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A STUDY OF THE CONCENTRATIONS OF
POLYCYCLIC AROMATIC HYDROCARBONS IN
GAS WORKS RETORT HOUSES

BY

P. ). LAWTHER. B T COMMINS, and R E WALLER

From rhe Medical Research Council Air Pollution Research Unit,
St. Bortholonrew s Hogpital Medival College, London, £.C.1

(RECEIVED FOR PUBI ICATION SEPTEMBER 30, 1964)

Measurements of the concentration of 3:4-benzpyrene and other polycyclic aromatic hydro-
carbons have been made io gas works retort houses Ofseveral types. The tarry fumes which escaped
from retarts contained extremely high concentrations of polycyclic hydrocarbons, but in general
men were only exposed to these very briefly, The mean concentration of 3:4 benzpyrene determined
from long-period samples at sites representative of normal working conditions in three works
was 3 ug./m.%, cver 100 times the normal level in the City of London. Above the retorts n an old
horizontal retort house the concentrationwas aver 200 pg./m.2, about 10,000 times that in the City,
and the ‘top-man’ working there could be exL)osed to this in the normat course of his duty. We

found no working areas in the vertical retort

ouses where men could be exposed to such nessive

concentrations of polycyclic hydrocarbons. Apart from defining these special conditions above
horizontal retorts owur results did not reveal any gross differences in pollution of the general air in

horizontal and continuous vertical retort houses.

The tarry material produced when coal is distilled
during the manufacture of coal gas contains a large
proportion of polycyclic aromatic hydrocarbons
some of which are carcinogenic. Although precau-
tions are taken to avoid the discharge of tarry fume
into the working environment, some does escape,
and an investigation was carried out to find whether
men were exposed during their hours of employment
to concentrations of polycyclic aromatic hydro-
carbons greatly In excess of those measured in the
peueral atmosphere.
The carcinogenic properties of coal tar have been
studied for many years, and indeed much of our
present-day knowledge oOF chemical carcincgens is
based on the classical work carried out more than 30
years ago at the Royal Cancer Hospital using an
extract Of tar prepared by the Gas Light and Coke
Company. Theway inwhich this led to the identifica-
tion of the polycyclic aromatic hydrocarbon
E3:4-bcnzpyrcnc as one of the most potent carcino-
genic components OFthe tar has been recalied by
Keonaway (1955).

Although the connexion between exposure to tar
1and the development of skin cancer had een estab-

!
! 13

lished beyond doubt, it was more difficult o deter-
mine whether that was any risk of carcinogencsis
associated with :re inhalation of tarry fumes in gas
works. Ir an accompapying paper Doll, Fisher,
Gammon, Gunn, Hghes, Tyrer, and Wilson (1965}
have now shown from an eight-year study Of the
nortality of gasworkers that there iS an increased
mortality from lung cancer among men ¢mpioyed m
retort houses. The work reponed here was done.to
determine whether these men were exposed to con-
centrations of polycyclic aromatic hydrocarbons
greatly in excess of those found in the general
atmosphere. There was a suggestion from the
mortality study that the risk was greater among men
who had werked with horizontal retorts than among
those who had worked with continuous verticat
retorts. When we started our investigationin 1959,
horizontal retorts were i use mainly at smalff works,
and these were gradually being closed down so that
production could be concentrated e Iarge works
having continuousvertical retartsor cokeovens. W e
first studied conditions I a horizontal retort house
at Rochester, Kent before the opportunity was lost
o us. \We then went to a modern vertical retort
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house near Brighton and o an old, but re-equipped
one at Birmingham. The investigation was later
extended to works in a few other areas.

Description of Works Studied

The Rochester works wes situated in an open
industrial area on the putskirts of the town close to
the River Madway. The retort house contained
o0 horizontal reforts with a total gas-making
capacity of 24 miltion cu. ft.{day. Gas production
ceased at the Rochester worksin 1960, and the retort
house ha? since been pulled down. At the level
where most of the men worked the ventilation was
good with strong draughts blowing through open
doorways and unglazed windows. Visibility was
greatly reduced when the hot coke from the retort
was quenched in a stream of water. giving rise to
clouds of steam (Fig. 1). These conditions prevaiied
for five to 10 minutes in every two hours, and the
men were briefly enveloped in the steam. At other
times not much pollution was visible in the working
area around the retorts. Any tarry fumes which
escaped into the air rase vertically, and the men
employed fn charging and discbarging the retorts
were not heavily exposed to the fumes. Above the
retorts (Fig 2) conditions were far worse: in addi-
tion 10 the fumes rising up from the face of tbe
retorts there were also substantial amounts of tarry
material emitted intermitiently from ‘ascension’
pipes which carry the distillation products from the
retorts to the gas main. Only one man worked
directly above the retarts, the 'topman’, and he was
particularly cxposed to tarry fumes when he was
unblocking open ascemsion pipes with an auger
{7ig. 3). The man who operated the coal conveyor
beht (above and te om ude of the retorts) was also
expased to the tarry fumes to a limited extent.

The Pertslade works, which we next visited, was
on the sea-shore just to the west of the large resi-
dential area of Brighton and Hove. The retort house
was a modern one which came into operation :n
1953. It contained continuous vertical retorts with
a total gas-making capacity of 15 million cu. ft.¢day.
Tbe building was totally enclosed, and there were
large windows at the levels where men worked.
These were normally left open to maintain a com-
fortable temperature in the building, bt in stormy
weather they sometimes had to be closed. The
general working conditions were much cleaper than
those in the old horizottal retort house at Rochester,
and the amount of physical work required of the
men was less. There was alS0 much kess opportunity
far the escape Of steam, dust or tarry fumesinto the
retort house. The only operation involving regular
exposureto tarry fumes was the ‘rodding’ which was
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F1G. 4, —Worker rodding retorts at Portslude.

.

done at two-hourly :niervais. This involved poking
the coal with a long metal rod (Fig. 4) to maintain
a steady dow through the retort, and sometimes
tarry fumes escaped during the process. The retorts
operated continuously for 28 days, but at the end of
the cycie they were disconnected {rom the gas main,
and at thus stage of the process it was possible for
relatively large amounts of tarry fumes to escape
mto the retort house over a period of & few hours.
Some fumes were also emitted during the subsequent
‘scurfing’ operation when deposits were being bumt
off the retorts. These operations :nereased the peneral
devel of poilution in the retort house, but they did
not invoive individual workers 1n severe exposure to
tarry funes, There was no working area comparable
with that abovc the retorts at Rochester. The coal
conveyor belts were situated above the retorts, but
they were effectively separated from any rising
furmes.,

In Bimmingham, mest of our samples were taken
at the Windsor St. works situated about a mile from
the ceatre of the city in an area of factories and oid
terraced houses. The retort house was an old build-
ing, but it cuntained modern vertical retorts with a

n o W

[

R B




NOV-11-70 TUE 11:49

FALK LIBRARY (PIT)

Fax NO. 6488020

11 BRITISH JOURNAL OF INDUSTRIAL MEDICINE

total gas-making capacity of 30 millicn cu. 7t./day. The
building was well ventilated by means of openings in
the walls and roof, and extractor fans had also been
installed. Although the retorts were of the samme
design as those at Portsiade, there were some minar
differences in the mode of operation. The men there
charged the vetorts at hourly intervals and rodded
them only when required; interruptions in the flow
of coal were indicated cemotely on a panel. There
was again no working area comparable with that
above the retorts at Rochester, and there did not
appear to be anywhere NN the works where men
would be exposed to massive quantities of tarry
fumes.

We also visited the nearby Saltley works in
Birmingham, where some of the men bad besn
accustomed 10 Wearing masks in 1he course of their
dnties in the retort house. This gave Us the vpportu-
pity to explore the use of masks as a sampling tech-
nique, but we did not install fixed samplers there.
The works was smaller than the one at Windsor St.,
hut it had the same 1ype of continuous vertical
retorts.

Later 1» our investigation we also arranged for
mask sampling to be done at the Stapleton Rd.
works, Bristol, where there were continuous vertical
retorts, and a New Wortley, Leeds, one of the few
works using intermittent vertical retorts.

Sampling and Aaalytical Methods

We wished to estimate the long-term expasure to tarry
Fumes F men in retort houses, and for this purpose we
insmalled a continuous sampler at Rochester. Brighton
(Portsiadet. and Birmingham (Windsor St.) successively.
The sampler was in each case placed close to where men
worked. with its air intake abocut 1 ft. above breathing
levet. The tar and other suspended matter were collected
on weighed glass fbce fIHES contained m a 4-n. {10-16
em. ) diameter brass filter holder. Air was drawn through
the filter at a rate of 1-5 1 3 litres/mis., and the total
volume was recorded With a dry gas meter. At Brighton
and Birmingham the filia holder, pump. and gas meter
were contained in a metal cabinet. At Rochester it was
not possible to place all the apparatus close to the
sampling point, and to avoid using a long intet tube we
teft the filter holder outside the cabinet and protected -t
from radiant heat with a bright metai shield. Inall cases
the temperatuce of the filter holderwas maintained below
50°C. It was shown in laboratory experiments{Coemmins
end Lawther, 1958; Commins, 1961) that samples of
hydrocarbons of special interest, notably 3:4-benzpyrene,
once collected on a tilter paper did not suffer appeeciable
loss at this temperature. Samples were collected for
periods of two to four weeks, and at least two successive
sampies were laken at each works. We aiso twok a
number of samples over short periods (a few miputes tu
two hours) in dense fumes issuing from retorts. These
were collacted ON weighed glage fibre fiitar chasts megsur-

ing 8 in. « {0 N (2032 » 254 cm.; overail, using a
Staplex high-volime sampler runningat about ! -3 m.3fmin.

At Rochester we tried to assess the very highconcentra-
tions of polfation ahove the retorrs usmg a mask tech-
nique. One of us wore an etticient industrial mask’ for
a pariod of one hour close to whera one man was working.
We could only estimate the volume of air inspired Juring
thar period, but another sample was taken simultaneously
with a measured air flow using the portabie sampler
shown in Figure 3. Ta thisthe tar was coikected on afilter
made of the same material as that in the mask. backed
with a glass fibre tlter. This enabled us to determine the

Frr. § —Mask aad portabie samgpler in use a1 Rochesoer,

etficcency of the filter of the mask, and as the results
showed 1t to he close to 1002, we used the same type of
mrask 1n vur further studies in other works. At Birming-
ham (Saltley), Dristol, and Lzeds these masks were worn
hy retort aouse workers for une, and 1n some cases two,
shifts, and the filters were ceturned to us for analysis.
The filters were extracted with cyclohexane for three
hours it a2 Soxhlet apparatus, and the dack-coloursd
extract was reduced to smatl volume and transferred to a
column of alumina. The hydrocarbons were separaied
chromatographically by clution with cyclohexane and
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determined spectrophotometrically (Commins, 1958a).
The foliowing hydrocarbons were detected in the samples
acenaphtiiylene, fluorene, phenanthrene, anthracenc,
fluoranthene, pyrene, chrysene,} 1:2-benzanthracene,}
{.2-benzpyrene,f  3:4-benzpyrene,t  3:4-benzflucran-
thene.l 10:1i-benzfluoranthene,t 11:12-benzfluoran-
theme.} |:12-benzperylenet perylene. anthanthrene, and
coronene.  Some of these hydracarbons are appreciablv
volatile at the ambient temperatures in gas works, and
during collection unknown amounts could have been lost
from thz filters;some hydrocarbons arc not compietety
stable m 2ir and some could not beaccurately determined
with the analytical methods used. Only the amounts of
| :2-benzpyrenc, 3:4-benzpyrene, 1 :12-benzperylene, and
coranene are quoted here since these hydrocarbons can be
reltably determined under the conditions of sampling and
analysis used in this study.

Resuits

The mean concentrations obtained from the
analysis of the long-period samples are given in
Table |. The results are of the same order of mag-
nitude in each of the three retort housesand thy are

much higher than those found in urban atmospheres.

TaBLE |

MEAN CENTRATION, QF SUSPENDED

p%u%%’}f-“é‘ AROMATIR YDROCARBONATIT THE

RETORT HOUSE AIR CS)FM%PﬁWORKS {LONG-PERIOD
A )

v
' Concentration

(ug.fm.? air)

Brighion iBirmingham
J ‘ (Portalade) |(Windsor Sr.

Suspended Mum:. B 1.000 | 925 ‘l t100
R et e B —
1:2-Benzpyrenc 25 ! a9 -4
Coronemnc 0s [ .7 l o4
1:12-Benzperviene 2.3 %lq i 16
“4-Benzpyrene i3 § I ! 17

“Cansisung of wr with some coul dust.

The samples aiso contained a far higher propartion
of polycyclic hydrocarbons than urban air poltution:
at Rochester marly 0-5%, of the suspended matier
was 3:4-benzpyrenc. The results from 20 short-
period samples which we took, mainly at Portslade,
extended over a very wide range, and in Table 2 we
have quoted only the Maximum concentration of
each pollutant. These then indicate the highest con-
centrations that could conceivably be breathed for
very brief periods by a man in a retort house. Some
of these samples contained over 1% of 3:4-benz-

pyrene,
The mask samples should give a direct measure of
expasure to the polycyclic hydrocarbons for com-

1indt patent
tIndicates margina carcinogenic ackivity,

1
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Tapre 2

MAXIMUM CONCENTRATION OF SUSPENDED MATTER

AND POLYCYCUC AROMATIC HYDROCARBONS N

FUMES  ESCAPING FRSOM RETORTS (SHOBRT-PERIOD
AMPLES)

Concentration
{eg-fm 3 airt)
Suspepded Matrer® 374,100
1 :2«Beazpyrenc i 1010
Coronene 2,450
'.-12-Benzperylene 1230
JideBenzoyrene 233

*Consisting of tar

+The igures refer to the maximum for each poliutant in 20 samples
of varyiag composiion

TABLE 3

MEAN SHIFT SXPOSURE TO POLYCYCLIC AROMATIC
HYDROCARBONS IN RETORT HOUSES (MASK SAMPLES)

| Exposure per Eight-hr. Shift {ug.}

‘
‘ ! Birming-
; Rochesrer l ham Bristol Leeds
| (Saltley)
No. of Masks . i 4 3 €
Anal ysed !
I2Benzyrene | 491 | 27(1.35)[ 16 29| 1 (06}
Coronent oy T e s @0 | o
Tii2-Benzperyiene | 387 P:s (29-36) | 21 (4.36) | 1 (Du3y
f

3:4-Benxpyvrens 1.i36 56 (42-843] 37 (13-61)| 3 (D-12)

The figures in parenibeses refer w the range.

nlete shifts, and the resuits are expressed in this form
in Table 3. Since there was some variation in the
time for which each mask was worn. the results have
all been calculated as for an eight-hour shift. One
of the masks used at Bristol and several of those used
at Leeds gave very low results, hardly higher than
would be expected fmm urban air poltution; it is
possiblethat these results may be due to bad fit but
they have been included when calculating the mean
values. To enable US to compare the results with
those from the long-period samples we have also
estimated mean concentrations in the air from the
mask sampies by assuming that 4 man breathes
10 m.2 of air during an eight-hour shift (1.C.R.P.,
1959). The resuit from the mask worn by one of us
for one hour at Rochester has been multiplied by
eight for inclusion in Table 3. The portable sampler
which we used at the same time gave a concentration
of 3:4-benzpyrene o 216 pug.ym3; comparison with
the resuit from the mask sample would indicate that
the breathing rate was 3-25 m.3feight-hour shift,
about half of that assumed for the working man.

Particle Size Distribution.—At Rochester samples
were taken I the retort house with a cascade
impactor and a thermal precipitator for microscopic
examination of the particles and droplets present in
the air. The sampies consisted mainly of very small

O P I AR R T MG e i
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tarry droplets: their size could not be estimated
satisfactorily with the optical microscope, and further
samples ware taken at Rochester and Portslade for
examination with the electronmicroscope, The
droplets were then seen © vary between 0-1 and
1 micron I diameter {Waller, Brooks. and Cart-
wright, 1963) and all could therefore be considered
to be respirable, We did pot find ‘smokeaggrezales’
of the type seent in domestic pollution, but some coal-
dust particles were present with diameters from
about one micron upwards.

Discassion

In Table 4 the concentrations of the carcinogenic
hydrocarbon 3:4-bepzpyreae Found in this study
have been compared with those which we have
measured elsewhere. The long-period and mask
samples give similar results aod show that men
working in retort houses are exposed to concentra-
tions of 3:4-benzpyrene that are more than 100 times
those normally found in the City of London. The

TapLE 4

CONCENTRATION OF 1:4-BEMZPYRENE IN
HOUSES AND OTHER ENVIRONMENTS

RETORT

l Coneentration

(<g./m air)

Maximum it fumnes escaping from retorts 3%
Aberes horizomtal retorts (Rochesicr, poriabie

w@mplery 216
Mean of all mask resalis (Saliley, Bristof, 1eeds) 3
Mesn of all long-period resuits {Rochester, l

Pormlads, Wiodsor ¥t { 1
Highest found {n urban air ishort penody i 2
Blackwail Tunnel, rosh honrst | 02

Among traffic, Fleet St., mean annual§
City ol Landonr, away from trafic, cisan Innual}
Small country town ({'Je:herby). mesn annuatt

[ndustrial town (Salford), mean annualt hdl
Rural area {Canway Yalley), winter™ \

*Commins (19580).

tStocks, Comming, and Aabrey (19461,
tWaller, Commirs, and Lawther (1961),
§Waller, Commins, and Lawther (1965).

very high urban figure of 2 .g./m.* quoted was found
during a temperature inversion and lasted Fa a few
hours only. Apart from this instance we have not
found any sustained concentration of 3:4-benz-
pyrene, even in the more polluted industrial towns,
or in busy streets or poorly ventilated tunnels which
approached those found in retort houses. The
sample taken above the retorts at Rochester repre-
sents mom than 10,000 times the average level of
3 :4-benzpyrene ip the City of London, and One man
was exposed to this in the normal course of his duty.
This B probably the most important point to note
when any comparison is sought between the condi-
tions i horizontal and vertical retort houses.

Although we had found even higher concentrations
in the plumes issuing straight fram retorts in both
horizental and vertical retort houses, men could only
be exposed to these very briefty. Apart from defining
the specially high concentrations above the hori-
zontal retorts at Rochester the techniques we used
did not reveal any gross differences in pelluten in
the general atmosphere of the retort houses studied.
The results from the long-period samples (Table 1)
showed that the mean concentrations of polycyclic
hydrocarbons in the horizontal retort house
(Rochester) were greater than those I t k two
vertical retort houses (Portslade and Birmingham).
but since there were variations in the results from
successive samples taken in each works we could not
establish without a more extensive study whether
there was a consistent difference between the
pollution Nthe two types of retorthouse.

Our pilot experiments using masks were carried
out to try to assess exposures directly without having
1D cowosider variations m conceatration from one
partofthe retort house Danother. Thereare obvious
difficulties in the use of masks as samplers; it B
sometimes difficult to ensure that they fit pertectly,
and ateak witl lead to an underestimate of pollution;
converscly, the usual exposure may be overestimated
because the inan, protected by a mesk. may venture
into a highly polluted atmosphere which he wouid
normally avoid. The ‘personal’ samplers which have
been developed N recent years (Sherwood and
Greenhalgh, 1960) would not be subject lo the same
disadvantages, but we considered that we had
already obtained sufficient information for our
present purpose by the use of masks and fixed
samplers.

We can summarize our present findings as fallows:

{a) Retort house workers are liable to be exposed
to much higher coneentrations of polycyclic aro-
matic hydrocarbons than & the general population.

(b} A wide range of exposures IS to be expected in
any retort house but there is one working cnviron-
ment, above horizoatal retorts. where exposures may
be far areater than elsewhere.

{¢) Apart from the special conditions above
horizoutal retorts, for which there is no countesrpart
n a vertical retort house, we have not in our present
study demonstrated any gross differences between
the pollution in the two types of retort house.

It foHows that the total amount cf 3:4-benzpyrene
and other polycyelic hydrocarbons inhaied by a gas-
worker during his working life will e strongly in-
fluenced by whether he has been employed as a top-
man in a horizomtal retort house for any substantiat
period. Mery works have changed from horizontal
to continuous vertical retorts during the past few
decades and it is. therefore difficult to assess the
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overall exposure Of long-service employess. Om
further point that was brought te aur notice was the
fact that all of the works had 1o be ‘blacked-out”
during the Second World War. This was said to
restrict the ventilation, and the whole atmosphere of
the retort house wes then far more polluted than at
present, Some 0f the men included in the nudy of
Doll es at. (1965) could have been employed in retort
houses during this period. ]

Our findings are of interest in relation to general
atmospheric pollution, but it i importan: to dis-
tinguish between the type of pollution which we nave
foundin the retort houses and that in urbanair. In
aretort coal is distilled in the absence of air, and the
products include tar, carbon monoxide, and other
combustible gases together with some hydrogen
sulphide. but with very dittle sulphur dioxide or
black smoke. When coat is burnt on a domestic fire,
distltation products, including tar, are emitted each
time the fire is refuelled bur then is combustion with
emission of smoke and sutphur dioxide.  In_mare
etficient heaunyg appliances little tar or smoke is pro-
duced, and the main products are CO, and sulphur
dioxide. Other sources, such as metor vehicles. emit
different pollutants: the composition of the mixture
present in urban air has been discussed hy Commins
(14962). Some tar, containing 3:4-benzpyrene and
other potycyctic hydrocarbons. is present i the anr
throughout Great Britain, and the increased in-
cidence of lung cancer among retort house workers
exposed 10 tar is therefore relevant to the stuay of
lung cancer in the general population The results
of this study and that of Dol 27 gf. {1965) should be
considered in relation to two alternative hypotheses.
It hias been shown (Stocks, 1960} that the urban/rural
gradient in lung cancer mortality is associated with
exposure to 3:4-benzpyrene m the air. From a con-
sideration of the lung cancer mortafity among retort
house workers and in the general population it is
apparent that the retationship berween mortality and
exposure {0 1:4-benzpyrene IS far from linear. If a
non-linear relationship between dose arid death were
assumed then the increased mortality among gas-
workers could be compatible with Stecks’ hyﬁo-
thesis. Omn the other hand, there may be other
explanations of Stocks' findings (Buck and Brown,
1964; Waller, 1963). The failure to find a more
massive discrepancy between gasworkers and the
general public despite the gross differsnces in expo-
sure might well be interpreted as an indication that
3:4-benzpyrene is of doubtful relevance in these
populations. These questions may be answered if
the continued study shouid reveal any great excess
of mortality among the top-men compared with
retort house workers.
Any link between the increased mortality from
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chronic bronchitis among retort house workers
(Doll et at., 1965) and the occurrence OF this disease
in the general population is more difficuit to estab-
lish. It has not previously been suggested that tarry
fumes are concerned I the development of this
disease, but this is the only common urban pollutant
present in retort houses in substantially higher con-
centrationstbao are found cutside. Many studies
have indicted air pollution as a possible factor in the
development of chronic bronchius. Pemberton and
Goldberg (1954) showed a relationship between
mortality from chronic bronchitis and pollution by
sulphur dioxide, although this gas should perhaps
be regarded in Britain as but an index of gereral
pollution. In oneof the retort houses (Partslade) the
possibility of expusure to sulphur dioxide was con-
sidgered. The general atmosphere of the retort house
was found to be atkaiine rather than acid: the COn-
centration of ammonia was more than sufficient to
neutralize the sulphur dioxide when both were

n%?/\;rtw) ?/E/jh (Ierghgrl I&tgsehggsreosgeegeg%g qusiutzglig gr?;[
ancther when inhaled together, but the concentra-
tion of sulphur dioxide (0.35p.p-m.) was within the
normal range found in urban air. Qne operation led
to the reease of sulphur dioxide into the retort house
atmosphere: when a hot retort was filled with coke
after having been scurfed, fumes coataining sulphur
dioxide were emitted for about 15 minutes. This
happened three times a day, hut the men tended to
avoid this local pollution by gas and dust. By
sampling m the worst of"the fumes we Found a con~
centration of 6 p.p.m. ofF sulphur dioxide. This is
more than is found in the general atmosphere hut it
is only just outside the maximum allowable con-
cenration for eight-hour cxposures N industry
(5 p.p.m.). Sine the men could only haw been
exposed to these conditions momentarily and since
we could find no nther source of sulphur dioxide in
the retort house we concluded that there could be no
special hazard from this pollutant in gas works.
Otber occupational studies have suggested that ex-
posure to dust may be a factor in the development
of .chronic bronchitis (Higgins, Cochrane, Gilson,
and Wood, 195%) and although we did pot €xamine
this aspect i detail, it Wwas obvious that the men
were exposed to more dust than the general popula-
tion. In the horizontal retort house at Rochester
much 00al and coke dust was dispersed into the air
but most of it was too coarse to inhale.

In conclusivn we should stress that the present
study was undertaken in an attempt to assess the
probable exposure to polycyclic aromatic hydro-
carbons of men who had worked 1o retort houses at
any time pricr to 1961. If the mortality study con-
tinues, the effect of progressive changes in gas pro-
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duction will have to be noted. As an increasing
proportion of gas supplies in Great Britain is being
derived from cil, from imported methane, and from
the complete gasification of coal, any hazards
associated with the distifation of coal in what is now
regarded as obsolescent equipment should eventually
disappear.

This study has been carried out in close co-operation
with the South Eastern, West Midlands, South Western,
and North Eastern Gas Boards, and we have received
invaluable assistance from the Medicat Officers of the
Boards and from the staff at each of the works visited.
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