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Substitutcé arcratic compounds prebared from benzene and dx~

phcnyl ether have a variety of pcopcrtxes that makc them

aLtrucLive as dielectric flulds. Like commercial flulds,

they can Be—gh*Lf;EE“;;‘E:;txllatlon and clay treatment.

They exhibit good stability, the proper combination of physical
properties and excellent electrical properties, particularly
low electrical losses. The dielectric strengths of the com-

pounds is usually >30 KV. Even though some of these materials

.have_relatively low dielectric constants, they deserve serious

consideration as alternatives to polychlorinated biphenyl,
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Product Stewardship (31) ‘ : ‘

Persistence, Toxicity and Selection of Candidates
"Product Stewardship" as used in Dow is a program to make !
sure that our products don't become environmental prcblems
aftef they are in the hands of our customers. Our goai is to
maintaih our leadership in environmental affairs by protecting
man and the environment from hazards associated with chemicals
manufactured by Dow.

In research, product stewardship requires examination of four
parnmete}s. Stability of a chemical as measured by microbial,
photochemicél, or chemical degradation. Movement of a
product in the environment is measured by examining its
relative affinity for air, water, and soil, Bioconcentration

of organic compounds as measured by comparing a product’s
relative solpbility in fats or oils with its solubility in
water. Toxicity is measured by representative species that
may eome in contact with the chemical.
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As described in the Introduction, the evaluation of environ-
mental characteristics and toxicity data at an early stage
is a critical feature of our dielectric fluid research pro-

'qram. The synthetic studies and subsequent screening of

electrical properties, described above, demonstrate that
several compounds are available that show promise as new

. @ielectric liguids. At this point in our research, we were

mainly concerncd with microbial degradation and general
toxicity of our potential new fluids. The selection of
inexpensive, rapid, and meaningful test methods is the key
to using this kind of data in a screening program. This
rection of the paper will describe our approach to the use
of this information as a selection guide and will summarize
pgztinent test results, '

Certain value judgments and general statements of what is

desirable must be applied to evéluating preliminary biode~-
gradation and toxicity data. Our goal is a biodegradable
nontoxic fluid. Since compounds that can be considered as

e e
dielectric liguids need high boiling points, are chemically
_unreactive, and are largely insoluble in water, certain

conclusions can be reached concerning their environmental
Characteristics. Chemically unreactive materials usually

have low oral acute toxicity. Compounds with low water
solubjility are only available to microorganisms in water

at_very low concentrations. Also, microbial degradation
for these types of compounds will be relatively slow.

. However, as long as a degradation route is available, a

long-term build up in the environment would not be expected.
In addition to the biological degradation already mentioned,
chemical degradation, such as oxidation or ﬁydrolysis can

also play a role in removing chemicals from the environment.
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The effect of chemicals on the environment and their

ultimate fate is a complex question. Although many tests
have been devised, the lack of standardized methods tends
Yo magnify the complexity of the éuestion.(?z)“'m.muvum'

-—

To study the environmental impact of potential new dielectric
liquids, three bio-oxidation methods were employed. The

first of these is the Biochemical Oxygen Demand (BOD) test.(33)
In this procedure, several dilutions of the test compound

in water are mixed with a dilute acclimated microorganism

" geed in nutrient solution which is saturated with oxygen,

sealed and incubated at 20°C. The depletion of oxygen is
measured at various time increments, e.g., 5, 10, and 20
days. Typical results from this test are given in Table X.
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Biodegradability by the BOD Test*

O . . Oxygen Demand
Compound - 5 day 10 cay 20 dov
Esters

1. @—ocu cu, og ca, ' B A DA

i : )
2. C8H17-@-0CH2CH200CK!3 water solubility Compound not detected

~1.4 ppm after 5 déys

3. Di-n-butylphthalate ‘ A T a oA

l..- pi-octylphthalate c . .C' ) c

Ethers .
. .- OCH,CH 00 Hy ' "B _ B A
O §. CICH;CH - 0 - CH - cn#ci " .oB B ¢ B
" Crofa1 CH3

1. Methoxfmg};byldiphenyl etherr B - B B
"’Substituted A;:omatics ‘

/7 8. 1,2,:!—trichlorobz_anze.x_xe | c A - A

9. 1 i-b_romodiphehyl ether B B A

10. 1 MonochlorodiAphenyl ef..:her | B . - . o A

" #70D = Theoretical Oxygen Demand or equivalents of oScygen
required for complete conversion of compoéund to

0 'CO‘2 and H,0.
~ pléss A = 40-70% of TOD - most or all of compound cfegr::dcd

Class B = >0-40% of TOD - compound partly ox slowly oxidized
_Class C = No oxygen demand detected
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To obtain meaningful results in the #OD test, a compound must

‘ be soluble in water to at least 2 mg/l (2 ppm). 1In the
examples given, the oxygen demand is reported relative to
percent of the theoretical oxygen demand {(TOD). In compounds
that blo-oxidize, the oxygen demand will usually reach about
60 ~ 70% of the TOD since about 30 ~ 40% of the compound has
nutritional value for the microorganisms and, therefore, is
not converted to co; and water. This is considered to be
complete biodegradation.

fn the compounds presented, Esters 1 and 3 bio~oxidize aquite
readily in this test. Ester 2 has low water solubility-and
nd meaningful oxygen demand can be detected, however, the
parent compound cannot be detected after five days indicating
bio-oxidation may have taken place. The two phthalate esters
(COmpound 3 and 4) demonstrate a marked effect of the alcohol
chain length even though these compounds have similar water
solubilities. There are several possib]e explanations for the
lnck of oxygen demand observed for oi-octylphthalate.‘ The
£irst is that this compound does not bio-oxidize in this
system or it is bound and is not available for degradation.
Secondly. the test may not have been Tun lonq enough to allow
the microorganisms to becone acclimated to t thls compound
Thirdly, this compound may be toxic tc | the m mlcroorganxsms or
may inhibit theix grovth. F;nally, degradatlon routes that

do not require ‘oxygen may be occurring. T .
E fiaishitisioi s

The etherxs (Compound 5, 6, and 7) blo-oxidize in this test
but the rates and extent of oxygen demand are significantly
different. Molecular weight and water solubility may be
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c) factoxrs in this difference between Compound 5 and 6, in that,
the lowver molecular weight Compound 5 (I.W, = 194) is more -
yeadily oxidized than the, presumably less water sdluble,

. higher molecular weight Compound 6 (M.W. = 297).
. .
Trichlorobenzene (Compound 8) shows evidence for an acclima-
tion beriod. ‘Mo oxygen uptake is detected after five days;
of exposure while a major percentage of the TOD is consumedi
between five and ten days. The two monohalogenated diphenyl
ether compounds both bio-oxidize in this test. The monochléro
compound appears to oxidize faster than the brominated analbg
but the extent of oxygen demand for both compounds is similar
at the end of a twenty day test. ’ . ) |

The second method used is the Oxygen Probe Test for Blode- !

gradability.(34) In this test, a sample (500 ml) of settled

activated sludge f{allow to settlé for one hour prior to taking
<:> sample) is diluted with water to‘make a total volume of 1000 ml.

An oxygen probe connected to a recorder is inserted in ‘the

sludge and the system is aerated and stirred until a stable

dissolved oxygen level of 3 - 4 ppm is recorded. The material

to be tested is added at an initial loading of 1 mg/l up to

100 mg/l and the change in dissolved oxygen level is nroted.

A sample of phenol at a lo2dino of 1 mg/1 is used as a reference

material. The initial slope in the oxygen curve is recorded.
Results are compared to phenol and reported as follows:

Fast (F) - slope gréaier than or equal to phenol
Intermediate (I} = slope >1/3 of phenol

- Slow (S) = <1/3 of phenol
Not detected (N.D.)

UG

.

Selected results from this ptocedureiare revieved in Table XI.

o
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(%) TABLE XI
Biodegradability by the Oxygen Probe Test

Compound : Result
1. Phenol - Fast
. 2.. Diphenyl ether Intermediate
3. Biphenyl Intermediate
. 4. Sec~-Butyldiphenyl ether : Intermediate
—-> 8. 1,2,4-Trichlorcbenzene Slow
- 6. 4-Bromodiphenyl ether : ) Slow
%, 7. Monochlorobiphenyl Slow
. B. ClCH2 ?H -0 - ?H - CH Cl . Slow Lﬂ
.. CioMay  CHy . DJ'
* Y 9, Aroclor 1242 Fluid ] ' Not detected ﬂf 4)0
10, Di-n-butylphthalate A Not detected < '
é) 11, Decyldiphenyl ether Not detectgd

This test is less sensitive to compound water solubility
than the BOD test but low water solubility can still con-
_SEiPute to necat;ve test results. Diphenyl ether, biphenyl,
and sec-butyldiphenyl exhlbit,OYidation rates in the inter-
~ mediate range compare to pherol. Compounds 5 - 8 are oxidized
slow compared to phenol. Compounds 5, 6, and 8 also show
blo-oxidation in the.BOD test (Table X). No oxygen uptake .
" 48 detected for Compounds 9, 10 and 11. The reasons for no
s oxygen uptake in this test are similar to those described for
. zero oxygen demand in the BOD test. A combination of low
- water solubility and slow bzo-cxzdatlSE_EEE—lead—§3-5§§§én
uptake below the detection lxmlt. This is probably the
reason for “the sharp contrast between sec- -butyldiphenyl ether

.
]
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.‘(Compound 4) and decyldiphenyl ether (Compound 11). Increasing
CD the alkyl chain length from four carbons to ten reduced the

water solubility and oxidation rate sufficiently to cause
negative results for Compound 1l1l. Other causes for no oxygen
uptake include the microorganisms not being acclimated to the

- compound and inhibition of the microorganisms by the compound.
Positive results in the above tests are a good indication
that a compound will biodegrade, however, negative results
do not necessarily preclude biodegradation of a compound.

To study compounds with bio-oxidation rates below the
‘detection levels of the BOD and Oxygen Probe Tests, it is
,nécessary to prepare radicactively labeled compounds

. {usually ~°C is used) to attain sufficient analytical sensi-
tivity. These labeled compounds are tested in the so-called

Activated Sludge Batch Die-Away Biodegradation Test. (32)

Degradation of the compound is usually followed by trapping

C) 14CO2 in the system exit gases and obtaining a material
balance with the 14 C compound remaining in the sludge

‘gystem. This approach dramatically increases the complexity

and the cost of the experimental procedure. In our studies,

substituted aromatic compounds, such as dlbromoethylbenzen°
Jand chloroalkyldiphenyl ether compounds require 4C labels
to evaluate environmental peISlStenCe. ‘Studies are in

progress to establish that compounds of the above types are Z
biodegradable even though thelr water SOlublilty is very °
dow. It should be noted that trlchlorobxphenyl _the main
. -component in Aroclor 1242 and Aroclor 1016 brands, shous no’
e evidence for bzodegradation by-;hy of the above test methods /
using either labeled or unlabeled compounds. R

+ Our 1n1tial mammalian toxicity studies considered the

©

effects of candidate fluids on experimental animals in
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four basic areas. These are ingestion, eye contact, skin

contact, and vapor inhalation. Specifically, ingestion
refers to acute oral lethality obtained by administration of
single relatively large doses of chemical to test animals.
Eye irritation is evaluated by placing the compound in an '

. animal's eye and observing both the animal and its eye for'

toxic effects and irritation. Skin contact is considered !

both in relation to skin damage, such as a chemical burn,
and absorption of chemical through the skin leading to !

.-toxic effects. In this test, it can be important to observe

contact with both covered areas, and skin that is exposed |

* to the air. The toxicity of fluid vapors is usually evaluéted
i
by subjecting test animals to the vapors generated by passing

air over the surface of £luid heated to 100°C. 1In additioP
to inhalation toxicity, this test may also give useful !
information on eye irritation caused by fluid vapors. In-
formation from the above tests provides important guidance}
concerning the toxicity characteristics anticipated for a
new compound and also contributes to the safe handling of
experimental materials. The fluids selected for toxicity
evaluation in this study exhibit low oral acute toxicity
and low vapor‘toxicity. Minor eye irritation is observed

‘dn some cases. Skin contact is not a serious problem for

minor exposures, however, prolonged or repeated contact,

particularly on covered skin can lead to a reddening of the
skin, swelling, and a moderate chemical burn. We have not
observed toxic effects resulting from absorption of fluid’

‘. through the skin. From the standpoint of our fluid develog~

- ment program, fluids which give satisfactory results in the
t

above toxicity screening can be considered as candidates
mariting additional study. ’

)

On a limited basis, we have also explored the acute fish tox-
Scity of our compounds using polychlorinated biphenyls as a
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£§£erence peint, our studies indicate compounds such as 4fq
(> tetrachlorobiphenyl are lethal to fish (fathead minnows) Qp &
at levels well below 1l pprm (50% kill at 0.5 ppm). 1In con~ Jﬂ: { 2
trast, monochlorodiphenyl ether is not lethal to fish at I“\

0.5 ppm in this test. Also, the alkylated diphenyl ether &
compounds tested show no acute fish lethality because the :
. compounds huve very low water solubility (probably <0.5 ppm)
and the fish are not in intimate contact with the chemlcal.
The test methods described above represent the initial .
screening phase of cur product stewardship studies. Al;hodgh
these tests provide information to assess the environmental
" impact of our chemicals, more extensive tests are usually '
necessary. The use of 14 C labeled compounds early in this’
pfogram is very expensive, but can pay dividends in
. reliability and time savings. Most of the studies that
follow the screening phase can best be done using labeled :
(D compounds and the ease and qualzty of the associated analytl—’
cal work is erhanced by using the labels. Situations have
developed where laborious studies using unlabeled compounds‘
have had to be redone using labeled materials as-a result. of
unresolved analytical questions in the initial work. Labora-
tory evaluation of‘the environmental 1ggisf;9f cbemlcals caJ‘
be p research. 1Its benefits are measured
in terms of minimizing the effect of chemicals on the env;ron-
ment and assuring their safe handling and use.

-

Sy MONS 040620




C ¥ 9

BIBLIOGRAPHY

), Clark, F. M., Industrial & Engineering Chemistry, 29, €98
(2937).

2. Sharbaugh, A. H., Crowe, R. W., General Electric Review,
23, May, 1954.

3. Prolychlorinated Biphenyls and the Environnent, COM-72-~10419,
Interdepartmental Task Force on PCB's, Washington, D.C.,
May, 1972. . ) .

4. Handbook of Chemistrv and Phvsics, 49th Ed., The Chemical
+ Rubber Company, Cleveland, Ohio, 1968. ’

5. Clark, F. M., Chemical & Engineering Wews, 25, 2976 (1947).

c) 6. Private communication from transformer manufacturer.

7. Classified Products Index, Underwriter's Laboratories, Inc.,
Chicago, Illinois, July, 1572, p. 17. ’

8. The British Thomson - Houston Co., Ltd., British Patent
.511,215 (1239).

9. Knust, E., German Patent 1,070,298 (1959),

10. Jay, P., French Patent 1,603,289 (1971), German Patent
. 2,248,716 (1973).
.»11. Ross, 5. D., Allison, W. M., U.S. Patent 2,935,667 (1960).
“12. Romans, J. B., Singleterry, C. R., Journal Chemical and
€ngincering Data, 6, 56 (1961).

13. Romans, J. B., Ibid., 10, 391 (1965).

14. Value estimated by comparing dioctylterephthalate (€ = 4.5)
with related phthalates and isophthalates. :

C} 15. Clark, F. M., U.S. Patents 2,475,592 (1949) and 2,512,886
(1950) . o

MONS 040621

T L e e e e



»

Ohlf;e, M. s., Ibid.., 2,951,865 (1969).
7, EBustance, J. W., Ibid., 3,754,173 (1973).
8. Ross, S. D., Finkelstein, M., Ibid., 3,740,625 (1973).
9. Munch, R. H., Thompsen, Q. E., Ibid., 3,745,432 (1973).
0, . Dazzi, J., Ibid., 2,988,679 (1961). '

1. a. Britton, E. C., Stoesser, W. C., Goergen, G. G.,
Ibid., 2,022,634 (1935).
b. Colemand, G. H., Perkins, R. P., Ibid,, 2,170,809 (1939).
¢. Coleman, G. H., Driebach, R. R., Ibid., 2,170,983 (1939).
d. Coleman, G. H., Berhenke, L. F., Ibid.,, 2,169,995 (1939).

22, Bldke, E. S., Hammann, W. C., Ibid., 3,155,888 (1964).

23, a. :Clark, F. M., Ibid., 2,410,714 (1946) and 2,410,715 (1946).
b. Busse, W. F., Davidson, H. R., Ibid., 2,628,265 (1953).

24, Hayworth, B. R., IEEE Transactions on Electrical Insulation,
O EI-3, 47 (1968).

25. Clark, F. M., U.S. Patent 2,175,877 (1939).

26, Finck, E., German Patent 932,965 (1955).

27. Ross, S. D., Finkelstein, M., U.S. Patent 3,684,932 (1972).
28, clark, F. M., Tbid., 2,445,563 (1948).

29. a. Takashima, et al, German Patent 2,214,447 (1972).

b. Behn, R., Preissinger, K. H., Ibid., 1,815,478 (1970).
¢. Peck, D. B., U.S, Patent 3,531,699 (1970).

4. Olund, S. A., Ibid., 3,436,349 (1969). ’

. 30. von Hippel, A. R., Bd,, Dielectric Materials and Aoblications,
pP. 283, wiley, New York, 1954.

31. Chemical Week, October 3, 1973, p. 45.

.32, Sur.factant Biodecradation, Swisher, R. D:, Marcel Dekker, Inc.,
New York, 1970, p. 331. ’

o - .

MONS 040622




c:&. tandard Methods for Examinatior of Water and Waste Vater,
13th kd., 1971, p. 489.

.34. Standard Methods for Examination of Water and Waste Water,
13th Ed., 1971, p. 484, A detailed treatment of this
‘method by Heely, W. B., et al is found in The 1lith
Proccedings of the Electrical Insulation Conference,

1973, p. 175.

~=.

MONS 040623




