter in the finel
aixture, Add sufficient stock solution ‘of the test
material or of the waste water to be tested tha. s DOC
concentration of 30-400 ®9/1 (normelly 20 or 400
gll') tesvits {n the final aixture.the corresannding

D-values are 100-1000 ag/). Nake up with test watet
to a total volume of 1-4 litres., The total volume to
be chosen is dependent on the nusder of samples to bde
taken for DOC or COD detersinetion and the volumes
nscessaty for the snalyticel procedure.

* The lower concentretions: 0.2 ¢ dry matter of
sctivated sludge/litre and a DOC-concentration of
:o :"‘u s lnt‘r‘o:‘ue - th“thc“l“trute“ “:l"
nstructions compa e W ns na
the EMPA-.Test ('s?u:uuncg. See refersnce 2




Norselly o volume of 2 litres can be regerded as
satisfactory.

At least one control vessel (blenk) is set up to run
in parallel with each test series; it contains only
sctivated slvdge ond ainerel nutrient solution sade up
with test water to the same total volume a8 in ths
test vessels. .

t Before starting the test it is advisable to meke
coertain with approprieste methods that no inhidition
occurs ot the chosen concentrstion of test masterisl.
Run the test with & ssaller concentretion {f an
inhibitory effect is found.

® perforeqgnce of the test

The test vessels ere agitated with magnetic stirrers
or screw propellers under diffuge fllumination or in a
dark room at 22¢C (s 3°), Aeration is accomplished by
compressed air cleaned by a cotton wool strainer end o
wash bottle if necessery. It must be ensured that the
sludge does not settle and the oxygen concentration
does not fall below 2 mg/l.

T™e pH-velue must be checked at regular intervsls (for
exampls daily) and adjusted to pMH 7-8 with NeON or
N2S0,, 1f necessary.

Losses from evaporation sre made up Jjust befors each
sanpling with delonised or- distilled wster in the
required amounts. The best procsdure is to mark the
1iquid level on the vessel before starting the test
and after. esch assmpling (without aseration .and
stireing). The first samples are always taken 3 hours
after the start of the test {n order to detect adsocp-
tion of test material Dy the sctiveted sludge.

The elimination of the test materiel s 'Tollowsd by
DOC- or COD-detersinatisns mede daily or at some other
regular intervel. The samples from the test vessel. and
the Dblenk are (iltered through a cerefully washed
paper filter. The first 9 el of test solution-filtrate
are returned to the test vessel. Sludges difficult to
filter may be removed previously by centrifugaticsn.
00C end COD determinations are made st lesest ({n
duplicate. The test is run for up to 28 days.

Nota: Turdbid remsining semples aere flltered through
mesbrane filters. The membrane filters must not
release or adsord any organic sesterial. Otherwise thay
ete to be purifisd Dy boaxlng in delonised water
previously. for - proceduss n connectian with
sdaptation procssses ses delow,
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funetisnsl control

A vessel with o known substance should de run parallel
with eech test series in order to check the functional
cepseity of the activeted sludge. For this purpese
compounds, such as diethyleneglycol, sodiusbenzosts,
ond aniline, are recommended.

If° anslyses are corried out st relotively short
intervels (e.9. dally), odaptation can bde clesrly
tecognized from the degradation curve (see Figure 2),

If the adaptetion occurs in the finel deys of tin test

tise, the test time can de prolonged ¢
degradation s Pinished. Prolonged until the

m’,: "I? & broader knowledge of the behaviour of the
pted sludge is nesded, the seme sctiveted slud is
exposed once agein to the same test materiel in
tccordence with the following procedure:

Switch off the agitator and the aerstor snd ellow the
activated sludge to settle. Draw off the supernatent
1iquid, fill up to 2 litres with test water, stir for
13 minutes and allaw to settle agefn. After the supere
natant liquid is drawn off agaln use the reseinin
sludge to repesat the test vith the same test meteris
in sccordence with Pl‘.tltltlon of test solutions and
Performence of the test, above. The activated sludge
con elso de fsolated Dy centrifuging instead of

- settling.

The adepted sludge.mey be mixed with fresh sludge to o
total amount of 0.2 « 1 g dry weight/litre.

- . _ & . oa A - »

Noraelly semples are filtered thrwr “a carsfully
washed paper filter (for weshing use defonised water).

Seaples which remain are filtered through eesdrene
filters (0.2 r. diameter 23 ma). Membrane filters ere
suitedle 1f it 2¢ sssured that they neither release
NOT edsord organic coapounds. Otherwise the msemsbrane
filters aust be purified from soluble organic meterisl
dy boulnr them 3 times In oOeionised water. The

purified filters mey be stored in water. : .
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concentration (s detersinad twice In the

|

™he 00C

semple filtratas (the first 3 Al are dlscarded) by
asens of the TOC instrument. 1? the Piltrute cannat bde
shelysed on the same day, it must bde storad In the
refrigerstar until the next .ay. Lonhaer storage cannot
be recommendsd.

The COD concentrastion is detersined in the ssmple

3. QAT _AND REPORTIING

filtretes with a COD analytical 2t up by the
procedure descrided in reference (3), bdelow.
e Jraesteent of repults
DOC asnd COD concentrations sre determined at less: in
o duplicate in the samples according to Perforsencs of
the Test snd Analytical aeens, sdove. The degradestion
st the time T is calculated according to the formuls
(:lth definitions) given under Definitions and units,
above.

The degradation rates are rounded to the nearest fyll
percent. The amount of degredstion sttained at the end
of the test {s reported as the "B8iodegradability in
the Static Test®. .

: If coaplate degradation is attained before the i
est time is over snd this result {is confirsed by @

second anslysis on the next day, the test can bda

concluded.

(,\ e Yot i ILepocrt

The test report cosprises informstion adout

- The test sudbstance (name, structure, lapuritlos.
soludility, concantration, ete.) .

« The Inoculum (sampling of the inoculum, conrsn.
tration, status of sdaptation)

- The kind o7 anelysis

e Yz toxicity svalustions
- The functional control {calidbration compound)

The test results at different sampling times, ers seen
in the exanple given below.

A sscond part of the tsst report i{s =made up by the
dbiodsgradation curve (Figures 1 and 2).




Organic compound t t-Ethoxydenzelc ecid
Theoreticel test concontration : €00 ags)
theoretical 0OC t 390 s/}

Inoculum -t Tregtaont plent of

e HOECHSTY Ag in
rrmhrtm.-ﬂeﬁu

Concentration ht' dry materielys

t not adapted

t DOC-deteraination
t 3al

t Dlethyleneglycol

! No effects
below

Adaptation status
Analysis
Amount of semple
Functional control

Tonieity cf compound toug

(Girr3hrchentest )".

Functionsl control
Sempling bDlank .
time 00C* DOCe -
0971 wg/l mg

Test compound

00C net Doerld. OOC' 00C net Wld.
/3 g/l  ag/l

SV v rwDd
aasaacaaany

[ . d

i o)
282.2
2.2
264.2
243.9
201.2
1.7
28.0
19.6

N.¢
«373.3
3€0.0
193.8
183.9
104,93
8.9
181
20.0

of triplicate determinations
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figure 1: Static Test - Exemples of dlodegradation cutves
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« 8 2T £ .8 2838

K ieviaLtontag /

e gdapted

Sanney MNP .‘.”“

Tima {deys )

-y

sdepish:an phase. - - { degradet.on phase . § engpent




* .
.
.

The degree of blodegradstion attained st the end of
the test after 20 days or, If complete degradation is
attained In less than 28 days, at en sarlier tise, 1{s

reported as “inherent biodegradability in the stat
test (efter x days)®. 9 Y atic

If the result of aenalysis of the first sample (3 h
sfter astarting the test) is significently different
from the theoretical value, the amount of deficient

00C is to be reported as “adsorbed by tne eti
siudge®. y ectivated

The significant points of the degradation curve ere to
be reported as

= sdaptation-phase (days)
- degradation-phase (deys)

= 6Ondpoint of degredation reached after ... days
(see Figure 2, sdove)
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APreNpx V-

Procedure for determining
ascute Fish toxicity

Determination according to modified

Routine Bloassay Nethod from Standard Methods
for the Examination of Water and Wastewater,
12th od. 1965.

frinciple

cire rwrrwmINy PWINGS WIS NIV BI MCE IV ST, JLENVAETUY VT TISN tox)c‘[ty:

Nedian tolerance Vimit = TL. = Lcso -

Concentration of test substance at which
exactly SO¥% of the test animals survive
an exposure time of 48 h.

2. Joxicity ltmit = Lco Maximum concentration of test substance
at which all the test animais survive an
exposure time of 43 h.

S.  Lethality limit « tc‘oo Minimum concentration of test substance
- which causes aii the test animais to die

within 48 h.

It is advantageous to select the test substance concentrations so that,
of two neighboring concentrations, one 1s slightly above and the other
s1ightly below the TL.. allowing the TL. to be found by interpolation.




A preliminary test s performed by setting wp a dilution sertes of e.9.
V, 10, 100 a1/V or mg/1, n order to determine the necessary
concentration range. The desired concentration range ltes Detween the
Mghest concentration at which all the Fish survive after an exposure
time of 24 h, and the lowest concentration at which all the fish 41¢
within the same pertod. In most cases this preliminary test suffices for
Industrial wastevaters.

In the pain test. 4 - 6 concentrations should be tested within the
concentration range found.

Equipment

€0 18SCTVEISRIS
Crlindrical glass vessels 20 cm in diameter and 16 cm Migh with o
plastic 11d and aeration device.

Acclimatization tanks

Glass or plastic aquaria equipped with continyous water 1nlet and
outlet as well as aeration (water-jet pump).

Iest fish

3. Eish
Rainbow trouts ca. 5 - ¢ ¢m Yong welghing about 3 - ¢ ¢ (I\f

obtainadle; otherwise as small as possidle).

O RLTR PRI AT
At Yeast 10 - 14 days in the acclimatization tank.
Fish which have Deen used must not be re.used for at leatt 3 wooks.

Once a week the tanks should be cleaned by suctioning out waste feed

and fera) matter.
Cvery 2 - 3 weeks the tanks must be disinfected by adding

100 m1 formaldehyde FD per tank
(final formaldehyde concentration « 0.1%).
The dissolved l)2 esntent must nol de less than $ mg/).




4.1

3 times & week (on Nonday, Wedneséa- o'~ Fvidsy). Tas fish are not
fed on the day before ihe test s is «-air.

Eitness
Ouring the last 4 days defore beginning the test t.e :.mber of dead

and seriously unhealthy fish must not exceed 10X ~* s total;
otherwise the entire lot 1s to be Yscards .

ubs

Storing
Samples of Industrial wastewaters should be tested inmediately. If

this s not possibie, they must de stored 1n completely fuil bottles
with ground-glass stoppers at 0 - 4°C (refrigerator).

PAlytiens
Rix the substance and the diiution water carefully. A1l dilutions

must be made with the same sample of the substance. Stock solutions
must De kept 1n completely Ful) bottios with ground-glass stoppers
at 0 - 4°C (refrigerator) only as leng as ebsolutely necessary.

Indication of concentration

1. Industrial wastewaters: 21/ ar ¥ by volume
2. Substances: g/ or ppa.




$. Praliminary tests

The tests are carried out at room temperature (20 - 23°C)

0Mlution series: Generally 1, 10, 100, 1000 ng/) (for substances) or
0.7, ¥, 10 W11 (for wastewaters)

In each test vessel, the required amount of test sudstance s made
W to 2 11ters with activated charcoal-f1)tered tap water and
adjusted to pH 6.8 - 7.5 with oither NaOW (CSL) or H,S0,.

Use 2 Fish per concentration.

The total weight of the Fish must not exceed 4 /1, V.e. two Fish of
W to 4 g welight (ca. 5 - 6 cm Tong) can de used per test vessel.
Larger or heavier fish must be used alone. '
Place the Fish in the test vesse) carefully. In case of “accident®
the fish 1s pot to De used.

The amount of dissolved 0, must not be less than 5 mg/).

The test vessels should de aerated only ghtly.

Usually an exposure time of 24 h suffices to estimate the
concentration required. If no Fish dies within a 24-hour period,
the test 15 prolonged to 48 h. An exposure time of 48 h must be
meintalned 1f the preliminary test 1s for deteraining the tox\clty
of industrial) wastewaters.

The desired concentration range 11es between the highest
concentration at which a1l the fish survive an exposure time of 2¢ &
and the lowest concentration at which all the fish die within the
saw period. )

WIth each test, at least 4 Fish should De tested in pure dilution
witer by way of control. The mortality rate of al) controls should
not exceed 10%. .

Dead Fish are to de removed from the test immediately.

The fish are not fed during the test.
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$.2 Bain tests

Within the concentration range found, 4 - ¢ concentrations snoyiq be
tested. Generally 3 1inear distridution of the concentration range
tuch as the following 1s syitadle:
1.10" sgn
2.10" wgn
4.10" wgn
¢ . 10" mgn
8. 10" N
10 .. 10* agn
For each concentration 10 fisp are used, distriduted over S or aore
test vessels, depending on the weight of the fisn (weight < 4 eNn).
In the main test the Xxposure time 1s 48 n. When more than half the
Fish survive when exposed to the highest concentration for 43 h, the
concentration Fange must de extended upwards,
Vi n_durt 11
Note the number of tead Fish after 24 h and after 43 h; also note
the number of Tiving F1sh which show any symptoms.
Before the beginning and after the end of the test, measyre the
temperature, pH and content of dissolved oxygen. :
Otherwise the same procedure applies as ysed 1n the preliminary test.

Results ;
The TH. 1s determined by means of a graph plotted on
semiTogarithmic paper:

The 2 neighdoring concentrations where one s with more ane the
other with less than 50% surviving fish are connected by a line. ' g
The lethality 14mit and the toxicity Yiait result efther from the :
concentrations ysed or from the graph by extenston of the 1ines
deicr!bod above.

The following appliies for evaluating the wastewaters 1n 2 test
corresporiiing to the preliminary test:

For each concentration tested, glve the number of surviving fisp
tn each case.
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