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Cancer mortality among workers in chemical plant
contaminatedwith dioxin

A MaNz ].BERGER J.H.DwvER D FLESCH-JANYS

S NAGEL

Dioxin (2,3.7.8-tetrachiorodibenzo-p-dioxin or
TCDD) can arise @S a contaminant in the production
of herbicides. Itcauses chioracne inthose exposedto
it but its human carcinogenicity has been a matter of
dispute We report herea mortality follow- up of 1583
workers (1184 men. 399 women) employed in a
chemical plant in Germany that produced herbicides.
including processes contaminated with TCDD.
Productionof TCDD was reducedfrom 1954after an
outbreak of chloracne.

Vital status up to 1989 was determined for 97 1%
of workers hired between 1952 and 1984, and 367
deaths (313 men, 54 women) were recorded. A
malignant neoplasm was the underlying cause of
death in 93 men and 20 women. Standardised
mortality ratios {SMR) were calculated with, as
references, national morality statistics for Wesr
Germanyand deathsin a cohort of male gas workers:
for total cancer mornalty they were 124 98%;
confidence interval 1 00-152) and 139 (1 10-
1 75). respectively. among men. Cancer mortatitv
was increased among men with 20 or more years of
employment (SMR=187 [Germany] and 1 82
[gas workers]) and among men who began
employment before 1955 (SMR =1 61 and 187).
The group with suspected highest exposure to
TCDD had SMRs of 142 and 1:78. Only 7% of
cohort women worked in the high exposure
locations in the plant compared with 39 6% of men
and no increased risk of cancer mortality was
observed amnna wnmen hut breast cancer montality
was ralsed (SAM - 2 i3

These results. together with a US occupational
study and a German irvsstiganon of scogental
exposure. support rne nypotnesis tnat TCOD 1s a
human carcinogen
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Introduction

Although a relation between risk of malignancy at several
sites and exposure to 2,3,7.8-tetrachlorodibenzo-p-dioxin
‘dioxin, TCDD has been observed in animatls,’ * the human
aranogeniaty of TCDD remains controversial. ** The
debate stems primarly from wnconsistent findings N
caerefaratt studies relating nsk of soft-tissue sarcoma or
non-Hodgkin's ivmphoma D herbiade exposure, Several
investgators have detected a positive association®?® but
others have not.’*!* Epidemniological associations between
TCDD exposure and other cancers have also been

ncd.ll.ld

Follow-up of a US mhon of over 5000 TCDD-exposed
workers has added substandally to the evidence. Fingerhut
et al** found an increase in mortality from all cancers
(standardised mortality ravo ([SMR}=146; 95%
confidence interval {CI} 1:21-1-76}, and from respiratory
cancer and «oft-nissue <arcoma in men expesed o TCDD
for more than a year and with an opportunity for 2 minimum
iatenoy f 20 vears. The finding for all cancerss i« consistent
with a Crerman study of 247 workers exposed to TCDD
Junng a thermochemical acadent in 1053, There was a
significant increase n total cancer mortaiity SMR = 201
[1-:22-3-15]; in the subgroup with chloracne and more than
20 vears since exposure.

We descrbe here a retrospective cancer morality study of
chemical workers employed in an herbiade plant n
Hamburg. The plant was heavily contaminated with
TCDD ifrom the production of trichlorophenol (TCP; and
2.4.5-michiorophenoxyaceric acid /2,4,5-T.
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£xposure Gicup |

Vieal etares ‘ . " . 1y ' Teat
Unknown W Iie 122 3N 3 3R% . I8 3%
Known aive ™9 49 . 1442 16 A0 DY N30 TD6%
Dead b0 250, 172 2T WoWav.. 3 2440,
Tow A FP6Ys 1030 /53 7%, 19 /6-7'/.,[11344000'/-,
Wornen . | : ‘,
Unknown | D10 38%.0 1 09%, 11 i28%,
Knownalive ! 24 -989% 121587 1% .} 95 888% | 334 837°%.
Dead 3OUIT L H0 IF0 M 00 S 135,
Total T AR 205 . A64% E)m 2620, : 100 - 10909,
'

Materials and methods
Chemical plart

Public concern vver putenual hazards from Jtsposal of waste
products contarninated with TCIDD and other igher chlonnated
dioxans ied to closure, on June 18, 1984, ot a cherrucal plant in
Hamburg-Mcorflest  operated by Bochringer-ingethesm.
Production of herbiades began in late 1951, These products
included 2,4,5-T, hexachlorocvclohexane HCH), and lindane.
Other products of the plant included dichlorobromophenol and
opioids. Synthesis of 2,4,5-T was based upon TCP supplied by a
plant in Ingelh Inresp 10 an outbreak of chb in 1954,
production of TCP and 2,4,5-T was halted. TCP and 2,4,5-T
production were resumed 1n 1957. Resumpuon of TCP production
was made feasible by a new process that reduced the production of
TCDD which, in the had been 1denafied as a cause of
chloracne

Cohort

The cohent cruzed consists o all regular cmplovees at the
Hamburg-Moourtleet plant who worked under conuucat with
Boehnnger-Ingelhetm tor at least 3 months dunng the period Jan 1,
1952, 1o Dec 31, 1984, Temporary or casual workers were not
included because of lack of compiete informauon concernung their
idenuty, even though they might have expenienced high level acute

Ryt Poperations, Tohert mwmbens were
wdent revords, and
rom

Monality follow-up

Communuty registnes of inhabitants throughout West Germany
were used (0 detertrune the vital status of cohort members in 1989.
Causes of death were denved from medical records. When no
medical records were availabie, Jeath ceruficates and information
from next of kin were used. An experienced nosologist assigned the
underlying cause of Jdeath according to WHO nitena in the %th
revision of the Intermutiorad Classiticason of Thsease 1CDY AL
Jdeaths attnbuted to malignunt neoplasms were classified on the
hass of medizal ~eorrds

TCDD exposure

Assessment ! sxposure to TCDD was based on an analvsis of
producuon prweses 'UCDD Loncentatons were measured n
nonsvsternatic samples of precursor matenals. products. waste. and
o1l from the grounds ot the plant, manly arter the plant had closed
n 1984.* These ind 4 TCDD conc: uptoodmg kgwn
waste from the producoon of 2,4.5-T. On the basis of this
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T D Men © Women
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Malignunt ceopiasms 140208 | o 38l%,

QOrher natural causes IH0-799 28 . 538%,

Unnaturu auses ES0G + 77
Awiunt 2 i,
Suicide { 1 2039%,
Other ; ]

volunteers in group | compared with 83 (SD 73, median 60) for 11
in groups 2 and 3 combined. The median in groups 2and 31s mgher
than the “background” leveis of 7-20 ng kg reported for unexposed
perssons.’” TCDD devels n 3 workers i group | were below 20,
suggesting the possibtinny of musclassificaton error: such an error
would arrenuale any msociatons betwern measured exposure and
ANt sk

Chioracne as 2 marker lor TCDD exposure+3+*+¥ was not used
here because informaton abour chloracne n the Boehringer cohort
was too ncomplete. Chiuracne may be tairty specutic for TCDD,
but 1t 15 not very sensiave: Beck et al'” found that only 10:28% of
those workers trom the Boehringer cohort with adipose levels of
TCDD exceeding 20 parts per 10*? had a history of chioracne.

Two other variables expected 10 be related to TCDD exposure
are duration of employment at the plant (less than 20, 20 or more
years) and year in which employment began (1954 or carlier for itis
presumed that those starung work before 1955 would have had
tugher leveis of TCDD exposure;.

Comparison groups

Srudier wrth natienal ~r remonal mertaline 200 as 3 seference
sutler from the “healthy worker " effect—the tendency of cohorts of
industrial workers 10 have a lower nisk of early mortality Jdue o
FENCCT Al et 2isedse Nan the Zenendd populibion. [nthis study
ratonal mortaliv data were augmented with a second companson
group selected a2 priorr—namely, 3417 male workers at the
Hamburg gas supply company, used as controls in a cohort study of
fumace workers. This cohort was investigated by some of us,®
using the same methods 1o assess vital status and cause of death as
with the Rewhmnger onhort The folfow-up coversd the vears
[, yr was restmstad o {95215 Yor companson wth the
Roehmnger sohert Amengst e 320 male workers 1220 deaths
were recnrded. The fotlow-up pertod tor the Boehnnger cohort was
also restricted 1o 1985 The two cohorts Jdiffer in that gas workers
had to have worked for at Jeast 10 years to be inciuded whale only 3
months of employment were required for the Bochninger cohort.
There is no ndicaton of substannal differences in social starus
between the rwo cohorts.

Review of medical records

160 medical recrrds {rom the Bochnnger cohort including 115
cases with 3 matignant neoplasm at ume of death. and 111 medical
records from cancer cases of the control group were reviewed by two
s~ thr 2.

puRokimers W bt e e emew the oRo

Statstical methods
SMR were abculated Svothe person-vear method ! Expected
Jeaths were computed by appiving the voserved age, calendar vear,

TABLE Ill— SOURCES OF DIAGNOSIS « MALIGNANT NEQPLASMS
AND OTHER CAUSES)

informanon workers were classified as having had tugh, or
low exposure according 10 the production departments where they
had worked. The numbers were: group | high: 496, group 2
medium 901, and group 3 - low 186

The validity of these categones was evaluated by anatysis of
TCDD in achpose ussue from 48 unselected members of the cohort,
who volunteered for tests done at the Uruversity of Mainz wn 1985
Prof J. Koniezko. personal commurnucaton: see also Beck <t al'™.
TCDD levets, in ng kg, averaged 296 SD 479, median 137 in 37

Mahgnant
Source Other zauscs neoplasms Total
Neaopsv. huistology 02 2F 1% M 611°% 131 364%
Cliual report EL RN LA R 2B 3% 3% 2 5%
Physican report LS ALY 12 106% o 183%,
Other o 138" — 0% 1 128%
Towl 247 s16% 13 114% WO 106-0%

*Decrasec with known auses.
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TABLE IV—STANDARDISED MORTALITY RATIOS (MEN ALL CAUSES) WITH WEST GERMAN NATIONAL DATA AND GAS WORKERS AS

REFERENCES
i 1 West German reference i Gas workers reference”
I i
Group N | O T E SMR "o | E SMR
Towt T e o ows o, suze 100(089-112: | 240 | 1862 , 1MUIEIShH
Enarv <1954 I 26 | 13 | s o711 ¢ 1z | s2 | azaoeise
Enuy > 1954 I o852 19 ' 1812 105 091-1210 ' 147 | 1060 | 1300174163
Employment < 20 vr w0, 2 770 101 0891 13 ol 1649 138 120-157
Empiovment =20 vt 18 M4 35- 095 066~1133 22 213 103 065%1 56

NO = number Gt men O = otserved v expected SMA v staNaardised Mmora v atio with 95% CI°

*In COMPaNsOr with gas workers Boshnnger CONOM was reqncted to 1985

sex, and cause speafic mortality rates of the gas workers or rates for
West Germany 1o G persn-yedrs of Gie Boehnngss wShon
Nanonal morabity data were available from the Federal Otfice ul
Suausucs for most malignant neoplasms of interest, though for some
only since 1965. 952, confidence wntervals (Cl; were calculated
uummgmePomdumbumThepmmmedfor

and

deveioped at the Institute of Math
anpuuSacme,L Hospirl Eppendorf, Hamburg
Results

The Bochringer cohont included 1184 men and 399
women “table 1:. No company records could be located for
39 men and 14 women identified from union registers or by
interview with cohort members. [n this group ® deaths in
men and 2 1in women were recorded. The date of birth was
not available for | person.

Vital status was Jdetermined for 1537 persons (97-1%) by
1989. 367 deaths were documented (313 men, 54 women;
wable 11). For 7 cases /1'9%) causes of death remained
unknown. Table 111 shows the distribution of sources of
dLiagnosts.

The reviewing pathologists confirmed malignant
neoplasm as the underling cause of death 1in 111 cases 91
men, 20 women’. 1 death out of 11! records of the gas
worker group was not attributed to cancer. 2 additional
cases, confirmed by necropsy, were identified after the
review in the Bochringer cohort. 1 additional case of tung
cancer in a man who had died in 1958 was reported by his
next of kin, but no medical record was availabie. This case
was not included in the statistical analysis. Thus malignant
neoplasm was the underlying cause of death in 93 men and
20 women.

Mortality among men

Total mortality equalled that of West Gwmam SMR
1O burwashrghor than thanin the cas worker cohort L M

TABLE. STANIARDISED MORTALITY ATCS MEN M2l

‘table 1v}. The SMR was slightly greater for those who
began empwyment after 1954 tan for tlese whe began
before 1955. For the men working up 10 20 years SMRs
were 101 and 1-38 with national and gas-worker data as
reference; for the group with more than 20 years,
employment SMRs were 0-95 and 1-03, respectvely.

Morulity due to malignant neoplasms (uble V) was
increased with both nadonal (SMR 1-24) and gas-workers
(SM 139) references. Analysis after division of the
Boehringer cohort by year of employment entry revealed an
increased SMR for all malignant neoplasms among those
who entered in 1954 or carlier 'SMRs 1 61 and 1 87) but not
1or those starnng empioyment iater. An increase 0 fisk of
cancer death was ajso found tor emplovment at the plant
lasting 20 or more years, SMRs being | -87 . West Germany;
and 1-82 (gas workers). Employment duration and year of
entry are highly correlated; nevertheless the cancer
mortality risk was more than doubled for those men who
both began emplovment before 1955 and worked at the
plaat for 20 vears or more table V',

SMRs for exposure group 1 were raised ‘wble vI);
increases were also found for group 2 and group 3 but the
Cls were large and included unuty. T'ne subgroup with ume
of entry before 1955 high exposure, and employment for 20
or more years had the greatest increase in risk: SMR (West
Germany) was 35 (1-51, 6-90) for 8 deaths.

Table vIi shows SMRs by cancer site. For SMRs (West
Germany) there were increases for all sites except colon, but
all 95% Cls include unity. In comparnison with the gas
workers, mortality from lung cancer (SMR 1-67), and
haematopuictic cancers (2-65) were significantly increased.
On the Kiel classification 6 cases of non-Hodgkin
lvmphoma  were  observed reticulosarcoma 2,
lvmphosarcoma 1. chronic lvmphatic leukaemia 3—but
expacted numbers for West Germany were not available.

IGNANT NEQPLASMS) WiTH WEST GERMAN NATIONAL DATA AND GAS

WORKERS &5 REFERENCES

! : West German reference

Gas workers reference*

v o T

Duration of emoioyment (yr} No a ' E SMA ' Q : € ' SMR
Total conort 1148 LE) 752 P24 100182 s 534 136 110-175
Duration of employment [ | 1 | { |

04 ! 653 ! » L L) 1-1210-80-153, ' 32 ! 37 135093191

5-9 porss | 133 106058177 | 13 1 102 | 127:008-218)

1o-19 boone hel =3 127-pap e 17 128 13%.0-78-2:13)

a0 lin - . VAT e i - P

Entry < 1954 : 290 3 i Tob ) 2u-iil 43 . v HEPERS o A

' 187 14 . ne 119.005-2\0 . 12 Te 153079267,

ey ! mo < R} HERIGE SR 5 a7 RIS S

: s N - L e .. s L ile T

75 17 T 321 =353 o . b I Sl i)

52 42 4in 0Q6 -0 0% 30, i 32 8 1040711470

e N b RN LN b €] 127 0774 0K

P . e [T

HV R 1sd : - nT M sy 3 T 05601t 4y
: 1e nes o ! !
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TABLE VI— STANOARDISED MORTALITY RATIOS (MEN MALIGNANTNEOPLASMS) BY TCDD EXPOSURE GROUP AND WITH WEST
GERUAN NATIONAL DATA 4ND GAS NORKERS A5 REFERENCES

1A me R mmn ebrenann Rar  Arbn e nbpennsn

Wy

EADOSUIE YIGUR No [0} C SR SMA

Total cohort ' i i

. R PR RN . e 2 P

{ . [1¥] 30 : L I S HERSRE- POV IR . o ERg.) d

1l ' PCI v 62 145 g2 75 . i 45 145 19-58-2-99,
Duration of emoioyment < 20 yr : i

i ETTU 20 208 123 uA2-1 83 22 144 137 O9B-2 37,

i . 3% 4, w X 3142, 3, M1 113 0731 o0,

44 | 69 1 8 56 1 142/061-279) ! +4 1 160(064-329)
DOuration of employment 2 20 yr 1 ' | i | .

I | 9 ! 8 | F1 | 254010-500) | 7 23 | 3070240633)

S 62 9 30 ! 1-52 045288 ] ++ 1-36.0-50-2:96)

m : T [ 06 | 178 ; 0 05
Entry< 1954 ! ; : | ; ; !

1 Poee fos b ss [ 2maesadm ) e L 57 L 2770594n

1 N 5 I 26 0 1884 0 138090-202: 122 - 13T 0 16171 10-244

11 ki : 43 ted Ceb-3 5 36 141046328,
Entry - 1563

' 63 1h 1 6 123 0es 2100

J e M P T e Y 0 53-1H
il ' + 2 Ly 2 i3 HEYE B AN Y

No death due 10 soft-tussue sarcoma 1CD 171) was
Observed

140% of deaths in men were due to unnarural causes
(n=43) There were 22 suicides, yielding an SMR of 2 29
(1 38, 3 57 with West Germany as the reference and 3 90
(2 42, 5 97)with the gas workers

Mortality among women

The 54 deaths in women yielded an SMR (West
Germany® of 0 80 ‘0 60, 1 05°. For malignant neoplasms the
SMR was 0-94:0-38, 1-45) but only the SMR for caranoma
of the breast was raised at 2:15/0 9R, 400" for Q deaths. The
4 deaths due to unnatural causes included 2 suiades. Only
6:9% of women worked in high exposure departments.

Cancerincidence

12 cases of malignant neoplasm in living men were
known at the end of the tollow-up 1 1989, These were
prostate, annany bladder 2, oor of the mouth, lrmx,
colon. rectum. bronchus. spmocelluiar  caranoma.
melanoma, non-Hodgkin - lymphoma, and  myelo-
proliferative syndrome. The men with bronchual carcinoma
had myeloproliferanve syndrome and a unnary bladder
papitloma.

8 malignant neoplasms among living women were breast
’5}, uterus, pancreas, and colon skin; in 1 case of breast
cancer additonally a carcinoma of the skin was diagnosed.

Smoking

Data on smoking wcrc available for a non-representanve
group of 361 men n the Boehringer cohort. 73% were
self-reported smokers. In the gas worker mhon 76% of
2860 men wcrc smokers.

Discussion

Company and union records provided almost complete
coverage of the cohort. This, with the mortality follow-up of
A7, makes it unlikely that there is any senous ntormauon
bias in the Boehnnger cohort. [n cohort studies there is
aiways the probiem which controi wroup s “best™. By using
gas workers we vould better control for the healthy worker
effect and occupanonal exposure to carcinogens. The
national mortality data enabled us to identfy the magnitude
of nisk in relation to the population and help comparison of
our results with other studies. The use of two standards
makes 1t iess hikely that the coserved ettects are due to
uncentrolled wonteunding. The ditferent inclusien antera
tor the Bochringer and gas worker groups with respect to
length of employment required for entry to the cohort did
not seniously bias the results since restricting the comparison
to Boehninger wotkers with duration of employment greater
than 10 vears did not substanually change the findings.

The national data came from death certificates, whereas in
the Boehringer cohort medical records were used. When 190
death certificates in the Bochringer cohort were reviewed, 54

TABLE VIi—-STANDARDISED MCRTALITY RATIOS (MEN. BY SITE) WITH WEST GERMAN NATIONAL DATA AND GAS WORKERS AS
REFERENCES

West German reference

Gas workers reference

Sum o No [¢] b} B SMR
Hypophanmx e 4 2
Oesophagus 150 1 3 N e §23 03610
Sromach 150 1148 12 10 %9 111 054 206!
Colon 153154 1148 3 8- ° -9 076 028~ 160;
Larynx 161 148 2 10 200 0-24-7 08
Lung 162 1148 0 a3 131 005201 2 156 167 109~ 24
Skun 72 48 1 08 123 1 12
Prowiate : 185 1148 T 4ur 142 057203 5 30 13070 40— 327
Kidney 180 1148 3 1 oe 156 0 32— S0 4 14 290 078 73
Haemnatopowetc svstem 200-208 1148 B 420 Lot DaTi M 9 14 165 12i- 503

*References dats availsbie only since 1 985
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Outcome in patients with subarachnoid
haemorrhageand negative angiography according
to pattern of haemorrhage on computed tomography

GABRIEL J. E. RINKEL. EELCO F. M. WiDIcKS DJo HASAN
GEORGE E. M. KIENSTRA  CEES L. FRANKE LOES M. HAGEMAN
MARINUS VERMEULEN  JAN VAN GIJN

15% of patients with spontaneous subarachnoid
haemorrhagehave normal cerebralangiograms.they
fare better than patients with demonstrated
aneurysms  though rebleeding and cerebral
ischaemia can still occur In patients with a normal
angiogramand accumulation of blood inthe cisterns
around the midbrain—"perimesencephalic non-
aneurysmal haemorrhage”—outcome is excellent.
To ten the hypothesis that rebleeding and disability
in angiogram-negative subarachnoid haemarrhage
mignt be limited to those with other patterns of
haemonhage on initial computed tomography
(CT), compfications and long-term outcome were
studied in 113 patients with angiogram-negative
subarachnoid haemorrhage. admitted between
January, 1983. and July. 1990

All patients were investigated with third-
generation CT scans within 72 h of the event. and
with cerebral angiography The mean follow-up
period was 45 (range 6-96) months None of 77
patients with a penmesencephaiic pattern of
haemonhage on CT died or was left disabled as a
result of the haemorrhage (0% [35% confidence
interval 0-5%)) Among the other 36 patients, who
had a blood distribution on CT indistinguishable
from that in proven aneurysmal bleeds. 4 had
rebleeds and 9 died or were left disabled as result of
the haemorrhage (25% {14-43%])

Thus, two distinct subsets of patients with
angiogram-negative subarachnoid haemorrhage

should be recognised. Patients with a
perimesencephalic pattern of haemonhage have an
excellent prognosis. Rebleeding, cerebral ischaemia.
and residual disability occur exclusively in patients
with aneurysmal patterns of haemonhage on initial
CT. Repeated angiography in search of an occult
aneurysm is justified only in the patients with

aneurysmal patterns.
Lancer 1991 338: 964-68.

Introduction

More than half of paucnts with aneurysmal rupture die or
remain severely disabled.! Blood in the basal asterns on
computed tomography {CT} suongly suggests aneurysmal
rupture,’ but the cause of the bieed remains uncertain undl it
is confirmed by cerebral angiography. Despite substantial
improvements N imaging acquisition, angiography fails to
show an aneurysm N 15% OF patents with spontaneous
subarachnoid haemorrhage.'>™ Tt is widely believed
that patients with angiogram-negative subarachnoid
haemorrhage have a more favourable prognosis than those
Wit pUsiive aNglOgIams. Nevemnaiess, they may sutler
fatal rebleeds and long-term disabiliry, }3850,
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and De Wever Hospital, Heerien, the Netheriands (C L Franke.
MO} Corresponaence to Or Gaberel J E Rinket University Department
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