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EXPERIMENTAL STUDY ON TOLUENE POISONING AND
EFFECT OF TOLUENE UPON THE RECOVERY
FROM BENZENE POISONING IN RATS

Hiromichi HASEGAWA and Mitsuo SATO

Browning® has reported that toluene is regarded as less chronically toxic than
benzene, which coincides well with the findings reported by FEl Masri® that
toluene is mainly converted into the non-toxic hippuric acid. This inference has
been ascertained by many investigators by ocbserving microscopically the bhlood
picture of animals received toluene except Ishizu® and Hirasawa® who observed
some changes in blood picture.

In the study of toluene poisoning, Urata® observed that the administration of
toluene does not show any effect on the process of recovery from henzene poisoning,

This paper describes the effect of toluene on the recovery from benzene poisoning
and toluene poisoning itself.

METHODS

Catalase activity:

Catalase activity was measured by the method reported by Hasegawa and Saio?
in the study of benzene poisoning.
The ratio of non-heme protein to total protein in erythrocytes endosoma.

The amount of non-heme protein and total protein were measured by the method
described previously by Sato and Hasegawa® using a technique of column chromatogra-
phy. The value of the ratio was computed by the following equation:

Q. D, of non-heme protein . C, D, of non-heme protein
( ) pmsoned/ ( e

0.D. of total protein 0O.D.. of total protein ) control
where O.1). represents the optical density at 280 my.
When the ratio of non-heme protein to total protein in a control rat was 139,

it was defined as 1009%.
REsULTS

Lffects of .toluene on rats: ) ‘

Rats received daily injections of 2 ml. of a mixed solution of toluene and sesame
oil in equal volumes per Kg. of body weight for three weeks.

The catalase activity in blood: The catalase activities in blood. of rats received
toluene for one week were in the range of 70—1209, whereas those of control
animals were constantly 100% as reported in the previous paper® (Fig, 1}., The
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mean value of catalase activity at the seventh day was calculated to be 97%. This
value is nearly the same with that of control. At the second week after the
begining of toluene injection, a sharp decline of about 20% was observed, but
recovered to the normal level at the 3rd week.
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Fig. 1 Effect of toluene on the catalase activity in blood of rats.

[@ LT Rats received 2 mi. of a mixed solution of toluene and sesame oil in equal
volumes.

Asrrareas Rats received 4 m/. of a mixed solution of toluene and sesame oil in equal
volumes.

When an enzyme solution decomposed 1,3x10-¢ M of H,0, per second, this enzyme
solution was defined as having the activity of 10095. The assay of catalase activity
was carried out at pH 6.8 and 0°.

From these experiments, it was elucidated that the values of catalase activity
in blood of rats injected with toluene decreased similarly to those of rats injected
with benzene™, but it is really regretable that the cause of recovery observed at
the 3rd week remained still obscure.

In the above experiments, catalase activity was assayed at the final staie by
pretreating the enzyme with a small amount of ILO,7.

Fig. 2 shows the relationship between log [H:0.] and the reaction time, in
which log [H;0;3-t curve obtained from a poisoned rat bended with time (curve 2).
When the enzyme solution was pretreated with a small amount of HyQ,, the curve
became linear showing a constant inclination (curve 1) which ran parallel with the
later part of curve 2. Therefore, if catalase activity is assayed at the initial state
without pretreatment of IO, the decrease of blood catalase activity will not be
observed.,
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Fig. 2 Effect of pretreatment of H,O, on the catalase activity in blood of rats
injected with toluene.

The final concentration of H,0, of pretreatment was 1/2000M, and the catalase
reaction was initiated by adding much amounts of .0, (1/100M in final concentration).
The assay of catalase activity was performed at pH 6.8 and 0°,

Curve 1: the reaction curve for a normal rat ocbtained with and without pretreatment
of H.O,.

Curve 2: the reaction curve for a rat injected with toluene for two weeks obtained
without pretreatment of H,0,.

Curve 3: the reaction curve for the same rat injected with toluene for two weeks
obtained with pretreatment of H.O,-

The bending of the reaction curve (curve 2) shows that the decrease of catalase
activity in blood of rats injected with toluene is caused by a certain poisonous
substance which inhibits reversibly the catalase reaction®1®,

Fig. 3 shows the changes of the ratio of non-heme protein to total protein in
erythrocytes endosoma., The values of the ratio decreased in about 509 at the
seventh day after the begining of toluene injection, and recovered to the normal
level at the 3rd week.

The effect of toluene upon the recovery from benzene poisoning:

In the study of toluene poisoning, it was found that hoth the catalase activity
in the blood and the ratio of non-heme protein to total protein in erythrocytes
endosoma decreased in rats injected with toluene, which were also observed in rats
injected with benzene as reported previcusly™. Basing upon these findings, the
effect of toluene on the recovery from benzene poisoning was investigated.

Two ml of a mixed solution containing the same amount of benzene and
sesame oil per Kg, of body weight was injected subcutaneously into rats daily for
three weeks. From the 22nd day, one group of benzene poisoned rats received daily
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Fig, 3 The ratio of non-heme protein fraction in erythrocytes endosoma of
poisoned rats against that of control animals.

Rats received 2 m{. of a mixed solution of toluene and sesam'e oil daily.
A-eooe--Rats received 4 mi. of a mixed solution of toluene and sesame oil daily.

Ordinate: the percentage of the ratio, {non-heme proteinjtotal protein) of poisoned
rat/ (non-heme proteinjtotal protein) of control rat.  When the ratio of non-heme
protein to total protein in a normal rat was 13%, it was defined as 1009%.

injections of 2 miL of a mixed solution of toluene and sesame oil in equal volumes
instead of benzene for two weeks, and the other one group of henzene poisoned rats
received injections of sesame oil only for two weeks.

Fig. 4 shows the effect of toluene which was decreased with benzene injection,
Following daily injection of benzene, the first fall of activity was observed at the
seventh day and the mean value was calculated to be 809%. Then, it recovered to
the normal level at thd 2nd week, but at the 3rd week a severe decline was again
observed. Those changes have been already reported by us®. By discontinuing the
injection of benzene, the decreased catalase activity (70-80%) recovered rapidly to
the normal level, 100%, while the catalase activity of rats injected with toluene
instead of benzene did not show such remarkable change as shown in the figure,

As shown in Fig. 5, the ratio of non-heme protein to total protein in erythrocytes
endosoma of benzene treated rats showed a sharp decline in three weeks after the
begining of injection. The decreased ratio recovered to the normal level as soon as
discontinuing the injection of benzene, which was observed in both groups of animals
injected with toluene and oil only,

The number of leucocytes which decreased markedly with hbenzene injection
recovered to the initial value as soon as discontinuing the injection of benzene as
shown in Fig. ¢ in which the effect of toluene was not observed.
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Fig. 4 Effect of toluene on the recovery of catalase activity in blood of rats
injected with benzene.

Rats received 2 m/. of a mixed solution of benzene and sesame oil in equal
volumes for three weeks. One group of rats injected with benzene received 2 mi.
of a mixed solution of toluene and sesame oil in equal volumes for two weeks and
the other one group of rats treated with benzene received oil only for two weeks.

The assay of catalase aclivity was made at pIl 6.8 and 0°.

Discussion

In the previeus paper®, it was reported that the catalase activity in blood of
rats injected with benzene dropped to 309% of that of conirol animals, which suggests
that the assay of the catalase activity is contributable to the diagnose of benzene
polsoning in its early stage,

In the experimental toluene poisoning, the decrease of the catalase activity in
blood was also observed as shown in Fig. 1, which was caused by an unknown
poisonous substance accumulated in blood and not by the decrease of the total
amounts of catalase in blood. The interaction between the catalase molecule and
this unknown poisonous substance seemed to be reversible as reported previously in
the study of benzene poisoning®™, namely;

E+G=EG {A)
where E represents the catalase molecule, G an unknown poisonous substance, and
EG an inactive complex.

Urata® reported that the catalase activity which was assayed by using an

excessively diluted enzyme solution according to the method reported by Euler and
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Fig. 5 Effect of toluene on the recovery of the ratio of non-heme protein to
total protein in ervthrocytes endosoma of rats injected with benzene.

Rats received 2mi. of 3 mixed solution of benzene and sesame oil in equal volumes
per Kg. of body weight for three weeks, One group of rats injected with Dbenzene
received 2ml. of a mixed soltion of toluene and sesame oil in equal volumes per Kg.
of hody weight for two weeks and the other one group of rats trealed with benzene
received oil only.

Ordinate: the percentage of the ratio, (non-heme proteinftotal protein) of poisoned
rats/(non-heme peoteinftotal protein) of control. When the ratio of non-heme protein
to total protein in a normal rat was 139%, it was defined as 100%.

Josephson!> was not decreased by toluene administration. This result does not
coincide with the result obtained by wus. This discrepancy may be explained as
follows: His result was obtained by determining the activity of an excessively diluted
enzyme whereas our experiments were carried out much higher concentrations of enzyme
at the final state, If catalase activity is assayed by using an excessively diluted
enzyme solution which is prepared by diluting the blood of a toluene poisoned rat
with large amounts of water, the decrease of catalase activity will not be probably
observed, because the reaction (A) will proceed to the left and most of the catalase
molecule will be present in active state.

El Masri et al® reported that toluene converted to benzoic acid in the body and
was excreted in the form of hippuric acid. It was ascertained by us that these
metaholites are not the unknown poisonous substance for catalase action, because
10-t M of benzoic acid and of hippuric acid do not inhibit the catalase action at pH
6.8 and 0°.



TOLUENE PISONING

TOLUENE

ro
T

A TOLUENE

NUMBER OF LEOCOCYTES (+10°")

WEEKS

Fig. 6 Effect of toluene on the recovery of the number of leucocytes in rats
injected with benzene.

Rats received 2m/. of a mixed solution of benzene and sesame oil in equal volumes
per Kg. of body weight for three weeks. One group of rats injected with benzene
received 2m/. of a mixed solution of toluene and sesame oil in equal volumes per Kg.
of body weight for two weeks and the other group of rats treated with benzene
received oil only.

The decreased catalase activity in blood of rats injected with benzene recovered
to the normal level as soon as discontinuing the injection, while the activity was
kept in the same level in the animals injected with toluene daily after the cessation
of benzene treatment, These facts may indicate that the unknown poisonous substance
accumulated in blood by injecting with benzene is excreted very rapidly, and that
toluene suppresses the process of the excretion or that a new poisonous substance
produced following toluene administration is accumulated in blood. At any rate, it
is clear that toluene has a severe effect on the recovery process from benzene
poisoning.

This finding was also ascertained in man, Fig. 6 shows the catalase activities
in blood of workers in a paint-spraying plant using toluene as a main solvent. In
this plant, benzene had been used as a main solvent before toluene was. A significant
difference was observed between A-group employed after toluene was used as a main
solvent and B-group employed before. This fact also shows distinctly that toluene
has a significant effect on the recovery from benzene poisoning,
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Fig. 7 Catalase activity in blood of workers who were working at a paint-spraying
plant using toluene as main solvent.

A-group: men who were employed after toluene was used as main solvent instead of
benzene,

B-group: men who were employed before toluene was used.

The assay of catalase activity was performed at pH 6.8 and 0°.

SUMMARY

1, The catalase activity in blood and the ratio of non-heme protein to total
protein in erythrocytes endosoma decreased by injecting with toluene.

2. It was ascertained that the decrease of the catalase activity in blood was
caused by an unknown peoiscnous substance accurmulated in blood.

3. Following the administration of toluene, no remarkable effect was noticed on
the recovery process of the ratio of non-heme protein to total protein in erythro-
cytes endosoma of rats pretreated with benzene, While a striking effect of toluene
was observed on the recovery process of catalase activity in rats which were
injected with benzene previously.

REFERENCES

1) Browning, E., : Toxicity of Industrial Organic Solvents, Her Majesty’s Stationaly Office,
3, (1953).



TOLUENE PISONING

2) El Masri, A.M., Smith, J.N. & Williams, R.T., : Biochem. J., 64, 50, (1956)

3) Svirbely, J.L., Dunn, R.C. & von Oettingen, W.F., : J. Indust. IHyg., 25, 366, (1043).
4) Ishizu, 5., :Jap. J. Indust. Health, 2, 291, (1960).

5) Hirasawa, I., :Jap. J. Public Health, 7, 631, (1960).

6) Urata, J., : Jap. J. Indust. Hesalth, 3, 20, (1961).

7y Hasegawa, H. & Sato, M., : Bull, Nat. Inst Indust. Iealth, 2, 17, (1860).

8 Sato, M. & Hasegawa, II., :ibid, 3, 1, (1960).

9) Ogwa, Y., Tonomura, Y., Hino, 5. & Tamiya, H., :J. Biochem., 87, 153, (1950).
10) Ogura, Y., Tonomura, Y., Hino, S. & Tamiya, H., :ibid, 37, 179, (1950).

1) von Euler, H, & Josephson, K., : Acta. Chemica. Scand., 1, 42, (1947).

g =

bL= v B ORRAMFER XV € v B REBR
BiET v A=y o8 o

RaeENMNAE H B X B

Ry BV EOBIRARE XD ILoNT, XVvEVERDLBERE LT A=Yy R TS
hALEsT, BRL, Pz ORI 2TROERIIEL, BIXvErhrb trzya
DYEFERHCIE LT, Py ORI EIET BT W HESR A S 5 BT R W,

RICEII v hIFIC S » FOMMERDH 2 5 - EOFREAHEBPICETT 5 2 &, Xk
HLERPIEEO B HEOHUKLEIZ AN S = & a4 LS, RGBSR, brzviRd (5
v 7)) THLHEBIL L Wi, '

#E T —EEEDOIRTE S £ 7 — E5FRELHWPEE L T £ 7 — CRFEELT % 720
CRLBHD 5,

El Masri &5k b= RN CERFRROCERIEICAGH SIS 2 L2 HEL TV 5 DT,
ZhEQNREB H £ 7 — CERACH L THEREREZRTHE Sk 10°M OFEiEro « g
TR - TR/, % 7 —€RIGRE<HIESRE V2 53 o 7, bz ool
TMHIERFHRIIBREMM 0L OTHE,

_RYEVREILI s TH 2T —EEEGET LT v 72T, bz V5088 L5
ARfck LB, PR VELBZBWHTREOFEER T Zer it EWAE THRIET SR, Pz
w8 2 TR A ST, ST PASVARELTWE D b e, b
=V OIS APE L C—EBRMAILR Y £ 7 —EiEECE TR LD, FHROERT
P, SRR VESIC L o TR LI h 2 T — EEISIEENED OB LF S b 0 kiR
HZEL e DIRERSHOEEE LV,




Bull. Nat. Inst. Indust. Health, 6, 10~27, (1961).

THE TOXIC EFFECT OF THE VARIOUS DUSTS ON
THE INTRAPERITONEAL MONOCYTE IN RAT

Kimiko KOSHI, Hisato HAYASHI, Akira HAMADA and Hiroyuki SAKABE

In the previous paper the authors? studied on the change of quartz particles
caused by grinding and their toxicity to intraperitoneal monocyte in rat. It was
found from these observations that the toxicity of quartz dust to the cultured
phagocytic cells decrease with increase of grinding time, and these decreased toxicity
is recovered by alkali leaching. Physicochemical analysis showed that the surfaces
of quartz dusts were changed into different structure by grinding. Some of the
authors® studied on the fibrogenic activities of these ground and alkaii leached
quartz dusts by intraperitoneal injection method and found a correspondence between
the cellular toxicity in vitro and fibrogenic potency in vivo, Recently, this parallelism
was also reported by Marks et al®., Pernis et al®. and Saffiotti et al..®

The present paper describes the toxic effect of various mineral dusts on the

monocyte of rat,

EXPERIMENTAL MATERIAL AND METHOD

13. Culture Procedure and Determination of Cell Activity,

The cells were obtained from exsudate induced in male rat of Wister strain by
intraperitoneal injection of 5 ml. of sterile Tyrode’s solution containing 0.01%
glycogen. That is, the exsudate obtained 2 days after injection was washed with
sterile Tyrode’s solution containing 12 units of heparin per ml, and then the cells
were separated from this heparinized solution by centrifugal separation at 1,000
r.p.m. for 5 minutes and washed twice with sterile Tyrode's solution. The cells
were suspended in the culture medivm. As culture medium, the sterile Tyrode’s
solution containing 309 of rat serum was used.

As culuture chambers, the following two kinds of tube were used: a test tube
with double rubber cap for determination of dehydrogenase activity and square
tube with capacity of 10 ml. in which a small piece of cover glass was placed.

The cell cultures containing 4 million cells in one ml. of medium were incubat-
ed at 37°C for 24 hours without addition of dust.

For the determination of dehydrogenase activity, varying amounts of each dust
which was suspended in one ml. of medium, were added to the cultures and the
cultures were incubated at 37°C for three hours. After contacting has been made
between cells and dusts, the indicator system of tetrazolium and cysteine in Tyrode’s

10



TOXIC EFFECT OF VARIOUS DUSTS ON MONOCYTE

solution was added to the mixture according to the method by Marks®. Then, the
mixture was incubated in 37°C water bath for 1.5 hours and the reaction was stopped
with aceton. The amounts of reduced tetrazolium were estimated by electro-
photometrical spectrophotometer at 490 mu, Details of the methods of collecting cells,
sterlization, dispersion of dust, determination of dehydrogenase activity and of
morphlogical examination were described in the previous papers, ®» but sterilization
of the sample was not performed because the heat treatment may produce any change
of crystal state of clay mineral by dehydration. The other hand, for morpholgical
examination 200 ug of each dust was added to cultured cells and after 3 hours cover

glass on which cells adhered was taken out from culture tube. The celis on the

cover glass were fixed with methanol and were stained with Giemsa solution.

2).

of these mineral samples was examined by x-ray analysis,

Dust Sample

The minerals which were used in this study are shown in Table 1.

sample was ascertained by electronmicrograph.

The purity
The size of each dust

Table 1 Samples used in this work

No. sample composition locality
1 Sphalerite ZnS Asahi mine, Niigata Prefecture
2 Pyrite FeS, Kishu mine, Wakayama Prefecture
3 Flourite CaF, unknown
4 Quartz 5i0, Ishikawayama, Fukushima Prefecture
5 Tridymite Si0, Kusatsu, Gumma Prefecture
6 Cristobalite Si0, Utsunomiya Tochigi Prefecture
7 Fused silica
8 Microcline KAI 5,0, Ishikawayama, Fukushima Prefecture
9 Albite (Na, Ca) Ai(Al, Si)Si0, Shikanoya, Gifu Prefecture
10 Diospide CaMgSi,0, Unazuki, Toyama Prefecture
11 Ashestos Mg,S5i,0, (OH), Nozawa mine, Hokkaido
12 Beryl BeyAlSiO, Yamanoo, Ibaragi Prefecture
13 Olivine (Mg, Fe, Mn),310, Akaishi, Doittowrn, Ehime Prefecture
14 Topaz Al (F, OID),Si0, Obira mine, Jita Prefecture
15 Cyvanite Al:S10, India
16 Tourmaline XY,;Al (OH),(BO,;)35i,0,4 .
X=Na, Ca, rarely K, Obira mine, Qita Prefecture
Y=Mg, Al, Li, Fe etc,
17 Muscovite Ko (Al, Fe, Mg),(OH), (51, Al)s0,y Weke, Ishikawayama, Fulurhima,
Prefecture
18 Sericite same above Yoji pass, Gumma Prefecture
19 Sericite same above Nasu mine, Techigi Prefecture
20 Sericite same above Hitachi, Iharagi Prefecture
21 Chlorite {Mg, Fe, A} (OH)4(Si, AD),O, Hanaoka mine, Akita Prefecture
22 Talc Mg351,0,, (OH), Kanjun, Chaina
23 Pyrophyllite Al.5i,0,,(0MH), Henami mine, Nagano Prefecture
24 Halloysite Al (OH)451,0,ynH,0 unknown
25 Kibushi-clay -
26 Anthracite Omine coal field
a7 Diatomaceous earth Hitoyoshi, Kumamoto Prefecture
28 Obsidian ‘Wada pass, Nagano Prefecture

11
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X-ray powder refractions were recorded by x-ray diffractometer. Experimental
conditions were as follows: Filtered Cu radiation, 30 Kv., 15 mA. slit system, 2
mm., 1.5 mm., I mm., scanaing speed 1° per minute,

For quantitative analysis, the method of Sudo, Oinuma and Kobayashi®® was
used. Specimen powder was kneaded with a small amount of water on the glass
slide. And then water was added drop by drop. Uniformity of the specimen film
was examined by tramsmitted light. Finally, the slide was dried in room air,

The specimen powder was spread over on glass slide in fixed area of 2.0 x 2.7
cm in well-orientated aggregates. Peak intensities increased with increasing amount
of powder, But, if the amounts of specimen increased over some level, they
gradually decreased, because the parallel orientation is disturbed by increase of the
amount of a specimen per unit volume. We preferred to 0.04 gram as the amount
to be taken for a film with a fixed area of 2.0 x 2.7 cm.

RESULTS AND DISCUSSION

1) Effect of Particle Size of Dust on the Dehydrogenase Activity of the Cultured
Monocytes,

Marks et al®, reported that toxic effect of very fine silica dust (0.5 microns or
less) on the dehydrogenase activity in the cells could not he examined satisfactorily
in quantitative manner because these particles tended to adhere to one another and
the degree of particle dispersion varied with different experiments. Therefore, we
examined the effect of particle size on the dehydrogenase activity of intraperitoneal
monocytes in advance of the estimation of toxic dosis of various mineral dusts,
For the experiment, two series of quartz particles of various sizes were used. One
series was original quartz particles, Quartz was ground by hand in agate mortar
for 2 minutes, and then the particles of 0.5 or less, 0.5 to 1.5, 1.5 to 3.9, 3.0 to
5.0, 5.0 to 10. ¢ and 10. 0 to 15, ¢ microns were collected separately by water elutriation,
The other series was leached quartz, Original quartz particles were leached with
109% NaOH solution, and the particles were sized by the same method as above.
The electron micrographs and micrographs of these samples are shown in Fig. 1.

Two hundreds ug of each sample was added to cultured tubes and then the
cultures were incubated for 3 hours, After incubation, tetrazolium reducing capacity
“of the culture was compared with that of control ones, The results are shown in
Fig, 2.

As seen in the figure, toxicity of original quartz was not directly related to the
particle size. That is, the highest toxicity was observed at the size of 1,5 to 3.0
microns and toxicity of smaller or larger particles than this size decreased with the
decrease or increase of particle size. However, the toxicity of leached quartz
was directly related to the particle size. From these results, it was assumed that
the surfaces of finer dusts might be more modified by grinding than the coaser

12
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Fig. 1 Electoronmicrographs and micrographs ef original and leached quartz of various sizes.
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Fig. 2 The relation between the toxicity and particle size of quartz. 200ug of
original and leached quartz were added to cultured monocyte and then the
cultures were incubated for 3 hours. After incubation, tetrazolium reducing
capacity of these cultuers was compared with that of control ones.

ones.

Then the toxicity of sericite samples (Yoji) of 1 or less, 1 to 2, 2 to 5, 5 to 10
and 10 to 25 microns sizes was estimated. The micrograph of sericite sample is shown
in Fig. 8. The determination of dehydrogenase activity in cultures was carried out
as described above. The results are shown in Fig. 4. As seen in Fig. 4, the effect of
particle size of sericite on the dehydrogenase activity showed a similar tendency to the
result obtained by the original quartz particles. The monocytes which phagocytosed

Fig. 3 Micrograph of sericite particles of 10 to 254 size (Yoji).
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Fig. 4 The relation between the toxicity and particle size of sericite (Yoji).

200pg of sericite (Yoji) of each size was added to cultured monocyte and then the
cultures were incubated for 3 hours. After incubation, tetrazolium reducing capacity
of these cultures was compared with that of control ones.

sericite particles are shown in Fig, 5, As seen in micrographs of phagocytic
monocytes, no adhesion was found in these dusts and damage was obvious in the
cells which phagocytosed the sericite of 1 to 2 microns, while no damaged cells were
found among the cells which phagocytosed the sericite of 10 to 25 microns, From
these results, dust particles of .5 to 2 microns in diameter were used in next
experimen tfor the determination of toxic doses of various mineral dusts to monocytes.
2) Toxic Doses of Various Mineral Dusts to Intraperitoneal Monocyte.

The localities and results of X-ray analysis of minerals which were used in this
study are shown in Table 1, Fig. 6 and supplement table.

Particles of 0.5 to 2 microns in diameter were separated by sedimentation and
centrifugal separation in distilled water from small particles obtained by crushing,
taking into account of the size effect shown in the preceding experiment, But, the
ashestos particles were prepared under the size of 5 microns, as the small particles
«could not be obtained by crushing in asbestos.

The toxic doses of these dusts were estimated by tetrazolium reducing capacity
of cultured monocytes. The toxic dose was expressed as the amount of dust necessary
to depress by 50% the dehydrogenase activity of standard cultures of phagocytic
cells, These results are summarized in Table 2, As for silica dusts, toxic doses
were under 100 wg,, while those of sericite (Hitachi) was from 100 to 200 ug,
and of opal, pyrophyllite, talc, sericite (Yoji) and kibushi-clay, were from 200 to
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Y ”

1to 2 p sericite

RS At

10 to 25 sericite

Fig. 5 The micrographs of the cultured monocytes phagocytosed with sericite (Yoji)
(Giemsa-staining) .

+ ' ' ' i

) 10 0 30 40 50 80 70
{Cuke 2€)

DIATOMACEQUS EARTH

0BSIDIAN

Fig., 6 The X-ray diffraction patterns of diatomaceous earth and obsidian.
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Table 2, The toxic doses of various mineral dusts (The particle size of 0.5 to 2 microns)

under 50pg | 50 to 100z 100 to 200 200 to 400zg | 400 to 700zg 700 to 1,0004gabove 1,000g
i ) NaOH leached, sericite ' ]

tridymite quartz (Hitachi) opal topaz ‘ olivine microcline
: ; i .
quartz (ground pyrophyllite fluorite : asbestos chlorite
for 2 minute) talc tourmaline | diopside
fused silica sericite (Yoji) cyanite obsidian
cristobalite Kibushi-clay | diatomaceous albite
earth
[ o beryl
\ sericite (.I\‘Iasu) pyrite
halloysite NaOH leached
sphalerite obsidian
muscovite
anthracite

* The particle size of asbestos was less than 5 microns

400 pwg. The toxic doses of the other silicates were above 400 pg. Rather high toxicity
of sericite (Hitachi) seems to be produced by the contaminated alpha-quartz (about
109%). The difference of toxic doses between Yoji and Nasu sericite may be due to
the difference of shape, as the latter consists of only flaky crystal, while in the
former there are needle shaped crystal besides flaky one. Electronmicrographs of
these two sericite are shown in Fig. 7.

The toxic dose of Kibushi-clay was relatively high, but this clay contained about 109
quartz, therefore it may be assumed that the toxic substance was not kaolin mineral
but quartz. By the analytical method using x-ray diffraction the quartz less than 5

£

B

Yoji sericite Nasu sericite

Fig. 7 The electronmicrographs of the sericite of Yoji and Nasu. Nasu sericile
consists of only flat crystals with distinct hesagonal outline, but Yoji-sericite
had needle-shaped particles besides flaky crystals.

The linear dimension on the micrographs represents 1 micron.
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mg, could not be detected, but the tetrazolium reducing capacity of the intraperitoneal
monocyte was influenced by quartz particles of the order wg. Therefore, it
could not be concluded that the toxic actions of some silicates which showed
relatively high toxicity are due to silicates only. However, it was very interesting
that pure pyrophyllite, talc and sericite in which no impurity was found by x-ray
diffraction, were relatively toxic. From these results, it was assumed that there
is a considerable correlation between the cell toxicity of dust and lung fibrosis which
was produced by dust in experimental animals or pneumoconiosis of workers.
However, it must be noticed that the fine particles of asbestos showed rather low
toxicity,
3), Toxic Doses of some Dusts collected in Plants,

The toxic doses of two sorts of dusts produced by arc welding and two sorts of
silica fumes from electric furnace in silicon producing plants were estimaetd. Dusts

I i
20 g o b 4 70 0 2 L)

AW 1
AW I

Fig. 8 X-ray diffraction pattern of arc welding dust 1 and 2.
Qevesrases quartz, Mererraars magnetite

*\.‘ W
- L g :

Fig. 9 Electronmicrograph of silica fume Fig. 10 Electronmicrograph of silica fume
1 in plant. . . 2 in plant.

The linear dimension on the micrograph
represents 1 micron.
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under 2 microns collected by water elutriation were used. The =x-ray diffraction
patterns of two sorts of arc welding dusts are shown in Figure 8 As seen in
Figure 8, from x-ray analysis, arc welding dust-1 contained {ree silica but arc
welding dust-2 did not, The toxic dose of the former was 380 ug, and of the latter
was 1,000 pwg. The electronmicrographs and the x-ray diffraction . patterns of two
sorts of silica fumes are shown in Figure 9, 10 and 11. The silica fume-1 was
estimated to contain 14.49% of free silica according to phosphric acid method (by
Schmidt)® and silica fume-2 had no silica, The toxic dose of silica fume-1 was 360
pg, and that of silica fume-2 was above 1,000 wg., From these results, it may be
assumed that toxic action to monocyte caused neot only by silica fume and magnetite
of arc welding dust but by quartz in these dusts.

' i
10 29 1 ad 30 50 Jo(6}

SUMMARY

1. Effect of particle size of dust on the dehydrogenase activity of the cultured
monocytes was studied. Cell toxicity of dust, which was supposed from the inhibition
of this enzyme activity, increased with the decrease of particle size in leached
quartz, but it did not correlate in such a manner to the particle size under ahout 2
microns in original quartz or sericite.

2. Toxic doses ofthe io llowing mineral dusts to the monocytes were estimated
using tetrazolium reducing capacity, and it was found that the toxicity of dust
decreased in the order of following group: group L - tridymite, group 2,- NaOH
leached gnartz, quartz ground by hand for 2 minutes, fused silica, and cristobalite,
group 3. - sericite (Hitachi), group 4.-opal, pyrophyllite, talc, sericite (Yoji), and
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Kibushi-clay, group b5.-topaz, fluorite, tourmaline, cyanite, diatomaceous earth,
sericite (Nasu), halloysite, and sphalerite, group 6.-olivine and asbestos, group 7.-
microcline, chlorite, diopside, obsidian, albite beryl, pyrite, muscovite and anthracite.

3. Cell toxicity of arc welding and silica fumes collecied in plants was also
investigated, and discussed on the role of contaminated free silica.
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FIBROGENIC ACTIVITY OF QUARTZ OF DIFFERENT
SURFACE PROPERTIES

Hiroyuki SAKABE, Akira KAJITA and Kimike KOSHI

In the previous paper Sakabe et al,® studied the surface change of quartz
particle by grinding and found the following.
1) After long time grinding, quartz particles lost their original sharp shape and
became blunt, and some of the particles took the form of sphere or oval, But, these
ground quartz particles recovered their sharp shape after the treatment with NaOH
solution.
2) Initial dissolution velocity of quartz particles in NaOH solution or heated
phosphoric acid solution increased with grinding time.
3) From the studies by means of X-ray diffraction, electron diffraction and infrared
spectrum, it was assumed that the original surface structure of quartz particle was
changed to take a disturbed and perhaps a random structure by grinding. These
changes were intensified with the increase of grinding time. The modified surface
layer of quartz particle produced by grinding disappeared, if the ground quartz
particles were leached with NaOH solution.
4) The toxicity of quartz particles to the intraperitoneal monocytes decreased with
the increase of grinding time.

In this paper, we should like to report the tissue reaction and some other
biological reactions caused by various quartz particles of different grinding times
in the experimental animals.

QUARTZ SAMPLES AND EXPERIMENTAL METHOD

Following samples of quartz particles were used in this experiment.

Q-1-2M, Ishikawayama quartz particles gronnd for 2 minutes,
Q-1-6H. 7 " " 7 i 6 hours.
Q-1-100H. I " I I 1 100 hours,
Q-I-L. Q-I-6H treated with 10% NaOH solution,

Q-B-2M. Brazilian quartz particles ground for 2 minutes,
Q-B-6H. " i I " it 6 hours,

Q-B-L. Q-B-6H treated with 109% NaOH solution.

These samples were prepared to have similar size distribution with a mean
diameter of about 0.5 % by water elutriation. The details of preparation method
were described in the previous paper, D

Nine male rats of Wister strain were injected with 1¢cc of saline suspension of

28



FIBROGENIC ACTIVITY OF QUARTZ OF DIFFERENT SURFACE PROPERTIES

each of dust samples, in dose of 40 mg of quartz particles per animal. Rats were
sacrificed at 1 month and 3 months after the injection.

Table 1 shows the animals which died spontaneously and were sacrificed. The
lung sections fixed with formalin were stained with hematoxylin and eosin, Masson’s

Table 1. Experimental animals and grade of fibrosis (albine rat)

I-100H I-6H I-2M I-L B-6H B-2M B-L

Died spontaneously Ne. 107 44 51 49 25
within 1 month 46 45
after injection 36
Sacrificed at 1 108 (1) 42 (1) 4(2 56 (2-3) 2(2) 1 (23) 47 (3)
;m_mttl? after 113 (1) 54 (1-2) 29 (2) 60 (3) 9 (1-2) 13 (1-2) 48 (2-3)
1njection 114 (1) 58 (1) 50 (1-2) 65 (3) 22 (2) 15 (2) 53 (4)

126(1)
Died spontaneously 12 {2) 63 (2) 30 (2) 43 (3)
during the 3rd month 20 (2) 32 (2 62 (3)

55 (1) 3¢ (1

Sacrificed at 3 \ 111 () 3 8 13 (4) 7 1@ 106
months after ; 118 (2) 14 37 (3) 24 (4-5) 1T (D 23 (2) 19 (5)
injection 1125 (2) 03 26  81(2) 39 (3) 52 (5)

130 (1) 64 (3) 28 (5) 57 (8)

35

Note : Intratracheal injection of quartz dusts was performed at 10, June, 1960,
except I-100H which was injected at 5, September, 1960.
Figures in parentheses show the grade of lung fibrosis.

trichrome, and by silver impregnation. The degree of lung fibrosis was classified
into five grades suggested hy Belt and King®.

EXPERIMENTAL RESULTS

Death of animals. Within 1 month after injection, 7 animals died spontaneously.
Experimental groups of these animals are shown in Table 1. Their survival days
after injection were 5, 8, and 8 days in Q-B-L group, 6 days in Q-I-L, 4 days in
Q-I-2M, 11 and 24 days in Q-I-6H, and 15 days in Q-I-100H.

Early death of animals in Q-B-L, @Q-I-L and Q-I-2M groups were assumed to he
related to the severity of tissue reaction, because the more progressed fibrosis of
the lungs was observed afterwards in these groups than in the other ones. The
cause of later death of 9 rats was assumed to be infections.

Change of body weight. The change of mean body weight in each group after
injection is shown in Fig. 1 and 2. Eight animals which died spontaneously were
excluded from the calculation of mean value. All animals showed the decrease of
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Fig. 1. Decrease and recovery of body weight after intratracheal quartz injection.

e

100F

Q-1-100H
, Control

8 L

inj. .

201 /

Q | ! 1 | !
0 3 13 23 0 day

Fig. 2. Decrease and recovery of body weight after intratracheal quartz injection.
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weight soon after the injection except Q-I-100H group. The most remarkable
decrease was observed in Q-B-L and Q-I-L groups, moderate decrease in Q-I-2M,
Q-1-6H, Q-B-2M, and Q-B-6H groups, and no decrease in Q-I-100H. Recovery of
weight after the decrease and the rate of weight gaining were slow in Q-B-L and
Q-I-L. groups.

Gross appearance of the lung. The grade of macroscopical change of the lungs
was assessed from the spread of nodules. Severity of the lung change in each group
at 1 month after injection increased in the order Q-I-100 H< Q-I-6 H<Q-1-2 M <Q-I-L
in Ishikawayama quartz and Q-B-2M<Q-B-6 H«<Q-B-L in Brazilian quartz. The
same order was also observed at 3 months,

Wet weight of the lungs with heart. After the animals were killed with ether,
the lﬁngs and heart were weighed together. The ratios of wet weights of the lungs
with hearts to body weights at 3 months after the injection are illustrated in Fig. 3.

o,
9 %
6 |- Q-8 n-1 46
5 r 15
[ ]
4 ° - 4
[ ]
. . -
L L] a
3 . 3
L 4
s :
2r e -1 2
b4 :
s T 1
o ] ! | 1 | | | | o

L M 6H confrol  |ooM 6H 2aM L

Fig. 3. The wieght of lungs with heart of rats injected various quartz.
Note: Organs weights are shown in percentage to body weight.

Lung weights of animals in each group were assumed to show a tendency to increase
in the order Q-1-100 H<Q-I-6 H<Q-I-2M<Q-1I-L, and Q-B-2M<Q-B-6H «<Q-B-L,
although the number of survived animals were few.

Fibrosis of the lungs. Grades of fibrosis of animals are shown in Table 1 and
summarized in Table 2. Lung fibrosis was developed most rapidly in the animals
of Q-B-L and Q-I-L groups. The most weak fibrosis was obtained with Q-I-100 H.
Average grades of fibrosis in Q-I-6H and Q-B-6H groups were not determined, as
the survived animals were too few. However, if we consider including the animals
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Table 2. Histological changes produced in the lungs of rats by various quartz dusts.
(grade of fibrosis by King)

I-100H I-6H [-2M I-L B-6H B-2M B-L
At | month
after 1 1 2 3 2 2 3
injection
At 3 months '
after 2 3 5 3 5
injection

that died spontaneously, fibrogenic activity up to 3 months increased in the order
Q-100H<Q-6H, Q-2M<Q-L. No distinctive difference was found bhetween
Ishikawayama and Brazilian quartz.

With regard to the pathological changes in lymph gland, it must be noted that
Q-I-100 H produced the enlargement and fairly developed fibrosis of the mediastinal
lymph glands, while it proved to be least effective in fibrosis production in the lung
among quartz samples,

Discussion

Normal weight gaining of rats was disturbed temporarily after the intratracheal
injection of various quartz particles except 100 hours ground quartz. The most
remarkable decrease of weight was observed in the group Injected with NaOH
treated quartz. Effect of 2 minutes or 6 hours ground quartz on body weight was
stronger than 100 hours ground quartz and weaker than NaOH treated quartz. It
is assumed that the loss in body weight after quartz injection is caused by the lung
damage and its degree depends upon the severity of the tissue reaction, although
other complicated biological reactions can not be neglected.

Quartz samples showed the same order of fibrogenic potency as the inhibitory
effect to the body weight, that is, NaOH treated quartz produced the most developed
fibrosis, 100 hours ground quartz the weakest, and the other two sorts of quartz
produced the reaction of the grade between these two samples, The similar relation
was also observed in the lung weight.

From these results obtained in this short period experiment, initial velocity of
the fibrosis development by quartz samples used in this experiment seems to increase
in the order Q-100 H<Q-6H, Q-2 M« Q-L. And, from general impression, it seems
that Q-2M has a little stronger effect than Q-6 H.

Toxic effect of these guartz to the monocytes in vitro increased in the order
Q-100H< Q-6 H« Q-2 M<Q-L as reported in the previous paper.? Therefore, it is
assumed that the intensity of cell toxicity of these quartz dusts may be roughly
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correlaied to their fibrogenic potency, in other words, quartz dust of severe cell
toxicity produces a well developed fibrosis in the lungs of rats in a short period.

It must be noticed that the difference of intensity between the neighbouring two
quartz samples in the series of the order of cell toxicity was definite, but it is not
so clear in the fibrogenic potency series except Q-L which has a distinguished
activity. This may be explained by the assumption that fibrosis is a far more
complicated biological reaction as compared with the cell damage in vitro. However,
if the modified surface layer of quartz particles is dissolved away in the cell or
tissue, dissolution velocity may participate in this problem. Experimental resulis
obtained in our studies suggest strongly that the trigger of the process of collagen
formation by quartz in the lungs may be the phagocytic cell damage which is caused
by the surface of ingested quartz particle,

On the other hand, it must not be overlooked that the silicotic nodule which is
seen in human lungs and composed of collagen strands arranged in the form of
whorl was never produced in experimental animals. Sano® reported that the
experimental lung fibrosis by quartz is the result of alveolitis which is not seen in
human silicosis. In this study, too, it may be supposed that the fibrosis of rat’s
lungs is the result of alveolitis caused by alveolar cell damage. At present, it seems
difficult to explain the difference of collagen arrangement of the silicotic nodule
between man and animal. As far as concerning the experimental silicosis, however,
cell toxicity of quartz seems to play the most important role in the fibrosis
development,

SUMMARY

Tissue reaction and some other biological reactions produced by various quartz
particles of differnt surfaces, were studied and the results were compared with cell
toxicity. The most developed lung fibrosis of rats was obtained by NaOH treated
quartz and the least by quartz grouand for 100 hours, Quartz ground for 2 minutes
or 6 hours produced the fibrosis of the grade between above two samples. This
order in fibrogenic potency of these quartz held good in cell toxicity and in effect
on body weight. Phagocytic cell damage which is caused by the surface of ingested
quartz particle may be a trigger of the process of collagen formation by quartz in
the experimental animals,

Grateful acknowledgement was due to competent assistance by Miss S,Shimizu in our
laboratory,
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DETERMINATION OF MIST SIZE BY METAL
COATED GLASS SLIDE

Hisato HAYASHI, Shigeji KOSHI and Hiroyuki SAKABE

There is much need of the determination of size and numbers of mist in the
field of industrial hygiene as well as air pollution research. For this purpose, the
method of Gerhard and Johnstone (1955)% or of Lodge and Fanzoi (1954)® has been
used as the reliable technique. Recently, Lodge, Ferguson and Havlik (1960)®
reported a new method, which was obtained by combining above two methods, For
the size determination of sulfuric acid mist, the authors used these three methods,
but could not get any satisfactory result, as the reaction spot on the gelatinous film
changed its size by absorbing moisture in the air. Therefore, the authors have
developed a new method which is not aifected by humidity in the air and determined
the size of acid and alkaline mist by the new method.

EXPERIMENTAL RESULTS AND DISCUSSION

According to our new method, mist was catched on a metal coated glass slide.
The slide is prepared as follows : a slide glass was placed in a vacuum evaporator
at an angle of 14° and at a distance of 140 mm from tungsten filament and then
approximately 30 mg of metal was evaporated in vacuum, As metal, iron, copper,
aluminium or other metals were used, After the treatment, glass slide was found
to be covered with very thin layer of metal film. For the collection of mist particles,
Owens iype dust counter or cascade impactor were employed, and the metal coated
glass slide was inserted in these collector as collecting pilate instead of ordinary non-
treated glass slide.

Mist was generated from an atomizer, which ejected air through very fine nozzle
against the surface of aqueous solution of the acid and alkali, In the experiment
the ratio of 1:1 Hy30, 1:10 H.,80, 1:1 HCI and 1: 10 HCI sclutions were used.
Five or ten percent of NaOH solutions were used as alkaline one,

When the acidic mist was deposited on this metal coated glass slide, metal was
dissolved away, and there remained transparent holes corresponding to the sizes of
the mist, Thus the reaction spot was obtained as a transparent hole. Fig. 1
illustrates these holes, Therefore, the reaction between the size of hole and true
size of mist was investigated, The determination of true size of acid mist was
carried out by catching mist particles in nujol layer on the glass slide, Mist particles
in this nujol layer were assumed to give true size, since the particles were suspended
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Fig. 1. Reaction spots of sulfuric acid mist on iron coated glass slide. Spots are
the holes in which iron was dissolved away.

in nujol.

As for 1:1 H,S0, mist, the cumulative distribution curves of diameters of
droplets (I)) in the nujol, and reaction spots {d) on the iron coated glass slide are
shown in Fig. 2. In this Fig. 2, the cumulative distribution curve of d¥ is also
indicated. The shape of the curve of d¥ is resemble closely to that of the curve D,
As the diameter of reaction spot increased with reaction time absorbing the moisture
in the air, the change of size with reaction time was examined for mist and iron
film at 0, 1, 2, 3, 4 and 5 minutes respectively after sampling. After reaction
has continued for above each time, the iron coated glass slide was rinsed with
aleohol to stop further reaction, and the slide was examined under an optical

Fa

[ILI

fo —
L
30

10 4

T
L] to F ] o ®2 (A

Fig. 2. Cumulative size distribution curves of sulfuric acid mist.
Note: Cumulative distribution curves of the diameter of droplets in nujol (@), of
reaction spot diameter (d) on iron coated glass slide (), and of d¥ (D).
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Fig. 3, Cumulative size distribution curves of sulfuric acid mist.
Note; The left side curve (@) shows the diameter of mist droplets in nujol. The other
curves (0,1,2,3,4, and 5) exhibit the measured diameter d raised to the 2/3 power
(d8) of the reaction spot of mist on the iron coated glass slide. Curve number shows
the minutes of reaction time, for example, curve 3 was obtained from the slide
rinsed with alcohol at 3 minutes after sampling.

microscope. The cumulative distribution curves of d¥ from 6 samples (d0§, dyF, oo
.-, ds¥) are shown in Fig. 3. As presented in Fig. 3, shape of these curves obtained
after three or more minutes are quite similar to the curve D of the same mist particles
in nujol except the range of very small size, From this result, reaction time of five
minutes film may be suitable to obtain the true size, In the experiment, the metal
film was reacted with mists for five minutes, and rinsed with alcohol,

To examine the effect of acid concentiration of the mist on the hole size, the
mists of 1:1 H,50, and 1: 10 H,S0, were collected on the iron or copper coated
glass slide. After standing 5 minutes, the metal coated glass slide was rinsed with
alcohol, and then dried by drier. Each cumulative distribution curve of d¥ is shown
in Fig. 4. The shapes of these curves are similar to that of the cumulative distri-
bution curve of droplets in the nujol,

In the case of the mists of 1:1 HCl and 1:10 HCl, the cumulative distribution
curves of d? obtained from reaction spots on the iron and copper coated glass slide
were in a similar fashion. As seen in Fig, 5, the shapes of the curves of d¥ are
similar to that of the droplets size in the nujol.

Concerning the metals used to cover the surface of glass slide, iron was most
suitable for the mists of H;$0, and HC! solutions as far as we have attempted,
Some interesting facts were found in the metal coated glass slides on which mists
deposited when the slides were left without rinsing with alcohol. That is, crystal
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1:1 HyS0, 1:10 He50, 1:1 HCI 1:10 HCI
100+ 100 100l o 190
90 90 90 304
80 80+ 80 8O-
70 70 70 70
604 60 &80 B8O+
50 50 504 50-
40 40+ 50+ 404
304 204 304 30
207 20 20 204
10+ 10 104 1 0-
0 0O+—T——1— o T T o T T
v 5 10 () Q 5 10 A o 5 10 () 0 5 10 1)
Fig. 4. Cumulative distribution curves of Fig. 5. Cumulative distribution curves of

1:1 H,S0, mist (left) and 1:10 H,S0, 1:1 HCl mist (left) and 1: 10 HCI mist

mist {right)
Note : 1)cumulative distribution curves of
droplet size in nujol (@), of dip, of rea-
ction spots (dp,) on iron coated glass slide

(right)
Note : 1) cumulative distribution curves of
droplet size in nujol (@), of dép, of rea
ction spots (dp,} on iron coated glass slide

(Q), and of dig of reaction spots (dg) on
copper coated glass slide (). 2y (d)
means the diameter of reaction spot
measured directly on the metal coated
glass slide.

(O), and of dfg of reaction spots (dg) on
copper coated glass slide (). 2) (d)
means the diameter of reaction spot
measured directly on the metal coated
glass slide.

was formed by the chemical reaction of acid with metal, By microscopical observation
of this crystal, the chemical composition of unknown mist may be elucidated.

In the case of alkaline mist, the mists of 59% and 10 9% NaOI solutions were
collected on aluminium coated glass slide in the same way., The cumulative distribu-
tion curves of d¥ obtained from the reaction spot on the slide are shown in Fig. 6.
The shapes of these curves are also similar to that of cumulative distribution curves
of the diameter of droplets in the nujol.

From these experiments, it is clear that the cumulative distribution curve of
d%¥ obtained from reaction spots on the metal coated glass slide shows the same shape
as that of the diameter (D) obtained from the natural mist droplet, if the size of
mist particle suspended in nujol is assumed to be the same as that of particles
suspend_ed.m air. Then the cumulative distribution curve of d” may he easily shifted
to the curve of D by the following experimental relationship.

D=adé —b
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Fig. 6. Cumulative size distribution curves of 10% HaOH mist (left) and 5%
NaOH mist (right).
Note: cumulative size distribution curves of droplets in nujol (@), and of d, in
which was the directly measured size of reaction spots on aluminium coated glass
slide. (Q)

where d is the diameter of reaction spot on the metal coated glass slide, and values
of a or b are shown in table 1,

Table 1. Relationship between mists and a or b in experimental equation

mists metal a b
H,S0, 1:1 iron i 0.8 1.7
1:10 iron 0.9 2.2
1:1 copper 1 3.6
1:10 i copper 0.5 —1.6
HCl 1:1 iron 0.5 2.6
1:10 iron 0.6 3.1
1:1 copper 1.1 -0.8
1:10 I copper 0.6 3.1
NaOH 5% aluminium 1 1.9
10% aluminium 1 2

The value of transforming factor must become constant, because of the shape of
cumulative distribution curve of d% is similar to that of D. The copper coated glass
slide is not suitable for size determination of acid mist, as it has variable value of
transforming factor. Therefore the selection of the metal which was used to coat
on the slide must be chosen from many metals under the consideration of the
properties of the mist, ’
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FieLp TesT PERFORMED APPLYING THIS METHOD

The size of sulfuric acid mists generated from electrolysis process in a certain
plant was determined by this method, Sulfuric acid mist was collected on iron coated
glass slide by cascade impactor. The cumulative distribution curve of d was drawn
from the size of the sulfuric acid mist measured, The true diameter of droplets of
the sulfuric acid mist was obtained from the experimental equation (1), substituting
average of upper two values of each columm (a) and (b). Results are shown in
Fig. 7.

T T T L
20 25 30 33
{4}

Fig. 7. Cumulative size distribution curves of sulfuric acid mist from electrolytic cell.

Note: Just above electrolytic cell (Q), =zbove 1 meter from elecrolytic cell (@), in
path of both electrolytic cell (7).

This method is also available in air pollution research. Particles were collected
on the iron coated glass slide by cascade impactor. In this case, sometimes reaction
spots were not shortly after sampling, but if these slides were exposed to the condi-
tion of high humidity for enough time, spots appeared independently or around the
solid particles, These phenomena may be explained by the hygroscopic acid mist
or hygroscopic solid particle.

SUMMARY
New method for the determination of the size of acid or alkaline mist was carried
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out. Mist was collected on the metal coated glass slide. At five minutes after
sampling, test slide was rinsed with alcohol. Thereafter the size of reaction spot
on the metal coated glass slide was measured. The method of calculating the true
size of mist was described.

This method is very convenient for the determination of size and number of acid
and alkali mist, as it is very simple and not affected by moisture.
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EXPERIMENTAL STUDY ON APPLICATION OF
STRAIN GAGE TO ACCELEROMETER.

Toshisuke MIWA

Recently, the use of vibrating tool has been increased in industry and many
papers’ have heen reported the problems concerning with the health hazards caused
by vibration in the field of the industrial hygiene, However, the correct measur-
ement of vibration is so difficult that there are still many problems which have to
be solved in the future. These difficulties may include the following items.

1) If an accelerometer is not attached tightly to vibrating objects, the measure-
ment can not be carried out rightly, Therefore, the fixation of the instrument is
important especially to measure large accelerations or pulsive vibrations.

2) If the mass of the accelerometer is not considerably less than that of the
vibrating system, the system may be disturbed by the fixing accelerometer,

3) If the main component of the vibration vector is not chosen, the vibration can
not be measured correctly, because the vibration is the vector in three dimensions.

To overcome these difficulties, the accelerometer made of Barium Titanate may
be useful. However, as this accelerometer has a capacitive impedance, it must he
used with the preamplifier of considerably high input impedance. Moreover, the
lower the frequency of vibration the higher is the impedance of the preamplifier.
So, the accelerometer of this type is inconvenient to measure the vibration of the
low frequency. In order to avoid the inconvenience, the auther attempted to make
use of the semiconductor strain gage, hecause of its easiness to amplify the out put
of the gage and of its having sufficient sensitivity to even the static displacement.

To meet the demand in the field of industrial hygiene, the accelerometer needs
to satisfy the following conditions: (1) linear sensitivity to the acceleration from
10t to 10 kg, (2) wide frequency band from 0 to 10kc, (3) ability to pick up the
pulsive vibration as well as the sinusoidal one, and (4) easiness to screw the.
accelerometer upon the vibrating systems,

Only one type of accelerometer can not satisfy above conditions simultaneously,
Therefore, the cantilever beam type was selected among many kind of accelerometers.
The reason why the instrument was selected is due to the facilities to suit above
conditions by choosing the heam’s length, width and thickness variously and to
deduce the characteristics of: the beam from the vibration theory. However, the
instrament was not adequate for the measurement of the vibration above 1kc,
because in the range over 1lkc the strain of cantilever's arm was too little for the
strain gage to sense. ‘
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The present paper deals with the construction of the accelerometer which has
the natural frequency over 2 kc and sensitivity from 1 g to 200g and of the amplifier
of the gage with the aid of transistors,

THEORY OF ACCELEROMETER.

According to the vibration theory® in connection with Fig 1, the following
equation could be deduced

Strain Gage
_ 2
oy
H c | W
& d
]
\ Floor
NN

Fig. 1. Acceierometer making use of cantilever.

En _ 1
Vm (ﬂ_)ﬂ_l 1

[

The symbols in Egq. (1) are defined as: f,=maximum relative displacement
between the floor and the lumped weight W, y,=maximum displacement of the
floor itself, w=angular frequency of the sinusoidal vibration of the floor, w,=natural
frequency of the cantilever, In the case of this cantilever beam with the distributed
weight, w, is written as follows®,

=" | a " [EIg
4 0.4540x+2 N rodt
where a=2% 1=¢  p_Young’s modulus, £=980 cm/sec?, w=distributed

W 12

weight of its arm of unit length, W=Ilumped weight,

When the strain gage with the length “a” is applied at the distance *1” from
the clamped end of the arm as shown in Fig., 1, the maximum mean strain over
gage's length (pn) with respect to the maximum displacement of the lumped weight
is shown in the following equation (2),

Pn=GEn @
where G is the function of “a”, “1” and adhesive used for cementing the strain
gage upon the cantilever and is decided experimentally, Therefore, its maximum
strain against the maximum displacement of the floor is denoted in equation (3),

Fm (_w.fz.)“_l ()

)]

Pm g 1
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MEASUREMENT OF SENSITIVITY OF ACCELEROMETER

Measurement of sensitivity of accelerometer was divided into two parts by the
frequency range. The first part was within the frequency range of 5—50 cfs and
the second part 50—500c/s, as the pen writing recorder works only under 50 c/s.

{I) The accelerometer was attached tightly to the vibration exciter. Then,
keeping the acceleration amplitude of exciter constant and changing the frequency
from 5 to 50c/s, the out put of the strain gage amplifier was recorded by the pen
writing recorder as shown in Fig (2).

v
xL "}\/0' ¢
S

Recording Paper

Amplifier Pen Writing | [ 112 W‘:b
of Recorder ¢

Gage

5000%

Fig. 2. Calibration of accelerometer within the frequency range of 5-50¢js.

(II} In the frequency range from 50 to 500c¢/s, its out put was connectedlas
shown in Fig (3). Amplifier (1) and (2) were adjusted to give moderate value to

Amplifier Low Pass e '
of . attenuator Amplifier L Senro
Gage Fitter . ygcoge
(1 (under1200¢/s) ' {2) L
Vacuume
Tube
5000 Volt metor

Fig. 3. Calibration of accelerometer within the frquency range of 50-300 ¢fs.

the vacuum tube voltmeter. Then, driving the exciter as described in (I) and
changing the frequency, the attenuator was adjusted to make the same reading as
the value at 50¢/s to the V. V. The difference hetween attenuator values at 50c/s
and some other frequency was obtained.

In these cases, the amplitude of the excitor table was calibrated by the microscope
of 100 magnifications. The average value of amplitudes at the edges of opposite
sides of the table was used to avoid the rocking. The magnification of the microscope
was estimated by the graduated object glass and the frequency measurement was
done by Lissajous’ figure. The sensitivity measurement over 500c/s was not tried
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in this time because of difficulties inveolved in measurement of the amplitude by
this microscope.
Then, the acceleration expressed as the unit of p=980cm/s® is as follows,

%mg,"gso
where e=angular frequency of the sinuscidal vibration of the table and “a”=its

peak to peak amplitude in cm. The sensitivity of the accelerometer was calculated
in Eq. (4),

500004

Fig. 4. Constituent elements of strain gage bridge.

In this equation, e=acceleration of the table measured with the unit of g, e=open
circuit voltage of the gage applied to the accelerometer fixed on the table and e=
m. volt,

When the calibration signal corresponding with static strain, s=5x10-%, was fed
into the bridge, e; was out put voltage of the latter and “a” was the amplitude in
recording paper corresponding with this signal. When the exciter was driving the
accelerometer, the out put voltage of the gage was expressed as e; and the peak
to peak amplitude in the paper was “b” in this case. This is shown in Fig {2) and
Eq. {5) was obtained

oa=e, (,212_1_) ....................................................................................... (5)
On the other hand, Eq. (6) was derived by the theory of the strain gages%®,

= ettt ierieir e et e e et nr e e taert e tairia e
ay= SFE_(-m-I-—l)T (6

where F=gage factor and E=A,C, voltage fed into the bridge and m=the magni-

fication factor of the bridge as shown in Fig. (4). Therefore, Eq. (7) was obtained
from Eq. (4), (5), and (6. :

%(db) =20 log S+20 log F+20 log E+20 log—WT—l)-gn+2O log %+54—26 log e+ (7)
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ResuLTs

In the first place, the experiment was designed te examine the practical fitness
of the Eq. (3) and Eq. (V) by the use of cantilever type accelerometer having
common wire strain gage, For this purpose, the author constructed a new cantilever
type accelerometer, which is made of phosphor bronze (specific gravety s=8.72
Young's modulus E=4,07x10° kg/cm?) and has the theoretical natural frequency
of 82.5c¢/s as shown in Fig 5a. Employing this instrument, the author could get
satisfactory agreement between the sensitivity of accelerometer and experimental Eq.
(3) and (7) as shown in Fig 5b, only when the measuring value of 20c/s was
substituted for the wvalue of G in the equation.

z = b P=324n
(a) 2 i o
a= 14 mm
b=1mm
m=181gr.
“ n z m
(db) 1
i
o ]
i
i
— Observed value |
) =10 —--— Theoretical
value
=
g
iyl
i
."c;n’
oy
A
-40 i ] IR B
10 20 30 40 60 80100%

Frequency

Fig. 5. Experimental proof of Eq, (3).

a) Accelerometer of cantilever type with common wire strain gage. The accelerometer
is made of phosphor bronze, (specific gravety s=8.72, Young's modulus E=4,07x
105 kgfem?) and its theoretical resonance frequency is 82.5¢/s.

b) Frequency characteristics of sensitivity, db in unit mV/g. G in Eq. (3) is corresponded
with the measuring value at 20c¢/s.

In the second place, in order to apply the above facts to practical measurement
of vibrations, the accelerometer of phosphor bronze having two semiconductor gage
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was prepared as indicated in Fig 6a. High sensitivity of accelerometer could be obtained
by the use of the semiconductor strain gage, for the gage has a high gage factor
of about 80. This result is shown in Fig 6b, As shown in this figure, the poor

= f=12
‘*“L = mm
) \% —Lﬁ a-15mm
i b= 3mm
C=6mm
(db) _—
+0F msa d=8mm
~ OF
m
z
by 2 ’h\//
Z -0
2
&
_20 [ | YU BT I | { | I
10 20 30 E0 100 200 300  500%
Freguency

Fig. 6. TFrequency characteristics of sensitivity of accelerometer with semiconductor
strain gage and of which theoretical resonance frequency is 2.85 kc.

d
T s £=22mm
? a=9mm
(2 , -

7 ) b=3mm

{db) 7 c=6mm

:b IC d=6mm
_50_
by -80F

Sensitivity {mV/g)
A
<
T

[P | 1 1 1 1 1
10 20 30 4050 80100 200 300 500%
Frequancy

Fig. 7. Frequency characteristics of sensitivity of the same type accelerometer as

that of Fig (6), but having common wire strain gage and of which theoretical
resonance frequency is 2.025 ke.
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flatness of the curve found in the frequency range of over 300c¢/s may be caused by
the condition of cementing of the gage, the kind of adhesive and characteristics of
clamping end of the cantilever beam as the accelerometer. However, considerable
satisfactory result was obtained in the range of low frequency. In Fig 7a, the
same cantilever accelerometer having common wire strain gage is shown. Comparing
the curve of Fig. 7b with that of Fig. 6b, the excellency of the accelerometer
with the semiconductor strain gage is proved clearly, as the sensitivity of accelero-
meter shown in Fig. 7b is 60 db lower than that of Fig. 6h.

AMPLIFIER TO DRIVE STRAIN GAGE

In order to measure the acceleration of vibrating tools in field research, a new
amplifier for the strain gage was constructed, The amplifier is desired to have a
property to satisfy the following conditions, (1) The frequency characteristics of
amplifier is flat from 0 to 200c¢/s, (2) Gain of the amplifier is variable enough to
measure the accleration from 1g to 200g. (3) Out put of the amplifier can be
recorded in the frequency ranged from 0 to 200c¢/s by the tape recoder and the acce.
leration between 5~200c¢/s can be known Ly reading the levelmeter, which is inc-
luded in the amplifier. (4) The amplifier must be a small sized and portable one,

To meet these purposes, the amplifier was constructed by making use of transi-
stors, The block diagram of the circuit and the actual circuit are shown in Fig,
8 and 9 respectively. The sine wave of the frequency 2000 c/s which is generated
from the piezo electric fork oscillator, is amplified separately by means of each power
amplifier.

Phase
. Descriminator
Bridge oy
Baiancing
Power 2 Circuit
2000%%s Amplifier L

WA

| Strain E
S Gage 2
Fork j‘q Pre-Amp.

Osc. FPower [ F T
Amplifier E [

o— |
3 Amplifier Rectifier ( ) V.U. meten
o— ]

Fig. 8. Block diagram of circuit to drive strain gage.

The gain of the strain gage pre-amplifier is over 80 db.The out put 1 is made to check the’
bridgetbalance. In this checking, out put 1 is connected with 3. In order to record the
vibration with tape recorder, the out put 2 is used. To read the acceleration amplitude with
meter, the out put 2 is connected with 3. V.U. meter has been calibrated by the acceleration ’

- with unit g. '
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Fig. 9. Actual circuit to drive strain gage.

The out put of the one power amplifier is fed into a bridge and the out put of this
bridge is amplified in the pre-amplifier, Then, both signals, which come from the
out put of the other power amplifier and from the out pui of the pre-amplifier of
the bridge, are mixed in the phase descrimination circuit, The reason why 2000c/s
was chosen is to obtain ten times the frequency of the expected maximum frequency
during the measurement of acceleration, After the accelerometer having the semi-
conductor strain gage was connected with this electric circuit, the instrument was
calibrated by the shake table maintaining the acceleration of 1g. As shown in Fig
10, this system can satisfy above conditions,

Finally a word must be said about the following items, which have been left to
be solved in the future.
(1) -D.C. .volt. of the semiconductor gage drifts with change of ambient temperaturs,
The circuit must be constructed so as to be compensated with thlS change of the
D. ¢, voltage '
(2) Further study must be undertaken how to calibrate the acceleratlon over 50 g.
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2
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Fig. 10. Frequency charcteristics of semsitivity of the instrument, in which accelerometer is

connected with circuit described above, maintaining the acceleration amplitude of the
shake table constant 1g.
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THE TESTS FOR GAS MASKS.—APPARATUS FOR THE
DETERMINATION OF THE SERVICE LIFE OF CANISTERS

Yoshimi MATSUMURA, Shigeji KOSHI, Reisuke SODA
and Shigeru OSHIMA

For the determination of the service life of canisters, a new apparatus was
designed and constructed and it was proved to be useful for the official approval of
gas masks, The apparatus is equipped to carry out the examination in such an
ambient condition as provided in JIS B-9903 (1955). In current JIS, it is described
that the canisters are to be examined in such an air stream as being 30 Ijmin. in
its velocity, at 20°C of temperature, 50 per cent of relative humidity and containing
a certain concentration of a test gas. Besides, the leak gas concentration of the air
which has passed through the canister, is to be determined with a sensitive test
paper.

The new apparatus is equipped with the following functional parts: air stream
generator, temperature and humidity controller, gas mixer, thermostated air bath
for canister supporting and, at the last of the series, leak gas sampler. To
observe the change of the leak gas concentration in the course of gas flow, a titration
method was adopted at the same time with the test paper method.

Employing the apparatus, some canisters for sulfur dioxide were tested, In
this case, the leak gas concentration was determined according to Thomas’ method,
in which gas was fractionally sampled in hydrogen peroxide solution and titrated
with borax solution. As a test paper, litmus paper was used. Leak gas concen-
tration-time curves of these canisters are reported. "

B~ A2 OEFMEE, YHEMOEHEO > ThHs, FHLTIE, A2 O+ OMEAEE
JIS (B-#£ 99035, 19554F) iwEHON TV A EMTHET 2 FRL EELET+5 - L& H
ML, wA7OffEE LC, [Elk BFEROGDISEE NGER REEIRS Y,
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