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August 21, 1985

or. Robert Beink F ﬁ'ﬂ"?‘/ //fIAuG 2 RECD

Executive Sec ‘etary

Toxic Substances Control Act
Interagency Testinz Committee
401 M Street, S.W.
Washington, D.C. 20460

Dear Dr. Brink:

Please refer to the information which I previously forwarded on the water in-
solubility of Colour Index Pigment Green 7 (Copper Phthalccyanine Green), on
May 17, 1985. In tnat letter, I promised to forward hard analytical data,

substantiating my claim for tota! insolubility of the above product in water.

I am now pleased to furnish additional information on laboratory studigg per-
formed under the supervision of Mrs. Maria daRocha, Sun Chemical's Manafer o
Analytical Services, and chairperson of the Analytical Committee of the ?%
Color Manufacturers' Association (DCMA). ié
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As you will see, Copper Phthalocyanine Green (Colour Index Pigment Green Z)s

was found insoluble in water, at detection levels of less than 3 parts perf;

million. xe.
o

L

In the light of this finding, I would ask you to reconsider the need for fufg%er
aquatic testing on this product, under the provisions of the Toxic Substances
Control! Act.
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forward in the near future to receiving from you, the Interagency Committee's
decision on this matter.

Sincerely,

SUN CHEMICAL CORPORATION

L Q;?i Pigments Division

‘*f?f?Q !3 .
N g‘%i} M ZA,V?A, .fhx./_ %«4/{

Dr. Hugh M. Smith
Director of Research & Development

BMS/smk

cc: J.L. Robinson, Exec. Vice Pres., DCMA




~_SUN CHEMICAL CORPORATION |

- Dr. Bugh Smith FROM n:‘:um)?M

- Cincinnatl - o ~ LOCATION

ANSWERING . - DATE August 8, 1985
SURJECT SOLUBILITY OP COPPER PHTHALOCYANINE GREEN IN WATER
. [

\

Copper Phthalocyanine Green pigment contains approximately 6%
copper. The solubility of phthalocyanine green in water was

deternined by measuring the water extractable copper content

of the pigment by Atomic Absorption Spectrophotometry.

Prior to performing the extraction, the pigment was purified
by dispersing in sulfuric acid, drowning in water, filtering
and washing free of aciad. )

5 g of the purified pigment were slurried in 100 mls of de-
ionized water, stirred at room temperature for 6% hours, and
allowed to stand for 3G hours at room temperature.

The amount of copper found was calculated to represent less
than 3 ppm of phthalocyanine green.
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Scolooial and Tox: ological Association of the Dyestuffs Manuficturing Induwy
U.S. OPERATING COMMITTEE OF ETAD

August 20, 1985

Dr. Robert Brink

Executive Secretary

Interagency Testing Committee (TS-792)
U.S. Environmental Protection Agency
401 M Street. S.W.

Washington, D.C. 20460

REGISTERED

Re: Comments and informatiuon on C.I. Pigment Green 7
ITC Intent to Designate, (50 /FR 13418)
Document Control No. 0OPTS-41017

Dear Dr. Brink,

I am pleased to submit to you, on behalf of ETAD, some information
on C.I. Pigment Green 7.

Sincerely,

f o (Ck

Eric A. Clarke —

o X < »,
cRECUTIVE Sedy %*"""

EAC/bss
Encl.

1330 Connacticast Avenua, N.W., Washington, D.C. 20036 @ (202) 659-0060  Telex 659-1731




THE LIMITS OF GIOACCUMULATION OF ORGANIC PIGMENTS IN c1sh!

R. Anlikerz and P. Moser?'

2Ecological and Toxicological Association of the Dyestuffs
Manufacturing Industry (ETAD), P.0. Box, CH-4005 Basle §5,
Switzerland

3CIBA-GEIGY AG, Physikalische Chemie, P.0. Box, CH-4002

Basle, Switzerland

ABSTRACT

A reliable experimental determination of Pgy Of organic pigments is met with serious difficul-
ties dve to the extremely low water solubilities of these compounds. Therefore the Pow-values
and the water solubilities were calculatid for el » typical organic pigments and some dis-
perse dyes as well, The Pgy,-values of the pigments were very high predicting biocaccumulation
factors (BF) several oders of magnitude above 1000. Based on recent studies confirming that
n-octanol simulates lipids in their solubilyzing effect on organic chemicals, the solubili-
ties of these Jrganic pigments in n-octanol were measured in order to estimate their potential
for lioid storage. The very low solubility values indicate that in spite of the very high pre-
dicted BF such pigments cannot build-up concentrations in lipids (hence in fish) which could
be of concern cons’ .ering their generally low toxicity and the extremely small amounts entering
the environment, (herefore there should be no need to perform a fish bioaccumulation test for
assessing the bioaccumulation potential of such compounds provided they show comparable solu-
bility characteristics as the pigments investigated in this study.

‘Based on a paper presented at the International Symposium on "Bioavailability of Environmental
Chemicals" held in Schmallenberg-Grafschaft, FRG, on September 12-14, 1984,




"INTRODUCTION

Recently it has been shown that the partition coefficient in octanol/water (Pow) is a useful '
indicater of the bioaccusulation tendency (BF) of organic ionic and non-ionic dyestuffs (1).
If the Pou js < 1000, it can confidencly be predicted that the bicaccumulatian factor (BFY 1in
fish will be  100. So far ru_ilts of fish bioaccumulation tests with over 75 dyestuffs have

confirmed this ampirical rule.

Neely et al, (2}, and several authors since, for a review see (3), have described linear cor-
relations between log BF 2nd log Pou‘ but mainly for the highly lipophilic halogenated hydro-
carbons. On the basis of any of the established correlation equations Dicaccumulation would
save beer predicted in the case of the relatively lipophilic disperse dyes (leg Pow > 3) and
of some organic pigments (calculated log Pow up to 9). However, the experimental studies showed
1hat the 73 disucrse dyes and pigments investigated did not bicaccumulate in fish. For disperse
ayes it was hypothesized that this behaviour may be due to relatively large size {melecular
weights ca, 450-550) making transport across membranes difficult (1).

Other faciors which might become critical and which must be considered when estimating the bie-

accumulation potential of ionic, and non-ionic chemicals have Leen discussed by Esser
and Moser (4), and in the OECD Guidelines (5). The pigments did not seem to accumulate despite
their gererally very high calculated log Paw-values which would predict bicaccumulation factors

" severa) orders of magnitude above 10°. Due to the extremely low water solubilities of the pig-
ments it was rot possible to determine the real BF. In order to work in a practical and ex-
perimentally a-cessible concentration range the pigments had to be finely dispersed in the
water used for che fish accumulation test. No accumulation in the fish as compared with the

amaunt of pigments dispersed in the test-water was observed (1).

To investigate this phenomenan further the meesuremrents of the solubilities of a number of
arganic pigments and disperse dyes in n-octanal for comparison with the solubilities of strongly
bicaccurmsTating compounds. and the calculation of the POw and the water solubilities seemed de-

sirable.

It was shown —ocently by Chiou (6), that occ..ol simulates fats in respect to their partition
tehaviour very well, ahd it can be assumed that this is also the case for its solubilizing
effzsts (or organic chemicals. Although Dobbs and Williams {7) have found no direct correlation
between Yoy 8T and log fat solubility for ten chemicals, the solub1lity in octanol is an
tngicator of the maximum fat storage of a chemical, it is i3 will be shown in tinis paper.




ms N EXPERTMENTAL

g m lmﬂunts mportd t!nmfter are the usults of "a coliaborative effort of analytical

: hbontnrios of different ETAD Mesber Companies and were ~onducted according to similar pres-
~criptions.

Chemicals

Disperse dyes and pigments used in the meas.:mments were of the purest qualities available
in the different laboratories. They were generally recrystaliize;! several times or purif-
fied by solvent extracticn. A1) other chemicals were of the highast available commercial
quality and were used for analysis without further purificatior. n-Octanol was of analrt.-
cal quality from Fluka AG (or Riedel de Haen), and was Turther distilled over a wire mesh
column, For solubility measurements dry n-octanol was used, while for measurements of the
.partition coefficient, the n-octanol was carefully equilibrated with doubly quarz distilled
water before use,

Determination of octanol/water partition coefficients

n-Octanol/water partition coefficients, log Pw.of the compounds were determined by the
flask-shaking method according to established procedures (e.g. OECD Method 107 (5)), if
they were in an experiaentally accessible range anc if the compounds were soluble
anough in both phases.

 vnia. it sAagten @ vsba. . B ..

In addition, all partition coefficients were calculated, using either the schemes developed
by Rekker {8) or of Hansch and Leo (9). The latter was available as a computer program,
CLOGP 3.2 (10). The calculated log P's given in Tables 1 and 2 are wostly the CLOGP 3-values,
corrected, if necessary, by hand for intramolecular H-bonds. For some compounds the results
obtained by the Rekker scheme, using some of our own fragment constants were considered more
trustworihy.

Deterwmination of the solubility in cctanol

Somewhat different procedures were used for the so‘utnhty measurements of the disperse dyes
and the less soluble pigments.

Disperse dyes and refevence compounds

§ g of the highly purified dyestuff was weighed into a ground glass ne. ~ed Erlenmayer
flask and suspended in 7§ ml of pure n-octanol. The suspension was stirred for 8 hours
in a thermostat at 20°C, keeping the flask stoppered, and then filtered through a G4
fritted filter. Aliquéts of the filtrate were diluted with acetone and their absocrbance




measured spectrophotometrically at the peak wave length. In a duplicate experiment the
stirring time was 16 hours. Constancy of the values was taken as confirmation that eaqui-
librium conditions had been reached after 8 hours. The undicsolved parts of the dye-
stuff were sucked dry on the filter, again susperded in 75 ml of n-octanol and treated
2s described. This procedure was repcated four more times to eliminate adverse influences
of possidle impurities. The still undissolved dyestuff powder was vacuum-dried at 40°C.
With this material roference solutions were prepared.

Pigments

The pigment samples werc pretreated by extiacting for 2 hours with n-octanol in a Soxhlet
apparatus, then vacuum-dried at 100°C. if necessary the extraction was repeated. 5 g of
pretreated pigment was then suspended in 75 ml cof pure n-octanol for 8 hours. The sus-
pension was stirred at room temperature. In a paral el experiment the szmple was stirred
for 16 hours. After this period the suspensions were left without stirring for 2 to 8
hours and then filtered through a G5 f~it. To ease the filtration the suspensions were
first centrifuged. The filtered solutions were kept for measurement. The combined filter
and centrifuge residues were suspended again in 75 ml of n-octanol and the whole procedure
repeated until the measured concentration in the solution remained sufficiently constant.
The spectrophotometric concentraticn determinations were performed using standard solu-
tions ir n-octanol or where necessary in n-octancl-acetone. Since dissolution rates for
barely soluble substances are low, it was tested with pigment XII whether saturation was
actually reached under the experimental conditions given above. In one experiment the
stirring time was increased to 72 hours. In a parailel experiment the pigment was stiyred
for 2 hours at 50°C and then for 16 hours at 20°C. F-th experiments gave essantially the
same results (17.3 and 17.6 mg/1) as the standara metiod '17.0 mg/1) which were within

the standard deviation.

Calculation of solubility in water

The water solubilities, CSw (Concentration at saturation in water), of most disperse dyes and
pigments were not known and judged to be too small for a trustworthy experimental de-

termination. In order to get an idea about the magnitude of Cs“ nevertheless, the solubilities

were calculated from four ¢ifferent semiempirical relations (11, 12, 13, 14) AWl four equations
take into account the phase transiticn from a crystalline solid to supercooled liquid and are
based on empirical correlations between measured water solubilities and partition coefficients.
iost of these correlations, however, have been established with rather simple compounds such as
cromatics, chlorinated hydrocarbens and PCBs. As can be seen from the values at the bottom

of Table 1, the predicticns for substances of this type are quite satisfactory (in these

cases the range of Cs“ is given, as obtained from all four equations). For the disperse dyes

and pigments a farger uncertainty of the predicted solubility must be expected because a)

the four regression equations have to ke extrapolated further in respect %o log %w ard melting




| because b) the applicability of the regression equations derived for sisple com-
to such complex. chemical sfni:ﬁ?es wil) be limited. Particularly the equation de-
d by Banerjee ot a1 seens to be inadequate for compounds with welting points abov‘e
; so, rmd was not used in these cases. We “expect from | experience ‘that the results for C ¥ will
be tmstuorthy to within uy 't one. order of magnitude. We attempted to calculate also the A
T ocunol solubilities, C s % trom Pou and the calculated water solubilitics sccording toc a scheme
. discussed in chapter 3.3. of the book of L:-un.et al. (15‘ from P = cs“" Cs°. However,
since this epproxintion is valid only if both ¢ % and ¢V ere suall - and this is generally
~not the case fer c - and because uncertainties fmn c § and P are greatly amplified by
sucl\ a simple procedure. large errors in c % nave o0 be envisaged. ‘thus they are not jiven

in Tables 1 and 2.

RESULTS AND DISCUSSION

A comparison of the log octanol solubilities of all seven reference compounds in Table 1 with the log fat
solubilities reported by Dobbs and Williams (7) shows that, with the exception of y-hexachlcro-
cyclohexane, where a difference of one log unit is found, the differences are between 0.2 and

0.7 log units with an average difference of 0.4. This good agrecement indicates that the solu-

bility in octano) reflects quite well the solubility of chemicals in natural lipids. This

finding forms a parallel to the work of Chicu (6) who found a close correlation between

partition coefficients in triolein/water (P,,) and P sungesting that P is also an excellent

predictor for th i.e. for lipid/water partition ccefficients and bioconcentration factors.

It seems reasonable to assume, that the good correspondence between octanol and lipid solubility
{s also valid in the range of lower solubility so that the measured solubilities of the pig-
ments and dves in octanol (Table ' and 2) wi'l be reasonably close to their solubility in
1ipids - and 1ipids, as shown ciearly in a recent paper by Geyer et al. (16) is certainly the
min, if not the only storage site for livophilic chemicals in fisn, Thus, even f the parti-
tion coefficients of most pigments {sec Table 2) would indicate biocaccumulation factors up to
several orders of magnitude above 107, the uptake of these chemicals will be limited at a
ceiling given by the value of their lipid solubility.

A simple calculation u} serve to iilustrate this fact:

If pigment XV (see Table 2) is taken as a typical example, its {calculated) water solubility
of between 2.10°% and 1073 ppm and its log P = £.10 would theoretically predict a lipid
concentration of between 250 and 1250 ppm. However, its measured octanol (= lipid) solubility
is only 0.46 ppm, i.e. between 550 and 2700 times less. Basea on a typicel lipid content of
fish of 5% (15), the pigment content of the fish on a wet weight basis would be at maximum
0.U5 x 0.46 = 0.023 ppm which, of course, is almost at the practical limit of amalytical de-




tectability and in view of the very low order of toxicity of organic pigments (17, 18, 19, 20)
cu2ainly payond any potential hazard. In addition, this figure will probably represent an upper
limit which will not be reachad under practica? -onditions because of the molecu'ar weight
eflect as also suggested for disperse dyes, i.e. a substantial inhibition of permeation

through membranes and other biologicai materialc due to the large molecular size of these

organic pigments,

Thus, the assessment of the bioaccumulation of very sparingly soluble chemicals such as the
pigments, must be based on a calculation as shown above rather than a log BF vs. lor Pow
correlation equation which does not take into account the soclubiiity of the chemical in
lipids or in water and thus may lead to completelv wrong coiclusions.

For disperse dyes with substantially higher octanol {lipid) solubilities, the same arguments
Tead to the conclusion, tha. the hiocaccumuiation {also up to the maximum 1ipid solubility) may
reach much higher levels which nay thus warrant the execution of a fish accumulation test -

if it is indicated by the magnitudes of log pow (i.e. > 3) and CSw (i.e. <2 g/1).

CONCLUSIONS

Colorants (dyestuffs ari organic pigments) are not readily biodegradable (2i) as defined by
the 0ECD Guidelines for Testing of Chemicals (5). Existing regulations reguire in such cases
the performance of fish biocaccumulation tests (').

The numerical value of the n-octanol/water partition ceefficient Pow has become an important
factor to be considered in determining whether to conduct the expensive fish bicaccumuiation

studies.

It has been shown (1) that the Pow provides a useful indicator of bivaccumuiation tendency
also for ionic and nen-ionic dyestuffs. If the Pow is less than 1000 it can be confidently
predicted that the BF in fish will be less than 100. Consequently there is no need to conduct

a fish bicaccumulation study with such substances.

The experimental determination, however, of the pow of the practically water-insoiuble pigments
may be axtremely difficult. In such cases it is suggested to calcu'ate the Pg,.

As shown in this study the calculated Pow‘vaiues of the investigated organic

pigments were up to severzl orders of magnitude above the critical value cf 1000 with the ex-

ception of pigment salts represented by compound XVII, Figure 2. The high Pow—values weuld
suggest strong bicaccumulation tendencies. But no accumulation in the fish as compared with

the amount of pigments (e.g. pigmrnts XXII and XXII1) disper<ed ir the test-water was observed

(1} for any of the pigments.
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The reason for this apparent inconsistency is the very li-ited fat (1ipid) storage potential of
these pigments indicated by their very low solubilities in n-octanol. As a consequence the pro-
cedure to follow in assessing the bioaccumulation potential of pigments would be

- measurement or calculation of the Pa' and cs . and

- determination of the solubility in n-octanol, specially for those
with P > 103,

As shown above the hpper limit of possible ~oncentrations in fish can then be determined very
easily from n-octanol solubility values and the percentage of lipid content in fish. In such
cases there is definitly no need to perform a rather complicated fish accumulation test and to
unnecessarily sacrify test animals, ’

Based on this value and taking into account other parameters including water solubility, amounts
introduced in the aquatic environment, and ecotoxicological and toxicological properties, it can
be assessed whether any potential hazard may exist.
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Table: 2 Partition Coefficients, Water- and n-Octanol-Solubilities,
and Bioaccumulation Factors of Pigments.

Melting Sc.ubility in water | Solubility in

~ Point (mg/1) 20°C n-octanol (mg/1)

‘i °C calc. calc. exp.® 20°C exp.
X1 340.33 | 25 3.82 0.2 -2 9.4 nob
XII 307.29 | 276 5.35 | 0.002 - 0.02 17 )
X1l 486.76 | 290 8.38 | 2.1076 - 1073 7.8 ND
XIV 629.50 | 320 6.80 | s.107° - 5.107% 0.5 ND
XV 726.48 | 320 g.10 | 2.107% - 107° 0.46 ND
XVI 818.50 | 400 7.0 | 3.107 - 2,107 < 0.5 ND
XVII 426.45 | 360 0.73 1-60 < 1.5 ND
XVIII 439.78 | 330 3.40 6.1 -5 3.5 ND
XIX 312.32 | > 400 430 | 3.107% - 2.1073 1.7 ND
XX 10%2-1 as0 | 17.40 | 7107 - 2.107'® 0.07 ND
XXI 576.05 | 480 6.60 | 8.1077 - 3.107% < 0.05 ND

7 XXII 760.10 | 350 10.50 | 3.107% - 2.1078 <1 0.482

~ XXIII 674.36 | 300 10.10 | 3.10°8 - 1077 <o 0.703

Y Not determined

3 Measurements by ETAD Member Companies
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QOrganic Pigments investigated. Vaiues compiled in Table 2.

XI1

Xi. Wih
X1V, xv, VI
XIiE, XXX
KVIL

X1

X, XXl

KIX

Phenylazonaphthol-type
Monoazo-acetoacetarylide-type
Disazo-acetoacetarylide-type
Phenylazo-2-hydroxy-naphthoicacid-type
Saits of Phenylazo-2-hydroxy-naphthoicacids
Tetrachloroisoindol incne-type
Pnthatocyanines

Quinacridones
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USK OF THE PARTITION CORFFICIENT AS AN INDICATOR %{p

OF BIOACCUNULATION TENDENCY OF DYESTUPFFS IN FISH
R. Anuku‘l. B.A. (:ln-ke1 and P-. llonexz
l‘lc:aloq;is:al and Toxicological Association of the
Dyestuffs Manufacturing Industry (ETAD)

P.O. Box, CH-4005 Basel
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CIBA-GEIGY AG, Physikalische Chemie, P.O. Box

CH-4002 Basel

Dyestuffe generally do not readily undergo aerobic biodegradation during sewvage treatment proces-
ses and for new products an assessment of their bioaccumulation tn fish is a requirement wnder
eartain environmental chemicals legislation. The results presented in this paper show that the
partition coefficient in n—octanol/uvater is a useful indicator of the bioaccumulation tendency of
dysstuffs, thus supporiing tts use as a screening test for bioaccwmlation as pmpased by the
OBECD Chemicals Testing Programme.

INTRODUCTION

Synthetic organic dyestuffs are not readily biod.qradable during effluent treatment processes
and, if not removed by adsorption processes. may enter the aqueous environment. Although the
amounts involved are relatively small, and are being reduced by improved application technology
and effluent treatment, an assessment of their possible environ ental impact is necessary and

this way involve consideration of their bioaccumulation tendency.

Under the Japanese “Chemical Substances Control Act (1974)" new products which are not readily
biodegradable must pass a bioaccumulation test in fish before they can be introduced to the mar-
ket (1). The fish is an appropriate test animal because of its position in the food chain, and

also because, especially in sose communities, it forms an important constituent of the human diet.

Nowever, since fish accumulation testing is expensive and time consuming, considerable interest
was aroused by the evidence that the partition coefficient {P) in n-octanol/water provides a use-
ful indication of bioaccumulation tendency (2,)) and indeed also of scil adsorption (4) and bio-




magnification (5). Subsequently, the relevance of partition coefficient has been acknowledged
in the new product ro:ification schemes {(6) being enacted in the U.S.A. under the Toxic Substan-
ces Control Act (1976) and ir the EEC (7). Within the framework of the OECD Chemicals Testing
Programme (8) it is proposed to use P as a criterion for screening products for biocaccumulation

tendency.

This paper 2xamines the relevance of P for predicting bicaccumulation tendency in fish in the
case of synthetic organic duestuffs, which represent a wide variety of fairly complex chemical
structures possessing widely differing physico-chemical propertices.

EXPERIMENTAL

Measurement of fish biocaccumulation

All fish bioaccumulation data were obtained by the experimental procedures specified by the Ja-
panese authozities under the Chemical Substances Control Law. The experimental details are not

included here, but have been described extensively elsewhere (1,9}. The data included are based

on the pooled results cbtained by the ETAD member c:c)mpanies1 in seeking to register new dyestuffs

in Japan.

The bicaccumulation factors (BF) reported in Table 1 were cbtained from th=z regisz .raticon reports
of the ETAD member companies to the Japanese Ministry of International Trade anc u vstry (.47Y,

which detail the BF's at twoc concentration levels and various time periods.

Partition coeffic:ents (P) between n-octancl and water

E rimental determination of partition coefficients
12 P on

Most partition coefficients between n-octanc: and agueous phases were determined by the shake
flask method.using a procedure similar to that proposed by the OECD Expert Group on bhysical
Chemistry (10). In general, the aqusous phase consisted of doublv distilled water, but. buffers
and sait solutions were used when necessary {(11). In all cases caveful mutual presaturaticn of
both phases by equilibrating large stock volumes was carried out. After partitioning, the con-

centration in one or, if possible, in both phases was determined spectrophotometrically.

l”i‘he fellowing companies are members of the Ecolegical and Toxicolcgical Association of the Dye-
stuffs Marufacturing Industry (ETAD}: ACNA S.p.A., Amar Dye-Chem Ltd, BASF 4G, Baye. i, C.A. Ve-
nezcolana de Pigmentos, Ciba-Geigy AS. Daito Chemical Ind. Co. Ltd, Sodeqaya Chemical Co . Ltd,
Hoechst AG, ICI Ltd, Indian Dyestuff Industries Ltd. Xége Chemical Wozks Ltd, Mitsubishi Chemical
Industries Ltd, Mitsui Toatsu Chemicals inc., Nippon Kayaku Co. Ltd, Produits Chimiques Ugine

Kuhlmann, Rohner AG, Sandoz AG, Sumitome Chemical Co. Ltd, Yorkshire Chemicals Ltd.




Iwpurities, which may be present in the commercial dyestuffs,may interfere with the partition

determinations. In such circumstances a convenient procedure is to conduct multiple extractions
{rejecting the less colored layer and replacing it with fresh equilibrated phase) until a stable
P value {s cbtained. In this context the use of "reverse-phase” liquid chromatography shows con-
siderable proaise. :

Calculation of partition coefficients

Partition coefficients were calculated by the fragment methods of Hansch and Leo (12) or of Rek-
kexr (13,14) and the w-method of Hansch (15). Larger fragments like heterocyclic rings or fused
rings were taken or derived from the log P-tables of Hansch and Leo (16). For the neg;tiwly
charged soz-qroups in the acid or reactive dyes the T-value of -4.76 was taken from Hansch (15),
while fo.z a positive charge on either an aliphatic or aromatic quaternary nitrogen, a charge
contribution of -5.0 was added to the sum of fragment values. This value seems to account best

for this type of charge effect, as judged from our experience.

RESULTS AND DISCUSSION

Partition coefficients

Table 1 gives the bicaccumulation factors, and the calculated and experimental P values for 75
dyestuffs, together with some indication of their structural features. Part A includes those
dyes for which experimental log P values were determined and checked by calculation. These

lists include representatives from nearly all major groups of dyestuffs and as judged from the
, the lipophilicities of these products range from extremely hydrophobic to extremely

log pcalc 20
hydrophilic, i.e. the partition coefficients lie within a range of 107,

Tig. 1 compares the measured and calculated iog P values given in Table 1 (Part A).

In one case, compound no. 12, the log P could not be determined experimentally. This triaryl-
methane compound is extremely lipophilic (log P,y c = 11) and its water solubility has been esti-
mated to be less than 10-12 g/1 (as calculated from the log Poalc and the measured n-octanol solu-
bility) . Because of this extremely low water solubility, its concentration in the aqueous phase

could not be measured.

Some comments on the correlation between the measured and calculated log P values of Fig. 1 are

warranted, as this shows some interesting features.
1. In the region above log P = -2 deviations Of up to ca 1.5 log units occur. Such deviations
are expected and are explicable in terms of impurities, association phenomena, and sclubility

an¢ analytical problems which influence the precision of the experimental determination and




TABLE 1 (Part A) Fish Bioaccumulation Fantors, Experimental and Cal~ulated Partition
Coefficients (n-Octanc:./Aquecus Phase) for Dyestuffsl)

No  Structural type Charge Fish Biocaccumu-| Partitiocn ccefficient
type lation factor log P,

log BF calc
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Disperse, mounocazo
Disperse, mwonoazo
Disperse, monoazo
Disperse, moncazo
Disperse, moncz.o
Disperse, monoazo
Disperse, monoazo
Disperse, monoazo
Disperse, monoazo
Disperse, anthrajuinone
Disperse, fus.d heterocycle
Triarylmethane

Disaze, Cr-Complex (1:2)
Disazo, Cr-Complex (1:2
Disazo, Co-Complex {1:2)
Acid, monoazo

Acid, monoazo

Reactive, moncazo
Reactive, monoazo
Reactive, monoazo
Reactive, moncaze
Reactive, monczzo
Reactive, moncazo
Reactive, mcnoazo
Reactive, anthraquinone
Reactive, formazone Cu-complex
Reactive, diznzo
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Foot 1otes to Table 1 (Part A)

1} This table contains all dyes, for which an experimental determination of the parti-
tion coefficient has been carried out or attempted. Experiments nave been perfor-
med in different laboratories, most cf them by one of the authcrs (P.M.).

Experimental determination not possible due to exceedingly low water solubility
{<0.1 mg/1) .

Calculated on the basis of the uncharged ligand. The whole complex carries no net
charge .

Not determined, product accepted by analogy.




TABLE 1 (Part B)

(n-Octanol/Aquecus Phase) for Dyestuffsl)

Fish Biocaccumulation Factors and Calculated Partition Coefficients

Structural type

Charge
type

Fish Bioaccumu-
lation Factor
log BF

Calculatza Farti-
tion Cnefficient

103 Pegie

Disperse,
Disperse,
Disperse,
Disperse,
Disperse,
Disparse,
Disperse,
Disperse,
Disperse,
Disperse,
Disperse,
Disperse,

mOnoazo
WONOAZO
anthraquinone
anthr aquinone
quinoline

Pigment, monoazo
Pigment, monoazo
Phthalimidine
Acid, monoazo
Acid, monvazo
Acid, monoazo
Acid, disazo

Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Mactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
Reactive,
* Reactive,

BONOARO

RONCAZO

BONOAZO

WONOARD

ANoAZO

"oNoazo

MONoAzo

monoazo

BONOAZO

monoazo, Cu-complex
monoazo, Cr-cowplex
monoazo, Cu-complex
triazine, Cu-complex
disazo

disazo

disazo

disazo, stilbene
phenazine
phenoxazine
phenoxazine

Cu phthalocyanire

Direct, disazo
Basic, mathine
Bazic, oxazine
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Footnotes to Table 1 (Part B)

1) This table contains those dyes for which

partition coefficients were available.

2) No substance detected in the test fish.

no experimental deterxsminations of the




on the other hand the difficulties in choosing the correct lipophilic fragment values and
interaction terms. This leads to uncertainties in the calculaticn of the log P value, which,

even when carried out by an experienced scientist, can amount to an error of up to a factor

of 100 in the P valua.

In the region below log P = -2 an interesting phenomenon is cbserved. Even for the most hy-
drophilic dyes, carrying two or more charged groups, the experimentally measured log P is

only between -2 and -3.

This limiting value is piobably set by the reslatively large solubility of water in octanol
(4.45 g/100 ml at 25°C) and the concomitant presence of a minimum concentration of hydrated
dye~ion pairs in the organic phase. This happens even when substance concentrations for mea-
surements have been chosen so low that substantial ion pair extraction effects (17,18) are
suppressed. Thus, for the shake bottle method, log P = -3 seems to be the lewer measuring
limic in all cases. Thus, for substances, which possess more than one charged group and for
which very low log P's are expected from calculatiocn, experimental measurements aroear super-

fluous because they provide nc additional information.

Ion pair extraction (17,18} may, however, play a role which cannot be neglected, if the concen-
tration of a chemical and/or its counter ion becomes large in the water phase. Our experi-

ments (11) have shown that a substantial increase of the octanol/water partition coefficient

FIG. 1 Relation between measured and calculated partiticn coefficients
of 19 dyes
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Non-ionic, dispersed

Complex
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of anionic or cationic dyes is cbserved whan sodium chloride is added to the aqueous phase.
If sotium chloride is added at physiological concentration and the dye concentration is in the
range of 0.1 to 1 WMol/l an increase of log P by up to 2 units may be observed.

Thesé observations suggest that a higher biocaccumulation of ionic dyes may occur in sea water
fish than in fresh water fish under similar conditions. This possibility warrants considera-
tion however only if log P >1 (for pure water), which would be unusual for an ionic dyestuff.

« The calculated partition coefficient seems in most cases -0 be a “air predictor for the measured

log P provided the calculation is carried out with expertise and wi'h proper application of all
rules associated with the fragment methods. This procedure allows pradiction of log P with an un-
certainty of less than two powers of ten and is undoubtedly more valuable than an experiment in
the cases of very hydrophilic (log P <~2) or very lipophilic (log P >5) compounds where the possi-
bilities of experimental errors are cbviously very high.

Estimation of bicaccumulation factors from log P

Fig. 2 shows the relationship between the bicaccumulation factor and log P (where available,
experimental log P values were used). It is not the intent of this paper to confirm the corre-
lation between log BF and log P as established in several recent papers (2.3,19-21), but rather
to distinguish between those products for which a fish accumulation test is justified and those
for which it is superfluous. Although these data relate to products which have been tested and
shown not to biocaccumulate to an unacceptable extent, no dyestuffs have been found so far which
have a BE >100 and an P <1000, and which would, therefore, be exceptions to the proposed OECD
scheme (Fig. J)(ll).

FIG. 2 Relation between BF in fish and Pa/w of 72 dyestuffs
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FIG. 3 Simplified version of test flow scheme presented
in ref. 11 and discussed within the OECD Chemicals
Testing Programme

DYESTUFF

ASSUME

P >103 : BF
oW <100

YES

[ FISH ACCUMULATION TEST |

Some interesting features of these data may be usefully discussed in terms of the various classes

of colorants:

Eggig_ggggsgfgg (e.g. Acid, Basic, Direct and Reactive Dyes)

With few exceptions even the very hydrophilic dyestuffs showed a BF of 0.1-10 although from P
lower BF's would have peen predicted (3,19-21). It is probable that this is due to dvestuff ad-
hering to the outsi : of the fish or to the intestines: the accumulaticn *est involves measure-
ment of dyestuff in the whole fish whereas the partition coefficient 1s Lore strictly a predictor

of accumulation tendency in fish fat.

None of the dyestuffs bearing at least one charged group showed s BF ™' and for sucbh products
a fish accumﬁlation test is superflucus. For such a product to have a calculated log P »3, assu-
ming a charge contribution of -5 log units, could only arise if the rest of the structure is ex-
tremely lipephilic (leg P >8). Such a product would be guite exceprional ani would exhibit other
extracrdinary properties, e.g. strong surface activity or insolubility, and on the basis of its

log B >3 would anyaow be subjected to & fish accumulation test.

The applicability of F as a predicter of bicaccumulation has been questioned in the case of ionac
compounds (23) . The presentad results indicate that this resevvation is not justified in the case

of ionic dyestuffs.




Metal complex dyestuffs

The partitioning behaviour of metal complex dyestuffs is not weil vnderstood and there is little
information in the litcrature, Our experiments co far have shown that the measured log P of the
whole complex corresponds to that which would be predicted from the lipophilicity of the organic
ligand alone. The ligands of three measured complexes contain stlohonamide or carboxyl groups,
which become negatively charged upon complexation. Thus, the metal complex as a whole carries
no net charge in spite of the presence of the positively charged metal cations. Further work on
carefully purified metal complex dyestuffs will be necessary to predict their partitioning be-

haviour more accurately.

Disperse dyestuffs

Dizperse dyestuffs have only a low solubility in water. Fig. 2 includes several Disperse dyestuffs
which have been demor<trated not to bicaccumulate in fish even though their log P values are grea-
ter than 3. This behaviour is quite different from that of the halogenated hydrocarbon insecti-~
cides such as DDT, which show, a2 high BF in spite of very low solubilities: for DDT BF is 84,500
in the static fish test and the water solubility is 1,7 ppb (19). The precise reason for this
differcnce is not kaown, but may be due to the relatively high molecular weight {ca. 450-550) of

Disperse dyestuffs ®aking transport across the fish menbranes difficult.

In any case under the proposed OECD scheme, these Disperse dyestuffs would, as their log P exceeds

3, be subjected to a fish accumulation test.

Of particular interest is the observation, that even the three wost lipophilic compounds tested,
the triarylmethane dye base no. 12 in Table 1, Part A, and the twe pigments no. 45 and 46 in
Table 1, Part B, all show bioaccumulation factors well below 100, i.e. between 3 and 15. On the

basis of their calculated partition coeffici.ats of loa P = 11.0, 9.5 and 9.3, respectively, one

would, of course, predict accumuiation factors substantially above 10€¢ or even 167. using any of

the established correlation equations b.tween log BF and log P (2,3,19-21). The absence of bic-
accumulatic.. of these pigments is presumably duve to their extremely iow water sclubility, possi-
bly coupled with a molecular weight effcct as suggested for Disperse dyestuffs. These low solu-
bility effects are further enhanced by the fact. that dissolution rates for extremely inscluble
hydrophobic solids are usually very low {22), so that equilibration with water may take aonths oF
even years. For cospound no.l2, for instance, water solubility has been estimated to be less than
10~12 g/l, and there will certainly be no measurable uptake of truly disseived campounds into

the living organism possible within the duration of the fish test. The same holds true for the

two pigments, which also have axtremely low watexr solubilities.




Practical experience indicates that for a wide range of ionic dyestuffs, the partition coef-

ficient in n-octanol/water, P, provides a useful indicator of bio~ccumulation tendency.
Regardless of the ionic or nen-ionic nature of the substance, provided Pexp < 1000, it may be

confidently predicted that the BF in the tish test will be < 100, ana that the carrying out

of this expensive test is superfluous.

P

extremely lipephiiic or hydrophilic products, the P cannot be determined experimentally.
If

calculation procedure for P provides a satisfactory alterrnative approach. < 0,1,

calc

experimental determination of P, as well as the fish accumulation *est, is uanecessary.

calculation of P is useful as a check of the experimental value and provides alsc a basis

selecting the appropriate method for the experimental determination.
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Dear Sirs,

0PTS-41017

Comments and Information on C.I. Pigment Green 7 (CAS No. 1328-53-6)
Placement in the Intent-To-Designate Category

In its note in 50 Fed. Reg. 13418-20 the Interagency Testing Committee
(ITC) has announced that it intends to designate Pigment Green 7 for
chemical fate and ecological effects testing under Section 4(a) of TSCA
‘a:d reqt]nests the submission of specific information with respect to that
chemical. ’

The Ecological and Toxicological Association of the Dyestuffs Manufactu-
ring Industry (ETAD) is a worldwide industry association with Member Com-
panies in Europe, Japan, India, and the U.S.A. In the United States ETAD
is represénted by the U.S. Operating Committee of ETAD (USOC). Whereas
on the international basis, ETAD concerns itself with both dyestuffs and
organic pigments, within the U.S. it represents the dyestuffs industry
only of the U.S. members, as pigment manufacturers are already repre-
sented in the U.S. by the Dry Color Manufactuers' Association (DCMA).

ITC is asking for available information on the water solubility, acute
_ toxicity to fish, aquatic invertebrates and algae of Pigment Green 7.

ETAD has just completed a paper which will include some data on Pigment
Green 7 requested by ITC. Although not yet published, ETAD will provide
_ITC with these data including the full manuscript of the paper. The data
can become part of the public record of the ITC review process whereas
the full paper should not be distributed before its appearance in the
scientific journal "Chemosphere*. The following comments are intended to
set forth reasons which would svjgest to exclude Pigment Green 7 from

further testing.
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In its extensive and continuing studies on the fate of organic colorants
(i.e. dyestuffs and organic pigemtns) ETAD concluded also investigations
to generate data as a basis for asscssing the bioaccumulation potential

if colorants in fish. It could be experimentally shown for a wide range
of ionic and non-ionic dyestuffs that the partition coefficient in n-
octanol/water Pow provides a useful indicator of bicaccumulation tendency.
If the Pgw is < 1000, it can confidently be predicted that the bioaccumu-
lation factor (BF) in fish will be < 100 i.e. the chemical is not consi-
dered to be bioaccumuiating. So far results of fish accumulation tests
with over 75 dyestuffs have confirmed this empirical rule (Appendix A).

For organic pigments with their extreme solubility characteristics, i.e.
extremely low water solubility combined with a very low solubility in
organic solvents another approach had to be taken mainly due to the follo-
wing factors:

1. The experimental determination of Pow of such insoluble pigments can
be extremely difficult or even practically not possible.

2. The very high calculated Poyw-values would theoreticaliy predict a
strong bioaccumulation tendency. Despite of this all the fish accumu-
lation tests performed with pigments did not reveal any tendency for
any substantial storage of these substances in fish.

Studies to investigate this phenomenon have recently been completed, and
the manuscript of a paper reporting the results will be submitted for
publication in Chemosphere shortly (Appendix B). It is concluded that in
the case of pigments with very Tow solubilities the log BF vs log Pow
correlation equations are not suited for the assessment of their bioaccumu-

appreoa to determine the n-octanol solubility which

lation. A better approach is
" is fairly well comparable with the solubilities in fat (1ipids). Based on
this value which allows the calculation of the maximum possible storage in
fish, and other parameters including calculated water solubility, amounts
introduced into the aquatic environment, ecotoxicological and toxicclogi-

cal properties, a risk assessment can be made.

The study includes also Pigment Green 7 (compound No. XX in Appendix B)
and the following data have been determined:

Experimental solubility CS° in n-octanol at 20°C: 0.07 mg/1
Calculated solubility C ¥ in water at 20°C : 7.1048 to 2.10°16 mg/1
log Pyy calculated : 17.40

" Based on the solubility values it can confidently be concluded that this
pigment is not bioavailable. This is supported by the experience with the
compounds No. XIV, XV and XVI, the Diarylid Yellow Pigments, with similar
solubility characteristics and which did not show any toxic effacts in

" highly dosed 2-year bioassays nor any sign of metabolic conversion (see
e.g. cited literature in references 17, 18 and 20 of Appendix B).
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~ Considering this lack of bioavailability, the inability to build up any
..-" substantial amounts in fish, the very small amounts of Pigment Green 7
... entering the aquatic environment and the demonstrated very low acute
~. and_chronic toxicity. the environmental risk from Pigment Green 7 is so
small and trivial that further testing does not seem to be warranted.

Please do not hesitate to contact us if you think we can be of any further
assistance.

Respectfully submitted,

ETAD

by
. //;7171{3527\“/

r. R. Anliker
Executive Secretary
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