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Toxicité chronique du caloporteur organique
OS-84 pour un organisme aquatique

par

J.E. Guthrie et A.M. Wiewel

Résumé

Le réacteur No 1 de 'l'Etablissement de Recherches Nucléaires

de Whiteshell emploie un liquide organique comme caloporteur primaire.

Ce liquide est un mélange commercial de polyphënyles partiellement

hydrogénés appelé OS-84 (Marque déposée de Monsanto Chemical Company).

Le rapport AECL-5531 concerne la toxicité de ce caloporteur

primaire irradié à l'égard de générations successives de iedsa aeay;>t.i

(Linnaeus). Des suspensions de caloporteur dans l'eau préparées au

laboratoire et excédant 0.75 mg/1, ont eu des effets significatifs sur

la survie des larves et sur le pourcentage des larves métamorphosées

en nymphes. Aucun effet n'a été décelé sur l'apparition des adultes,

sur le nombre d'oeufs pondus par femelle ni sur l'incubation réussie

de ces oeufs, dans des concentrations allant de 0.5 à 2 mg/1. Peu de

larves élevées dans une concentration de 5 mg/1 ont survécu au delà

du deuxième stade de croissance et aucune ne s'est métamorphosé en

nymphe.

L'exposition chronique de larves de Aidas aegyvti à des

suspensions dans l'eau du caloporteur primaire du réacteur WR-1 excédant

0.75 mg/1 a été préjudicable à leur survie et S leur nymphose. Cette

constatation peut avoir de l'importance en ce qui concerne l'effet

possible de ce caloporteur sur l'environnement aquatique, mais seulement

dans le cas où les effluents de caloporteur seraient continus et

atteindraient ce niveau. Il est à noter, par ailleurs, que les larves

de moustiques représentent adéquatement la sensibilité aux toxiques

des invertébrés aquatiques.

L'Energie Atomique du Canada, Limitée
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Pinawa, Manitoba, ROE 1L0
AECL-5531
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CHRONIC TOXICITY OF THE ORGANIC REACTOR COOLANT
OS-84 TO AN AQUATIC ORGANISM

by

J. E. Guthrie and A. M. Wiewel

ABSTRACT

Reactor No. 3 at Whiteshell Nuclear Research Establishment

uses an organic liquid as the primary coolant. This liquid is

a commercial mixture of partially hydrogenated polyphenyls called

OS-S4®.

The toxicity of irradiated primary coolant to successive

generations of Aedes aegypti (Linnaeus) is reported. Suspensions

prepared in the laboratory exceeding 0.75 mg/1 of the coolant in

water significantly affected the survival of the larvae and the

percentage of larvae that pupated. No effects on adult emergence,

number of eggs laid per female or on the hatching success of these

eggs were observed in concentrations ranging from 0.5 to 2 mg/1.

Few of the larvae reared in a concentration of 5 mg/1 survived

beyond the second instar stage and none of them pupated.

Chronic exposure of Aedes aegypti larvae to suspensions

of WR-1 primary coolant in water exceeding 0.75 mg/1 adversely

affected their survival and pupation. This observation may be of

significance to the potential impact of the coolant on the aquatic

environment, but only if continuous releases of coolant approached

this level, and mosquito larvae adequately represent the sensitivity

to toxicants of aquatic invertebrates.

Atomic Energy of Canada Limited
Environmental Research Branch

Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, ROE 1L0

April, 1977 AECL-5531
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1. INTRODUCTION

The Reactor No. 1 (WR-1) at Whiteshell Nuclear Research

it O

primary coolant

Establishment (WNRE) uses an organic 'oil like' substance as the
.(1)

The feedstock material for the primary coolant is OS-84^,

a partially hydrogenated mixture of ortho-, meta-, and para-

terphenyls. Exposure to the heat and neutron flux in the core of

the reactor causes pyrolysis and radiolysis in the coolant,

producing a complex mixture of compounds with a wide range of

molecular weights. A list of the most abundant components of the

irradiated coolant is given in Appendix Av . About one-third of

the coolant's constituents cannot be analysed by current techniques.

This is the 'high boilers' fraction.

A release of coolant to the aquatic environment via the

secondary coolant (water) might result if one of the reactor's heat

exchangers leaked, or because of an operator error. Therefore, the

organic power reactor program ' included a study of the effects

of chronic release of coolant to the environment.

Weeks^ has discussed the working environment around an

organic cooled reactor. Young et al. , Petkau and Hoogstraaten^ ,

and Petkau and Raynor , have reported studies of the toxicity of

Santowax OM to rats fed daily amounts ranging from 33 to 350 mg/kg

in their diet. Santowax OM is the trade name of a mixture of

essentially two terphenyl isomers. It is similar in some respects

to OS-84, but it is less soluble and it is not hydrogenated to the
(Q )

same extentv . The acute toxicity to the liver of the rat of OS-84,

called HB-40 in their paper, and other organic coolantc has been

investigated by Ott and Perrwitz^ . A toxicological assessment of

organic reactor coolants has been made by Weeks .

Monsanto Chemical Company registered trade name.
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Prominent amongst the few long-term studies of coolant
(12)

effects is that of Iverson and Turnerv '. They examined the

effects of chronic exposure to WR-1 irradiated primary coolant

ingested via the drinking water, on several generations of mice

(Mus museulus). Concentrations of 0.1 and 1.0 mg/1 were detected

by the animals, but did not cause the mice to reduce their fluid

intake. No effects on litter size, number of litters produced,

weight of young, sex ratio, weight gain to weaning, or kidney

function, were observed. The authors concluded that chronic

consumption of water containing 1 milligram of primary coolant per

litre of water (mg/1) had no deleterious effects on their
(121

experimental animals .

Since the secondary coolant of WR-1 or the condenser

coolant of a CANDU-OCR* is, or would be, river or lake water,

particular attention should be given to aquatic organisms. The effects

of acute exposure on rainbow trout, Salmo gdraineri, have been
(131studied by Guthrie and Acres . They reported that concentrations

of OS-84 as high as 100 mg/1 caused no significant mortality within

the 72 h test period. Irradiated coolant was not available at the

time this study was made. McMahon studied the effect of different

concentrations of WR-1 primary coolant on the feeding rate of the
(141crustacean Daphnia mag-no. . He found the feeding rate rapidly

decreased as the coolant concentration was increased over the range

0.1 to 10 mg/1. At 0.5 mg/1, it was 50% below the normal.

The objective of this study was to determine the effects

of chronic exposure to suspensions of WR-1 primary coolant in water

on a component of the aquatic foodweb. Successive generations of

mosquito larvae were reared in various concentrations of coolant.

Larval and pupal survival, eclosion (adult emergence), and numbers

of eggs laid and their hatching success, were the test parameters.

Canada Deuterium Uranium - Organic Cooled Reactor
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2. METHODS

2.1 Test Solutions

The experimental difficulty encountered in tests of

irradiated coolant (coolant) toxicity, is that of the instability

of the test suspensions and the propensity of the coolant to a.dhere
(9 13}to the surfaces of the test-vessels ' . Plastic containers are

especially bad in the latter respect.

Small, non-reproducible batches of coolant suspended

in water exceeding 1 mg/1 were used for the preliminary experiments.

These suspensions were prepared by rapidly stirring a 1:10 ratio of

coolant to water for 10 minutes, then allowing the mixture to settle

for two hours before siphoning off the supernatant. The test

suspensions used for the multi-generation tests were prepared by

continuously contacting the coolant with water in an apparatus
( 12)

designed by Design and Project Engineering, WNREV . One mg/1 was

the maximum reproducible suspension of coolant in water which this

apparatus produced. The concentration of coolant in these suspensions

decreased by 10-20% over a 48 h period.

The amount of coolant in the test suspensions -vas measured

by a method developed by the Analytical Science Branch, WNPiE. The

method entailed extraction of aliquot samples of each suspension into

carbon tetrachloride, then measurement of the ultraviolet absorbance

at 263 nm. A film of oil could contribute to larval mortality by

causing asphyxiation. Therefore, a simple light scattering technique

was used to test for the presence of an 'oil slick' on the surfaces

of the suspensions in which the mosquito larvae were reared.

2 . 2 Mosquito Rearing

First instar Aedes aegypti (Linnaeus) larvae were hatched

from eggs obtained from the laboratory colony. This colony was

started from material supplied by R.A. Brust, Department of Entomology,

University of Manitoba. The rearing technique used was, essentially,
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that described by Brust . Eggs were hatched in a solution of

nutrient broth. The larval stages were reared in 15 cm dia.

covered glass petri dishes. The larval rearing solution was changed

and the larvae fed a measured amount of Tetramiri J fish food, every

48 h until pupation. Aliquot samples of the rearing solutions were

taken for coolant analysis at the beginning of each 48 h period.

Adults fed ad libidum on a solution of honey in water. Female adults

were also 'blood-fed' using mice (Mus museulus) which had been

lightly anesthetized with sodium pentothal. All larvae, pupae, and

adults were kept in the same environmental chamber, which was

maintained at 25°C, 80% relative humidity, and a 12L:12D photoperiod.

2.3 Experimental

The objective of the study was to determine if there

were effects attributable to rearing mosquitoes in coolant - water

suspensions throughout the larval to pupal stages for several

generations. The Control eggs hatched, the larvae were reared, the

pupae were maintained, and the adults emerged, in Winnipeg River

water. The Exposed larvae developed etc. i;i various concentrations

of coolant suspend in river water. Otherwise, the Control and

Exposed e>ggs, larvae, pupae, and adults were treated identically.

Four concentrations of irradiated coolant suspended in

river water (0, 5, 20 and 30 mg/1) were used in the preliminary

experiments.

Three separate multi-generation tests were made using

the coolant suspensions prepared by the apparatus (see Test Solutions)

The first test was ended after seven generations (Fn-Ffi), and second

after five ( F Q - F 4 ) , and the third test after four generations (FQ-F3).

Each test was begun by randomly assigning groups of 100 first instar

larvae hatched from eggs obtained from the laboratory colony, to

Control and Exposed. Controls were replicated four times and Exposed

seven times. The Control replicates were combined into one group

Tetra Kraft Werke, Baensch Melle, West Germany, registered trade
name.
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after pupation, for eclosion and egg laying by the adults. The

Exposed replicates were similarly combined after pupation. The F^

generation of each test was begun by selecting groups of 100 eggs

from those laic1, by the adults of the preceeding FQ generation, and

so on. The general experimental sequence is depicted in Figure 1.

2.4 Test Parameters

Larval mortality was the only effect studied in the

preliminary experiments. In the three multi-generation tests,

coolant effects were ascertained in terms of:

a) larval survival in instars 1 to 4

b) numbers of fourth instar larvae pupating

c) pupal mortality

d) numbers of adults which emerged i.e., pupal eclosion

e) sex ratio of adults

f) number cf eggs laid per female

g) hatchability of eggs laid

2.5 Analysis of Results

The differences between the larval mortalities of Controls

and Exposed in the preliminary experiments were assessed subjectively,

there being only one test made at each coolant concentration.

In about 5% of the multi-generation Controls, less than

half of the larvae survived to instar four. These Controls and their

corresponding Exposed results were discarded. Analysis of the

solutions in which Exposed larvae were reared showed that the coolant

concentrations of the three multi-generation tests had ranged from

0.4 to 2.5 mg/1. Furthermore, in many instances the concentration

of the rearing solutions varied from one 48 h change period to the

next (see Mosquito Rearing). The results from Exposed and

corresponding Controls, therefore, were classified by instar into

eight classes ™ith a class interval of 0.25 mg/1. The lower limit

of the first class was 0.130 mg/1. The upper limit of the eighth

class was 2.625 mg/1. After classifying, the larval survival results
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were found to occupy four of the classes. The mid-points (class

marks) of these classes were 0.5, 0.75, 1.0 and 2.0 mg/1

respectively, and will be referred to as the test aoneentrations.

The among-replicate homogeneity of each Exposed test

concentration and that of its corresponding Control, was determined

by chi squared tests. There being no statistically significant

(p < 0.25) heterogeneity, the Exposed and Control results were each

pooled, for each multi-generation test, and the between-generation

homogeneity examined by chi square.

The pooled Exposed larvae survival for each generation

of the three multi-generation tests were expressed as a percentage

of the survival of the corresponding pooled Control (Figure 1).

These survival percentages were examined by regression analysis.

The other coolant effect parameters (multi-generation tests) were

examined by testing the significance of the differences between

Exposed-means and their corresponding Control-means, using Student's

t-test.

by

An estimate of the coolant LCKr* for larvae was obtained

probit analysis^ ' of the results from the multi-generation tests.

3. RESULTS

3.1 Preliminary Experiments

The results of the preliminary experiments are summarized

in Table 1. The 30 and 20 mg/1 concentrations caused 100% larval

mortality by early second instar. The 5 mg/1 concentration caused

85% larval mortality by late second instar, and all had died by

instar four. In no instance did the cumulative mortality to instar

four of the corresponding Control larvae exceed 10%. It is possible

* The concentration of coolant at which 50% of the larvae died
before pupation.
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TABLE 1

Mortality of Aedes aegypti larvae reared in irradiated
coolant. Highest cumulative mortality to Instar IV

recorded for any Control was < 10%.

Coolant
(mg/1)

5

20

30

No. Instar 1
larvae tested

2000

200

200

Cumulative Mortality

% Instar

85 2nd

100 2nd

100 2nd

that the Coolant larval mortalities may have been augmented by

asphyxiation if there was a film of oil on the surface of these

rearing solutions.

3.2 Multi-Generation Tests

3.2.1 Larval Survival

The between-generation heterogenity of the Controls

and Exposed results from the three tests was not significantly

large, p > 0.2, indicating that there were no between-generation

effects. Therefore, the results from the three multi-generation

tests were pooled. Cumulative larval survival in each instar was

expressed as a percentage of its Control, and its logarithm

regressed against instar (Fig. 2).

The null hypothesis for the test of significance of the

regression coefficient (b) for each test concentration v/as H :b-B=O,

where 6 is the population regression coefficient. The pertinent

regression statistics are summarized in Table 2. The coefficient



w
o

o

o

si
>

•H

3

100

90

80

70

60

50

40

A - 0.5 mg Coolant/£ Water

B - 0.75 mg Coolant/X. Water

C - 1.0 nib Coolant/A Water

D - 2.0 mg Coolant/2. Water

30 1

in
Instar

FIGURE 2
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STATISTIC

Linear Regression
Equation

Sxy

sb

Correlation Coeff.
(r)

t- test r = 0

t-test b = 0

Degrees of Freedom

COOLANT CONCENTRATION - mg/1

0.5

S~= -O.OOOlx + 1.9820

0.0519

0.0039

-0.0036

0.00002

-0.0256

124

0.75

/ys = -0.0069X + 2.0094

0.0223

0.0018

-0.3022

3.5296*

-3.8333**

124

1.0

y"= -0.0465X + 2.0140

0.0400

0.0049

-0.8291

9.3786**

-9.4897**

40

2 .0

f= -0.1362X + 2.1457

0.0836

0.0110

-0.8642

12.2646**

-12.3818**

51

* p < 0.01

** p < 0.001 TABLE 2

Regression statistics for log. larval survival vs instar (Figure 2)
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of the 0.5 mg/1 concentration does not difter significantly from 0,

p > 0.05. Those of 0.75, 1.0 and 2.0 mg/1, however, are signifi-

cantly different (p < 0.001) from 0. The correlation coefficients

(r) showed a similar relationship. The significance of the

differences between the regression coefficients was also tested.

Those of the 0.5 and 0.75 mg/1 concentrations were not significantly

different, p = 0.17. However, the regression coefficient of the

1.0 mg/1 differed significantly from 0.75 mg/1 and 2.0 mg/1 differed

from 1.0 mg/1 (p < 0.001).

3.2.2 Pupation

The pupation and eclosion of those larvae which had been

exposed to the same concentration of coolant thvouohout the duration

of instars one to four were compared with those of their controls.

This restriction reduced the degrees of freedom of the statistical

tests.

The effect of coolant concentration on the percentage

of instar four larvae pupating (Table 3) followed the same trend

as the effect on larval survival (Fig. 1). There were no significant

differences (p > 0.05) between the mean numbers of larvae reared in

0.5 and 0.75 mg/l which pupated, and their controls. The numbers

pupating in 1.0 and 2.0 mg/1, however, were significantly different

(p < 0.01) from those of their controls. The mortality and eclosion

success of these pupae were recorded and are given in Table 3.

3.2.3 Pupal Mortality

Coolant concentrations in the range 0.5 to 2.0 mg/1 had

no apparent effect on pupal survival (Table 3). The differences

between the mean percentages of pupal mortalities of Exposed and

Controls were not statistically significant, p > 0.1.
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TABLE 3

Effect of coolant concentration on total pupation (males +
females) of fourth instar larvae and on pupal mortality.
Significance of differences between Control and Exposed

means tested by Student's t-test.
x = mean ± standard deviation, n = number.

0.5 m

Total
Pupal

0.75 i

Total
Pupal

sZ!
pupating - %
mortality - %

ng/1

pupating - %
mortality - %

1.0 mg/1

Total
Pupal

pupating - %
mortality - %

2.0 mg/1

Total
Pupal

pupating - %
mortality - %

85
3

82
2

76
3

57
4

.6

.8

.6

.9

.3

.5

.3

.0

CONTROLS

X

± 20.38
± 2.08

+ 17.64
± 2.08

+ 6.70

± 19.65
± 2.64

n

16
4

16
4

4
1

4
2

83
1

70
2

53
2

35
2

.7

.9

.3

.9

.6

.5

.3

.8

EXPOSED

X

± 16
± 1

± 21
± 2

± 11

± 5
± 2

.29

.19

.50

.07

.0

75
09

n

28
4

28
4

12
1

12
2

t-TEST

0
1

1
0

3

3
0

.35

.50

.94

.06

85**

65**
51

* p < 0.05, ** p < 0.01
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3.2.4 Eclosion and Sex Ratio of Adults

The coolant concentrations used in the multi-generation

tests did not affect the numbers of adults which successfully

emerged from their pupae (Table 4). There were no significant

differences (p > 0.05) between the percentage of pupal eclosion

in Exposed and that in the corresponding Controls. Neither were

there any significant differences between the sex ratios of the

Exposed and Control adults (Table 4).

3.2.5 Number of Eggs and Hatching Success

The mean number of eggs laid per female was estimated

by dividing the total number of eggs laid by the number of females

in the cage (Table 5). The mean numbers of Exposed eggs laid and

the mean percentages of those eggs which successfully hatched, were

compared with the values for their corresponding Controls. The

differences were not significant, p > 0.3.

3.2.6 Estimated LC-50

The cumulative larval mortality prior to pupation

(multi-generation tests) was used to estimate the coolant concentra-

tion which killed 50% of the larvae (LC5Q). A probit analysis(16^

estimated this concentration to be 1.5 mg/1. The fiducial limits

of this estimate, corrected for heterogeneity (x = 44, with 2

degrees of freedom), were 1.2 and 2.3 mg/1 respectively.

4. DISCUSSION

The preliminary experiments showed that coolant concentra-

tions > 5 mg/1 killed all the larvae by second instar. In the

multi-generation tests, the 2 and 1 mg/1 concentrations adversely

affected larval survival and pupation, but the 0.75 and 0.5 mg/1
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TABLE 4

Effect of coolant concentration on eclosion (males + females)
and on the sex ratio (0*/0.) of the adults. Significance of
differences between Control and Exposed means tested by

Student's t-test. x = mean ± standard deviation, n = number.

0.5 mg/1

Total eclosion - %
Adult sex ratio

0.75 mg/1

Total eclosion - %
Adult sex ratio

1.0 mg/1

Total eclosion - %
Adult sex ratio

2.0 mg/1

Total eclosion - %
Adult sex ratio

CONTROLS

96.0
0.99

97.2
1.17

92.8
0.97

96.0
1.06

X

± 1
i 0

± 2
± 0

+ 2
± 0

.99

.30

.08

.44

.64

.22

n

4
4

4
4

1
1

2
2

EXPOSED

98.1
0.89

97.1
1.23

98.4
1.00

97.2
1.46

X

± 1
± 0

± 2
± 0

± 2
± 0

.19

.30

.07

.40

09
32

n

4
4

4

4

1
1

2
2

t-

1
0

0
0

0
1

TEST

.81

.47

.06

.20

-

.51

.46

NB. None of t's are significant, p > 0.05
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TABLE 5

Effect of coolant concentration on number of eggs laid per
female, and on hatchability of those eggs. Significance

of differences between Control and Exposed means tested by
Student's t-test. x = mean ± standard deviation, n = number.

0.5 mg/1

No. eggs laid per female
% of eggs which hatched

0.75 mg/1

No. eggs laid per female
% of eggs which hatched

1.0 mg/1

No. eggs laid per female
% of eggs which hatched

2.0 mg/1

No. eggs laid per female
% of eggs which hatched

CONTROLS

X

83.3 ± 27.57
91.2 ± 1.50

74.5 ± 39.04
89.2 ± 5.10

37.6
91.4

40.0 + 18.93
94.1 ± 3.25

n

4
4

4
4

1
1

3
3

EXPOSED

X

68.3 + 14.21
92.1 + 1.63

50.3 ± 30.57
87.4 ± 5.77

55.3
90.3

65.9 ± 38.95
92.1 ± 6.54

n

4
4

4
4

1
1

3
3

t-TEST
(t)

0.97
0.81

0.98
0.47

1.04
0.47

^ None of the t's are significant, p > 0.05



- 16 -

concentrations had no significant effect. There was, however, no

apparent change in survival or pupation of larvae reared in the

same coolant concentration between successive generations. The

coolant concentrations used in the multi-generation tests did not

affect pupal mortality, eclosion, or the number of eggs laid per

female and the hatching success of those eggs.

These results suggest that the toxicity of irradiated

WR-1 primary coolant is limited to the larval stages of A. aegypti

development. The coolant concentrations used in the multi-generation

tests apparently had no effect on eclosion, reproduction, female

fecundity, or the hatching success of the eggs. This finding is

not surprising. The pupa is a closed system in the sense that only

gases enter or leave the integument

coolant had no effect on the pupae.

(17)gases enter or leave the integument , which may explain why

In the multi-generation tests, the replicates of each

generation were combined to determine pupal mortality, eclosion,

and the number of eggs laid per female. This restriction reduced

the degrees of freedom of the data analyses, increasing the

probability of committing a Type 1 error when making statistical

inferences. In addition, replicates were not classified according

to coolant concentration until after the adults of each generation

had emerged, when results of the coolant concentration analyses

were available. This factor together with the reduction in the

number of degrees of freedom, may have introduced a bias which

concealed any between-generation effect.

A maximum permissible concentration in drinking water

(man) of 8 mg/1 has been proposed for irradiated WR-1 coolant .
(14)The results reported here, and those of McMahon ' who studied

effects on Daphnia magna, suggest that chronic exposure to 8 mg/1

of coolant would adversely affect at least some aquatic organisms.

The physiology of freshwater mosquito larvpe, is similar to that
(17}

of other aquatic dipterans such as Chiro*:omousv ' which are important

components of fish foodchains. The possibility of biological
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magnification occurring in these chains should not be ignored.

The variability of particle size of coolant - water

suspensions may result in agglomeration of coolant on bottom

sediments, if released to a lake or river in significant quantities,

McMahon ' has pointed out that accumulation of coolant on the

bottom sediments could be detrimental to bottom grazers or

filter-feeders. Bottom fauna are the primary food of several

important fish species.

5. CONCLUSIONS

Suspensions of WP-1 primary coolant in water were prepared

in the laboratory. Exposure of first instar Aedes aegypti larvae

to those suspensions exceeding 0.75 mg/1 adversely affected their

survival to fourth instar, and pupation. The estimated concentration

which killed 50% of the larvae prior to pupation (LCj-~) was about

1.5 mg/1. The significance of these observations is dependent on

how representative this species of larvae is of the sensitivity of

aquatic invertebrates in general. The larvae may be hyper-sensitive

to irradiated coolant, compared to other aquatic invertebrates, or

they may be hypo-sensitive. However, their sensitivity may be

comparable to that of other invertebrates occupying the lower trophic

levels of a freshwater ecosystem. If this is so, continuous release

of a suspension of coolant in water exceeding 0.75 mg/1 could have

an undesirable impact on an aquatic environment. Therefore, studies

designed to assess the suitability of mosquito larvae as a bioassay

test organism, for rapid screening of materials for chronic toxicity

effects, are continuing.
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Suspensions of coolant in water tend to settle,

which should result in their dilution. However, in addition to

ingestion, coolant toxicity may also be related to particulate

or surface adsorption effects peculiar to an organism and its

stage of development. Therefore, in an aquatic environment, any

beneficial effect of dilution and/or settling out may be nullified

by ingestion and adsorption effects.
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APPENDIX A

Typical coolant composition ana lys i s by gas chromatographyv

Cyclopentane
Cyclohexane
Benzene

Toluene
Ethyl benzene

Bicyclohexyl or Xylene
Propyl benzene
Di-Ethyl benzene
Cyclohexylcyclohexadiene

n-Pentyl benzene
Phenyl cyclohexane
Unknown
Phenylcyclohexene
Phenyl cyclohexadiene
2-Methyl biphenyl
Biphenyl (0,)

4-Methyl biphenyl +2,3" Dimenthyl 0~

Wt Percent

0.04

0.C3
0.02

0.01.
0.04

0.02
0.03
0.23

0.08
0.01
0.42

0.16
0.38

0.19
0.29

1.05
1.73

3-methyl biphenyl
2,4-Dimethyl biphenyl + 3,5 Dimethyl

biphenyl +1,3 66% OH0,,
100% pH03

3,3 Dimethyl biphenyl
**
1-33% o-H03
1-33% mH03

1,2-67% mH03

o-03 + 1,2-67% pH0^

1,3-67% pH03

1-22% mH03

2-33% mH03

2-22% mH-03

1-33% p H-03 or 11% mH03

m-03

p-03

Others (high boiling compounds, by
difference)

Wt Percent

1.03

1.52
1.30

1.57

2.09

8.60
4.45

3.49
3.65

13.82
1.35

9.02

7.88
2.66

33.2

Summary of grouping

Volat i les = 1.48%
intermediates = 6 5 . :
others = 33.2%

Methylated Biphenyls = 6.5%
Hydrogenated Terphenyls = 47.

* H = hydrogenated
* *1 ,2 , = number of the phenyl r ing hydrogenated

to
o
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