BULLETIN OF THE NATIONAL
INSTITUTE OF
INDUSTRIAL HEALTH

No. 8
1L 86 2
I 1) 5 A= WE JE BT oF 58 9k
® 8 &
A=+ b g

THE NATIONAL INSTITUTE
OF INDUSTRIAL HEALTH

MINISTRY OF LABOUR

18 & 7 @ A B %E RN



THE NATIONAL INSTITUTE OF

INDUSTRIAL HEALTH

Kizuki-Sumiyoshi, Kawasaki, Japan

EDITORIAL BOARD
MasayosHi YAMAGUCHI, Editor-in-Chief

Hirovukl SAKABE, Suiceo KOIKE



Bull. Nat. Inst. Indust. Health, 8, 1~9, (1962).

EXPERIMENTAL STUDY ON NITROGLYCOL POISONING
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EFFECT OF NITROGLYCOL UPON MUSCULAR CONTRACTION
Hiromichi HASEGAWA and Mitsuo SATO

(Received September 1, 1962)

As a subjective symptoms of workers in an explosives plant, numbness of legs
and hands has been reported by Synanski? and Yamaguchi et a/*. On the other
hand, it has been well known that nitroglycol has an action as a vasodilator and leads
to the decrease of blood pressure®:*.

The spasmolytic action of nitrate on the smooth muscles of blood vessels and
other organs is said to be independent of innervation. The nitrate acts on smooth
muscles with undiminished efficacy after destruction of the arebrospinal axis, as well as
on peripherally denervated structures and excised organs®. From above facts, it may
be supposed that nitroglycol affects directly on smooth muscle and changes the muscle
tone as well as the ability of the muscle cell to contract.

The mechanism of muscular contraction has been investigated by many
workers®"8 . From their experiments, it has been clarified that actomyosin (myosin
B), which accounts for about 80 per cent of the total structural proteins extracted
from muscle, possesses the contractile properties?”. By the addition of adenosine tri-
phosphate (ATP) actomyosin solution changes its physical properties®1%M. Tonomura
et al'»® investigated the interaction between actomyosin and ATP by the use of
light scattering technicque.

In this paper, experiments were carried out according to Tonomura’s method!?¥
to ascertain whether nitroglycol affects on the action of muscle using actomyosin
solution in 0.6 M KCI prepared from the skeletal muscle or not.

EXPERIMENTALS

Materials——Actomyosin (myosin B) solution in 0.6 M KCI, which was prepared from
rabbit skeletal muscle according to the method described by Szent-Gyorgvi™!'®, was
used after clarifying by centrifugation for one hour at 24,000xg. ATP (disodium
salt) was purchased from Sigma Chemical Co. Nitroglycol was synthesized by
nitrifying ethylene glycol with H.SOs and HNQO; (1:1) and washed enough with
water®).
Light Scattering Measurements——Scattered light at 907 was accepted by photomultiplire
(MS-9S, 931 A) and the photoelectric current was multiplied by a D. C. amplifire.
The out put current of D.C. amplifire. was read by an ammeter.

The standard medium for measurements consisted of 0.55 M KCI, 0.02 M veronal
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acetate buffer of pH 6.4 and 0.1mM CaCl,. Experiments were carried out- by intro-
ducing 0.2mil. ATP ([final concentration: 0.14mM) with .bubbling into actomyosin
solution in the above medium. )

Assay of ATP-ase Activity—The contents of the reaction medium (total volume :
3.3mi) were 0.6 M KCl, 6mM CaCl;, 1.2mM ATP and 0.02M .veronal acetate
buffer of pH 6.4. After this mixture was incubated at 30°C for 10 minutes, 1mi
actomyosin solution in 0.6 M KCI treated with nitroglycol or NO. was introduced.
At the intervals of 10 seconds, 1mi was pipetted out and ATP-ase action was stopped
by adding 1 of 20 per cent HClO; solution. The amounts-of inorganic P liberated
from ATP were measured by Youngburg-Youngburg’s method'®, -
Protein Concentration——The nitrogen content of the protein was determined by the
micro-Kjeldahl technique and the concentration of the protein was calculated from the
nitrogen content using a factor of 6,

RESULTS

Stretctural Changes of Actomyosz'n Molecule Caused by the Addition of ATP——By the
addition of ATP into the actomyosin solution, scattered light intensiiy changed very
rapidly corresponding to the structural changes of actomyosin molecule. The results
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Fig. 1. Change of scattered light intensity of actomyosin soluticn in
0.55M KCIl by the addition of ATP.

-Actomyosin. ‘wias prepared from a normal rabbit. Experiments were initiated
by adding 0,2m/ of ATP (final concentration: 0.14mM) with bubbling into
actomyosin solution in 0.55 M KCl, which contained 0.1mM Ca*t. (; control,
©; Nitroglycol (0. 356 mM-0.356 oM}, A} NO, (0.87 mM-0.87 pM). Protein con-
~centfation -was 045 mg per ml. Experimental cconditions’y pH 6.4, 30°C. -
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NITROGLYCOL POISONING.

were -shown in Fig. 1. As seen in the figure, the reaction process was divided into
three parts; (1) scattered light intensity decreased very rapidly, (2) and reached to a
constant and kept the value. (3). When most of added ATP was decomposed into
adenosine diphosphate (ADP) and P, scattered light intensity recovered.to the former
value. Tonomura ez al'»'® have Investigated this phenomenon-kinetically and found
out that the first part was accelerated by Mg'* but not by Ca**, the length of the
second period was in proportion to the. activity of ATP-ase, and for the third part
the presence of kinase system was necessary.

. ~'When nitroglycol presented in the reaction mixture, the apparent recovery -rate
at the third period was larger than the control and the scattered light intensity: at
the end of the reaction was found to be 1.1~1,3 times as large as the control. - If
this large value of scattered light intensity at the end of the reaction is caused by
some denaturation or by dissociation of actomyosin molecule, the changes of scattered
ligt intensity must appear in a different way by the second addition of ATP. But as
seen in Fig. 1, the reaction process at the second addition of ATP was almost the
same with that at the first. From these facts, it may be sure that nitroglycol affects
the recovery process (the third period). Moreover, it may be noticed that the effect
of ;nitroglycol or NO; was almost the same in a concentration range of 0.1 pM-1.0mM.
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Fig, 2. Change of scattered light intensity of actomyosin solution ‘in 0,55 M KCi

prepared from nitroglycol poisoned rabbit by the addition of ATP, ‘

- Actomyosin was prepared from a rabbit injected with nitroglycol (0.2-g/kg)

every day for 4 days. Experiments were initiated by adding 0.2m/{ of ATPF

(0. 14 mM) with bubbling into actomyosin solution in 0.55 M KCl, which contained

0.1mM Catt. (O; Control. ©; Nitroglycol {0. 356 mM-0, 356 pM). A NO, (0.87
mM-0. 87 uM). Protein concentratmn was 0.6.mg per mi.- Experimental con-r -

- "ditions: pH 6.4, 30°Cr : - C
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When actomyosin was prepared from. skeletal muscle’ of rabbit which received

0.2 g nitroglycol per kg of body weight every day for 4 days, its physical properties
differed from those of control rabhit. No effect of nitroglycol and NO, upon the
actomyosin-ATP interaction was observed, showing the sameé reaction curve with the
control (Fig. 2). As seen in Fig. 2, at the end of the reaction of the control, the
scattered light intensity was more larger than that at the beginning of the reaction.
If nitroglycol injected into the body remains in the actomyosin sample, this phenome-
non may be interpreted as the effect of nitroglycol.
Number of ATP Molecule Necessary for the Mazimum Formal Change of Actomyosin
Molecule——Tonomura et al'*%) determined the number of ATP molecule, which was.
necessary for the maximum formal change of actomyosin molecule, by measuring the
scattered light intensities at the beginning and at minimum (the second period) with
varying the concentration of ATP. It was found to be 8 in the presence of Mgt
(1/400 M}, which inhibited the ATP-ase action, and 60 in the presence of Ca** (1/400
M), whlch accelerated the ATP-ase action.
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Fig. 3. Relationships between the decreased amount of scattered light
intensity and the concentrations of ATP.

Actomyosin was prepared from a normal rabbit and the concentration of the
protein was 0.45mg per m!. The amount of decreased scattered light intensity
in the presence of Mg*+ (10 mM) with varicus concentrations of ATP was repre-
sented by the equation (I--I)/(I;—Ig) as described in this paper. (O; Control.
QO; Nltroglycol (36 pM).  A; NO, (0.87 mM). Experimental cenditions; pH 6. 4,
300C . . N -

In Fig. 3 Wthh was obtalned by using the actomyosm sample prepared from the
normal rabbit, abscissa shows the value (I,— I}/(In Is) in per cent: and ordinate -log
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[ATP]. I, is the scattered light intensity at zero time, /5 the minimum intensity
after the addition of enough amount of ATP, and I the minimum intensity after the
addition of various concentrations of ATP. Fxperiments were carried out in the
presence of enough amount of Mg** (10 mM) to inhibit the ATP-ase action. As seen
in Fig. 3, by the addition of 4 xM ATP, the value of I became equal to Iy (ATP:
1mM) and the shape of actomyosin molecule changed perfectly, while in the presence
of 35 pM nitroglycol, 10 oM of ATP was necessary for the perfect change of actomyosin
molecular form. The later ATP concentration was 2.5 times larger than the former.
NQ. (87 mM) showed no effect.
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Fig. 4. Relationships between the decreased amount of scattered
light intensity and the concentrations of ATP.
Actomyosin was prepared from a nitroglycol poisoned rabbit and the concen-
tration of the protein was 0.6 mg per m/. (O; Control. ; Nitroglycol (36 pM).
A NO, (0,87 mM). Experiments were carried out at pH 6.4 and 30°C.

For actomyosin prepared [rom nitroglycol poisoned rabbit, nitroglycol as well as
NQ, was harmless as illustrated in Fig. 4. From the results illustrated in Figs. 2
and 4, it may be considered that nitroglycol remained in the actomyosin sample pre-
pared from poisoned rabbit. But following experiments denied this assumption. Nitro-
glycol content in this sample was determined by the diazo method after hydrolysing
with NaOH%, but no traces was detected. Moreover, the metabolic rate of nitroglycol
into NO; in the body of rabbit was found to be very rapid'”. When 0.2 g of nitro-
glveol per kg of body weight was injected, the increment of NO; content in 1mi of
the blood was about 25~50 g per hour and this value increased to 100~200 xg by
injecting with nitroglycol every day'”. From these experiments, the above assumption
was denied perfectly. Then, we have assumed that the actomyosin molecule prepared
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Fig. 5. Effect of nitroglycol and NO, upon the ATP-ase
action of actomyosin.

Assay of ATP-ase activity was made in the presence of Ca** (1 mM) at pH 6.4
and 30°C. Concentration of ATP; L. 2mM. Curve 1; Actomyosin was prepared
from a normal rabbit and the protein concentration was 0.9 mg per mi. Curve
2: Actomyosin was prepared from a poisoned rabbit and the protein concen-
tration was 1.2mg per m{. (O; Control. ; Nitroglycol (0. 356 mM-0. 356 pM).
A NO, (0, 87 mM-0. 87 M),

from poisoned rabbit had been some modified already by nitroglycol injected into the
body. _ '

Effect of Nitroglycol and NO, l?t])O?l ATP-ase Action of Actomyosin ATP-ase
action of actomyosin was not accelerated and not inhibilted by nitroglycol and NO, as
illustrated in Fig. 5. ' ‘

DISCUSSION

It is & question whether the formal changes of actomyosin solution in .55 M KCI
observed in our experiments correspond to those of muscle or not. Weber et &% have
assumed that muscular contraction is accompanied with the decomposition of ATP
into ADP and P by actomyosin, and so that the decrease of light scattering or of
viscosity of actomyvosin solution in 0.6 M KCI by adding ATP corresponds to the
“‘placitizing effect”” of ATP with the actomyosin molecule. On the other hand,
Morales et al®, from the standpoint that muscle contracts by adsorbing“ ATP on the
actomyosin molecule, have -described in the review. that the formal changes of
actomyosin-sol correspond t0 the muscular contraction itself. If the assumption that
the muscular contraction. and relaxation correspond to the reaction . processes of
actomyosin<A TP interaction in 0.6 M KCI is taken up, .the minimum requirement of
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ATP for the muscular contraction in the presence of nitroglycol, which penetrated
into the body through the mouth and the skin'®’, may be 2~3 times as large as that
in the absence of nitroglvcol. And the relaxation velocity in the former may be larger
than that in the latter.

In this paper, the effect of NO, as well as that of nitroglycol upon actomyosin was
described, but, in vivo, it may be considered that the changes on muscle in poisoned
animals are caused by free nitroglycol only, because NO; was not detected in the blood
of poisoned animals and of workers in an explosives plant!7:18),

Meyerhof'® and Hill*® have reported that a large value of Qo, accompanied with
the muscular contraction. [t was found out by us 7% that the oxygen affinity of
hemoglobin of poisoned rabbit and of workers increased sharply and the value of pO;
of the tissues at the arterial end was vely low?). Under such conditions, aerobic
glycolysis mav be suppressed. This phenomenon will be discussed in detail in our
next paper.

SUMMARY

One of the subjective symptoms of workers in an explosives plant was numbness
of legs and hands. [From the spasmolytic action of nitrate on the smooth muscles of
blood vessels, nitroglvcol may affect directly on smooth muscle and change the ability
of the muscle cell to contract. In the experiments, the effect of nitroglycol upon
muscular contraction was investigated using actomyosin-ATP system for convenience
by the light scattering technique.

1. The process of formal change of actomvosin in 0.55 M KCI by the addition of
enough amount of ATP were divided into three parts; the first period was represented
by a sharp decrease of scattered light intensity, the second by a constant value of
decreased scattered light intensity and the third by the recovery to the former value.

2. Nitroglycol accelerated the recovery rate at the third period.

3. The minimum requirement of ATP for the maximum change of light scatter-
ing of actomyosin in 0.55 M KCI in the presence of nitroglycol was 2~3 times as large
as that in the absence of nitroglycol.

4. ATP-ase activity of actomyosin in 0.6 M KCl was not affected by nitroglycol.
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NITROGLYCQL POISONING IN AN EXPLOSIVES PLANT‘ (1T

.leomlchl HASEGAWA Mltsuo SATO,, leoshl YOSHIKAWA .
.- Hiroyuki SAKABE, Masayoshl YAMAGUCHI and Katsutoshi HOTTA*

(Received September 1, 1962)

In spite of many severe cases: of nitroglycol poisening, there was no any objective
test method for the early diagonosis.of _this. poisoning.. In this examination, thirty
plant workers in an explosives plant were examined on the following items; ery-
threcyte count, nitrate and nitroglycol content in the blood, hemolytic resistance,.
methemoglobin, oxygen affinity of hemoglobin and catalase activity in the blood, on
which, prior to this examination, rabbits poisoned with nitroglycol injection were ex-
amined and the results are in press (Hasegawa and Sato, J. Biochem.). The nitrate
content of the workers was higher than that of controls (authors), and it recovered to
the normal level after two offdays. Moreover, it was found that the nitrate content
increased during two hours’ work exposed to nitroglycol. In three cases, about 1ug
of free nitroglycol in 1 mé of the blood was found, which was assumed to he enough
to have some influence upon the interaction between actomyosin and adenocsine tri-
phosphate from the investigation in vitro (Hasegawa and Sato, 1962). The oxygen affinity
of hemoglobin prepared from the blood of workers was in a disturbed state. Most of
the cases, it was higher than that of the normal person. The catalase activity in the
blood was lower than the normal and it recovered scarcely after two offdays. It was
clarified that the decrease of catalase activity was caused by some inhibitory substance.

In the previous paper (Yamaguchi e «f, 1960), the health of workers and the
environmental conditions in an explosives plant, where three severe cases with no
fatal case were experienced, were studied.

According to the notification on health control of workers in explosives plants,
which was issued by Labor Standards Bureau, Ministry of Labor, in 1961, the physic-
al examination shall be carried out on the following items :

1) As the screening tests; blood pressure, electrocardiogram, specific gravity of
the blood, qualitative analysis of urobilinogen and protein in urine, and subjective
symptoms. .

2) If any abnormalities are found by the screening tests, then the detailed ex-
amination shall be carried out on the following items; erythrocyte count, hemoglobin
values, and the functional disorder of the liver and circulating system.

* Hospital of Nippon Oils and Fats Co., Ltd,, Taketoyo Plant, Taketoyo, Aichi.
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Gross (1942) and Wilhelm (1942} have observed the lowering of blood pressure, the
formation of methemoglobin and Heinz bodies in nitroglycol peisoned. animals. In
1956, Stein suggested from his study on experimental nitroglycol peisoning that the
most important symptom in poisoned animals was anemia and in man was the un-
balanced function of circulating system,. but no significant result could he found out
from the examination of workers in explosives plants. . Forssman (1958) and Macche‘ri
(1959) also did not find cut any change except subjective symptoms. Do

_Thereafter we succeeded in the estimation of free nitroglycol and nitrate in the
blood -of poisoned animals (Hasegawa and Sato, 1963, J. Biochem., in press). In the
same experiment, abnormal change of oxygen affinity of hemoglobin was found out. -

In this examination which was carried out on September, 1961, free nitroglycel
and nitrate content in the blood, the oxygen ailinity of hemoglobin, catalase activity
in the blood, blood pressure, erythrocyte count, hemolytic resistance of. red cells’ and
methemoglobin content of workers were examined. The examined .thirty workers
who have no subjective symptoms were extracted impartially from abot 600 examples
of ‘male and female workers in the dynamite producing plant. The concentration of
nitroglycol in air of the working houses measured by the method described in the
previous paper (Yamaguchi ez af, 1960) are shown in Table 1. . "

Table 1. Concentration of nitroglycol in air in the plant.

Working house : - Concentratmn of nltroglycol

(ppm),
.- . 3
. Packing house of powder dynamite 0 . 0.23 ~ 0.25
Extruding house 7 A 0.22 ~ 0.24
: Packing house 'of gelatin dynamite 0.24 ~ 0,27
Cartridging house - - ‘ 0,25 ~ 0.39
MDTHODS

The blood of workers was drawn inte heparlmzed syringe at two hours after the
beginning of the work.
Nitrate in the Blood. ——Demnlzed water (1 5ml) was added to 0 5ml of the blood and
then 5 m/ of ethyl ether were added to the solution. After shaking vigorously, etheral
layer, into which free nitroglycol was assumed to be transfered, was pipetted out.. To
the resmlual aqueous solution, 2 mi of deionized water and 2mi of 8% trlchkoroacetxc
acid solution were added, and then, after several rmnutes 2 mi of deionized water were
added The precipitate formed was filtered off untill the filtrate became clear. .To 5mé
of the filtrate, 2m{ of 5% brucine Whlch was. .dissolved in pure chloroform were added
and it was incubated at 0°C. Then, 5ml of cooled conc. HySO; were added slowly at
0°C. After it was heated at 90°C for 20 minutes and clooled with water, the optical
density of the solution colored in vellow was measured at 430 mp using a Hitachi

11
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photoelectric colorimeter EPO-B. . Nitrate content in. the . blood was. computed from
the calibration curve and it was represented in terms of ug of nitrate per 1mi of the
blood. The detailed procedures were carried out according to the method reported by
Boltz (1958).

free Nitroglycol in the Blood.——To the ether extract obtained during the procedures
of nitrate determination, 7mi{ of ethyl alcohol, 1mi of deionized water and 1m/ of
2% NaOH solution were added, and nitroglycol was hydrolyzed into nitrite by incubat-
ing at 40°C for 60 minutes. Then, 1 mi of HCI solution {HCl:water=1:1) and.1ml
of 194 sulfanylamide solution were added. After three minutes, 1ml of 0.5% ammo-
nium sulfamate was added, and after two minutes, 1m/ of 1% naphtylenediamine
chloride was added. After 10 minutes, the optical density of the sample colored in
red was measured at 530 mg. By this method (Shinn, 1941), 0.5~20 ug of nitroglycol
per 1l of the blood can. be detected. . .
Catalase Activity. in the Blood.—Enzyme solution was prepared by adding 0.1m{ of
the blood into 5mi of deionized water. Catalase activity was assayed after the
enzyme was pretreated with a small amount of H3O; according to the method reported
by Hasegawa ez af (1959). When catalase sample which was prepared from the blood
of male and female workers decomposed 0.2 and 0.17mM of H30; per second re-
spectively, the activity of the enzyme sample was defined to be 100%. Experiments
were carried out at pH 6.8 and 0°C.

Oxygen Affinity of Hemoglobin.——A mixture of 0.1 m¢ of the blood, 4.4 m{ of deioniz-
ed water and 0.5m/ of 0.1 M phosphate buffer (pH 6.8) was put into a Thunberg
tube type apparatus (total capacity: 80mi) equipped with an optical cuvette (optical
path: 10 mm). The optical densities of the above hemoglobin solution at various
partial oxygen pressures (pO,) were measured at 480 mg using a -Hitachi photoelectric
colorimeter EPO-B. Oxygen equilibrium curve was obtained by plotting the fraction-
al oxygenation, which corresponded to [IIhQ,]/[HbO.]+[Hb], against pOs, and from
this curve, the value of pO,i, at which a half of hemoglobin was saturated with

0xygen, was calculated. Experiments were carried out at 30°C.

Methemoglobin. Into a mixture of 18ml of deionized water and 2mi of 0.1 M
phosphate buffer (pH 6.6), 0.1 m! of the blood was dropped and the optical density at
550 mpe was measured (D). After addmg a drop of neutralized KCN solution (5%)
the optical dens:ty at the same wavelength was measured (D;). Then, a drop of
ferricyanide solution was added and the optical density at the same wavelength was
'meaéured (D3). The amount of methemoglobin, total hemoglobin and the ratlo of
methemoglobm to total hemoglobin were calculoted by the following equations ;

[Methemoglobin]=45. 1(Ds—D1) mM

[Total hemoglobin]=25.'1'(D3) mM

e ‘[Methemoglobirﬁ] '
07 = I
[Methemoglobm](ﬁ?_ Total hemoglobl ’] x100%

12




<+ om0 s NITROGLYCOL POISONING IN AN EXPLOSIVES PLANT (II)

Hemolytic . Resistance.~——This' was measured at room temperature by the method
reported by Yoshida (1953). The hemolytic resistance was represented in terms of
the concentration'of NaCl, at which a helf of the red celis was decomposed.

. RESULTS

vze Nitroglyeol in the Blood.——A small amount of free nitroglycol was found out in
1mi of the blood in some workers, that is, only 1~1.3 g of n1trog1ycol was detected
in three examples as illustrated in Table 2. ‘ : ’
Nitrate Content in the Blood.—The examined results are summarized in Table Z.
No." 1~10 of workers were examined'on'Friday and’ the results were shown in the
left - hand side of the column. After two offdays, they were again examined on
Monday before the béginning of the works and the resuits were summarized in the
right hand side of the column. No. 11~20 of subjects were examined on Tuesday
and No. 21~29 on Wednesday. The mean concentration of nitrate which was ‘calcu-
lated from the values of six examples {(No. 1~4, 9~10) examined on Monday morning
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Fig. 1. Nitrate content in the blood of workers. ;
The amount of nitrate was estimated by measuring the optical density at 430 * °
my: after colored with brucine in acid. * Abscissa: The amount of nitrate in 1m/
" of the blood.: Ordinate: Kinds of the works.. The signs of PP, P, E, G, C and"
A are described in Table 2. .
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+ Table 2. Biochemical examination of the workers in an explosives plant.

@ 3 - =
E | 8| 3 |8 = . ~
SEes| & [Sad 83-. | 2. 8% 2 ~ T
NolAge| 85 g2 2 383 BES | EE |25 sw | 828 524
S2|gE| 3 [g27] gE 1 27 |2% P& 837 mfE
= 25 g (5> o o = = =3 =
2 |wE m = =8 = AN 0% |.C=
Sl 27 7 PP | 124/68 | 424 0335 0,340 | 0 3.2 1,32 1,28 | 85 81 11.515. 4"
270 29 12 P 140/80 | 462 | 0.385 0.363 | 2.3 L0 157 1,18 | 9592 | 13.118.5
3 33 9 E 132/74 | 460 | 0,400 0.392 | 3.4°0.5 2.04 1,22 83 80| 14.4 13.8
4 34 .13 E 100/60 358 | 0.415 0.380 | 3.7 3.4 2,32 1,38 64 66| 17.3 19.4
5| 31 15 | G 110/70 | 394 | 0.455 1.3 1, 65 73 1 15,4 -
-6 19 -3 C 102/60 | 439 | 0.445 0,362 (0 4.7 1.49 1.57 | 92 82 | 14.4 9.2
7. 24 8 | C 118/60 | 460 | 0.415 0,370 | 2.8 3.3 1.65 1.39 92 80 | 14.7 9.7
8 20 | B C 110/78 457 | 0,427 0.382 1 2.0 5.0 1,66 1,38 | " 77 83 | 12.0 18.1
9 18 -3 G 128/90 428 | 0,405 0.345 | 2.4 5.8 1,74 1,04 7070 | 15.4 13.8
10 28 12 G 116/78 455 | 0,402 0.345 | 2.4 6.0 1.75 1. 25 39 86 9.7 17.3
114 34- E 116/70 488 | 0. 345 1.6 1.69 92 16, 8
12 20 4 E .!'100/64 356 1 0.392 5.8 1.0 1.54 50 13.1
“13 37 15 P 1 110/72 | 404 | 0.387 2.9 1.52 68 13.8
-14 | 33 i3 PP | 110/76 | 440 0. 400 5.4 1.24 1 68 16.5
“15 30 15 C 100/60 435°( 0. 340 5.9 1,45 62 15. 4
161 31 16 C 96/60 352 | 0. 397 5.4 1.57 67 14.4
17 19 3 C 100760 460 | 0.400 5.1 1.43 79 13.1
18 19 3 G 100/70 | 472 | 0.410 5.6 1.35 74 15.4
i9 28 i2 G 110/60 | 402 | 0.372 6.3 1.24 73 13.1
20 19 3 G 110/60 | 440 | 0.375 4.8 1.32 62 14.7
21| 20 1 E 106/70 | 425 | 0. 348 2.5 1.37 92 14,7
221 20 4 )X 110/80 | 415 | 0. 368 3.2 1.3 ] 1.32 81 16.5
23 21 0.6 P 90/60 452 | 0. 350 3.0 1.19 50 18.1
24 20 4 PP | 120/70 388 | 0.364 1.2 1.28 43 15.8
25 20 9 G 104/60 400 | 0, 368 1.3 1,22 52 15.8
26 19 3 G 100/60 | 410 | 0. 340 2.9 1.34 100 14,4
27 16 0.5 C 104 /60 372 1 0. 395 0 1.43 81 14,7
28 15 0.5 C 100/64 | 435 | 0. 360 2,3 1.22 92 18.1
29 16 0.5 .C 100/70 | 401 | 0. 345 3.4 1.1]1.22 30 15,1
31 20 B 104/60 | 390 | 0.395 100 16,4
32 21 B 100/60 | 470 | 0. 396 | 120 15.8
33 21 B 110/60 | 388 | 0. 365 101 15.8
34 20 B 110/64 1 485 | 0. 385 1 100 15.8
35| 20 B 100/70 | 366 | 0,345 1 . 102 16.0
36 | 29 B 136/74 | 482 | 0.318 1 100 16.3
37| 21 B 120/80 5151 0.385 1 99 15.8
35 24 B 110/84 506 | 0. 395 |90 18. 0
41 32 A .21 100 16. 1
421 29 A 1.27 102 15.6
43 1 27 A 1.18 100 16.3
44 26 A 1.22 101 15.8

Blood of workers was punctured after two hours work in the morning. The workers of No.
1~10 were examined on Friday and again before the work on Monday after two offdays, but
No. 6, 7 and 8 were examined after two hours work on Monday. No. 11~12 were examined on
Tuesday, No. 21~29 on Wednesday and No. 31~38 on Thursday. The abbreviations used were
as follows: C;.Cartridging, E;. Hand.éxtruding,_'G_; Packing -of gelatin dynamite, P; Packing
of powder dynamite, PP; Packing.and packaging of :powder dynamite, B;, Clerical - employees,
A Authors. ' ’ ' ‘
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‘NITROGLYCOL POISONING IN AN EXPLOSIVES PLANT (II)

before the work was found to he 1.23 ug. The nitrate contents in-the blood of authors
who were examined as control were in a range of 1.18~1.27 xg. -On the other hand,
it has Bieen ascertained by us that the nitrate content in the blood of ralibits received
0.2~0,3g of nitroglycol per kg of the hody weight increased distinetly in several
hours -after the injection, hut recovered to the former value after two offdays
(Hasegawa and Sato, 1963, J. Biochem., in press). Therefore, the above mean value
may he reasonable to be taken up as the normal value, although it may be possible
that the amount of nitrate in the blood varies acedrding- te the nitrate -content in food.

- In the studies -on nitroglyeol poisoning of animals, it was found out that nitroglycol
was converted into nitrate very rapidly in vivo and in vitro-and the decompesing rate in
vivo was increased by repeating the nitroglycol injection (Hasegawa -and Sato, 1963,
J. Biochem., in press). From these facts, nitroglycol which entered .into the body of
workers was assumed to be decomposed very rapidly into nitra.te, and so the amount
of nitroglycol would be computed by measuring the amoﬁnt‘_.of nitrate in the blood
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KINDS OF THE WORKS

Tig. 2. Oxygen affinity of hemoglobin of workes.

Oxygen equilibrium curve “of hemoglobin (about 0.2 mM).of workers was ob-
“tained by plotting the fractional oxygenation ‘against partial oxygen pressure,
and from the -data, the valde of pOg,J, at wich.a half bf hemoglobin was saturated
.with'oxygen, was calculated. The:signs of ‘PP, P, C, E, G, and A .are described i
in Table 2. Experiments were carried .out at pH 6.8 and 30°C.
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before and after the work.

The nitrate content in the blood of workers in cartridging, extruding and packing
house was shown in Fig. 1. As seen in Fig. 1, the nitrate content of workers in
extruding house was. higher than the others. '

As mentioned above, the high content of nitrate in the blood of workers exposed
to nitroglycol may be assumed to ascribe the fact that a large amount of nitroglycol
entered into the body.

Oxygen Affinity of Hemoglobin.——As described previously in this paper, pO,} shows
the partial oxygen pressure at which a half of hemoglobin is saturated with oxygen.
A low value of pO,; corresponds to the high oxygen affinity of hemoglobin and a
high value represents the low affinity. The values of p0,t of workers in five work-

ing houses are shown in Table 2 and Fig. 2.
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Fig. 3. Catalase activity in the blood of: workers,
The assay of catalase activity in the blood of workers was made at pH 6 8 and
.0°C. When catalase sample, which was prepared from the blood of male and
Y female workers, decomposed 0.2 and 0.317agM of Hy0, per second respectlvely,
the activity of the enzyme sample was defined to be 100%4.
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NITROGLYCOL POISONING IN AN EXPLOSIVES PLANT (II)

The normal value of pO,1 was found to be 16 mmHg, which was obtained by ex-
amining the hemoglobin of clerical employees (No. 31~38) and of the authors (No. 41
~44).  As seen in Fig. 2, the values of plant workers were deviated from the normal.
For example, the value of No. 10 showed the decrease of 40% as compared with the
normal and that of No. 28 the increase of 13%. It is especially noticeable that, as
seen from the examples of No. 1~10, the value of pO,3 was changed after two off-

days.
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Fig. 4. Hemolytic resistance of the red cells.
Hemolytic resistance was represented as the concentration of NaCl (%) at
which a half of the red cells was decomposed.
Catalase Activity in the Blood.——Catalase activity in the blood showed a marked
decrease irrespectively of the kinds of the works and the length of one’s service as
illustrated in Table 2 and Fig. 3. These decreased values were not recovered to the
normal level after two offdays and kept as they were, although nitroglycol which
entered into the body was assumed to be perfectly decomposed to nitrate and nitrate
content in the blood recovered to the normal level.

Then we studied whether this lowered catalase activity showed the decrease of
catalase content or was caused by an inhibitory action of some substance. Ogura et
al (1959) observed that when HCHO, H', HCOOH or .phenels were present in the
reaction mixture, the catalase reaction was inhibited and the log [HoOs]-# curve bended

17



H. HASEGAWA, M, SATO, HI. YOSHIKAWA, H. SAKABE, M. YAMAGUCHI AND K. HOTTA

with time showing a increment of inhibitory .effect. But when catalase was pretreat-
ed with a small amout of H.0,, no increasing inhibitory effect was observed and the
log [H:O:l-¢ curve showed a .constant inclination. When the catalase reaction was
assayed without pretreating with H.O; for the plant workers, the log [H:0:]-z curve
bended with the reaction time, and it was observed even after two offdays.. This
facts show that the decrease of catalase activity of plant workers is caused by the
inhibitory action of some substance but nitroglycol and nitrate, and that this.:sub-
stance is scarcely excreted during two days.

Hemolytic Resistance.——The hemolytic resistance of plant workers had lower values
as compared with the normal persons as shown in Table 2 and Fig. 4, but it re-
covered to the normal level after two offdays. The mean value of the controls was
found to be 0.373%.

Blood Pressure, Methemoglobin and Erythrocyte Count.

The results of these ex-
aminations were summarized in Table 2. The systolic blood pressure of the workers
was lower than the mean value of those of Japanese (Yamaguchi et af, 1960). No
significant difference between the wokers and the normal persons was observed in
erythrocyte count and methemoglobin content.

DISCUSSION

The most important result obtained from the examination of the workers in the
explosives plant was that the amount of nitroglycol, which penetrated into the blood
through the respiratory tract and the skin, could be computed by measuring the
nitrate content in the blood. To measuring always the amount of nitroglycol entered
into the hody of the workers may be necessary for protecting the workers from the
nitroglycol poisoning.

Free nitroglycol found in the blood of plant workers was only 1~1.3 pg per 1 mi
of the blood, but from the . studies on the experimental nitroglycol poisoning, this
quantity was assumed to be enough to give some effect upon the muscle, especially
upon the interaction between actomyosin and -adenosine triphosphate. '

The nitrate content and hemolytic resistance were recovered to the normal level
after two offdays, but the catalase activity and the oxygen affinity- of hemoglobin
were not. As described already in this paper, the catalase reaction was inhibited by
some substance which was present in the blood of workers in the explosives plant, If
this substance inhibits the action of the enzymes and enzyme systems other than
ing. At present, we have no experimental data to make clear the properties of this
substance. o . ‘

.. -.’The severe changes of oxygen affinity of hemoglobin of workers may lead to the
change of partial oxygen pressure in tissues at the arterial ends. Similar
.phenomenon was ‘__f.(_),unc_ll' by Riggs and Wells (1961) in the study of sickle cell anemia.
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The value of pO,3i of No. 10 examined on Friday was 9.7 and after two offdays it
was 17.3, which was higher than 16.0 of the normal. At the former state, the supp-
Iy of oxvgen into the tissues will not be enough, and at the latter, it will be too
enough. If the adequate amount of oxygen is not supplied, the metabolism in the
tissues is assumed to be disturbed, although it is not vet clear how this disturbed
metabolism affects on the development of nitroglycol poisoning.
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HEALTH EXAMINATION OF WORKERS EXPOSED
TO SYNTHETIC DETERGENT DUSTS

Hiroyuki SAKABE, Hiroshi YOSHIKAWA, Kiyoyuki KAWAI,
Mieko YASUKAWA, Shizue KATO, Hiromichi HASEGAWA,
Mitsuo SATO, Reisuke SODA, Noboru HARA,
Hidetsuru MATSUSHITA, Hisato HAYASHI,
Yasutomo SUZUKI, Masaji SHIMAZU,

Shigeru OHSHIMA and Takashi ANZAI*

We have studied on the health conditions of workers exposed to ABS (alkyl-
benzenesulfonate) detergent dust in eight synthetic detergent producing plants by the
request of the Science and Technics Agency. Prior to the survey we had carried out
some experimental studies on the toxicity of ABS which is the component of the
synthetic detergent.

I.  Experimental studies on the toxicity of ABS.

1. LDs of ABS.

When liquid ABS detergent was given to mice by subcutaneous injection, LDg, of
ABS was assumed to be 416 mg/kg.

2. Hemolytic action of ABS.

ABS had a strong hemolytic effect, but its effect was reduced by the pretreatment
of ABS by blood plasma.

3. Effect of ABS on the cultured cells.

Mononuclear cells collected from the peritoneal cavity of rats after the intra-
peritoneal injection of Tyrode’s solution containing glycogen were used for the experi-
ment. When the cells were cultured in Tyrode’s solution, the effect of ABS on the
cells was observed at the concentration of 18.23/mi of ABS and over, but in Tyrode’s
solution added with rat serum in 30%, cells were affected only at 182.5y/m and over.

4. Hematological change of rabbit by daily injection of ABS.

ABS detergents of 4 different concentrations were given to rabbits subcutaneously
every day, and hematological changes were observed. Erythrocytes and leucocytes
counts, hematocrit, hemoglobin content, plasma sugar, and plasma protein were not
changed under the dose of 0.18 mg/kg ABS per day, but A/G, plasma cholesterol and
[ragility of erythrocyte showed a change under this dose.

5. Pathological change.
Rabbit received 91.25 mg/kg ABS subcutaneously every day died after the 4th

* Workmen's Accident Compensation Hospital in Kanto District.
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injection. Characteristic pathological changes of this rabbit were the degeneration of
heart muscles, nephrosis--and impairment of blood circulation in the lung. Heart
muscle showed the swelling, homogenization, disappearance of transverse striation, and
pyknosis. " JE R '

6. Change of hemoglobin and erythrocytes by ABS.

When 0.2~20 pg/ml of ABS was added to 0.045 mM Hb solution, the reaction of

" Hb-+-ABS==Hb:-ABS
was sup‘posedﬁ from the absorption spectrum, but in concentrations between 20g/mi
and 2000 g/mi, the reaction of _
Hb+ABS— Hb’
which was irreversible, was assumed. More Higher concentration of ABS seemed to
produce '
Hb'— Hb"".
Affinity of ABS.Hb and Hb' to oxygen was discussed. These were also observed on
red blood cells. ‘ '

7. The effect of ABS on the function of mitochondria of liver cells.

When succinic acid and a-ketoglutaric acid were used as substrate, activity of
mitochondria was disturbed by ABS at the concentration of .2 gzg/mi and over.

II.  Concentration of ABS in the air of working _{J’ldce in ABS producing pla}:ts. ‘

1. Dusts of ABS detergent were collected into water in the special midget im-
pinger and determined by methylene blue method or ultraviolet absorption spectrum.
ABS in water solution showed a strong absorption bands nedr 226 me and 195 mg, and
so it could be determined by these absorption. These two methods gave a similar
value on the same sample.

2. The ABS concentrations of 53 peoints in eight plants were measured. Concent-
rations were under 6 mg/m® except only two extraordinary values, and mean concent-
ration was 1.5 mg/m?.

3. In order to determine the dose of ABS taken into the body through respiration,
the dust respirators of gauze were used by 30 workers.

ABS in the dust deposited on the gauze was determined, and the amount of ABS.
taken into the body was assumed to be 4.5mg,"hr in mean value.

III. Health examination of the workers in the plants.

Sixty-six persons exposed to ABS detergent dust, 25 persons exposed to soap dust
and 33 persons who engaged in office work were examined on subjective symptoms,
skin diseases, red and white blood cell counts, hemoglobin content, hematocrit, colour
index, volume index, plasma protein, A/G, plasma birilubin, plasma cholesterol, total
Ca in the plasma, dialyzable Ca in the plasma and fragility of red bleod cell as well
as on protein, urobilinogen, sugar and ABS in the urine.

- Group exposed to ABS showed no significant changes on each item of these in-
vestigations except skin diseases, but seemed to show a little deviation from the office
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work group in subclinical sense.

SYNTHETIC DETERGENT

caused by ABS or not.
Main effect of ABS detergent to the workers was irritation to the mucous menbrane

and skin.

It was not vet clear whether this deviation was

Most of the workers exposed to ABS dust had the experience of skin

trouble of various grades which seemed to be the acute contact dermatitis.
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ELERFA, Tva7ARelilli, CHQERERITH D, —AFC sz 7 o+
NS AR — &, 2 FAT -, Ta— ARKERT AT A, JEq v iEE R A
VKX DD, ABS &)1 26~309% 23 hTw5sa, 77z Ko ABS ISkt
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ABS i #IH% T #
BEEMIRIL AL 2 b LT 18.25% OfEE{E 7z,
Bz ix ABS ORI THEERZED S R E Th - 7oy, FRakiA % B /o720l
%%l?1¢¢@¢éM%m¢%ﬁ&<,Muﬁzf.mwwﬁm%m%wgmﬂttbwﬁ%

L, LaLBRMAEAFLLZOT, HTOL DI TR ABS #iiC X D EE AT 570
DLBDH,

3. PMERFIE Y ACHTIEML O LDy ZICFENEL

7w g7 K s <7 A0 FiEf Lo LDy 3l &icn+ X 5 T, 2.28cc/kg

(ABS, 416 mg/kg) T& -7z, APh ek IR R iRz 5 S 97, LDg iz FHLh o s
THYTREICTE AR ey, HMEIIRERE D, 535K E0, ZTOFEFEECT L0 EETDH
572, G~ ADKRELELERGEMNOEBMTRLIZOBFLIHNTH L, KIThd X 5
FlierE 1,28 ce/kg (ABS, 233.6 mg/kg) £ TOH LR TIIIAALEFORED ISR, 2.56
cc/kg (ABS, 467 mg/kg) (MR CIXEE N S S b, 3 A HE TR FWH R KRR D m\@ 7%,
FRLBAEFEL fz=w A TIRRAEORME 7L TWw 5, L EREZELS S 3ERE—E: D

W1 ABS PEAlE = v A FilH L7cREe LDg

ABS pflitsm | M i B
BofkE 0" 3 4 5 6 T
0.32 5 5 5 ] ] 5 5 5
0.64 5 5 5 4 4 4 4 4
1.28 5 5 5 4 4 4 4 4
2.56 5 2 2 2 2 2 2 2
5.12 5 0

PP = v A R TR,
LDg=2.28 cc/kg (7 11 #E%S)
(ABS, 416 mg/kg)

i
ol
FTER
30r
28
26 ¢
24
& 5 4 £ &
=54
5 %‘T’_E{Lc/xg ABS M3/
——e - 0. 32 284
. g sessaen [ Gl 116.8
% K= 1. 28 2338
,,,,,,,,,, 2, 56 467

W1 ABS fRAlEA RO <7 AfREOZ(L
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)
{EEUEI%'/JVQ‘J: SHzbnb,
4. B A _ .
- ABS vcayﬁwf'z&;m{’pmm’oé‘ ZEREMBNTVAR, —E, SFIOEIIER R 2 e LA,
CHEBRHEIR S RN AR I SRR BRI L, BPLL, Bk 0.99% NaCl gk
T3P 7o, T ORI ERIRE D ABS HHIFnE s 0.9% NaCl #iEicing Tl
B> 2% PR 2L 575, TIVEE (18~20°C) B L, —EEEMIHELL, ke
0.9% NaCl ‘T 5 fICHINL, 530my DR TRIRERMEL 7, F—&HT 0.9% NaCl
O D ITHEN R FV TSRt Bl S B354 O WEEE % 100% & L, &EIERD % 2RUL
L OFRBF2 MR L7z, iz ABS ¥HIE (0.01%) ICHEBIMAES 5% inx, =R
WEGE L, RIZFRMERE N TR AR L ORE LR 2 s 5 L Ao, B, ABS
.
1001

501

3+P, HeP L

e
0 30 90 150 210
B% ) (i)

1-6 :0.99% NaCl i 2% gRMMEBREEHICH ~ QR ABS pRlam 728

DEEILHE

:BS BeflILE 1; 0,19 2; 0.05% 3; 0.01% 4; 0.0075% 5; 0.005%
6: 0,0019

3+P 3 oA 5% MEEERINETT R ok &
H 1 0.99% NaCl s 4% v FJriERigsaidc 0.019% ABS bi.f‘f'J”ZJJIl&i‘J ORI

iy
H+P: FiE&gtkicmz T 5% & b s in i 72m:
C : ABS Ehna g

2@ ABS PERIORBMTE bR REIE TR
LAl 0.001% (ABS, 1.82y/ml) Tid 4 Kl % Cikigt A LBMEREF AL NEWE, 0 10
BEOIRETH S 0.01% (ABS, 18.25 y/mil) THEPIIHENSE D, 30 FHRICETETHEMm
15, 0.005% (ABS, 9.12y/ml) PEAIRHECRIFVISMZ R L, 4 K 2096 o iRk
WHELNHIGEE R, 0.0075% DUHITIE 30 Sk I D EMIE BT <Ry, ¥I2 T
AEFELTIEINE R, Bh ABS SERIE L D MW RS & &A%, &g s
B OIREE & SELIIE LA 35 2T IREE & ORI OMIAASIER ISR T &A%, ABS BT X B ik
oM e# 2 b5, WKTFomErmar ABS s, FOEMiEHMETT5 o & 228
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ABS A8 T A

Bz, WHE 2RI S X 51z 0.01% PEAIRE CIRZERHc 55 2 % 25 T9 5%
OHERIMEES ML SN S ST IEE RS,

b b KT L EERCELOALNS ZEEH2IMOLENTHS,

ST IR A 35 T S 7 MK ABS BERIAS R EROIRPIMEIC ZE bR s T T E S T 2T
Kaid iz fz, JEEREEIE 0.001% Kot 0.0001% (ABS, 0.187/mé) o ABS pkfil & & -
0.9% NaCl i5iiic, KFMMERY 2% 1275 X 5mi ST°C &L, 1IN Rl ik L,
- ORIk E EREED NaCl iSiicinz, MifEkoOyniEz 530 me OWOLHEH S HIE L7,
AT YR X A O MORHE E 100% & LT, AR NaCl i 31 21z % <
#EL, 50% zmﬂmis;“fﬁlﬁu IS 25 5 FIFE R O A ERTE O BT o FElEoLhz, L
109 vl 35 3 E ki & 00% EiiE 35 2 EHUKIRIE DD 5, [ 4 DR MEROIHE

OSEOERERGT LA GBS, MICRD L <, 50% i R KiREE ORI L
nF, L ABS R I S 2B EORMEROMRATEE w-—-rbn‘:‘d&)%h& . Hiz (10%
VL KIS — (90% A L B KIRIEE) 128 Th, 3 BEIIICIAA K8 a6 Mnﬂf» = Tza L'D-
LigME 5 2 SR ORIE O ABS JEANZIZEEO (LI %Lo< Sra kg = LG
i {ifj7 s oEFEZLND,

;’;Ol %) 502 RMAEIGR
055 &= i — 0 —
050

(10% SBMATEACEE)— (907 3B MBIEACHE &)

o e

010

0 ' 50 720 180 240
BE1E] ()

09% Nallo2% RIMERESR. ABSEH  0.007% (—), 0.0001 Yo l—)
4 Mz tiorilznota )

dra R ERe ABS BAlC X 3Tk 2L

5. T MNERMSEZERICHT S ABS RAlOZE

ABS JEFIOMIEIT M 5 A BT B fod gz v T, ABS JEANC X D8R 5 1)
Br LoAts, Ty MEBNIZZ Y a2y« 248 — Fi&EAL, 48RRIz IIE 5 5
L= Bsiia s e i L7s, B 2 o BMBGMIINE 2 1 7 — FlIUXZ A = — FHRIZZ » b
I1IR[ERe) | Bt A "é:-'ff L, ZHLICER & OfEE D ABS BelE 2 —ERHEE E R LT, PR
PERE L L 3, SRR 2 BiomT L 5T 0.1% (ABS, 182.5y/ml) @ ABS % n.
ZTIAVE, SR JCDH Atz D, WWTEAEIEL, RECHIEECEOMEE T 5,
- OEHY 1 I CHEo 90% ARHEX S, LaLl, B THD £ 1 = — Fikilinz 30%.
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BOE b
W2 7o b BEAIEANEIC RIET ABS o

A K iz i i
FE ISR Ly IR 2 D, IEIRL T < B,
4w — o 0.1 | i imlNmk L, Hands,

1 wplhlehalaosy 90% Ak,
A m — F ¥ 1O | Hulavisiinsc il L cwkig,

a4 v FiE 70%
7 o b 30%

1.0 LB E oMEc 4 A OWlEsL 5 h 5,

#4m— i T0% FAR~ FEDLE 0 1% ERE L& LA LT

2.0
Z v kML 3094 C#o L.
F4e— Fiff 70% 10.0 HAm— PO L0% sl iz ba s/ U
7w ki 30% ' 1k

Hifgma s 4x108

ZIERR, 37°C TR ARIRAE I T s
Nz ABS SRl MM 2 RIS AR D IR bR D, [fuiili'i'f\‘JJHCD;‘i%":_";
A DIREED ABS BEHICH LTLORTLB LR3I KRD LS TR = — FHED & D B &
0.01% ABS di#|CELCHIIIC L i D A8, 30% Misaims 2 &4 10 f20 0.1% wL
FIREE Thad THIIC 2 bz b d & 5 e 5, EBIEMBERON L MRk, Dl i
WU LIRS 5 & ABS Bl 4 5 oI D s o & 2B,

WK T o b BAIEAIE I B A ABS ?)cﬁllfD;,,*'fk

R A4 m - W £\~ il 7ODA
SRR (%) v boiLil o 30%
0. 60001 . T
0. 0001
0. 001 ol S [ \
6.01 e E oAb B AN fk 7 L
0.1 I g % AL B R
1 1 J
BRI SRR | BEE 24 R
i % | Az, 37°C, iy %, 57°C, 1
NS T e I i

6. ABS ZFHRLSREOMBEROZEL

T« DIRIED ABS Bl TmiciR 5 LT, FOAEREEE LB, TETO b0 DWW TH
Bk o 2 HATz,

SRR R RN R A — TR £ 0BT ABS #5100 0.5 cc/kg (ABS, 91.25 mk/kg)
‘0. 1cc/kg (ABS, 18.25 mg/kg), 0.0lcc/kg (ABS, 1.82mg/kg), 0.001 cc/kg (ABS, 0.18
mg/kg) ZHARFERL, 14 AP LA, BIEEE S, HRmikE, mmeke, Ht (~<
P77V b), Hb (S REy, T vAt~ES e e vEic X 3), MmN (EETD, mig
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ABS {EHIME TSR A

B (BETD, A/G  UEFHEEY vy PRIECIAD), iR = VAT B — A 89, RIEHE
PiHFETH B,

AEERED £ L, FFOREREDTZDIEINET 2 rE S DL/ DOFED LTI
5 57Dl L s 0T, ERIMOHIHED TS, CoBRMININEIT S o LT
B THBH, BHECLLLDLHH LR, Gl lTeEbsT &l

5 W 5

0.5cc/kg i AEEHEFRE, 4 ERBHCET L, TOMORE TIRIELCHED S
Bt HEZMLTIE 0.1co/kg HEARBITMIK MR Ui, 0.01ce/kg BT OISR
TIAARE MR GIITE T L, ChelEf4BICRLIcEB) THD, mRHHMHEiRE
HEARE 2~3 BEPLHESRL, THREMRTE LSBT R Ui, i rd
S O LA A L B ORISR D ZETC DWW CHE S, 6, TRICT T &% Ths, MT
VBT E 1009 & LEnLAEoREEY % TR L, FRinskl, Hb, Ht T 5Ric

1
28001
2600
2400 [
200
] 1 1 i3 1 t i
0' 2 L b B 10 1z 14
B 7K
s ABS B 056 (BE3E HAHRT)
— " " D] o
o— v 001
—x a o 0.001 -
rAIE  ABS il f i TR X S FAKRROZEIL

R2 X3 3hott BRBICE THRENN X b #5EWIT2 7355, EHRHEKROHEINT X
0.5ce/kg Ok & ABEE TS PSR TTN, FRUTORER G0 R
i,

SRR RIS BT DV TR 6 TS & S 1T, BofE 0.0lce/kg 5T, 28
OEFHRB LTINS, MREEIOWTS L b BIFSEROZE LS LR TV b,

DA EQRIEEBIC>WTE, ABS BEIC X R ISR T 5 b DI o 7o, B
TRCHRT LS A/G Ik, M= v A7 e — A, FROERERMEIZ Wik, ABS Rl ED
SN LR REMNE 2 5 NE O THS, Blh AJG ki ABS RS x 08T L, Glcc/
kg &5 THRAANTILL 60% M ELEATHEWS CLRIEAOERSS S, KICa VAT R
— AL, O.lcc/kg Thr 60% otEmARLNS 0 ThL, RmEkETUEE ABS %
Floi SR oEhn e e #lik L Twv 5,
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1201
1601
8ot

A
1001
801
6oL

2
1201

st

g8 = :
WSE ABSEFIOMEE TN X & REMEROSE (T3 Rel)

10 " fn % 2

o
120

100
80

o 2 x 3 5 10 12 7
: = ¢ :
NG ABS PRl THANC X 5 RALME G MERAREORIE (F2RE 4 Dam)
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ABS il L i T Hy A

180
AT O~ ~

140}
1201
100
80
60~

BRI T

S - X e s me s X

0 2 2 6 8 10 12 ”

L

B x
BBl HER
W7 ABS PERIOEA L Rz L5 A/G I, b v AT R — s
e OSR ERAR o 0 285
7. ABS %#Hl: A/G k& 0fF
ABS Mz 5 L2 RRO A/G e Bi¥icm 45 C 13k H 5, LisL, ABS [
MEETAT Y, LFFe 7Y VICEMLT A/G R ELSTREEDI S 255D T in
vitro TAL LB T hiz, FREBRTREMER TR, FFY AV E Y ALK VYEY — L&l
L7, EERFEEE, —EmO7 473 vt -4 e 7Y vz, fcomo ABS Zinz,
1RSRIEIRIT i L, Wi oMz Ew vy FlEoRE (e X4, BORB R BRI L, —F, 7 v
Tive preTy vRiEe LI ABS Zinx, A/G LoZ{bE bR L, RERIZHS
M) ThdXde7A7ivi e ) vEEEY —£2mx FOFEECy vy FaldEn
%% &, ABS iRngoiand s WoRE LT 5, — ik — £ &2 Ina TR L7
Ew vy FREERINZEEE, T AT v OBEIZE ABS Ofins LicBotEizEmnd %
7%, ABS BE23H A FUEL HIz/ B L EOLEIEEITRA T 5, -2 v 7Y v T ABS RicHIfk
BRAeLRELE, TATIVEY -7 7Y viRGiic ABS 2z, A/G 2 LL~%
L8 (2) it 5 X5 ABS Romns ickhotgml, %5, tokdk AIG it
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OH %

i ST T SYSipes Sy Sy
! ; ; =

o Mo P 3% */*Iﬁo ?za
ABS./ PLT a0 O (W)
ABS The  JBIR

. ey [T g 3 e BRI -~ HAQM
PATZ LR Y7070 PR

x TRATPEE a3
e IRTTPIEE R

L [ Tap—— 3 iﬁ.*ﬁipj&.ﬁﬁﬂ}ﬁ
F-7070. + ABS { omma ETPRE ST

®

TATEL + ARS {

(Eduinrn EOMH BIEHRSe)

WEHQA) ABS L7 AT iy, r-re7 Vvt olE

a8

1

0sp

0 108 2% 324 432 52
ABS (T9)

T Somﬂ , T=707Y. 45 mg o ABS
B Baellee BeCein
WEE(E2) A/G HiRIZT ABS ooz
WEET ABS ORSITHDLM, TAT I vk ABS #hnz rorE, ABS B RS L
BEEHIL, BREELTH0T, FITFELABET A7 v S lnFR oy, HE
32



ABS A1 s T WA

ENFT AT I VERPEROEFEI DD SHTES Z L8 AIG HEAO—RTHL1L N
@oAES&@%%@fUGR@ﬂ¢iMoT£ﬂW@ﬂ RO TICRHRETS IO LES
8. RIBFRVFTR
ORI LR o #IEEIc oV H E. Befa T Lo ~i%E, 0.5cc/kg {14 ©
4 HEIIEE Lz @& a0, 0.1ce/kg BLFOIREEDPERIZ I H RS LAz & 0 TREimE ey
TR LW (b L LR o 7o, 0.5 cofkg #Y 5 5 RO L En PR ZE biE, O, B
L& LTHBR, Lok, ZApEROEERFEETE -7 & 52 Th X WD 7z,
(a) LB E L TASREITEEKIT A0 L7B TSNS X DS Bk, OO
ﬂm,mwm,ﬁamk,%mm v, SEATRARLERIC H D, — BRSO BR S &
0, BRHEOZLE LCHEIC B AN, R bE D Wi s, Lo llokt
U7 TR TR - TV B A%, ORGSR L3 SR B OR 5 i AR
xT&L WAW,MFR@H%®¢V;k#ﬁﬁfméquh%ﬂiﬁ&muﬁmuhu
DTRIEVPEWD F!]%—ag 34
(b) JI DAL EIRBRRE R 2 3 & ?‘%%@'C%U, HREDATIR OPRGE & i e @hs s dv, ek
B LIRR L ,mH%m(mmmmw?m,%@HrﬁéWW)wﬁﬁanf_ﬂkb

,__

2tk

il qm LI OB S, LHRBIIREET Ea o A v L, SoeEmEE S E Sz, W
%kﬁi%mm %mﬂfﬁb,}wW% CE, HCE R < MR TR D A5
il

le) MHDZALOTARITIFIETH D, —FRIT/ D E R ORI H 5o,
(d) B2 Lo BRI EE T, RERROIENS WS A b IR L, AR 2 s
Do P BEGHIIRE RR2 IR, WIFRRFTEE B AR L7,
fe) Mux—fEogoEc, FlMEHo G, =7 H{bs WSz, MR iEmiksz L,
FREREN A <, RARIO R AT W T BUEER 2 % <, ORURPIZIZ IR U oA im h ER O gL
Wekr, BON &SRB S o 7o, PNAL L ERIR L O A v L L E S,
(f) ITEZEOATMARIATET, FFEEHINTIA S 22 MFE L A <, —FRITAmIe R E ] (b 2
Biviost, TOEWREITHTHS,
(8) AREIERe R 27 HLIT & D AMHS e SN O I, T B 2 s i 5 7,
LA LR Lo TG e b oo, LA, BHE, RONiofkEETth s, Fizohs o
fTida5 ABS o hEENOETFEHRET 500 v 123 Lb Db,
a) MR, FhEROZ(E»5 3 LT, miEiIRc 2 kit 2 50Tl s,
b) CARZE, BRSO =7 Bk, B o2 e & filli U CHmfu i it iz T o
M2 2 X D TIEiR VA,

c) AUREZEAD LT, fE R EER A L 2 s,
LREZLND,
9. & Ex
a) ABS @ LDg i 2\ TIEfiskodisEDS CrEft i 5303 E N A Tlaokik 2.32~2.85

glkg TH Y, HIRMWES T 201 Tmg/kg® L oTwd, ZOZERXMHELZZESRMRE D
FREAC AT 10 (5 2 &2 RT3 O THA S, bR NIE TR LB Tth s
A%, v AT LDg 132.28cc/kg TH 7z, ik ABS (T4 4 Li3ig 416 mg/kg 1224
%5, bivhhOfif] Lz ABS J&HloRZR#H i 5%2 ABS &8 2 uE 2 oRisR Rty Lk
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W o+ b

MRAIHEAC XD LDg OMicfe T b T 5, &%ABS&%@??X%EK -2 HESNT
DWTHETL&IX LDy ORI TIRARETMBMNGS, % LDp 28 LvErS st <y
ATHEEBR-TTDORE 3 FHEISHRTEOEELTL 25 TH 5,

b) s b RMIGHEA OO BEARF & U CH{EffrsiFshn, ABS oma ik
FIRARIRIEE 1/7500~1/100000 2 b Twv 3, FEREERR L OTERE O RETH
52, bivhbh Ol Lz ABS BHIOBATIE, 0.01% (ABS T4 18.25y/mé) “CrIRy
W B2 D, 30 FHTHENEET 5, 0.0075% (ABS <% 13.68y/ml) Tix 30 44
LD ARET D, 2HEBERSESCENT S, 20X 5 ABS SR N A ism
B DB 5 2 L 2R Licss, BIEAT_& 2 21, ¥tk s 2370 ABS Pl
SEASIIEILE 5 25 ABS YERIOIREE & ORAIETRICSERWETHA S, WK ohb @I{rJI[L-Je%ﬂi
ABS HAIC 0TI » 7o ABS oftfe v iaid &, ABS &RV Be &R ik
BT 5 L REC I BIEMEchE ABS it a0, MMEoMmREISEAE FJ THEA
RSB N 70T ABS SRl L 5N oHE ABS trsb i #H 25, Ll ABS
DIEMERD, FTHOMEELAEFAS T LD EERTLNRLZ L, BEOomuk Tk ABS
AELELTH, FEBENCEEFRERMIREZFIET 2 X 5 fTeaT, Lilho&Es ol
EOETEHIND MBS H 20285, IEHRMNCX D, BFnOMESINS o 21, HEH
O mifema s Z itk D, MIAREOBI S L FERE, %5 < mEX Zmit e
ABS 2E& Licrcsd, MERZFHIEE%IETS ABS ORBELS LAZDOLELZLRD,

m ABS o#Hilf G 2 B IR E Ui Eh s O, RnERHEL #5ThH s 3

» BRI DR B OYREEEMFT R TA LNz X 5 il 5 @ I IR, BEL, Big
ﬂ,wmmﬁ®zvmf Bk LT, ABS EHHUIROFEEECELE S5 X5 O TR W s »
S5HI%E 5T 5, HRKOZEEEDZE Lz 2 TSR T 5 X 5 i Rl ABS gz
MEDBE, HEE I R ERER BT ABS ES RO BAT A L2 /Wb Ty
HOT, ZOEEM:OZ A ABS i & 0 fIIEIRAZE L Lich, MEMSZMET 3 Ltk b o
Exrahicd, HECRNEORFIEMIZ L 2D OTES A, I TFEEW, Ldha <M
fuloEiist ABS 2 X W LT 5 AR Ao EsdH 5 5,

¢) B ABS iiflE 5 2 & OEERISTH 525, bhvbhvo LsilllEEE, My
AT, NI, ~TFREY, ~T LU b, EIJILLI;I‘:H, MLEEEE, mAEEE, A/G Mk, =
VAT R — A, FNEHEEEEZ T ABS lic X b2 bR S T A0, HE, A/G L, =
vxTn—wRUﬁm%ﬁhﬁf%éogﬂB®mm HIE LR 5B ERSTRTH S
2 A/G HIT oW THRERIRA 7 & 51T, A W Tl kSR A N B & 5,

10, # B

ABS JEARLETC ABS Al S 7 m T 5 5 E ORI OREEB 2 X0 570 ABS
WHlT v &7 K (ABS 4H#E 18.25%) @ LDs, {AiM{EM, BIEMiRics+ 5168, RO
H A SIC L DRADEFREGOELEETODDICDONTLE N, =, SOEBRTIEMED
HvABS (FFyAvE vy RAGRVYEEY — &) L8 L1,

1. =o' Ricv v 7 K 2ETFiM Lo LD bk 2.28cc/kg (ABS, 416 mg/kg) Th

-@,1%mmgumeﬁﬁvaﬁx®%Em£mLﬁmoko
2. ABS@mmW%u%bmfﬁw FMER L7z, Lo L 2 OmEfZTniEORFE T LD
TEEREN B, '
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3. 7o MEREABEMIGC ABS FIEER €5 LRMCHROBIRSED, Hic kg T
B, OISR EET S Ll oWEEITE DBV,

4. FHRoOETic ABS ¥, F#haFhikdE kg 720 0.5cc, 0.1ce, 0.01ce, 0.001ce
3 2EMEE L, MFeEr R O LS iR 2 170 5 & SRR R R T o 72, 0.5
co/kg HHHFRET 4 @EFEHTHETL, 0. lee/kg HEHERIIMGIKE DR R T L, %:l”b

C BUF O TR AR RS I s 5 P,

AR RO LSRR TTmQ&bﬂt®mAK}m,mﬁ:VXTn—wi,ﬁ

COEEERUE T, ToLomEE TR ABS EHRIOREENT LS v o R, :

5. 0.5cc/kg BRFERTALNIEESMZE LOFELRD @bi:lbiﬁiﬁﬁz, ’%ﬁ?ﬁarﬁﬁﬂi@fﬁiﬁ‘[ﬁ

LT L7, '

6. ABS #fHlofflEic B3 fERAO—>2 & LU THIlaIROEifE o ZE ] E:touV ;cfbntc

E 2 X #
1y C.H. Hine, H. H. Anderson, 1. Finley, ]J. G, Moore: Studies on the Toxicity of Two Alkyl

Aryl Sulfonates, J. Am. Pharm. Assoc. Sci. Ed. 42, 489, 1953
.2y T.F, Heyroth: The Systemic Toxicity of Synthetic Detergents. Proc. Chem., Spec. Mfg.
Assn. p. 138, 1954, _ A :

3) T.W. Tusing, O. E. Paynter, D. L. Opdyke: The Chronic Toxicity of Sodium Alkylbenzene
Sulfonate by Food and Water Administration to Rats. Toxicol. and Appl. Pharmacol. 2(4):
464473, 1960 ‘ ‘ '

4y wem o e, B i BHER{LBEON, SMBIM KK, 103 H, 1E35.

5y ueH G, TS i BERIEStoHl, SRR KK, 196 H, 17 35,

8) MR BRI 0T (2), Akl 26(8), 459~475, 1962.

11 ABS Mz X A2 FMBET~F S v EvORE{LIZOWT

EENGGE B SE HHAZ
GRTIZEEIl < b L e @-?TL'::'G, WO D2T, BHOLDPROZLINTS)

C REVEERRRIEREE EEET A, TELERZd o tREL pLELITWE L, &
T PERE R D RIS Y 5 T h, UF, COBMEFAERSR, HLRRTOEREcT X
3 75iRAT D ABS 2 AKPIC AL S E SRS S IV, WETIE-2 X 51T, W iEniiil 2
%, FULTIEMEE ABS IS0 & 0BRE, FOLoMEORE LA LEpWEERICL, I
CHWEDL Y ERETWS, Lirl, ABS ofmETE Hb a3 o /eMiBnEhosT
A5 I, T @ EIE oW Thiviho L%’\ﬂ-ﬁ%%mﬂ%— FIFELTAL S,

SR ABS HHIOTIIRS: (v v £ K; ABS &8 18.25%) % 5743, #izhi ABS
(FFYAXvEvy ALK vEEY — £)EBRA ML X 0 FES oo, §dhic X bikdlic
Xz Ifsﬁ%‘: ToLipi Fl— Dk R e 5,

1. Hb Fiic ABS #inise Hb b Z 3%k

- 0.045 mM o Hb iugic ABS #inz s & 0.00002~0. 002% (0. 2~20 pg/mi) o YLEEiEH
PCE, Hb @ 577, B8 542 mp ORI &1 5 W E»Em L, Hb+ABS=—HbB-ABS
DOEERBZ 2 TWABZ EXHE, + L CIORGRANNTHS, PlREMICIEP 16 BeE
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W|wOE - fil

15, : : ‘

Lasl, 0.002% (20 pg/mi) BLE 0.2% (2000 pg/mi) TRYEERZBECHEE L, Hb+
ABS— Hb' &\ RN EEPRREDENS, B ABSIRER 32 H-Hb 2v5 K
WG E Bl d & 5 LRRECZE{ LD b, T2 CHERC L1, Hb-ABS Tk Hb
EEBRCERR ST L EBE LT, RSB LR ShTwa s, L LERCHT 2
HFIERA LTk, T sickle cell anemia Hb ok Hhs ERBOBS 245, o
THMERDFIGFFMTEP{ o o T B &4 2 by, BUARRrD O @355 5 astim+ 5
2 Lk, X Hb ¢ Hb-ABS Fi¥cBEmlitai ki tsh, MB~omEIHsx
HFeh s 0T, ZORETIES T/ —FOMEHERE 2R D,

B THIMETIRRPC I~10ug/mi © ABS B EN TV 07T, 20RO ABS ¢
bk, SpE oM i Hb ORI :IEE 2 5 Tk 59, Hb-+ABS=Hb-ABS &\ 5
WA 7 RS 3 B e B Jid i o,

22, RMEBRicxbT A ABS g

M DR nEREEE L, mitESED 0.9% BRI THEr 2L ORRnERMEE S L,
o 1/10 #Riec ABS %z s &, 0.000004% (0.04 zg/mi) T 415 mp DN A
Ui, 0.4 pg/ml CRZELZEITRL 1D,

2Dz kiE, ABS RO TSP OWT attack Lz X BkT 5, LD S kK
TR T 0. d~4 pg/mi @ ABS #INE 5 &, FRIERE4REERIZ L B, 0.0008% (8ug/mi)
TIREMARZ VIRD B, .

3. RiIkoRiETo Hb oMo 2k 2igt ABS sy, ko Hb ik
EoWwWTHLhio: F—omadshi,

4. WrRdRmEREE O 1/10 J5E 1/20 #HiRo b ol 0.00049% @ wg/mi) @ ABS %inz
Hr, FMIRAMEESAHE 0 ABS OERFHT 9:1 L7, FEfief-on L L7, T O
MFEOFLERIAA LRI L, - CTiFEA +ABS » migEH-ABS OFSEHEL b b,
ABS BMERMICIE AT DHEED ERE AT LB B,

5 MCHT 3 ABS @

Koz b Py 7adn, chaidd s ABS oiEds LAk,

CANIHERG ey b ST - ABRRIREE LT, MREBIESS by B 7R R
Lok 2 AR &S LRz i,

ABS #®iEE IHEEEE %
- (pg/mil) TR E Ll a-b FEERIVEE U7l
0 : 100 100
0.02 100 55
0.2 : 80 38
2 65 33
20 50 29
200 0 0

Hl't, &L ABS 2T#Mapc Ay 0.2 pg/ml OUREETS F = v V) 7EERILE XSRS Z
& 5B, ' : -
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ABS BmAILE THAEL

§3. ABS MFIHETHESRFD ABS (;%}%LOL T

WAL EAEL R E BTHME H AN
BAME BHET KB X

L L s

ABS AN A7 v U3l OBBEIRIES U ~5120, 465 ABS BEIDSREhIREL 4
HTUERBETHD, ABS i, WECLIOLEHDLDE2ELD, WHADE DT OWT
VERE IR~ B AR % D B FOEBSE ABS s AL —~Thh, ABS #EI2E LEETH
BHEThiE, HHHO ABS It X34 DL H L TREEMBEVWIRARWERS, £ TLIBRASH
@ ABS $AIRIC S Eha ABS QISEREIET 22 & Lis, hiubh o LK 5 1k
ABS OHMFERZENET 2 LRTH D, HRTHREFEET R B HED, - ORENE
B - TERTEELCWRRERTHE, 5T, HERHOKMNEIADEREE LTS %
ThHER L, BAE, 0, BEO3 20— PEFZLNEM, AFEETIE ABS BREIEHTIR
TEAPICEREL 9 50T, HAEERAMEIBEETHA S EF 20, @EhhEEnE O3k
BHLIFICAFE L. ABS 2MlE T &5 & 50, S LAEETETE, 25 Liolsid s
X DARRH SR S, BAGEAIL R L HIENTCAS S ORE_TREhERE TRV 242
foo WITHIEZ LR LTCOBATHED, ThbEHRESTE TN LWL, ABS @
BRI 2B ER, BAShELOIEE~NS L, FOR#EDX, »RINMIWHOLEEL
7o BEo T ABS MEFIDEKMNBADOKME DL EH25NE, BAIT LS ABS OMEAR

FHSET D ERRERD ABS 0RFMETH LT LibihThs,

Lo ULIESEBNC ABS 2 S AL BRAR T 510138 « ORInd 9, H#iFEORL s F—
FUETHIE TS C LEETH S, HIBEESENO ABS JREEEEATIC X b IEEIIC xbﬁb s
ﬁm%wﬁﬁum%fm¢éb%fﬁéoﬂofm%hu,%h%h@Am%m EBTRAL

ﬁ¢@ABSiﬁMthbﬁr&5,L®;ptEMémg&ﬁ®v/7)/&££%%
%?%ﬁ%m%%ﬁﬁ#ot®f,hD%zT,%L&mvx&gﬂ T LT Ao ABS &
FRELT, £AQBARE L,
2. BT ABS %HDL AMER
ﬁ%&?é%ﬂ%ﬁﬁ%u&abr%ﬁb,#oﬂm%ﬁ%?w&mi%ﬁ FIFI LT, —
BoREANCEEI L b1 vEvdy—iciii L, ZOBRHFEOI Y, P4 vE vy
—rm,mm&&ﬂbtﬁ%£%6@#&ﬁ®®M$,Q%LM%%T,4/t/y%~kﬁm
ETCB ST, WBIANEH T FARED DT, 1 VEYIv—~DRI2EROHERIITL
T, ZORER X ABEREAOBREHVE, LBZDERk, 1 vE YISy —of D itFiRER
L ATLEEDRALMMEOREMNR C &, RUEBREATEE Th v e 5 7,

¥y P VE VI Y- XBELCAR, K0 24 v vy —RNiz kb, wES, #E
PERERC TRSE v FiCHEE L, —ERH—ZERT TR L, BEIEREIT 5/min 2 L
fedt 50~1007 @R EWEI Lz, T LAEHTREA LD $ € b1 v E VI ¥ —ofl
W DT, THEBRETT AL 100% O T+ L 2 1ERD T\ i

Bl LoEEE 2580 LT, BHOBRIEHU ARINE L, BEEFTIHSRS 2 5%mED
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B HE oo

PESEREENCIEIE L, WIRAIEIGT W & T B RBAL,

3. fAABIRA ABS BEENLHOTRIOER

Yz rw v s~ Emﬁ)zﬁxbtﬁbavxz®@m&%ﬁbﬁm rnTA
A& — TR T BIIEET ABS 22ET 58S MESBIILC, ABS o FERERElEZE
WCd ote, TTTRE Y —€h 16 RELALFEL ~¥~2 s &fRToc i, #
—¥ = A Y DHEREEE, £SRBTY - +a%y, RioBNsERET ABS 2 LN,
ABS RO #0OHUMEOEENTWEWL LB THERE s — ¥~ A F 2EEEEICEIT S
FHHE T, 2 ORRIIERTIEE LT B 40 TS S, e ihieEBRL, 227
7 L7 ABS #EilEL iz,

4. ABS ®E#

{a) x%uvfwe&“.

AT T— RICREN 3513 5 ABS BROFUESIIETH D, RHEE ABS & 25 L v
il WRMLT&HH*wALmﬁéhéM EEMEDLBLEE, AF VY IA—RMTEY
Bﬂ*&AFmML&wﬁ FIML, 75 e b iFGlrhOBCEMORER A F Ly T -0
BT 652 my IR S EAENPLRD D DD THD, IOFEOMEIHENDE T & &,
RSB THRECAD BV RTH DR, SEOTETHE, KEWESORELRY, I
TIWHE AL, lﬁof%u&f¢mr®5w5 WIEROGEIRVEE LRV TIWTHS
5EFrI,

(o} SR A~ 2 b . o SR
ABS ST KEAC 226 mp B 195my FRECH I D IR b, © ORI
WRERIGE D ABS BMER XN, poAF Ly - &kﬁv%ﬂﬁﬁ%hé Ll o
THEENEMNT 2 Z ST L,

- o) rww)ﬂu%bT/UW\/i/Zﬂff/M/ — & ($AE 999 LB, BRI XD
WA D WA REHLE LT, MERE 2D, TR bilkEE D i,
HEHBIL A~ b RO ABS KIS OB Cary Model 14 #5ye8fic & 0,
U HEOEw ARG TASRY FARHIE LR, —HAF VY T —EOESENy F e
B HER T & o 72, -

FHERT X HIMEZ LT3 M4 RO X S Wit d, TIEEEENTI vEVY Yy —H

WaR ABSEROBOAF Vv T -l 5L
WA b LR E @ g

W CAF L Tk #MWWA«ﬁI»&
Ciae) mg/m? mg/m?

1 evesvarearisnisies 0. 82 ritianniiiainaisinaiaens 0.82

| PR [ 4 TP 3.05

- SR bR | RO 3.03

ST L2 I ) TP 5. 03

B raeranianianiraina T 1 T SN 4,37

[ J T 0. dBeeresraress [, 0.41

T oarianernerernnnas 0,2 eiinmrarrne i 24, 6

w%%ﬁ4/t//+—w;%MLtﬁﬂubh¢®ABSF%
BoDFHCLENEL LD
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ABS BAIBLETHRAE

WEIR Uiz ABS 0B EF—HHC 2w T2 20 B TRAIE L d O THHAS, KR FT sz
EHSE, '
5., FRIERUBEERER .

AL TR E S RICTT LI T A F A=y ViZ A& v b2 T L o 7T A
FNRVE VAN E VEEY — LT, b YR VIR - LSOV S e & —, RO
HERma, EfEUESSEERIEL, Wkl oBREAE TREET2H0Th5, #WAdo
ABS SEIRANR I DREN bhbhofgEdi e Lz 8 TRk 5 I BE0H Ko
T UL~ R 18.5~55% Th -7 (RERHEETERBENT),

W5 ER  ABS PIELE TR O s
Tl

LR mom

}x»7¢vm (A)
| it — e

ThELSIES AR Y — &
R/
‘ I + Na S0,
N,/ 80;Na (B)
LR e
Wi

A AR LT .

FMTER (Legked, fiigh ) (D)

l .................................

A LT R .
() (E)

—

WICHEOMEE»SERTREES BERT LS (A—(E) © 5 2icaf Ly, (A) 5
BRRAEERASNAERNCIT RN RGEERT AhI o5, CORSERDIRAHI
WHIL (B) FEEAfTRbins, (B) MEEMTHINE L @B MR TE | U, HEHbs 1
LAT Vv —E DO BEETHET S (% EEENEER) RN LTREETTH 15, ol
RS DEE, N b2 v_Y—iT k), ERTHIT XA, TR Y - TIESEE
WEDEfEERE b 55, (O MEErLRTIE UREAE < RUANES S, iR R
MEERES (A) B) fEELE - T, (€ (D) (B) et LR G2 IRIR S f2o0, i
O TIRERERCANERL X > Ths, D) HPILE T (A2 7H2HEWT) Fob
nEGE L BURERT I DT abhaBaSns 2 3MTHATR ORCALRE, BoiiEo
W, fERORP X 0 RCARCHYOMERH DL THD, (B B SN A ST ik
DERACDEEE, The#orRIED T, —EDr —RACANTERTAHEE S TH 5
M CRERAEICAE LT RS CiE s b B0 T D) LR—EX8E, 20
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oMW - b
{EEEOITRbI B LA (D) S oEEoliksy, BioksimHr Lo O
Bt D) EETECHL, 2o D) LTHE (B) TIROLETLS ELDTUMNMIRLETIE L E
ETHDT, ZHLbhDHE ®18$XmuoerﬁLtn_nbﬁﬁm@ﬁ%IE Z 6
FiTH LA,
MG& AR UTHLAT & X DN

YT 44 (B R W (“YSJJ\H{%J
Ka (D) (E)
B (D) (E)
1 (D) (E;}
Ko (D) (E)
M (A)y (B) (C) (D) (E)
H {B) (C) (D) (E)
A (B) (C) (D) (&)
R (A) (B) (C) (D) (E)

6. BlTEHR

HIE B O 7T RO X5 ThH D, BREP ABS R D TR SKRITT L 3 O
FEF e Ak —EofErTsd b, D) (E) TlRECEFLENMIORSh S b0t H
27z, LLZDX 57 LIFNWEIRED S o2y TEEdn ABS IREEIES2ET I o 4R
TN T LGRS RE e o f, 2IEMOREN 5255 L MIRDL ST, &
DFEAYE 6mg/m? DUMIZdH Y, lmg/m® DITFTOL0HREE £ v 2 & 250 5, 4 peak
concentration *#¥%z 5Hh 3 20me/md Bt 30meg/md @ 2 o0ffEiRV TERHE S D5
& Lbomg/m® X5,

W7 MRS

| W | g | ABs e | s
(1962) B | A AR | HEAR
M| 26/7 % 8 8 16
Ka 5/10 7 11
E | 10/10 1% 4 10
H | 15/10 7 9 4 14
A | 1710 & 10 4 16
1| 22/10 iy 6 4 12
Ko | 26/10 I 7 5 13
R | 9/11 9 5 32
7t 53 o0 |

WiTH — = A 7S Uic ABS BLi L7t & LTR T &8 Ro XSk sd, i
SMEE RS L 10 Mok 57, LO0mg/hr &5 13.0mg/hr TSR D DIFDS 5
CraEn, FLTERAERE S S5 E 4.5mg/hr LB, BER ABS RECoWwT,
IO, ARSI XN, AORUARSLTL IS REMENKOMTES
FZTIWOTRTVWREES, .
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ABS e TR

WeE A ABS TN © A 7 i Lz ABS |

P Bl 40 th ABS i% B 2 ?‘%:‘ABS .
XET | T & 2 rPng/nﬂ) the B - y(lr!g?hr)* £
Ka g} J— —_
E g} 6.6 2.3 0.6 0.4 —_
I g} 9.8 3.6 28 1.9 1.3 0.6 10.9 11.9 58 4.1
Ko g} "49 20 17 1.3 L1 0.2 0.2 | 13.0 &8 55 43 L7
C 56 2.1 2.0 0.8 9.3 7.3 L5
Mol Rl \30.0 2.0 3.5 0.4 71 4.3 L6 L1 L0
C 0.7 0.2 0.1 65
H 0Bl w7 0302 0z 01 00 52 3.1 L3
C 10 35 0.5 23
A | D e _ .
D 0.5 0.7 0.1 0.2 2.4 0:0 0.0 |~ L4 14 28
T 51 2.1 L5 7
B ] B} |08 o5 03030202 3.0 2.7 21 18 L8
T 1. 55 15

* Ay 340 SRPERISE, TG L2 ABS fab LIRS

o MIEERFO 30.0, 20.0 mg/m?® R THIL L,

380 JE 1RTIT #

26T

20+

= 2- 3-

4+
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5._

6

-

B_
WATARSIRE (™8 M)

POIE Bk ABS

9- 10—



12 3- 4- 5- 6 - 8 9- - 1~ R2- 13-
ADeATE L ARS B (M)
510 |7 UJuu}ﬁb —ETAY R CAPO ABS £

7. BAIREHHEFEMICEATS ABS B

{a) FHPFHIERCYERTEMNC AT, HF0 péa_k concentration %Ii—’ﬁb\’(bﬁ,’%i‘i&h ABS &
BT A7 AR ABS Imwb U3 LUEIE M LA Ao 20T, Thbd ABS &)
EReE LT RBLR -2 #2528 & L, '

b)) RPWECHERA L —E~R 7 0BEAMEYRII W THETS &, —ﬂ;e: H o A
ZWE=T RV ADRIEORE W QRN L TEIEERIZE WA, FEAVNE e B & BRI
T 5, EAMEGE TE S 2 BRSO REERIES U A ORISR 11 R (Hal) Wi+ X 5 i
CEVETHRREZD DM, HFOREND 0)75%&%&4?1’{ L, 3810 3% (%) ©RECRIE & 557
BB LT 10p BLEDOR T2 ABS BICHtEmib¥e 52 Tn5 2 &35, it TH
WirE#H 2 BRI H — 2 «X/D«;%a!rllﬂaﬁ:w RIT AL DELTIWTHA S,

{©) H—F=AZIHE L7 ABS &84 ABS 2 o lyiBs Lb*\’CJ}%) L, BIKD
Lowwind, b, &rh ABS IBEffoFH iz 1.5mg/m® L L, R.M.R. % 2~3 J_' LT,
J|irmsEg 10, 13, 154/min & L7 i A AT a &5 2 605 ABS E&2TE4E
il ABS firbb b s, £hFER 0.9, 1.2, Lidmg/hr &7 5,

K BHTh iy ABS L5 L bk HlE OB A ABS fi

e W g BT ABS MERE S L <AV MG L ABS i (mg/hn)
KT Gy SRuEoTRRIABSE TR ABS BERS Lok

- (mg/hr} SiinE o TR A ABS & (mg/hr)
10+ wrenerensnrasnereneremrarinns oI OO U 5.0
2.3 |3 [T L. B emerrrrcraresrar e rani s e saenn 3.8
LB venteeaeeenntrererenraranses SO P OO 3.3
s D0 rirmnrmnmrenerenreererres Ly Bevererrnrrnrentmstntnennrnnrnnninseeees 2.5
30 errnnrmnrrintrenreenernns B Teerrererreraeraernannenerantesirentonnns 1.6

COfflid= A 7 E Lic ABS o0& 4.5me/hr & 0ok 05w, BDHLBIEC S HH S
WAL/ EH RN BEZNO ABS &Y, ~A/MNBERPOHERET &L, BAPIEEL
ST 50 E L TRIBRL, WEREBEOSMHULLLS, 4% L R.M.R. %EL){% {Es
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ABS I8 T

T d~h 2 LT E2RBOMERHD, Lo LBEOESEIETH LTHRIE R M R, 2~3 D
Ve E 2 SR D, COX DR R b Ty 5 ERhIREEIED> ST 2 B A
2, v AZ RIS LA BER TR S W, B, WS ST . - A 2nT T L
Laidh B, COEREELTE, BELIHMEOHETA L vEYI Y —DRAN LD D ECHE
BRI S e MnenE gy 2k L, peak concentration DD S FEOEE NI LD
HADTHAS LEL5, ChdOMEONA - RS EmSD D 0T, FHETHE, —
i, = ALEflE Lﬂ. ABS BEoEs, BETiEEL D, £A0 ABS BOARER X DIEEIT T
FThOE L THBREDELEET S,

(@ ABS PANIEHET LTERRICIBELTHERT, —ff=7 v VLliRitE? i
UTH 2 55, BASNRENTRRE, S ROSKEHSCEHheniEL, ?ﬂt?éb
Tdr o Tr b OEREH E b, b EHA~DERIREC L EEH00, RERTFOLE
FOREEE LB ABLMERHD, FITREREFCENT, 2ZHHAORS Lo &, i%rﬁzzlg;c'c
6 {AFTT, BRS(HEE LR T ®+\rﬁi{?5%>&ﬁﬁotn #sEE: Cascade Impactor THIK L,
LI F o b = 2 = AT IR BIR - 7o by BEMESIC X D REATRE b L i, O
BBl zirdX5TaH D, %h»’?hOfofi{@P@iFi’iﬂilﬂf%@:rz/Jwi 2.8y, AT 454 TH
“)7‘:.9

Wit 11 Koo No. 6 DR 5‘2’?’5_’%&kb“du)}éf‘liﬂiiiﬂt%ﬂh barALly SUE;&JTY% ?i) Ew,
Hatch [ REEMHEREER % & LThEDBEWI0ED L 510/ s, ABS Pl
m%mﬂMRmmL%u%mbrﬁ%m;mﬂfééwtfx%néoﬂof:n%®%:%%
L#th, ABS Ifi@éﬁﬂﬁéi%i_’iiiﬁ%&%@ﬁ%ﬁ?ﬁéﬁ’:ﬂﬁ?ﬁﬁrf*}i_ BEAT 5, @FCEFRMO AF v & HTiH

EETRsn, FrhabRINShs, @QBEE UTHEINSREG, 3202~ A& E5EHLLIL
100}
50k
B, T
% I%E_HH%
i, N J— 4.1
Y G—
= 00 2 - 3.4
4 g S 3.6
4012 RE—
& g oo 28
1 6 e 45
o0}
4 6 80 2 3040 60

T8
DRI 418191 5y 6189 #H%k
WALE ABS RGN U AOKIES R TH)
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WO fa

B10¥ ABS#BEBUAOMALESR

w:mni:mmﬁﬁw&mmaﬁﬁﬁ&m&ﬁ%mgggﬁ?”mm°mﬁgﬁ?$ ULt 7
e d(a) % % Wi o ¥

" 0. 5~2 1.5 53 0.2 1.8 50 0.1
2423 2,5 15 0.3 3.1 63 0.2
34 3.5 9 0.4 4.3 77 0.3
45 4.5 7 0.7, 5.9 5.5 85 0.6 ;50
bG 5.5 3 0.5 6.7 88 0.4
6~8 7.0 4 1.5 8.6 89 13
8~10 } 9.0 3 2.3 11.0 90 2.1
10~20 15.0 3 13. 5‘[ {L00) (13.5) ] L
20~30 | 250 2 35.00 94,1 (100) (35.0) y PEFS
30~40 | 35.0 1 45.GJ (100} (45.5)J HA

1) WEmE 20/min X L CHIH

2)Iﬂpui@ﬂ%m1wV4$EWE%%¢é%@aLrﬁm
Do 10 DL OET-IE OVRA EOMENTHH Eh 535, S d SUERLIS 5 O IRIT & 5
HEUTHH SN HE e i bhd, 5T, A, ﬁm%mﬂmm%#6®WHWWﬁl&
HILE DD ORI LT, ABS DALMIZBIETRHIBR S0 E 5 i o0 T, 15k
T LDy ORLZEEHFEXDE, HESEDLLISLELZLNEDTHS, LﬂL,LLTiIk
Ao TEETL 2 P, —ISAPEARE L TCELDTHELDB L L& L, IRITIEER
VEEHE LTHIER SN D O ORIE, £33 RLARRETHRVTHS I M, —i, WL
TRHEREREATZIOLEETD, t0I3REE0D S 0HETH L, WA I AT
D> bRit 9 T 99.19 W, AEE (ATEE) pLIECES, B, 08, SUEMICTE
FTHLDOEHEZLND, PN OIS 99.3% & 3R Bk B e T O RPN
AP XA, COWIERRTBMT 5 TH5 S, o TRAS IR TO S bR
TBHDIKRE AR Th, BAShZH005L0 1% (R 2B L1300 THS
D0 T, WREALHZDE, BASNHARTOREALEHRNIBATELOE%LS
b,

&) CDY5hEEms ,_namﬁzar¢ummwXL»an¢a 55 W OO W
HRAITEAT S ABS #id, ~R 774 L7 Fly ABS &t 4.5mg/hr »BENT 5 a —’c 22
9%/ﬁ%ﬁ»?l&é&?%@ﬁ44mQMT?7'W””“T@$ﬁmmﬁ AJLi2FY 30 mg
LD, KRB <AL FFEORAR 15.0meg/hr 255+ 5L 0mg L5, Lrl, Z
CIHEETNE &, ChOOMEBICA~A 7 RS H — €= 2 7 235M LI OfHET,
HLIS LRERERRERINE, BARRV L UL LAMATE L 233 T4, bl
DO LA 8 TR TIRRERE UTEAY — €~ 27 855 ShTuwizs, Lok
FTATTREL, BAROHSRIEAERL T, LeL<2 2 SENFETEh Ty inX
L DEGPHEETH » 70 5 pid TP TH S,

(f] BAEZZENT 5 &b O U o g A T C sh R - S = 1 5 354
HDHE UIFBIER A UCEE U T BIFEMIRIC X D ARiNIC 3 A % ABS #3188y
30mg CHE 90mg ThHot,

(8) FEMSE b THTNITH » TUEN TRV, & OER» B BT b7 - THEEIC
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ABS #HIRETHWE

PR L TR, LT 5THA S RNEARDEMAHIEERAETH 523 ok EpuiEilcixins
S THHI,

8. #% S . .

ERST 4T H 26 B~11 A9 AN, WATICHET S ABS WAl (BiR, @iz
) T3 SMEFTIC oV T, fERMAS D ABSIRERMIEL, X¥EiED ABS BAR Ak
fo, CIuBE §4 105D FHIE ORRGLET & BRI L TiTbhie b DT H S,

ABS LEBISERSEEI ¥y P4 v E VI YL X DIRA LA, AF LY T A BRI
WS A7 b ARRICE DT o7, CAVLEMEEIC R S EHEASH ABS IR 1.6 mg/m?
T, SMFOREIC I D ENEBATS 1 A¥E ABS BixfiEEEA s L VIEEE) 30mg
THAS EHEE ST, co

2L oS OEIITIEATE U A L CRY R HEE TR - 72REBC s 23 D & UTHEE
FTRECHASD,

&
L

T E XM
Lo /BRIl e, 1, 22, 1962
2.0 B OWIE B B, RVRIAZ: 196247 4 U5 35 A ARENUR A e e
3. HIAZ: =7 R QAN FMETERY v Ry AT, =T BT B R

p. G9, 1961
§4. ABS pHIBLvE THY M O RS
WEEA 2 E W RANEGE Bk TIERET
MEBHIT N &
1. g L A&

B O EEBINE §3. ks 8 TIET ABS #ifilico s m TR BEET OV THEG LA,
IR~ & S I AR R TR IR R I KRR 5 13 OfEES R S hind o 72
DT, SR 8 TIEOEME Y, §3. i X 5 ABS SRR EFE T EMEL LT
EFB T LI L, s T, WRELBEWE LCIFMELEERCEED FMET L, FHR
BOMSED < ~7 ) VEGEICHERT 5% O BAN, BEBIOEE & LOX, —ARITHESNES
Wops, A Y —=vZFARELTLELEHERSRL OO, §2. Wil ok dic, FAR
RT3 C ABS it & b BB h i RIS R & 0 51, FITfhORE X b EREHMIC
BWT, ABS Itk b BT 5 L ENTWL OV TH LE N,

2. BEFHE

R TIBI BV THNE LA L AT on T L, BEER, RERRGELLN, R
Mg Bee (~3 Y vz SB[ IR S FM L) SRE & D, BBk A iRt
Thbhrih, FOHDI BT TORER Liz, : :

LT W TG LA, RmERE, BAmgr, Ht (~<b2 VU5 1), HoR (774
F~ES R E VE) MRS (BREFNCE D), A/G H GEHFHBE Y Lo PRIECED), mif
ALY Y (BE YA VREE), O¥zrRFe-L, MBS YT A, WREFES A
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522 5, 300 40 12.9 7.6 .47 |
485 4,200 38 12.5 7.2 166 |
444 6, 100 36 12.5 7.0 1.61
331 5, 100 34 10.0 7.4 1.13
517 7,200 44 14.4 8.0 1.28
T 489 6, 600 39 13.2 7.6 .25 |
A B § 522 7, 600 40 13.2 8.0 L56 |
526 7,100 44 14.5 8.2 x® !
522 5,300 40 12,9 7.6 i |
485 4, 200 38 12.5 7.2 166 |
436 5,400 38 2.7 7.1 133 |
A B s 336 6, 600 36 10.5 7.4 L1z
444 6,100 36 12.5 7.0 L5l |
469 4,300 40 13.9 7.3 161 |
vt i 412 3,200 40 13.7 7.9 1.35
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