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Abstract. T herm al degradation  of heated chrysotile results in dehydration  and changes in its 
crystalline structure. The im pact of heat treatm ent a t 150 — 1200°C on the biological activity 
of chrysotile was tested in rats. H eating the chrysotile produced an  increase in its biological 
aggressiveness m easured in term s of anim al survival ra te  and fibrogenic activity' after 
in tratracheal adm inistration of the dust. The highest death  rate  (100% of the anim als) was 
noted  after adm inistration  of chrysotile heated a t 600°C. M oreover, increased fibrogenic 
activity of chrysotile heated a t 150°C up  to 800°C was found. The biological eifect of 
chrysotile heated a t 1200°C did no t differ from  the effect exerted by unheated chrysotile. 
After intraperitoneal adm inistration  of the dust, the m ost violent reaction could be observed 
when chrysotile dust was heated a t 600°C, which resulted in sym ptom s of nervous system 
im pairm ent (of the h ind legs, no  reaction to  nociceptive stimuli, d rop  of in ternal body 
tem perature) and death  o f the test anim als. In m ale rats, the period between dust 
adm inistration  and the m anifestation of sym ptom s and death  was found to  be longer than  
in  females.

IN T R O D U C T IO N

Because of its physical and chemical properties, asbestos is used for 
m anufacturing various kinds of products used under conditions of high 
tem peratures and pressure, and also in contact with acids, alkalies, solvents, 
etc. (Table 1). W hen heated, chrysotile undergoes therm al degradation resulting 
in  dehydration (2) and changes in its crystalline structure (Table 2), which in 
tu rn  m ay cause changes in the biological activity of chrysotile. This study was 
aim ed at examining the biological effect of chrysotile exposed to  tem peratures 
m ost frequently occurring during the utilisation of asbestos product.

Address reprint requests to  H. W oźniak, D epartm ent of Aerosols, Institu te  of O ccupational 
M edicine, P.O . Box 199, 90-950 Lodz, Poland.



TA B LE 1. Usage of some asbestos products.
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TABLE 2. Scheme of therm al changes of chrysotile due to dynam ic heating (2).

Chrysotile with surplus of 
w ater and brucite

Brucite dehydration

C hrysotile dehydration

D ehydrated  chrysotile

Forsterite, am orphous silica

M g6Si4O 10(O H )8 ■ x H 20  • yM g(O H)2 

100 -  250°C

M g6SIO 4O I0(O H )8 ■ yM g(OH)2

400° C

M g6SiO4O 10(O H )8 +  (yMgO)

M g6SiO,

3M g S i0 4 +  S i0 2

800°C

1000°C

Forsterite, enstatite 2 M g S i0 4 +  M g2S i0 6

Type of asbestos N am e of product Usage

T em pera tu re  to  
which the p ro d u c t 

is exposed 
°C

Chrysotile asbestos wool heat insulation for w ater and steam 
boilers, pipes and heat exchan­
gers

up to 500°

Chrysotile asbestos yarn sem i-product for the production 
of cords, tapes, fabric, packings 
and unwoven asbestos cloth

from 260° 
up to  450°

C rocidolite asbestos packings in the environm ent of from 150°
or
Chrysotile

cardboard gas, acids and lyes, acid-proof 
board, therm al insulation, fire­
proof cardboards

up to  600°

Chrysotile cardboards fireproof cardboards abou t 1000°

Chrysotile asbestos for the production of brakes, from 200°
frictional clutches, brake bands up to  400°
products
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M ATERIALS A N D  M E T H O D S

Dust: The sam ple of chrysotile asbestos im ported from the USSR and 
processed in P o lan d  was divided into 6 portions. Five of them were exposed for
24 hours to one  of the following tem peratures: 150, 450, 600, 800, 1200°C, 
respectively; the  rem aining sample was left unheated (9). Next, all the samples 
of dust were subjected to x-ray difraction (8) and m icroscopic exam ination (6).

Animals: W hite W istar rats of both sexes were used for biological testing; 
150 m ale rats w ere used for testing fibrogenic properties; the dust sam ples were 
administered in tratracheally  at a single dose of 25 or 50 mg suspended in 0.6 cc 
of 0.9% NaCl solution. Each group consisted of 20 rats. After 3 m onths the 
animals were killed and the hydroxyproline content in the lungs was m easured 
(11). Sixty rats o f bo th  sexes were used for testing neurotoxic properties; 100 mg 
chrysotile suspended in 1.2 cc of 0.9% N aC l solution was adm inistered 
intraperitoneally, and the anim als’ behaviour was observed and analyzed 
according to the  following criteria: external features, mode of locom otion, 
balance on an inclined plane, the grasping reflex of the front and hind limbs, 
reaction to nociceptive stimulus, mode of solid and liquid food intake, internal 
body tem perature control, m acroscopic lesions of internal organs (10). All the 
dead animals w ere dissected. The control group was given only the N aC l 
physiological solution.

RESULTS

D ust characteristics. Crystalline phases and respirable fibres content in 
unheated and hea ted  chrysotile are presented in Table 3. It is to be noticed tha t

TABLE 3. Crystalline phases and respirable fibres content in chrysotile.

. T em perature Crystaline Asbestos fibre
°C phases content in 1 mg dust

20 ' chrysotile 10 x 106
150 chrysotile 10 x 106
450 chrysotile © X ©

600 chrysotile* 10 X  106.
700 am orphous
800 forsterite 12 x 106
900 forsterite

1200 forsterite +  
enstatite '

1.5 x 106

*20%  of the sam ple preserves crystalline strusture 
+  80% converted in to  am orphous substance

the asbestos sam ples unheated and heated at 150, 450 and 600°C contain only 
M g6Si4O 10(OH)8 x H 20  chrysotile. Twenty-four hour heat-treatm ent of chry-
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Fig . 1. E lectron m icrograph of the chrysotile unheated.

Fig. 2. Electron m icrograph of the chrysotile heated at 600°C.
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Fig. 3. Electron m icrograph of the chrysotile heated a t 1200°C.

sotile at 800 and 1200°C converts it into forsterite. However, different samples 
of chrysotile varied with respect to the num ber of fibres in 1 mg of dust; the 
lowest num ber of fibres was found in a chrysotile sample heated at 1200°C. The 
electron microscope pictures of the chrysotile unheated and then heated at 
600°C and 1200°C,,respectively are presented in Figs 1, 2 and 3.

Biological examination

1. T h e  f i r s t  r e a c t i o n  o f  a n i m a l s  t o  u n h e a t e d  a n d  h e a t e d  
c h r y s o t i l e  a d m i n i s t e r e d  i n t r a t r a c h e a l l y .

a. Reaction to unheated dust. All anim als tolerated the intratracheally  
administered standardized dose (950 mg) of dust.

b. Reaction to dust heated at different tem peratures:
— at 150°C — 20%  of rats died during the first day of experiment: during 

a m onth the m ortality rate of the anim als reached 50% of the initial 
num ber of rats in the group;

— at 450°C — 100% of rats died immediatelly after in tratracheal 
adm inistration of 50 mg of dust suspension, whereas the dust sample 
reduced to a half dose (25 mg) was well tolerated by the animals;

— at 600°C — 100% of anim als died immediately at the m om ent of 
adm inistering 50 mg of dust into trachea, 50% reduction of the dose 
did not reduce the m ortality rate of the animals;

— at 800°C — the reaction of anim als was approxim ately the same as 
that in the group exposed to dust heated at 450°C;

— at 1200°C — adm inistration of 50 mg dose did not cause any deaths.
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The fatal reaction of rats to  the dust heated at 600°C adm inistered 
intratracheally  suggests tha t heating chrysotile at this tem perature is con­
ductive to the form ation of soluble com pounds with a strong toxic effect on the 
respiratory tract; it caused the death of anim als at the moment of intratracheal 
adm inistration of dust suspension. However, the result of the experiment 
carried out to  verify the hypothesis on the form ation of soluble toxic 
com pounds was negative. The experim ent consisted of preparing a standard  
suspension of the dust heated at 600°C (50 mg in 0.6 cc of 0.9% NaCl) and 
shaking it for 24 hours, then centrifuging it; the supernatant was removed to 
ano ther glass tube and the residue was re-suspended. Rats were given either the 
supernatan t or the re-suspended residue. Only the residue exhibited a lethal 
effect.

2. F i b r o g e n i c  a c t i v i t y .  The results of studies on the fibro- 
genic activity of the examined dust m arked with a hydroxyproline content in 
the lungs are presented in Fig. 4. It can be concluded, from the data  presented 
in the Figure, tha t heating dust a t the tem peratures from 150°C to 800°C 
increases its fibrogenic activities, whereas, as can be concluded from this 
studies, the dust heated at 450°C has the highest fibrogenic activity; half of the 
standard  dose (25 mg) of this dust induced a higher increase of hydroxyproline 
content in the lungs than  the full dose (50 mg) of unheated dust, or dust heated 
a t 1200°C. The fibrogenic activity of dust heated at 1200°C was approxim ate to 
the fibrogenic activity of unheated dust.

Temperature ["c]

Fig. 4. Fibrogenic activity of the exam ined dust m arked with hydroxyproline content in the lungs.

3. T h e  n e u r o t o x i c  e f f e c t  o f  c h r y s o t i l e  d u s t .  The 
results of exam inations aimed at finding out the neurotoxic effect of chrysotile 
are shown in Table 4. N o abnorm al behaviour was to be observed in the rats 
from the control g roup (1.2 cc 0.9% NaCl). W ithin 3 hours of intraperitoneal 
in troduction  of unheated chrysotile, rats developed such symptoms as: apathy, 
erected hair, balance disturbances manifested by swerving and dragging of the
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Fig. 5. R eaction of ra ts after intraperitoneal adm in istration  of heated chrysotile dust.
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hind limbs, interm ittent 20 m inute phases of convulsions involving licking the 
treated sides accom panied by streightening out the hind limbs. In  spite of these 
abnorm alities the anim als could keep their balance on an inclined plane. All 
symptoms were ra ther slightly manifested. T hroughout the 10-hour experi­
m ent, reaction to  nociceptive stimuli as well as the grasping reflex of the front 
and hind limbs were retained.

It can be concluded from the da ta  presented in Table 2 tha t heating dust 
.at tem peratures from 150°C to  800°C increases its neurotoxic effect m arked by 
the time between dust adm inistration and the appearance of disturbance. The 
m ost violent reaction was to  be observed in the case where chrysotile dust was 
heated at 600°C. M ale rats developed such sym ptoms as apathy and erected 
hair immediately after intraperitoneal adm inistration of chrysotile dust heated 
at 600°C. W ithin 1 hour, voluntary food intake ceased. Then cheek swelling 
occurred as well as 5 — 11 second convulsions recurring every 4 minutes. The 
anim als developed also locom otor disturbances involving limb asthenia and 
dragging of the hind limbs. The anim als slid off an  inclined plane. It was found 
tha t the reaction to  nociceptive stimuli within the cervical region of the spine 
was weaker com pared to  the respective reaction in the group exposed to 
unheated dust. W ithin another hour a negative reaction to nociceptive stimuli 
affected the whole spine, except for its cervical part. The anim als’ skin lost its 
elasticity and they assum ed the so-called “seal position” (placid paralysis) 
(Fig. 5.)

The swallowing reflex was inhibited. The anim als were given, by stom ach 
tube, water with glucose (2.5 cc) to  drink. D uring the sixth hour of the 
experiments a 4 —8°C drop in body tem perature was recorded. Next, the 
animals were placed on a heated plate. They exhibited difficulty in changing 
body position, lying on their sides or backs. W ithin the seventh hour, one case 
of cyanosis of natu ral body cavities and  m ucosa was recorded, and  the body 
tem perature of the ra t dropped from 35°C (when the experiment started) to 
25.8°C, followed by death within the eighth hour after chrysotile dust 
adm inistration. Two days after the beginning of the experiment, four anim als 
died. In females, a m ore violent reaction to the dust was observed as com pared 
to  male rats. The period between dust adm inistration and developm ent of the 
symptoms, as displayed in Table 2, am ounted to  13 minutes after chrysotile 
adm inistration. Im paired function of the hind limbs, manifested by grasping 
reflex disturbances, was found. W ithin another seven minutes a 3.5°C drop 
of internal body tem perature occurred, as well as difficulty in changing 
body position in the anim als placed on their sides or backs. 30 m inutes 
after chrysotile adm inistration, the reaction to pricking was inhibited 
within the whole spinal area. W ithin another 13 minutes, a further 1°C body 
tem perature drop  was observed and 2 m inutes later, i.e. 45 m inutes after 
chrysotile adm inistration, the anim als died. There were some insignificant 
differences in reaction time in particular animals. They ranged from 2 to
3 minutes. Dissection revealed tha t the m acroscopic picture of the internal 
organs of the dead anim als exposed to heated dust was similar in all rats. D ust 
clusters were observed in the intestines, m ucosa, stom ach, lipid tissue and the 
renal area. M oreover, blood vessels in the mesentery and large intestine were 
overfilled with blood and the lungs similarly congested. The experim ent
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indicates that heat-treatm ent of chrysotile results in its increased biological 
aggressiveness.

There are a few reports in the literature on the im pact of tem perature on 
abestos biological action. Szymczykiewicz (7), after adm inistering chrysotile 
(heated at over 800°C) to  guinea pigs, found a small decrease in fibrogenic 
activities as com pared to  unheated chrysotile.

Robock and K lostekótter (5) found tha t chrysotile after heating at 600 and 
700°C was m uch m ore cytotoxic than  unheated. O n the basis of the 
exam inations of absorption spectra (in infrared) they also found that, a t these 
tem peratures, a to tal destruction of the prim ary lattice took place. Koshi et al. 
(4) and H ayashi (1) after heating chrysotile at the tem perature of about 650°C, 
found a considerable increase in its cytotoxicity and hemolytical properties. In 
the case of intraperitoneal adm inistration of chrysotile heated at the tem pera­
ture of 650°C to mice, the a nim als died within 48 hours after dust injection. 
Koshi et al., similarly as Robock and K losterkótter, consider the changes of the 
biological properties of heated chrysotile to be due to  changes of the crystalline 
structure of chrysotile in the process of its transform ation into forsterite.

Juntunen et al. (3) found neurological changes of peripheral origin in 
w orkers exposed to asbestos as well as a certain CNS im pairm ent. The 
incidence of neuropathy in the workers exposed was higher than in those from 
the reference group. The results of our studies provide evidence on the 
increased harmfulness of heated chrysotile as com pared to tha t of unheated 
one. The products obtained at the tem perature of 600°C were the most 
harmful, including the death of experim ental anim als in a short time after lung 
or peritoneal adm inistration. The abnorm al behaviour of the animals indicates 
th a t heated chrysotile produces irreversible nervous system im pairment. The 
changes in the biological effect of chrysotile heated at different tem peratures 
are undoubtedly due to  the changes in its crystalline structure. It seems 
indispensable therefore to  em bark on a study aimed at explaining the higher 
aggressiveness of heat-treated asbestos as well as determ ining the range of 
tem peratures at which the increased biological aggressiveness of chrysotile can 
be observed and, finally, determ ining the m inim um  dose of heated chrysotile 
tha t produces nervous system disorders.
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