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Respiratory health of workers exposed to low
levels of chromium in stainless stee] production

Markhu
Pekka 1s ppala, Antera Aitig

Abstraet
Objectives—To determine whethep accy-
pational ¢xposure to chromite, trivalent
chrominm, op hexavalent chromium
Causes respiratory diseases, an excess of
respirators symptoms, a decrease in pul~
monary finction, or signs of pneumocg-
amnng workers in an integrated
chain of sthinless steel production,
Methods £ross sectional study was
carried ouf in 1993 and the inclusion cri-
terion was a minlmum of eight years of
employment in the fame productipn
department, A gaif administered gues-
tionnaive was collected, and spirometry,
measurement of diffusing capacity, chest
radiographly, and laboratory tests were
carvied out/by a mobile research unit,
Results—There wepe 221 workers in the
EXposure groups and 95 in the contro]l
Broup. Thel average duration of employ-
ment was 18 yvears. No significant differ-
ences In the odds ratios (ORs) of the
symptoms were found between the expo-
sure and the contegl] groups. In a logistic
vegression gnalysis age and smoking sig.
nificantly elkplained the occurrence of
maost of the reapiratory symptoms. The
smokers in the chromite group had signif.
icantly lowey forced vits] capacity (FV(Q),
forced expi atory vohme in one second
(FEV,), and diffinging capacity than the
corresponding valnes of the control
group. The gnalysis of varlance between
study groups, smoking, ang exXposure
time, witho modelling for interactions,
showed that the chromite group had
lower values for FVC, FEV,, and diffusing
capacity thanm the ather groups, The
occurrence of small opacities Wwas more
frequent on the chest radiographs of the
workers in the chromite group.

7 An average exposure tme
of 18 years in ferrochromium angd stain-
less steel Production and eXposure to
dusts contain, 08 low concentratlons of
hexavalent or |trivalent shromivm do not
lead to any regp iratory changes detectable
by lung functitn tests or radiography nor
to any increase in Symptoms of respirgs
tory diseases, | The lung fimetion values

among the controls, The difference was
partly caused hy differences ig age and
smoking habity, byt evidently also partly
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by higher EXpOsUres more than swo
decades ago or by the fibrons compuonents
of the dust.

(Occup Bnusvon Mag 1996;53:741-747)

Keywni‘dq: sruinless srenl production; chromium £¥po-
SUre; respiratary health

Chromate dust and fumes of chromium tri-
oxide have been teported to cause asthmg !

omates, among other €Xposure agenrs in
chromium plating, welding,  and  fer
rochromium production, havs been connectad
with cases of Occupational asthma? or bronchi-
Hs. Mining dusr in an underground chromite
ore mine hss alkg heen reported {0 cause
chronic bronchits,*

Dbstructive effects on lung function haye
also been found among chromium workerg, + ¢
In one study reduced forced viral capacity
(FVC) and ap increazed prevalence of
obstructive lung dissases were found among
elecrofurnace workers in a ferrochrotminm
plant.” The authoy suggesred rhat the effecrs
were due to high levelz of total dusg, #specially
amorphous silica dust,

Nodular pneumoconiosis is another finding
among workers in chromare producton.? *
However, it has not been confirmed in some
studies.”* In g study on Tespiratory symptoms
among 60 ferrochrominm workers in Norway
breumoconiosis was diagnosed from the radi-
ographical examinations ?

The integrated production  ¢hain  of
Ourokumpu Stes] Oy i3 unique; the mine and
all the stainless sree] manufaeruring plants are
I the same region. The figure shows a flow
chart of the process. Unlike the test of the fore
rachromium  farpaces in the world, the
Outokumpu progess is 2 fully closed system,

In an animal experimeant" chromite parti-
clez from Ourokumpu’s chromium mifie were
considered 1o be fibrogenetically inerr,

The purpose of the present study was 1o
determine whether long term occupational
€xXposure to low levels of chromite, trivaleng
chromium (Cr), o hezavaleni chromium
(Cr*) causes respirarory digeases, an excess of
fespiratory symptoms, g decrease in pyj-
monary function, or signg of Preumoconjosis
among workers in an integrared chain of stain~
less stee] production, and to  investigare
whether Cr* and O+ tompounds (known o
differ in their ToXicity) alse differ from each
other in this TeEDECE,
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:: Flow chart of the progucrion chain, '
; Subjects and methods mum of eight vears of employment in the same '
SUBIECTS deparmmenr. Altogether 222 workers met the .
At the time of the study, from March 1o May ki

criteria of exposure and duration of emnploy-
1093, thers wers 802 workers in the produc-  menr and wete placed in one of the three
tion departments, The subjects were divided eXposure groups. One of the workers did not
intq four groups according to exposure ro dife 8gree to participate in the study. The congra]
ferent chromium compounds: exposure 1o group consisted of workers from the cold
CrY, Cr*, chromite, and a conol group. In rolling mill (the Sendzimir tolling mill, the
this| study the inchusion criterion was a mini-  skin pass mill, and the splitring and cutting
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line), | because their level of exposure to
chromium or dust in general was extremely
low non-gxistent, Out of the 132 potential
contrals, 95 agread 1o Pparticipate, The Jower
Iesponse rate among controls was mainly duge
to the felative inconvenience Io the workers in

- matching workshifts with study appointments,

The tdral number of subjects was therefore
316 and all of thern were men with similar eth-
nic and sociceconomic backgrounds,

The [company also provided a Hst of names
of the workers who had been working for at
least eight years in any of the production
dep ents under study and then tesigned,
There wers 53 such workers; 17 of them had
been exposed to Crs, four to Cr*%, and 19 o
thromite; 13 of them had bean working in the
cold rofling mill where the tontrol group
worked.| A questionnaire was sent 1o all of
these fotmer workers, bur no clinical examina-
tions weye made.

EXPOSU.

An exp¢$;re study was carried ont through the
whole duction chain in 19872 Ay the
chromire mire in Kemi {chromite group) the
average dust conceniration was 1 mg/m’, The
median personal exposure 1o chromium wag
22 uglm® Cr* was not detected in any of the

In thg furnace depertment of the fer
rochromiim plant (Cr# group) the avergge
dust expgsure was 1-5 mg/m?. The dust con-
tained an|average of 5%-10% chromium, The
proporriof of Cr* of the rotal chromiom was
0-1%—0-3P4. The highesr concentrations wepe
detected guring tapping in the vicinity of the
tap hole, Where the propordon of Cr** wag 10-
fold (1%-13%) the level in other areas, In the
sintering |and crushing departments (Cr
group) ¢ average dust €Xposure  was
2-4 mg/m?

In the steel smelting shop (Cp* group), the
Average exposure to total dust was 1-8 mg/m®,
The dust tontained 29%-49% chromium, The
median Cr* concentration was 0-5 ug/m?. The
highest valnes among personal samples were
detected i the hendling of molten metal by
the arc furnace {(6-6 #g/m’). Although judged
from the tationary samples (in which the
amount of air collected was large), Crs
seemed to (be present ar low concentrations
throughout| the steel smelting ghop; i
exceeded the derection limit of -5 pghm® in
only some of the personal samples,

The tora] dust content was low throughout
the cold rolling mill (control group); it aver-
aged 0-3-0-5 mp/m?, I general, the content of
chrominm i the air in the cold rolling mill
was lower tHap the detecrion limit of the mga-
surament méthod.

METHODS
A questionnhire was sent 10 the participants
one week before the olinjcal examinations, ¥t
was based of the standardised qQuestionnaire
of & study made in the wool Texrile industry by
the Edinb Study Group'® and the defini-
Hons from the Medical Research  Council
(MRC) questionnaire,'* and it asked for infor.
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mation oh personal characteristics, oceupa-
tional history, tespitatory Symproms, smoking
habits, medication, and personal apd family
histories of allergic and pulmonary diseases,
Some questions considered, among other
things, the following fremg: cough, phlegm,
shormess of breath, angd wheeze, Symproms of
thiniris and eye irtitation were also included,

Cough, lasting more than thres months apd
improving after holiday of more than one
week, was considered 1o be work related.
Similarly, dyspnoea occurring az least twice g
month and ¢ansed or worgened by impurites
in the worl environment or during 2 work-
shift, but becoming betrer after a week’s holi-
day, was regarded as work ralated. Questons
ahour back or stomach pain and genera! heglth
statuz were used as conrrol questions because
they were nor considared 1o be associated with
the current occupational £xposure,

Spiromerry, measurement of diffusing
capacity, a chest » 1ay film examingtion, and
laboratory tests were carried out by g mobile
research unit with two expetienced laboratory
technicians,

Spirometry was performed on egch subjeer
with a computerised flow volume spirometer
ME 101 (Medikro Oy, Kuoepia, Fmlend). The
spiromerar was calibrated each day with g 5
litre syringe. Ar least three satisfactory accept-
able forced mazimal expirations were per-
formed according to the standards of the
Ametican Thoracie Society,'s and all volumes
were corrected to body temperature, pressure,
and saturation (BTPS), Each subject was
seated wearing a noge ¢lip. From the maxi-
mum expiratory flow volume eurveg the high-
est FVC, forced expiratory volume in one
second (FEV)), and flow rates at 50% and
25% of the viral capacity (MEFR,,, MEPF,,) and
their mean flow (MMEP) were read

All of the values were also expressed as per-
tentages of predicred values in Finland.' Two
trained laboratory technicians examined an
equal number of peaple. The techisicians” per-
formance of spitomerry was compared before
the study. ‘The mean difference in the FVC of
the people tested was minimal (2:1%),

Diffusing Capacity of the hngs for carbon
monogide (TLCO) was measyrad with the
Morgan transfer test and the single breath
method, Alveolar volume (V) is the total hng
capacity found at the rime when the TLco is
measured. The specific diffusing capacity js
TLCO/VA, The same laboratory technician per-
formed ar least two successful consecutive
measurements for each person; the mean value
of the two nearest tear results was chosen, 17
These values were adjusted to the real time
haemoglobin messuremeny 1# The results were
also expressed gg bercentages of predicted val-
ues in Finland, e

In the radiographic examination full size
35 ® 43 em x vay films were ugsed. The radi-
ographs were classifiad according to the modi-
fied classification systern of Inmternational
Labour Organisation (ILOY.e

Two radiologists, borh of whom were expe-
rdenced with the IL.O system, classified the
radiographs individually withony knowing the
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Table 1 Characterispics of the study Zroups

Crs gy Crm? gyopp Chiomite prowp  Control W
Chavacrristic {n = 1Y m=76) (n=34) fh= Dsfmu
As;ig)n (5D} 43-3 (5:5) 48.5 (6-8) 446 (7-6) &0°7 (71}
2059 20-60 30-53 30-54
Height (t:m%;
Mean (SI0) 174:6 (3:9) 1748 (5-2) 1741 -6:3) 174-3 (6:9)
150-129 163-187 162-190 I57-191
Weight (kg):
Mean (SD) BY-9 (10:7) 81-0(11.3) 741 (13-5) 80-0 (11:B)
Range Bi-110 57-108 34-117 81-140
Work: histery (y):
Mean (2D} 60 (46) 2048 (453 12-3 (5-6) 14-4 (27}
226 027 6-37 §-18
Smoking status (%)
Non-amoker 7-8 293 16-7 351
For-smoker 334 320 250 19-2
Current smoker 28-4 38-7 583 457
Present smoking:
Cigarermes/day:
Fican (3D 167 (6:5) 169 (3-4) 170 (54) 151 (7:2)
Tou] dur(;'ginn of
St0] ;
M‘::rf &ED 163 (7-0) 18:9 (5-3) 201 (8-3) 174 (8:3)

names or exposure data of the subjects. If the
classifications of the radiologists differed, the
higher classification was recordad as the result.
Orne of the radiclogists was a cerrified NIOSH
B reader. The radiographs of the conmol
group were mixzed with those of the exposed
groups,

The urinary concentration of chromium
was measured from the specimens of 44 work-
ers from the steel smelting shop to ascertain
the exposure level comparsd with the level in
an earlier smdy in the same production
chain.”* Every other worker in the stee] smelting
thop was selected from the alphabetical pay-
roll Yist. The specimens were collected in the
afternoon after the workshifs.

Table 2 Prevalence of sympropns*

Huvinen, Ui, Hitting, Row, Virkola, Kiikka, et gl

STATISTICAL METHODS
Basic statistics were used 1o describe the dara.
The frequency tables were analysed with #*
statstics. The mulrivarare analysiz was based
on logistic regression analysis, where we have
included possible confounders as predictors
and their effect was adjusted, when needed.
The effect of risk factors in the model were
shown with adjusted odds ratios. The natural
confounders in pur study were age, exposure
time, smoking, eatlier lung disorders, and
atopic diseases. When the relation between
pulmonary funcrions and &xposore wers stud-
fed, we used Student’s 1 test and analysis on
covariate. Here the possible effect of con-
founders was taken info account using covari-
ates. The possible confounders were age,
exposure time, heighr, weighr, and smoking.
Az a covariare, smoking was raken into the
model as pack-years, but we also included it in
the model as a factor, where it was classified,
The statistical software used was SAS (SAS
Instirute, USA) and Bgrer (Beret, USA).

Resuls

SUBJECTS

The participation of exposed workers in this
study was high, almost 100%, and for the con-
trols the corvesponding value was 72%.

The study groups were similar in height and
weight (rable 1), There was 2 five vear differ-
ence between the mean age of the youngest
{control) and the oldest (Cr*) groups. More
than half of the workers in the Cr" and
chromite groups were between the ages of 45
and 65 years. The chromite group contained
more current smokers and fewer non-smokers
than the other groups. Also, the chromire
group smoked more and had smoked longer
than the other groups,

g{ e o g g":’;‘g oy Comrol group Only three men had been previously
Symprom % % % ¢Xposed to chromium compounds in the metal
Cough > 3/12 moms 0% 21 154 05 industry. The groups were similar for former
: Woek relared cough 55 $2P=001 24 1 agricultural work and exposures to silica dust,
: gﬂ’gf"“’; 212 manths 185 BTE=001 250P=004 104 welding fumes, asbestos, solvents, and textile
; {and wheezing) 8 145 11 &3 dusts (data not shown). There were no differ.
Work relared cough or H
B ek ool ofb;:g;‘* H4P=004 132P=005 56 oz ences between the number of reported earlier
| - Breathlessriess on syertiont  11- 197P=0-05 139 84 allergic or pulmonary diseages diagnosed by a
‘ Eye' e o oL months 263 461 306 231 physician. Allergic rhinitis and bronchial
> Bilgn;lpnmhg 17.8 173 55 116 asthma were infrequent; no asthma was
, {Abdominal pain 30 il 29 134 reported in the chromite or control group, The
[ Heah.h =onditan: , 2e . Eroups were similar with regard to medication
, a0d 43+ 48+ 52, 0:0 B = 002 ; ; ;
; Average 9 AP=005 389 383 P for hypertension and cardiovascular diseases,
i Poor 73 132P=002 g3 42
] *Cr+2, Cr, and chromite graups p control group, Student’s two tailed ¢ tesr. SYMPTOMS R
B tShormess of breath when Furmyin on lovel b The prevalence of most of the respiratory and
j other syinptoms did not differ significantly in
I ! Table 3 Logistic regression analysts of respiratory symprams ‘&‘hﬁ comgangon b;tw&m the groups (itirable 2.
J " ¢ production of phlegm was more equent
j Crls O+t Gk , h p
- r%%’gf rnr-—-%ﬂp n ?’;5'? froup in the Cr"™ and chromite groups than in the
i Symproem DR (05% G OR* (35% Gl ORT(S%CY  other groups. Work related cough or dyspnoca
SRS NGB memal meduey wes dumicendy more fement o the Cro (P
&, > t)<is 33 - =S - Y * * 2 ", = {} +
Shortnzss of brns 15§ (0464973 277 (076-1008) 1482 (0-42-7.54) 0041) and the Cr? (P = 0-033) Eroups
Chest Hghtneas 114 énvsa—z-ss) 1°39 (0-53-3.62) 124 50-41—3-74) than in the control group.
Breathlezaneys on exertiont 1-23 (D-244-3.53) 1-92 {0-B7-643) 0-96 (0-23-3-01) No sigm’.ﬁcant diﬁ”erencas Batween the
niLs

103 (0-46-2-12) 222 (0-92-3-3%)
Any of these symproms 1-39 (0-70-2:80) 211 {0-62-4-8%)
*Age and durstion of eXpoyure 28 tontinicus verisbles and esslicr pubmonary dissases 53

clnggified variahjes,
FSberimess of brearh when hurryinglon loval Eround,

1+43 (0-¢9=4-18)

111 (p-40-2.02)  SHDOSUTE groups and the controls were found

in the odds ratio (OR) of the symptoms (table
3). In the logistic regression analysis age and
smoking significantly explained the ocoutrence

TUA PRI 6 aleb i,
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Tabls & Lung function MIEASUYEINENS |05 & percentage of precicred vakes*
Cré proup Cr*? promyp Chromite Eroup Conrel gross
Lumg Non-smokers SmokegsF Non-smohars Swipkarsf Nom-imokar Smokers Nen-smokers Smokersy
Fonction (e =4 tn= g (s = 22) (n < 52) W pieesid (n m 33 (es 60
tariable Mmem (50 mean (BD) mean (3D) mean (S0 magn (30) mean (8L mean (50) magn (S5)
Fve 964 (111 93-5 @6) 93-8 {8-9) Pg-?g S;ﬂ’ﬁ) 93-6{11-7) gG'E {107 935 (9:5) 952 (10-2)
- = (01
FEV, 955 (11-4) 91-8 (12.2) 938 (11-5) 810 92:1 (109 33-1061&'33 546 (10-7) 82-7(11-8)
= {01
FHEWMS 96:8 {6-6) 981 (7-) 98-6 (6-9) 982 {71 085 (&3 952 (10-3) 1011 {5:9) 973 {69
PEF 10257110y 1036 (13.3) 879 (18-0) 1006 514'1) 105-6 (7.9§ 97-7 (129} 1022 (11-8) G985 (14+4)
MEF,, 95-7 (21-3} 870 (26+1) 878 (30°8) 83:2 (25.4) B8-7 (18+9) 74-7 (28:3) 852 (22-2) 82-7 (22-9)
MEF,, 885 (26-1) 821 (3273 83-8 §31'4J 81-0 (275} 82-6 (261} 691 (28 96-5 (33.4) B2:2 (30-3)
TLoo 1023 {20-1) 9721 0-2) 106-3 16-8) 804 (18-5) 855 (42-6) 82-1;3; 43 1024 (23-3) 956 {13:8)
5 i,
TLGy, 10L-46 {20:1} 963 (19-4) 108:0 {155) 90-6 (184} B9-6 (42-8) 81‘9&{3}%‘2) 1022 (22.8) 043 {140
< N-

Trco/Va 105-9 (23-6) 103-2 2p-7y 113-8 (17'1) 968 (20-6) §2.7 (48:3) 92:0 (35-9) 1074 (262 99-8 (14-6)
'I‘!.SD/VAM. 1054 {23-8) 103-0 (2083 1137 (1 56) 87+ (2063 92-8 47-8) 1.3 (35.9) 1075 (25-2) 99:4 {15-1)

*Cevdy Cp, ang chromite groups

FVYC = forced viral

warory fow rate 4t 50

capacity; Troo/Va,,

of most of the LESpiratory symptoms. Earlier

© contro]

pecific diffys
15mioksrs #oup includes both curren)

, Smdent’s two riled ¢ tesr,
mu'pamry volume in one secand; FEV
% of the vital capacity; TLCO = diffusing cg
ing capacity adjusted o Iazmoglobin,
2 and ex-smokerg,

allerzic diseases were assnciated wirh the

ocourren

LUNG FUNCTION TESTS
In gemeral the smokers

function )
group hag
diffusi

Fapacity valyes

the contpl group. The
funcrion tests (a8 a parcen;

values) of|

Table 5 Prevalones of impaireds Jung functfon test resuks

ce of shortess of breath (dyspriaea).

showed lowsr lung

Fesults. The smokers in the chrommite
| significantly lower FVC, FEV,, and

than the smokers jn
results of the lung
tage of the predicted

the Cr*t and Cyp groups did not dif

Cr sroyp Cr*? prount Chromiz= Broupf Coranl

Lung funcrion (n=109) = 7e3“p n =36 m= sw.S'f"J aid
Variadls % . % %
Fve 100 160 433w 108
FEV, 11-8 227 380 ] 137
FEVY% 109 67 13-8 63
PEF 12 53 56 63
MEF,, 127 173 27:8 13-7
MEF,, 136 107 27:8 105
TLco 5.5 6-1 167 24
TLCO, 64 53 16:74% 2:1
TLooVa +6 40 13-9* 32

oA, 55 53 13:9* 3.2

*P = 0-05; **p o 0-01 (Cr*», Ce*Y, ang chromit

tailed rresty

18mokers snd non-amekers combined.

= Eroups v the conmrol group, Swdent’s wwo

:Vah;\f lower than the 5t percenile of distribistion of the varighle fig #dult non-smoking Finnish
men.
For abbreviations, see table 4,
Tabls 6 Oceuvrenco of small opacities (profusin = 0/I) by age
Crs L arond Chromite group Contral
(m=i08) G (0= 36) o il
Ags group n (%) u (%) % (%) n (%)
2044 5(829) 13-y 7 {38-9) 6 (8-8)
45-54 7 (163 8 (za-sg 2{13-3) 4021
3565 1 {20-0) 5 (556 3 {160-0) 2 (50:0)
Total {12:0) (ig-4) {33-3) {12-8)
Table 7 Ocourrenes af small opacities
Cys Ce*? proney Chrowmizs group Conwrsl group
= ﬁﬂ) [‘ur= % e 35) (am;- a5)
Profision® a % n n (%)
01 & (5-5% 4 ES 2y & (22.3) 11 gl 1-7)
10 4 (3" 6-6) a5 1611y
11 3 (2-5’3 3 (6-8) 1028} 0y
1/2 (0 ()] 1(2:8) )
Tota] 13 (g 14 (158:4) 12 (33.3) 12 (12:8)

*Clazsified according 1o the more severs finding whe
differed from each ather,

? the inrarpretations of the oo radiojogises

*% = FEV/FVC x 100; PEF = cal:wp-’nmryﬂnw; MEF,, = mgying UM Expi-
pacity; TLoo,, = diﬂ’usif:g capaeity adjusred fo haemoglobing Tron/Va = specific diffasing

fer from the cottesponding results of the con-
trols, except for the FVC of the smokesrs in the
Cr* group, for whorn it was lower than for the
smokers in the control group (table 4,

In the group comparison of rhe adjusted
lung fancton results, modelling for interpe..
tions berween study group, smokling, and
Exposure time did not show 4 significant dif
ference for any of the lung function variables,

£ same analysis of varjance without inter-
actions showsd that the chromite group had
lower FVC, FEV,, and diffusing capacity val-
ues than the other groups, including the con-
trol group. The differsnce in these varizbleg
remained when stoking (pack-years) was
included ag a tovanriate in the mode], The
inclusion of smoking or pack-years or both sig-
nificantly decressed tha values of the same
variables,

The percetitages of the lung funcrion et
results that were below the predicted vahzes'
were  similay among the exposed groups,
€xcept for the chromite group, for which al}
the diffising capacity variables and rhe FvC,
FEV,, and MEF,, were significantly decreased
(table 5),

RADIOGRAPHS
Tuble 6 shows the radiological findings. The
number of positve findings increased with age
in the Cr*, Cr*, and control groups.

Radiographic Parenchymal abnonmalites
were found more often, byt not significanrly
among the workers in the chromite group
(rable 7),

Changes in the Darieral and vigeeral pleura
were also more frequenr (not significantly)
among the workers sxposed to chromire, who,
however, had np bilateral plaques (table 8),

URINARY CHROMPIM

The mean winary concentration of chromium
was 0-03 umol] for the 44 workers in the stee]
stnelting shop (0-04 Hmol/] in the previens
study in 19879, The maximum concepira.
uon was 0-08 ymol/l (0-34 pmoolnt in 1987,
The results of these control measurements
indicate thar the Jeve! of chromium exposure
in 1993 was the zame or slightly lower than in
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{ Table 38 Pwural plagues guly champes in the vivearal plsyrg
Crs grvyp Cp+? C&m‘rgmsqa Conrrpd
(=008 G=bg? G (= 95
Variabls 1 (%) B (%) 7 (%) # (P4}
: —_—
Bilararal pleyral plagues 5 (4-6) 2 {2:6) - —_
Unilar:m? letiral plaquey 5 (462 1¢1:3) 4(11-1 313:2)
i i viseera] pfim* 1 {0-5) 1{13) 2 fs-s)) i Ez-n
*Comophrenic 2agle ablteratioh or plenedd s, or thitkening of the viscars] plenra,

Table 9 Deseriprion of chremium compoungs®

Chromite Chrominmy ors (Cr.Fe),), Cyi3
Ferochromium Chropium ailoy (Cr, C, Fe, N, 81}, Cpo

rez Salts of chromic acid (H,CrD,3, p+d
Chrominm Marallic chroming, {Cry, ot
FORMER WORKERS

Ihe questionnairs was returned by 37 formep
workers (70%). They reported that they had

”

S b N e A e

erienced rthe following symptoms during
e years they were working for the company:
cough  (16-2%), production of
hlegm (16-2%), shormess of breath (13-5%),
thinity (35-1%), ¢ye imitation (8:1%), der-
is (18:9%), and various  symproma
eadache, verrigo, fatigue, ete, 16-2%).

None of the former workers reported thag 5
djsease had been 2 reason for leaving the com-

0 people (5-4%) reported bronchial asthma,
other pulmonary diseases, allergic thiniris,
on cancer were reported.

of exposure to
have been studied in
vagious industries, bur nope of the studies
coyer the entire production chain of stajnless

stegl. Because our ohjective was 1o study
chronic effeers, the Tequirement for a mini.
murn duration of employment had ro be kept
high. Therefore the Broup sizes were small

the statistical power of the
Studly; 2s can be seen in the wide 95% confi-
denge intarvals (95% CIs) of the ORs for
Ptoms (table 3). On the other hand, the
duritions of exposyre were long, the average
ranging from 16 1o 20 years in the different
exposure groups, Lowering the durations of
expasure would not have estentially increased
the group sizas,

Most of the workers in thig study had
worlled in the samea production department
during their entire employment ar Ourokumpn
Oy.
ered [to be the same for a)) the people in any
givery department, occasional peaks being
smodrhed by time. Thus the searcity of find-
ings in thig study is nor due to the possibility
thar the pathological findings of 4 stall, bur

ighly expozsd group had been dilnged among
a larger and legg exposed group,

Alll the workers who had already left the
compgny received g questonnaire, and 70% of
them returned it. Half of the 70% had smoked
while emplayed by the
of formier workers did not differ from the other

This will decrease

Therefore the exposyres ean be consid-.

Huvinen, Uiri, Zinmg, Roro, Virkola, Kiikka, or ot

groups for FESPITRtory symptoms,
bronchirs among the former workers was gs
rare s among rhe workers examined. Two for-
mer workers reported bronchial asthma, bur
none of the present workers did. None of the
former workers reported a disease as g reason

company. Thus selection can

The lung function tegrs could not be zarriad
order for practical rea-
fons. However, the lack of randomisation can-
not be considered to haye had any nporable
effect on the resulys becguse the tests were per-
formed in g standardised mapner,

Minor differences in the occurrence of
cough and shortness of breath were geen when
the Cr*, Cr*, and chromire gToups were com-
pared with the control group. However, in the
logistic regressinn analysis no significant dif-
ferences in the risk Tatios were found berween
the groups,

The lung fancrion results of our study could
not be compared with the results from other
studies becanse there are no such data avaijl.
able on srainless stee) Pproduction.

As in this smdy epidemivlogical studies on
respiratory functions very often indicate thar
the resplts of lung funetion tests of former
smokers may surprisingly  differ from the
results of both non-smokers and current
smokers. The reason for thes having stopped
stoking is often some effsct on the respiratory
8ystem. Therefore in thig study ex-smokers
were included in the group of smokers in mosr
of the analyses,

The results of the lung funcrion tests in the
EToups exposed to Cr* or (g did not differ
from those of the conirol group. On the con-
trary, the tesubts on respiratory volumes and
diffusing €apacity in the chromite £roup were
slightly worse than those of the conrre] group,
This difference wag most evident for the srok-
ers in this group, which had the lacgest propor-
tion of smokers,

The sirbome dust in the chromire mine has
been shown to be one third chromite, ope
i and one third chlorite serpenrine,
and serpentine particles ara primarily
lamiellar schists. Part of the chlorite serpentins
particles can be clagsified gg fibres. During the
late 1960s and carly 1970s, when the pracess
was  different and  the technology  less
advanced, the dust concentrations in the
ambient gir at the mine were higher than the
current concentrations,

Limited areas in the ors of the north eastern
part of the mine and jrs waste rock contained
crevices filled with chrysatile. During 1987_9
the mean concentration of fibres m persopal
samples was 0-14 fibres/cm? for drillers and
0-11 fibres/cmn® for loaders ar the open pir and
0-28 fibres/cm® in the concentrating planr,
According 1o scanning elactron microscopy

example, vertical lamellar minerals,

The workers from the chromire mine were
slightly older than the controls, and the pro-
porton of smokers Among them was grearer,

.
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these workers can be explained panly, but pot
totally, By the differences in age and smoking
habirs batwesn the &roups. It is 2ls0 probable
that there is a caneq] correlation berween our
findings pnd both the higher duse EXposyres
duting e firer years of mine operarion ang
the fibroys minerale in the waste rock of tha
mine,

Radiolpgical parenchymal abnormnalities
and plagues classified according to ILO pac.
ommendations were nor common in gur
study. Small opacities were more frequently
observed fn the fadiographs of the workers
exposed tq chromite than i the radiographs of
the other g oupe, This finding agrees with the
ides that egrly SXpasure to fibrous materjals js 5
ibuting to the pulmonary effacts,
tased risk of lung cancer has been

d chromare Pigments, as we a3
gn plating, although no conclusive
qval g cancer in for-
production.® 2 No cgges of lung
found in this stndy. Howeaver, risk

ime was short ang the exposed
Eroup young and smal).

No cages jof chromium asthma were found
in this study, Tt wae tecently reported thar
QM non-malipnant diseases of the

respiratory gpstem was nor increased (stan-

Conclusions
aVerage eXposnre time of 18 years in mad-
ern ferrochrofmium and 8tainless steel produe.-

Gxposie to dusts tontaining Cr
or Cr* doed not lead 1o any fespiratory
changes deregrable by lung function tests or
radiography of 1o any increase in iymptoms of
respiratory digesses. The Process chain ypder
study is uniguye; however, the resulis are alko
appliceble to grher production facilitieg where
the exposures| 1o different chromiurm <om-
pounds are equally low,

The lung function €8t results were lower
and the occudrence of radiological findings
Was more freqhany among the workers from
the chromjum mine than among the controls,
The difference| wag Partly caused hy diffay.
€nces in age an smoking habits, by evidently
also parly by higher EXposures more than two
decades age, when the mine operations were
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started, and by the fibrous COMponents of the
dust,

Because the follow up tme was limited, we
are planning a reinvestigation afrer five years,
although there ¢ no personal needs or
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