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Relation of soft-tissue sarcoma, malignant
lymphoma and colon cancer to phenoxy
acids, chlorophenols and other agents

by Lennart Hardell, MD'
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HARDELL 1. Relation of soft-tissue saveonma, malignant Ivmphoma and clon ¢
1o phenoxy acids, chlorophenols and other g Scand j work en:iron he
119 - 130, An association between exposute tn phenoxy acids or chl
tissue sarcorna and matignant lymphoni previously heen reparted. Ay
between exposure o organic solvents and mnt lvmphoma has t
In the present investigation the

which evould distort the earlier findinves. No significant associmtion was found for ! ewe
cheneals and colon cancer, wheteas expostire to asbestos showed abovs a tweeold
increase in risk for colon cancer, an ocuriey in agreement with previous'v repeeted
findings.

Key terms: case-referent (case-control) desipn. chlorophenols, colon canco:

mal
lymphoma, phenoxy acids, soft-tissue sineoma

phenoxy acids or chlorophenols and soft-
tissue sarcomas has recently been reported
in two case-referent (case-control) studies
4. 11). A similar matched case-referent
study of patients with malignant lym-
phoma (Hodgkin's disease and non-
Hodgkin lvmphoma) indicated an associa-
tion also between that disease and expo-
sure to phenoxy acids or chlorophenols, but
also to organic solvents (10). The back-
ground for these studies was clinical ob-
servations that might suggest a rela-
nwonship (8, 9)

Methodological features and concerns
of previous studies

tach of the three case-referent studies was
designed to mimmize the likelihood of
spurious or misleading results and to en-
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sweocinted with the exposures studied in
the first soft-tissue sarcoma studv (11 and
in the lvmphoma study (10) the cases «on-
stoted of all the individuals with a h <to-
pathologically verified diagnosis who had
been admitted to the Department of On-
cology in Umed during specitied = ady
periods. Cases in the second soft-ti sue
sarcoma study (4) were obtained from the
Cancer Register of the Swedish Social
Welfare Board, and they wice all the
patients residing in a particulv regioa of
wouthern Sweden at the time of diiginosis.

Referents  were  selected  throu
matchmyg procedure, ie, they wore el
hvidually to each cuse for ~ex (nales
only included), age, and place <! resideace
In addition, for deceased patient., dect wed
1eferents with the same year of death wrere
selected

In each of the studies. exposace infor ma-
tion was obtained with writt:n quesion-
n x and was supplemented by telephone
interviews. With such o methad care nust
be taken to avoild the possibility tha the
individuals' attitudes and previous ox-
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periences can  introduce Dbias into the
assessment of exposure (1). One possibility
could be a tendency, conscious or not, for
those suffering from a discase to overstate
past exposure as compared to healthy re-
ferents. Kach study was designed 1o
minimizc such recall bias through the
inclusion of a number of questions about
various occupational exposures.

Each subject, or the next-of-kin of a
deceased  subject, was mailed a ques-
tionnaire which consisted of nine pages
with a variety of questions concerning
previous and presenl occupation, condi-
tions in the work environment, smoking
habits, ¢lc, or in total 33 different ques-
tions. Kach question was subdivided into
issues about special aspects of work condi-
tions, exposure 1o different agents, ete, ie,
about 130 questions in all. Ten of these
subquestions were somehow related {o the
use of herbicides. This number is to be
compared with, for example, 16 questions
about the use of organic solvents, 4 about
work with plastics, 3 about work with
glues, 4 about use of drugs, and several
questions about smoking habits. Supple-
mentary interviews were carried out by
individuals who did not know whether the
subjects were cases or referents. Employ-
ers, neighbors, and other individuals who
might have special knowledge concerning
a subject’s past exposure were consulted by
the interviewer, if necessary, to verify and
monitor the accuracy of the exposure in-
formation. Since deceased referents were
selected Tor deceased patients, it is un-
likely that there should be differences be-
tween the cases and referents because of
differences in recall of exposure.

Despite all these efforts concerning the
design of the studies, some observational
bias might still exist. The purpose of the
presenl  investigation was to  analyze
further the validity of the assessment of
exposure 1o phenoxy acids and chloro-
phenols in the previous sludies, -partly
through a reconsideration of the original
data in these studies and partly through
the utilization of another cancer type (co-
lon cancer) both as an index series and as
a reference for the earlier case series of
soft-tissue sarcomas and wmalignant Tym-
phomas. As already mentioned, the in-
terviewers were blinded in all the studies.
It has been suggested (3), however, that
some cases might have revealed their
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disease during the phone call; H so, ob-
servational bias wight have been intro.
duced. For the cvaluation of such
hypothetical  possibility  influencing the
results in these studies, the exposure data
based on the queshinnnaires only were com
pared to the exposure dala obtained from
the combined information from the phone
interviews and the questionnaires.

Material and methods

Reconsideration ol eurlier data and the
aims of the present study

In the previous studies (4, 10) the subject
were divided into the occupational catepo-
ries agriculture/forestty and other, Risk
ratios were then calculated within thes
occupations for both exposed and nonex
posed individuals  For the nonexposed
cases the risk raties were 1.1 and 0.9, ve
spectively, in these studies, values which
would be inconsistent with the occurrence
of an observational bias in the assessment
of exposure (1). Since it has been suggestod
that occupations were reported secondarily
to the recall of exposure (3) however, the
material  has now  also been  further
analyzed by subdividing the individual:
occupied in agriculture forestry into two
groups, those who had been occupied
the same job throughout the whole period
since 1950 (approximately when phenoxy
acids were introduced in Sweden) and
those who had bren oveupied for shorte
periods and not continuously since 1950
This subdivision rules out the possibility
that occupation was reported secondarily
to the recall of cxposure as far as thox.
occupied only in agriculture/forestry are
concerned.

The cases in the present new study con-
sisted of male patients with colon cancer,
a disease not previously suspected to b

associated with exposure to phenoxy
acids or chlorophenols. The debat
about phenoxy  acids  and  their  pre
sumptive risks was intense in Swoeden

during the period when this new studs
was conducted. Accordingly, any system-
atic bias in the observation of exposure
that might have hueen present in the first
three studics should also be present in this
study.

Addtttonal subjects with regard to colon
cancer

Cases. The cases consisted of all mal.
patients with colon cancer aged 25 85 &
who were residents in the region of the
Department of Oncology, Umed, and wha
had been reported to the Swedish Canca
Register in 1978--1979. They all had th.
histopathological ~ diagnosis  of  adeno-
carcinoma.

teferents.  All the referonts iy the two
carlier studies in the Umeoa reging (10, 11)
were used as the ieferenc entitt in the
colon cancer study Conequently both
cases and referents were derived Trom the
same population source. Fhe inf .rmation
previously  obtained  from  the  question-
mares and interviews of these ceferonts
were thereby used and anaivzed. Xrratifica-
tion was made for age and place of resi-
dence (rural or urban domicile).

Table 1. Exposure Irequencies (o) 10 phenoxy acids on the basis of the gquestionryres in Proe case-

referent studies: | = solt-lissue sarcoma wtudy 1 (11). 1 = sofi-tissue sarcoma ~tudy "

). and M

= malignant lymphoma study (10). Data are shown lor all exposure and with exjr.sure t. phanoxy
acids within a latency period of § a or less than 1 d excluded

ANl phenoxy acid expusure

Cases 288 654
Referents 136 46
ALl 6.9 130
Risk ratio 26 11

Table 2. Numbar of cases and referenls expocad 1o phenoxy acids divided by

soft-lissue sarcoma study (4).

cc:.m_m‘vm:on since 1950

Agriculture/ furistry

Some period since 1950

Phenoxy 2 A expo ore within
5 i prior 1+ the di.gnos's or
of less tvan 1 d mcluded

°72 288 136 249
10 87 27 75
213 150 145 294
3.0 42 56 41

accup vion m the

Other ocru: ations

Chh

Phen- €M non. Phea  OMO Non- Phe. SN Hon-
ony nﬂ”. ex- oxy phe- ex- oxy phe- ex-
acids nols posed acids nols posed acid. Lo pased
Cases 10 0 8 1 9 1 1 "8
Referents 3 [} 17 3 22 ] 5 137
Risk ratio 82 — 12 37 — 10 -- - {1.0)
Agriculture/foresiry woodwork _
e e e m||!O‘ o-,@ﬁ, " e e e e Otir oce i Atiors
Whote period since 1950 Some fer@ o o 1950 “
Phen- O-vuw. Non- Phen- O__‘ao_w. Non- Phen OM_ ’ Hon-
oxy- ex- oxy- ex- oxy - . ex-
phe- Y. phe- I )
acids nols posed acids e posed acics e s osed
Cases 10 3 9 4 10 o 1 66
Referents 3 3 19 4 27 [ * 150
Risk ratin 8.1 11 48 09 (1.0)
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Assessment of exposure. The procedure
already described was used in the assess-
ment of exposure for the colon cancer
cases. The cases were mailed a question-
naire identical to the one previously used
with a variety of questions about different
workplaces, chemical exposures, use of
drugs, smoking habits, etc. The answers
were then, if necessary, completed over
the phone by an interviewer who was not
aware of whether the interviewee was a
colon cancer patient or another subject
since the questionnaires were mixed with
identical questionnaires used in a simulta-
neous case-referent study of nasopharyn-
geal carcinoma (results to be published).
As in Lhe previous studies the following
criteria were used in the assessment of
exposure. Subjects with a total exposure
of less than 1 d to phenoxy acids were
considered nonexposed in the analysis.
Exposure to chlorophenols or organic sol-
venis for less than one month over the
years or less than one week continuously
was considered low-grade; higher dura-
tions were termed high-grade. Exposure to
phenoxy acids, chlorophenols, or organic
solvents within 5 a prior to the diagnousis
was not included, ie, exposure 1973 or later
in this study, in the analysis of cases and

referents just as in the carlier studies. For
other agents analvzed no such exclusion
was made.

Statistical methods

The statistical analvsis of the data was
based on the Mantel-Huenszel procedures
for the calculation of p-values and for the
estimation of overall rate ratio (16). The
principles for determining  standardized
rate ratios have bren outlined by Mietti-
nen (17, 18), just as the method for cal-
culating the confidence interval of the
rate ratio (19).

Results
Reconsideration of carlier data

The analvsis of the data in the question-
naires prior to the interviews concerning
spraying operations with phenoxy acids
is shown in table I. The risk ratios were
calculated without any consideration of
latency period or exposure time but also
with exposure to phenoxy acids within the
latency period of 5 a or less than 1 d ex-
cluded. In the analysis of exposure no
consideration was given to matters dis-

Table 3. Number of cases and refarents exposed to phenoxy acids divided by occupation in the

malignant lymphoma study (10).

Agriculture/forestry

Wiole period since 1950 So

Other occupations/
leisure time

me period since 1950

Phen- ouw. Non- Phen- OHMY Non- Phen- Ouw. Nen-
oxy U?Q. ex- 01< U_..Ov ex- O.~< U?Q. ex-
acids nols posed acids nols posed acids nols posed
Cases 27 2 21 8 3 16 6
Referents 14 1 70 9 0 44 1
Risk ratio 5.1 — o8 24— 10

Agriculture/torestry/woodwork

Whole period since 1950

mc:.m period since 1950

Phen- Oh,_mv. Non- Phen- O“.o_w. Non- Phen- " Non-
OXY  he- ex- oxy- phe- ex- oxy- phe- ex-
acids nols posed acids nols posed acids nols posed
Cases 28 8 27 8 7 22 5 5 59
Referents 14 4 89 9 1 56 1 3 158
Risk ratio 5.4 08 24 11 o
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closed during the interviews, such as some
individuals answering that phenoxy acids
had been used in their neighborhood
without their own active participation o
some individuals not  mentioning  what
preparation had been used but referring
Lo spraying in their own garden with nico-
tine, ete  This analysis was merely a val-
dation of the guestionnaire with respect to
exposure to phenoxy acids. About a four-
fold increase in risk was demonstrated in
all three studies, a finding indicating that
no major change in the results was intro-
duced by the interviewer.

For the further elucidation of a possible
observational bias, all the subjects em-

Tabl

4. Exposure frequencies (%) to dilterent

ploved in agriculture forestiv in he seeond
soft-tissue sarcoma study «nd th. malig-
nant lymphoma study w. diviled nto
twa groups, long- (e, since the 19530s) and
short-term  farm/forestry work, and the
rizk ratios for exposed .nd novexposed
mdividuals  employved e aw cultire
forestry were calculated th novexposed
ihjects in other occupations a« the sef-
vrence group (tables 2 & 0 For ‘he non-
exposed individuals occupied in o agricul-
tureforestry  during  the  whole  period
since 1950, a rick rat'e of 1.2 and
08 was obtained for the twa studies,
respectively, and for tho. emplwed for
only some period i« risk ritio of 1.0 was

agents among the cases and referents ¢ the total

sample and after exclusion of those exposed to phenoxy acids and chlorophenols, te:pectively.

Agents, etc

Total material
(number of subjects in parentheses)

Asbestos
Chlorophenols (high-grade)
Chiorophenols (low-grade)
Dichloro-diphenyl-trichloro-ethane [{s]52p]
Drugs
Antihypertensive drugs
Clotibrate
Glass fibers
Mercury sned dressings
Motor saws
Organic solvents (high-grade)
Organic solvents (low-grade)
Phenoxy acids
Phenoxy ucids and chlorophenols (high-grade}

Material after exclusion of those exposed
to phenoxy acids
(number of subjects in parentheses)

Dichloro-diphenyl-trichloro-ethane (DOT)
Mercury seed dressings
Motor saws

Material alter exclusion of those exposed
{o chliorophenols (high-grade)
(number of subjects in parentheses)

Asbestos
Glass hbers

® One subject did not know about exposure.
b Two subjects did not know about exposute
€ Three subjects did nol know about exposurr
J Four subjects did not know about exposure

Exposure frequeny

Referent~
Cases S e e —_—— e —
Matignant
m!hm%«.m _ fymphania vo:.qom..u:__:mu
study
(154) (206) {335) (541)
1042 49 62 5.7
39 2.9 25 28
84 68 8 74
58b 684d 78 1.4
3t16¢ Not analyzed 224t -
13 Not analyzed o --
t1o 11256 1M5s 13
S58a 34 3o kR
104 199b 200 205
182 Not analyzed 15 -
04 Not analyzed 1" -
Ll 83 v 79
1o 10.7 10 10.4
(143) (189) (3019 (498)
21 53 36 42
42 3.2 20 3.0
65 141 150 148
(148} {200) {3261 {526)
95 4.0 6 5.3

101 9.2 83 87
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calculated for both studies. If the exposure
of cases was considerably exaggerated and
the exposure of the referents highly
underestimated, a value far below 1.0
would have been obtained in the calcula-
tion of risk ratios of nonexposed indi-
viduals in agriculture/forestry as compared
to olher occupations. The obtained risk
ratios of about 1.0 indicate that no sub-
stantial distortion in the observation of
expusure to phenoxy acids could be pres-

ent in the studics. Furthermore, the rather
similar risk ratios determined for non-
exposed subjects among individuals with
short- and long-term occupation in apgri-
culture’forestry in the two studies in-
dicated that there could hardly be any
secondary recall about occupation by in-
dividuals with u short time of emplovment
{as suggested (2)] which should have dis-
qualified the technique (1) for evaluating
observational biss in the studies. Chloro-

Table 5. Number of cOO pner Os s a @ referents e pos d to phenoxy aad a @ chh
phenol.
Exposed
Place of residenc( . - Nonexposed Total
h nO y acids Chlorophenols
Age group 25 55 a
Rural
Cases ] 0 4 4
Reterents 16 z 65 82
Urban
Cases ] 0 12 12
Referents o 2 89 95
Age group 56 - § &
Rural
Cases 3 2 14 19
Referents 9 4 65 76
Urban
Cases | 0 15 16
Reterents 0 5 53 58
Age group 66-75 a
Rural
Cases 1 24 28
Referents 1 90 10¥
Urban
Cases 1 26 20
Roferonts 0 43 44
Age group 76 85 a
Rural
Cases 1 22 25
Referents 0 55 56
Urban
Cases 1 20 4|
Relerents A 1 25 27
Totat B T
Cases 11 6 137 154
Relerents 43 13 485 541
Crude rate ratin T :ow. ’ B 16 ) \ Q\l T
7’ (1) (Mantel-Haenszel) 05 12
Rate ratio (Mantel-Haenszel)
Point estimate 13 18
95 °/ confidence interval 06 53

a One control exposed bolh to phenoxy acids and chlorophenols is included among the subjects

exposed to phenoxy acids.
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phenol exposure is more comnmon in other
occupations, such as woodwork, imcluding
saw mills. With the same technique the
risk ratios were also caleulated for non-
exposed subjects employed in agriculture/
forestrv/woodwork without any distortion
of the results (tables 2 & 3).

Colon canerr study

The cases of the colon cancer study
sisted of 157 men. Three (1.9 ") of them
did not answer the questionnaire. Out of
the 511 referents, 206 were derived fram
the soft-tissue sarcoma studv and 335 fiom
the malignant lvmphoma study: thus all
the 1eferents from the two studies w
used Sixty-five (41 ° ) cases and 2145 (45
referents were deceased.

Exposure to various agents is presented
in table 4. Of the cases and referents 110
and 10,4 * v respectively, had been exposed
to phenoxy actds or chlorophenois Table b
shows the risk ratios for exposure to
phenoxy acids and chlorophenobs Steatifr.
cation was made for age, vital stutus, and
place of residence (urban vs rural domi-
cile)

Phenoxy acids. Exposure to phenoxy acids
gave a rizk ratio (point esimatey of 13
(77 1.5 95 "« confidence interval 06
2.8); ie, no significant association was ob-
served,

Chlovophenols.  No  obvious  difference
between cases and referents was found for
low-prade exposure to chlorophenol-
though high-grade exposure formally save
a risk ratio of 18 (57 1.2, 95 "w conbi-
denec interval 06 53), which wis not wne-
nificant, however,

Other erposures. Exposure to v
other agents is listed in table 4. e
about  expositre  to  organic
smoking  habits, and use of antihy
tensive diugs were supplemented over the
phona if necessary. Use of antihyvpertenave
drugs was somewhat more common among
the colon cancer patients than among the
referents.  No o significant difference be-
tween cases and referents was shown for
organic  solvents,  dichloro-diphenyl-to-
chloro-cthane (DDT),  glass  fiber,  and
smoking.  Exposure  to  mercury  seed
dressings  covaried  with  exposuse 1o

solvents,

phenoxy acids, The use of motoy sacvs was
less common among the color cancer pa-
tients than amoay the referents Exposure
to asbestos was analveed in aore detail.

Asbestos. The iunswers 1egarding exposure
10 ashestos were not sujpplemented over the
phone for more details (bont work proce-
dures, cxposure times, lntenes poriods, ete,
sinee detailed information aboad such ex-
posure was nol the prmary aim of the
studies. The one case cond three referents
who did not answer the questi m were ex-
cluded fromy the analvs \ecording to
table 6 the risk ratio w13 caledatisl to be

Table 6. Number «f cases i ad 1et nis
to asbestos.

Place of residenc: xposcd Mo

Age group 25- 55 a

Rural
Cases 1 3
Reterents [ 76
{Irban
Cases 1 "
Reterents 3 91
Age group; 56 - 65 a
Rurat
Cases 2 17
Referents 4 72
Urban
Cases 2 14
Referents 6 52
Age group 66 --75 a
Rural
Cases 2 26
Referents 4 97
tirban
Cases 5 24
Reterents t 43
Age group 76--85 a
Rural
Cases 2 22
Referents 4 52
Urban
Cases 1 20
Reterents 3 24
Total
Cases 16 137
Reterents 3t 97
Crude rate ratio 19 .0
Standardized mort.ahity
ratio, SMR 18
Standardized rate
ratio, SKHR 29
27 (1) (Mantel-Haerszel) 35
Rate ratio {(Manlel-
Haenszet)
Point estimate 19
10

95 "/s contidence interval

warth e | ool natia RN



1.9 (y* 3.5; 95 "o confidence interval cording to posiible confounders such as
1.0— 3.6). place of residence (urban or rural domicile)
and age. Tables 7 and 8 show about a five-
fold increase in the risk (p < 0.001) for
sofi-tissue sarcoma and malignant Jvm-
phoma for cases exposed to phenoxy acids
The previous studies of cases with soft- ©°F n:_.:.:_._:.q.:._/ ie, :_uo,—: the same risk
tissue sarcoma (11) or malignant lym- '* the published  studies 4_i:.: matched
phoma (10) with their residence in the referents from the population were used.
region of the Department of Oncology

in Umed were evaluated using the eolon  Discussion

sncer patients from the same population

source as another reference entity, All the  One possible reason for misleading res
individuals were thereby stratified ac- in case-referent studics could be that civars

Utilizing colon cancer as another reference
entity

N

Teble 7. Distribution of soft tissue sarcoma cases in northern Sweden (11) and :olo® cancer
referent patients according to exposure history, place ol residence and age group

Exposed
Place of residence Phenoxy Chloro-
acids phenols

Nonexpose Total

Age group 25--55 a
Rural

Cases

Refcrents
Urban

Cases

Referents
Age group 56 - 65 a
Rural

Cases

Referents
Urban

Cases

Referents
Age group 6675 a
Rural

Cases

Referents
Urban

Cases

Referents
Age group 76--85 a
Rural

Cases

Relerents
Urban

Cases
Releren() 0

on
< -
an
~

11 13
12 12

o =
(=]

ww
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NO ww
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NN
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Total

Cases 13 6 a3 52
Relerents 1" 6

Crude rate ratio 49 42 {1.0)
2’ (1) (Mantel-Haenszeh) 131 54
Rate ratio (Mantel-Haenszel)

Point estimate 55 5.4

95 %, contidence Interval 22--138 13- 225
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have a tendency to pay more attention to guestions and obtaining mor. detaled in-
questions about previous chemical cx-  formation on certain aspect. Thus the
posure thin their referents or thal the data on exposure was nnproyved, but bias
interviewer shows greater interest in the  was hardly intinduced. at lea: s if one can
cases than the referents. The results ob-  judge from the present evalwation

taincd from u reconsideration of eurlien
studics show that there was no substantial acids has been sugggestod by C e (3 as the
difference in the exposure frequenc explanation of the resuits of these studies.
obtained through questionnaires onle o It has also been sug:eested that people,
from questionnaires with a supplementary especially cases. might not alv avs directly
telephone interview.  The value of the  recall jobs in agricultinrfores re, but first
supplementary interview mainly seens to remember expotre e phenss v acds and
be that of removing misconceptions about  then, conditionally  ou that  recall,  also

A bias in reporting cxposure 15 phenoxy

Teble 8. Orstribution of malignant Iymphoma patients (10) and colon carcer
according to exposure history, place of residence. and age group
fymphoma exposed both to phenoxy acids
to phenoxy acids.

] relerent patients
Five pahents \ith n.alignant
and cMorophenois included among indii-luals exposed

Exposed
Place of residence 3:50x<. ) Oﬂ_.oﬂ. Nenexposed Tola!
acids phenols
Age gioup 25- 55 £
Rural
Cases 9 1 15 25
Reforents 0 0 4 4
Urban
Cases 5 5 20 30
Relfcrents 0 0 1z 12
Age qioup 6 65 a
Rural
me,.w A 5 12 25
eterents 3 2
e 14 19
Cases 3 z 12 17
Relirents 1 0 15 16
Age qgroup (675 &
Rural
me..m 10 2 17 29
eferents 3 1
Ut 24 28
Caws 2 2 12 16
Referents 2 1 26 29
Age qroup 76-85 a
Rural
ma.m..m X 3 3 10 16
eferents 2 1 2,
Urban 2 %
Cases 1 o
Referents 0 | ,_.w M“
Total o - oo
Cases at .
Refrrents 1" MM ..ww “Mw
Crude rate ratio 17 42 1
1’ (1) (Mantel-Haenszel) 159 94 ao
Rate ratio (Mantel-Haenszel)
Point estimate 45 46
95 ") confidence interval 22--95 1.7—121



remember earlier jobs. Such a situation
woutld disqualify the special technique (1)
used in these studies to evaluate observa-
tional bias. Although such a suggestion
seems rather unlikely and invented ad hoc
in testimony (3) during a cross-examina-
tion about these studies (Environmental
Prolection Agency Hearings on 2, 4, 5-
trichlorophenoxy acetic acid and Silvex), it
is nevertheless of interest to refute this
idea by objective means through a further
and more-detailed display of the data in
reference 1o the observational bias tech-
nique. Thus, the subjecls were divided into
two groups, those who had been employed
continuously since 1950 and those with
only temporary employment. The risk ratio
waus found to be about 1.0 for both groups.
It might be noted that the exposure fre-
quency is borderline for the technique to
function among the referents with short
time occupation in agriculture/forestry in
the soft-tissue sarcoma study (4). In the
lymphoma study, however, there were
relatively large numbers and adequate
exposure [requencies. 1f the exposure of
cases would have been exaggerated and
that of the referents underestimated, a
value far below 1.0 would have been ob-
tained for the nonexposed individuals. At
least the group occupied continuously in
agriculture’/forestry since 1950 cannot bhe
sugpested to recall their occupation condi-
tionally on recall of exposure to phenoxy
acids as suggested by Cole (3); ie, there
seems to be no longer any reason to believe
in any observational bias in these studies
and there is obviously not any rationale
for such a belief.

Risk ratios were also calculated with
the colon cancer patients as referents.
Ahout the same increase was found in the
risk for soft-tissue sarcoma and malignant
lvmphoma for cases exposed to phenoxy
acids or chlorophenols as previously re-
ported. This result again indicated that no
substantial observational bias could exist
in the sludies, since individuals suffering
from colon cancer should be expected to
recall exposure similarly as others suf.
fering from cancer and the debate about
possible  health hazards from phenoxy
acids was perhaps even more vigorous at
the time of the colon cancer study than
it was during the period of the earlier
studies. This situation is noteworthy since
it has been suggested (3) that the great

L]

interest in the adverse effects of phenovy
acids might have influenced the recatl of
exposure of the case individuals in com-
parison to the referents.

The colon cancer study was not por-
formed during quite the same period as
the other studics. With the same reference
entity this difference might slightly bias
the estimate of risk ratios in the colon
cancer study although not with respect to
deceased subjects. Al the investigations
were performed during 1978--- 1986,

The cliology of colon cancer is not well
known. Environmental factors are believed
to be important. A positive correlation has
been reported between the incidence of co-
ton cancer and general nutritional pattean,
fat and protein consumption, arterioscle-
rotic heart discase, and economic develop-
ment (7). Support for the assumption that
environmental factors are important is pnv-
en by migrant studies. Populations immi-
srating from o low ineidence area to o bich
incidence area assume the cancer rick of
the latter (6, 25). Regarding diet, Afnean
populations with u high daily intake of
fiber and a low intake of refined carbo-
hydrates, as compared to the Western het,
have a lower incidence of colon caneer
than in Western countries (26). Bile acids
and  their degradation products secretoed
in response toingested fat are belicved o
promote cancer (2, 13). Furthermore dict
determines, in the intestine, the composi-
tion of the microbial flora which miuht
produce  carcinogenic  or  cocarcinogenic
compounds [rom food or gastrointe-tinal
secretions (5. 12). Chronic long-standing
inflammatory disease such as ulcerative
colitis {20), gianulomatous colitis (15), anid
adenomatous polyps in the colon (24) may
all sometimes be precursors of colon car-
cinoma.

The main purpose of this study wis to
evaluate a possible relationship betfwoeen
colon cancer and exposure to phenoxy
acids or chiorophenols and to check
validity aspects of carlier studies. No sip-
nificant association between thix concer
form oand exposure to phenoxy acils or
chlorophenol: was shown. On the ather
hand Oliver ot al (21) reported, among
other discase s, an overall excess of diaths
from pastromntestinal cancer among pa-
tien treated  with  the phenoxy  acd
derivate clofibrate as compared to the two
referent groups.  The inguiries in this

colon ciancer investigation also included
a question about the use of clofibrate. Its
use was reported by two cases and three
referents, all of whom, however, had been
exposed within 5 a prior to the diagnosis.

Among ashestos workers an excess of
luny cancer, pleural and peritoneal mesa-
thetioma, and cancer of the stomach, colon
and rectum has been reported (22, 23). Foy
colon and rectum cancer the reported risk
ratios were 2.1 and 2.9, respectively, intwo
cohorts (23). These results are in accord.-
ance with the findings of the present ~tuds,
In the previous studies of soft-tissue xii-
comia and malignant lymphomu no WJdif-
ference in exposure to asbestos was seen
between cases and referents in spite of an
intense  debate and  information abom
asbestos as a cause of cancer.

Regarding  exposure to various other
agents in table 4, no difference wi scen
hirtween colon cancer cases and reterents,
Colon cancer is less common among phyvae
callv active individuals (14), which 5 the
situadion  for lumberjacks using  mator
suws. This can explain the fact that motor-
saW use was Jess common amony the
cancer cases than among the 1
The- use of antihvpertensive drugs wie.
somewhiat more common among the
cineer patients than among the el

In summary these analvses show
the previously reported  associabio
tween exposure  to phenoxy  a
chlorophenols and soft-tissue sareom
malignant lymphoma cannot 1o
sential degree be explained by ob.er
tional bias in the studies. Regarding colon
cancer, no  significant  association  was
found for these chemicals, even thowth
phenoxy acids and chlorophenols miht be
of some marginal importance for the
eliolugy of colon cancer. Exposure to as-
bestos was  excessive among  the colon
cancer patients as compared fo the e
ferrms, a finding in  agreement  with
previously reporied results.
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Temporal patterns in psychophysiological
activation in rotating shift workers — A
foliow-up field study one year after

an increase in nighttime work

by Kerstin Dahigren, PhD '

DAHLGREN K. Temporal palicins i psvchophysiologio sl
udy one vear after
RICOT)

workers — A follow-up f
Neand j work environ |
e flects of a weekly rolat
performed 1 a after the
follow-up of a study pey

~hifts of the
ments were taken of body temper
«f adrenaline excretion during
work. The results showed that
wits present 1 a after the in
sne month alter the increace.

|24 terms: adrenaline eae inn, b
1otating shift work, self-rated ety

There are many different types of shift-
work schedules prevalent in today’s in-
dustry, continuous shift svstems albywing
for the preatest variation in shift schedule
arrangements. Only in recent yvears, how-
ever. has any substantial rescurch
devoted to the problem of how shift
tems shonld be arranged in order to mimi.
mize  the negative psychophysiological
consequences associated particularly with
might work. These consequences matnly
result from a disruption of the temporal
organization of various physiological und
psvehological functions, and they arne con-
sidered a potential risk to health and well-
being. Thus, when the relative menite ol

heen

emt of  Psychology,
ckholm, Sweden,

Uoiver v of

Reguint oquests to: Dr Kerstin Doblgeon, by
pariment of hology, Univeraty of
hotny, Box 6708, S-113 8% Stockholm, Seoden

uction of an increase
one month after the
male typesetters were obsorved m o connection with the furst, fourh and
“night week™ and the

worg
different pattern of v
s nighttime work when ¢
- change in pattern contisted m
tening of the curves duting both day and night work,
beginning to the end of the niehishift week could 3t be n
v temperatare, circ:
. short. and lon:

»odion o orotating shift

mney in n thttine work
131 —140. The study converned the ‘ong-term
shift schedule ¢n e i fur cton. It was

nightime w vk ard was a
ange in workhoars . Fourteen
eventh night-

two dayshifts ol the v woe kT Measure-
¢ and self-rated activation Jduring awaks periods,
nd sleep, and of cholo react. tire during

1o dian functions
pited “o the pattern
nly of 4 general flat-
me chnges from the
4

Hhough -

diany hvthme
fermy st

reaction time,

ditferent types of shitt schedales are com-
pared from a psychophysiol tical point of
vierw, one of the muin con iderdions is
the degree {o which so-caed circadian
(ie. approximately 24 h) rh.thm  can be
adjusted to the alteriations in the hours
of work and steep. Of partic:lar relevance
are the circadban varaions 3 the general
arousal level, e, in teith phy jolotical and
psychological indices of aravaton. The
present investigation concer—s the degree
of circadian adiustne-nt ach eved in con-
nection with a rotatin: shift +urk schedule
and, more speafically, the ‘ong-term ef-
fects of this type of < hedn!' on ~ircadian
functions.

Although muny of the cne «dian rhythms
have been shown ' be ! enlogenous
orgin [see, for exan ple, 1 e review by
Conroy & Milts (6)], they et be shifted in
phase when ol impee tant te ¢ cues in the
environment, usually refervo 1 to as “Zeit-
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