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STUDIES ON THE PATHOGENESIS OF SILICOSIS

FURTHER STUDY ON THE DISSOLUTION OF QUARTZ
DUST IN WATER

Hiroyuki SAKABE, Kimiko KOSHI, Kenichi MATSUSHIMA*
and Isao SHIMA

In the previous paper(l) we studied on the solution of quartz particles in water.
It was concluded that colloidal silicic acid as well as molecularly dispersed silicic
acid was released from quartz powder into alkaline solution, and the colloidal silicic
acid was not formed by the polymerization of monosilicic acid but was formed by
the disintegration or separation of quartz particles. This assumption wezs led from
following consideration. Many workers (2)(3)(4) reported that monorsilicic acid
was polymerized when its concentration exceeded over 100 mg. per liter, and we
found colloidal silicic acid in quartz particle suspension in which the concentration
of molecularly dispersed silicic acid did not exceed over 0.012.

Although many authors (5)(6)(7) assumed that the colloidal silicic acid is toxic
and may produce silicotic change, it is not yet clear that the amount of monosilicic
acid released from quartz particles reaches to the sufficient level for polymerizaticn in
vivo. Therefore in view of pathogenesis of silicosis, it is very interesting that
colloidal silicic acid is released from quatrz particles without polymerization of
monosilicic acid, even if the amount of released colloidal silicic acid is small. In
this respect, Clelland and others (8)(9) found that quartz particles were dissolved
in the forms of molecularly dispersed and colloidal silica, but Paterson and
Wheatley (10) did not find colloidal polymerized silicic acid in the quartz
extract. ‘

In this report, release of colloidal silicic acid from quartz particles was reconfirmed
by blue colorimetric method which is more sensitive than yellow silicomolybdic
method used in the previous paper. And the released colloidal silicic acid was
investigated with electron microscope and electron diffraction.

King and others (11)(12)(13) stated that the different forms of free silica such as
tridymite, cristobalite, quartz and fused silica caused the difference in the intensity
of tissue reactions If molecularly dispersed silicic acid is responsible for the
pathogenscity of quartz, it may be expected that the solubility of these polymorphs
of free silica must be proportional to their fibrogenic potency. Concerning this
problem, King(11) and Paterson(10) showed that the solubilities of these polymorphs
of free silica were nearly the same, Schmidt (13) found the high initial solubility
rate of tridymite, and Paterson (10) stated that no colloidal silicic acids were

*Mitsubishi Metalogical and Mining Co,



SAKABE, KOSHI, MATSUSHIMA AND SHIMA.

founda\in any of the extracts.

In this study, release of molecularly disparsed and colloidal silicic acid from the
different forms of free silica i.e. guartz, cristobalite, tridymite and fused silica of
high purity and equal size was ‘also studied.

ExPERIMENTAL METHODS AND MATERIALS

~ Determination of Silica:

The molybdenum-blue colorimetric method of Kawachi (14) was employed for the
determination of silica in solution. This method was based on the reaction of silica
with ammonium molybdate at the suitable pH to form the yellow silicomolybdie
acid. Reduced colour of this vellow silicon}olyl_:_odic acid produced under standard
condition was calibrated with various concentrations of silica.

l Reagent,
1025 Ammoninm molybdate solution
209; Tartaric acid
0. 195 Phenolphthalein ethanol solution
n/10 Hydrochloric acid
1,2, 4- Aminonaphtol sulfonic acid solutlon
1,5 gm. of 1,2, 4,- aminonaphtol sulfonic acid were added to 7 gm. of sodinm

sulphite(anhydrous) dissolved in 100 ml. of water (A solution). 90gm. of sodium

bisulfite (anhydrous) were dissolved in 800 ml. of water (B solution). A and B
solution were mixed and adjusted to 1,000 ml. with distilled water.

1. Determination of molecularly dispersed s111c1c acid

The silicic acid solution to be determmed was plpetted into 100 ml volume-
tric flask and diluted to 50 ml. with d1st111ed water. 0.2 ml. of phenolphthalem

‘were added to this solution and followed by the adding of n/10 hydrochlonc acid
'unt11 the pmk colour discharged. And then 1. 25 ml. of 1:1 hydrochlorlc acid were

added (pH of the solution was made from 1.1to'1.4). 4m1 of ammonium molybdate

‘solutmn were added to this solution, and allowed to stand for’ 15 min, at room

temperature until the yellow colour of the silicomolybdate complex developed, and

_then 4ml, of tartaric acid were added. After 2 min., 1 ml. of 1,2,4- aminonaphtol

sulfonic ac1d solutlon was added, and made up to 100 m}. \ivith distilled water.

‘After 1 hr the 1ntens1ty of full developed colour was measured at 815 millimicron

wath Beckman DU spectrophotometer
b 2 Determmatmn of colloidal SlllClC acid
Collmdal sﬂmc acid was determined by alkali-boiling method (5) 1 ml. of the

isupernatant and 0.2 gm. of sodlum blcarbonate were put into the platinum dish and
then diluted to 50 ml. with distilled water. This solution was boiled for 1 hr.

Procedures after hoiling were the same as the above mentioned. The amount of silicic
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DISSULUTION OF QUARTZ DUST IN WATER

acid obtained in such way is the sum of molecularly dispersed silicic acid and coll-
oidal silicic acid. Therefore the amount of colloidal silicic acid was obtained by
subtraction of the amount of molecularly dispersed silicic acid from this sum value.
3. Determination of total silicic acid
Total silicic acid was determined by alkali-fusion method. Procedures after fusion
were the same as above mentioned.
4. Calibration curve
For the preparation of each standard solution, three kinds of silica i.e. Kalbaum's
pro analysis SiO,, pure silica obtained by calcination of hydrelysate of ethylortho
silicate at 1,000°C for two hours, and natural quartz were used. Each weighed
silica was fused with sodium carbonate, and after cooling dissolved with distilled
water to a certain volume.

The calibration curves obtained from these standard silica solutions are shown in

fig. 1, (M’»

2}

2)
0.5

Si
Fig.1. Calibration curves of various kinds of silica

5. Apparatus
In order to eliminate the errors attributable to the dissolution of silica from glass-
ware, polyethylene centrifuging tube and bottle were used. Volumetric flask and
pipette made of hard glass were used, :

EXPERIMENT 1
The amcunts of molecularly dispersed and colloidal silicic acid released from . quatitz

5



SAKABE, KOSHI, MATSUSHIMA AND SHIMA.

particles in a buffer solution of pH 7.3 were. measured. Natural quartz (99, 82 SiO5) .
was pulverized and the particies which passed through a sieve of 200 mesh were .
ased for the experiment. The pH of solution was simulated to body fluid by using
a borate buffer of pH 7.8. 5 gm. of quartz powder were suspended in 100ml. of
borate buffer solution. Polyethylene bottles containing this quartz suspension were
agitated in water bath of a7°C for 2 hr. daily. After 7. 25 and 40 days, the suspen--
sions were centrifuged at 3,000 r.p.m, for 30 min. and allowed to stand for 24 hr.,
until fine particles whirled up into supernatant had been precipitated. Concentrations
of molecularly dispersed and colloidal silicic acid in the supernatants were measured.
Table 1 summarized the data. Colloidal silicic acid as well as molecularly dispersed
silicic acid was released into buffer solution from quariz particles, and the amounts

of these silicic acids inc eased with time.
Table 1. Solubility of quartz powder in borate buffer solution of pH 7.3

Time days
P 25 10
silicic acid{mg/!)

Molecularly dispersed
silicic acid 9.7 24.0 28.3

Collpidal silicic acid 6,1 7.0 14.0

EXPERIMENT 2

In this experiment, in order to eliminate the possible effect of soaring fine
particles after centrifugation of the suspension, relatively large quartz particles about
150x) collected by water elutriation were used. These particles were suspended in
buffer solution of pH 5.18, 6.12, 7.5, 8.18 and 9.10 respectively. All buffer solutions
were prepared according to Michaelis' veronal sodium acetate - hydrochloric acid
buffer system. 2 gm. of quartz dust were suspended in 50 ml. of each buffer solu-
tion and agitated at 37°C for 2 hr. daily for successive 7 days. These suspensions
wera then centrifuzed for 3) min. at 5,00) r.p.m. and ware left 24 hr. at room
temperature.

Supernatants were divided into three aligots to measure the amounts of molecularly
dispersed, colloidal and total silicic acid by the same method as described
previously. In order to eliminate the possible error attributable to fine particles which
might be attached to quartz particle, control values were taken.in the following
procedure; after the suspensions were prerared in the same way as the above men-
tioned, bottles were agitated vigorously for one minute, and then centrifuged for
30 min. at 5,000 r. p. m. The amounts of three kinds of sil'cic acid in these superna-
tants were measured. I

The data obtained in this experiment are shown in table 2. As seen in the table,
colloidal silicic acid was released only in the alkaline medium, “ahd the amount of

6.



DISSULUTION OF QUARTZ DUST IN WATER

released colloidal silicic acid into solution increased with alkalinity of the solution.
The amount of silicic acid subtracted the amount of molecularly dispersed silicic
acid from the total silicic acid may be assumed to be comparable to the colloidal
silicic acid. There were not seen marked differences between the amount of colloidal
silicic acid obtained by alkali-boiling method and by alkali-fusion method i.e. from
total silicic acid.

Table 2 Amounts of silicic acid in the supernatant of quartz powder suspension
(after 7 days)

o _ pH: initial
Rl <. lnal 5.18 6.12 7.50 8.18 9.10
eleased
silicic acid(mg/f) .18 a2 780 L -
Molecularly dispersed
il acid 0 8.5 16.0 27.5 33.0
Colloidal silicic acid 0 0 5.3 5.8 6.8
Total silicic acid 0 8.5 21.8 36.0 42,0
Silicic acid deducted
molecularly dispersed 0 0 5.8 8.5 9.0
from total

EXPERIMENT 3

In this experiment, shape, size and crystal pattern of released silicic acid in the
supernatant of quartz suspension were observed,

Quartz powder of the size under 200 mesh was suspended in (.19 ammonium
hydroxide solution(pH 10.4), and was kept with cccasional shaking at room tem-—
perature. After 200 days, the suspensicns were centrifuged for 30 min. at 3,000
r.p.m. The supernatant was collected and recentrifuged at 35,C00 r. p. m. for 2.5 hr.
The precipitated particles were examined by electron microscope and electron
diffraction. Electron micrograph shows that the particles of colloidal silicic acid are
between 0.3 and 0.01 micron in size (fig. 2), and some of them take a flaky shape.
It must be noticed that the fine striations are seen in the particles Electron
diffraction of colloidal silicic acid shows crystalline pattern of quartz(fig.3)

EXPERIMENT 4

Solubility rates of gquartz, tridymite, cristobalite and fused silica and the amounts
of released colloidal silicic acid from these silicas were compared with each other.
Materials :
Quartz : Natural quartz containing 99.8% silica was used.
Tridymite : Quartz powder was mixed with the =ame amount of sodium
tungstate and tke mixiure was calcined for 2 hr. at 1200°C. After calcination, sodium

7



Fig.2. Electronmlcrogram of colloidal silica. Par icles seem flaky,

and striations are seen in flaky fragment.
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DISSOLUTION OF QUARTZ DUST IN WATER

tungstate was removed by Soxhlet apparatus and then pure crystalline tridymite
was obtained.

Cristobalite : Cristobalite was prepared by calcination of quartz glass at 1200°C
from 4 to 5 hr.

Fused silica: Quartz glass was used,

Contamination of the other crystalline material was not observed in each free
silica by x-ray diffraction. All silica particles used in this experiment were prepared
in the range from 1 to 2 microns by repeated sedimentation in distilled water.
To avoid the error which may be caused by the fine particles contaminated in these
prepared silica samples, particles less than 0.3 microns were eliminated by centri-
fugation of the suspension containing these prepared silica samples. The size distri-
bution curves of these silica are shown in fig. 4.

%
/00—
801+ O Fuacd Lilica
o TW
sol- © Qualy
&  Cuntabalits
Vi
201
0 | | 6] ———9 |
7 2 3 4 &

Pariecle Lege
Fig.4. Size distribution curves of various kinds of free silica
Surface areas of these particles were measured with Pechuchas’ apparatus (16)
which based on the principle of air permeability. This apparatus is shown in fig.5,
and the measured surface areas of these materials are shown in table 3.

Table 3. Surface areas of four kinds of free silica

Free silica Surface area(cm?/g)
Tridymite 11.71
" Cristobalite 6. 46
Quartz 12.05
Fused silica - 9.58

0.65 gm. of each silica powder were suspended in 15 ml. of borate buffer solution

9
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of pH 7.3 .and agitated in a water bath of 37°C for 2 hr. daily for successive 14
days. Afier 14 days, the suspensions were centrifuged for 30 min. at 5,000 r.p. m.
and allowed to stand for 24 hr. quietly. The supernatants were taken for the
measurement of molecularly dispersed, colloidal and total silicic acid. The resulis are
shown in table 4. As seen in the table, the amount of molecularly dispersed silisic
acid released from fused silica is slightly greater than that from the other forms of
silica. However, the amounts of colloidal silicic acid released from four forms of

silica were approxiimately the same.

_ JZ Axap
K= & 7L
_ W

¢ PAL

S esbiofuct e (cmfp) L= Leongth of Bowcdin

CrpaadecBional Bren
[ s Visesityog i (i) A= D20

9P GHLTRL T, €= i periy ot
Qp = @n Voltume poesad W= Wewght of Powdler
diely 2ht frowrden, o Zome, 2.

Fig.5. The apparatus used for the measurement of surface area of powder

Table 4. Solubilities of four kinds of free silica in borate buffer solution
of pH 7.3.{after 7 days)

— . Free silica
Re]ease e Tridymite Cristobalite Quartz Fused quartz
silicic ac;d(mg[!) =
Molecul. disp. silicic acid 54.0 50.0 50.5 68.0
Colloidal silicic acid 19.5 18.0 20.3 21.5
Total silicic acid 78.5 73.5 77.3 89.0
Discussion

The origin of released colloidal silicic acid in the quartz suspension and the
possible role of it on the pathogenesis of silicosis was described in detail in the
previous paper, . .

It was reconfirmed that the colloidal silicic acid as well as molecularly dispersed
silicic acid is released from quartz particles into the, solution of. the pH of body

10



DISSOLUTION OF QUARTZ DUST IN WATER

fluid or of more alkaline medium.

It may be assumed that the colloidal silicic acid may be formed by the separation
of very fine particles attached to the surface of quartz particles. But this hypothesis
seems to be improbable, as the quartz used in the experiment 2, 3 and 4 was
sedimented by distilled water repeatedly and particles less than 0.3 microas in
diameter were eliminated by centrifugation, Therefore, it may be assumed reasonably
that the colloidal silicic acid was released into the solution from parent quartz
particle itself.

The colloidal silicic acid designated by us is the silicic acid measurable only after
alkali-boiling in the supernatant of silica particle suspension.

Electron diffraction showed that the colloidal silicic acid contains very fine
quartz particles. But, we could not determine whether the colloidal silicic acid is
composed of only crystalline particles or it contains both crystalline and amorphous
particles. .

It is very interesting that some of colloidal silica released from quartz particles
in alkaline solution take flaky shape.

Intratracheal injections of the different forms of free silica into the lungs of rats
had shown that tridymite produced the most severe pathogenic reaction, followed
in descending order of reactivity by cristobalite, quartz, and fused silica(King (11)(12)
and Schmidt(13)). If molecularly dispersed or colloidal silicic acid released from
silica particles is responsible for the pathogenecity of free silica, it may be expected
that the amounts of these released silicic acid relate to the fibrogenic poten-
cies of these polymorphs of fre= silica. However there -was not se2n any sigaificant
difference in each released silicic acid among tridymite, cristobalite, quartz and
fused silica. Accordingly if we taks a solubilit§ theory for the pathogenecity of
free silica, further study must be directed to the specific solution mechanism in the
mesenchymal tissue cells, or to the difference of biologicai activity of the modifi-
cations of free silica in colloidal size range.

SUMMARY

Dissolution of quartz particles was studied by molybdenum blue colorimetric
method which is more sensitive than the yellow silicomolybdic acid method used in
the provious experiment,

It was reconfirmed that colloidal silicic acid as well as molecularly dispersed
silicic acid was released from quartz particles into the medium adjusted to the pH of
body fluid and of more alkaline. This colloidal silicic acid showed a crystalline
pattern of quartz by electron diffraction, and some of them took a flaky shape in
electron micrograph.

No significant differences of the amounts of molecularly dispersed and colloidal

11
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silicic acid released from particles among tridymite, cristobalite, quartz and fused

silica were found.
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STUDIES ON THE PATHOGENESIS OF SILICOSIS

EFFECT OF DISSOLVED SILICA.ON THE RESPIRATORY
: SYSTEM. OF CELLS -

" Hiroyuki SAKABE, Kimiko KOSHI, Isao SHIMA*
and : :
Kenichi MASTUSHIMA®*

Many workers reported the effect of silica on the activity of a number of enzymes,
in-order to find.out. the process of silicotic nodule formation.

In the previous paper (1) the effect of silica on respiratory enzymes was studied

- in'rat liver homogenate - and in mitochondria isolated from it. It was found from

these observations that succinoxidase activity of liver homogenate and mitochondria
was not inhibited by any kind of silicic acid such as quartz powder, amorphous
colloidal silicic acid and quartz solution.. Staudinger (2) examined the influencé of
quartz solution on.the endogenous respiration of liver homogenate and mitochondria,
and he demonstrated the inhibition of endegenous respiratiéon in .the homogenate or
mitochondria of rat liver incubated with quartz solution for 12.hours at 0°C. This
phenomenon was not seen on the succinic dehydrogenase activity of liver mitochondria
while oxydation of B-oxylactic acid in liver mitochodria and activity of veast alchel
dehydrogenase weére inhibited when DPN (diphosphopyridine nucleotide) as coenzyme
had been incubated with cquartz water, He assumed that phosphor in the DPN
might be replaced by silicic acid. o

Schlipkster (4) and Bargman (3) demonstrated electron- microscopically the
morphological change of mitochnodria caused by the action of colioidal silicic acid.
Recently, Rowsel et al(5) found that the respiration of liver homogenate was
inhibited from 30 to 70% when the aged silica sol was added, but the fresh sol
showed only slight inhibition, and monosilicic acid had no effect.

In 1956, Watanabe (6) found the rapid development of silicotic nodules in the
group of rats inhalated quartz dust and exposed to x-ray irradiation, in comparison
with control group of rats exposed only quartz dust. Langerova (7) suggested that
the so-called activated quartz(quartz irradiated by x-ray) had more toxic effect than
nonactivated quartz on fibroblast in tissue culture. It had been generally assumed
that toxicity of colloidal silicic acid was higher than that of monsilicic acid. In our
previous paper it was suggested that the possible role of extremely fine crystalline
quartz particles released from quartz particles in the pathogenecity of silicosis.

In view of these observations, the present study was undertaken to clarify what

*Mitsubishi Metelogical and Mining Co.,
14



EFFECT OF DISSOLVED SILICA

kind of quartz will produce damage in respiratory enzyme system. In chapter 1
effects of various kinds of quartz on the endogenous respiration of rat liver homo-
genate and in chapter ‘2 effects of various- dissclved quartz on the DPN were
examined.

CHAPTER 1

Effect of various kinds of quartz and other dusis on the endogenous rvespiration of
liver homogenates of vats.

EXPERIMENT 1

" Dissolved quariz:

1), 20gm. of quartz powder were suspended in 500 ml. of ammonia solution at
pH 10.5. The suspension was placed in an incubator at 37°C for 3 months with
occasional agitation. After discarding into the platinum dish, the suspension was
boiled until neutral solution was obtained. The solution was centrifuged for 30 min.
at 3,000 r.p.m. and the supernatant was used as dissolved- quartz 1.

2), 5 gm. of quartz powder were suspended in 100 ml. of borate buffer solution
at pH 7.3 and placed in an incubator at 37°C for 6 months with occasional agitation.
The solution was centrifuged for 30 min. ‘at 3.000 r.p.m. and the supernatant was
used as dissolved guartz 2,

3), To 500 ml. of phosphate buffer solution of pH 7.4 prepared according to
Soerensen, which was employed by Staudinger, 20 gm. of quartz powder were added,
Subsequent procedure was same as above mentioned. This supernatant was used as
dissolved quartz 3.

4), Quartz powder was placed in the filter paper tube in Soxhlet apparatus and
extracted with water for 48 hours. The extract in acceptor was employed as
dissclved quartz 4.

Suspended quariz: S A

Quartz particles were ground sufficiently and placed in the mix cylinder containing
500 ml. of water, The suspension was agitated and left at room temperature for
96 hours and then the supernatant was emploved as suspended quartz.

Powdered quariz: !

‘Natliral quartz of about 1 micron size was used.

Thé amounts of molecnlarly dispersed and colleidal silicic acid contained in the
above mentioned dissolved- quartz or suspended quartz were determined ' by
molybdenum-blue ‘method 'according to Kawachi(8) and the obtained values were
showed in table 1. In the dissolved quartz 3 the phosphor was removed by the
method of King(%)-to eliminate the error attributable to phosphor-ion.
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Table 1. Amounts of silicic-acid in dissolved and suspended quartz

A.M. R. silicic acid (y/ml.) | Colloidal silicic acid (¥/ml.)
Dissolvad gquartz 1 84,0 82,0
» 2. -33.0 .0
¥4 3, 30,0 20.0
v 4, 35.0 o 400
Suspended quartz 0.0 . - 200,0
%A M.R, silicic acid—ammonium molybdate reactive silicic acid .
- e

Liver homogenate :
Liver excised from male rat was ground in the medium of M/30 phosphate buffer

~solution with Potter-Elevehjem glass. homogenizer.

1.5 ml. of dissolved quartz, 1.5 ml of sus_pended quartz and 1 gm. of powdered

quartz, were added respectively to 1.5 ml. of 10% liver homogenate. After these

mixtures were incubated at 0°C for 15 hours, endogenous respiration was. assayed

by Warburg manometer. , .
As shown in fig. 1, the endogenous respiration of rat. liver was inhibited only by

quartz powder, but not by dissolved or suspended quartz.

.am,umidm . y -
" ‘ : = }ﬁw 1,2,3 o
< . //"*M;t a4
/// )
“t : e 2
E\ . . 7 | poadied gy
. ) ) ‘ﬁ 7 ‘
}Jy- //
'ydazb' ' /‘/ ‘
“ "/~’
# i
- 7
L i L L 1 ) L - ‘
6 6 20 20 20 90 o0 mir
i Fig. 1. Effeét of various silica on the endogenous
‘- ‘réspiration of rat liver hdmogenate S o

EXPERIMENT 2 -

In experiment 1, only quartz powder showed an inhibitory effect on endogenous

.respiration of rat liver. It is assumed that the effect of quartz.powder may: be

attributable to the surface activity of the powder. Therefore, experiment 2was designegl

to - -clarify - whether thig 'enzyme ‘inhibitory effect js produced only by quartz

particles or by any other particles. ; - - L S R
One gram of TiOj, :ZnO and silica gel powder, Whlch were; consxdered far more
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innert than quartz, was added to 1.5 ml. of 109 homogenates respectively. After
the incubation of each mixture for 15 hr at 0°C, endogenous respiration was mea-

sured. Data were summarized in fig. 2. As seen in the figure, silica gel, TiO,, and
Fg2

sor

3
N @ Livar Homsgarats
R 2
4 @ Lot Homsganate +
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@ thap
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Fig.2. Effect of varjous dust on the endogenous
respiration of rat liver homogenate
ZnO showed a marked inhibitory effect on the endogenous respiration of rat liver
compared with quartz. The inhibitory effect of these powder may be explained by
the inactivation of cytochrom c¢ adsorbed on these particles, because we already
showed the strong adsorption of cytochrom c on the silica particles. However, the
reduction in the rate of oxygen uptake provoked by quartz powder was not recovered

by the addition of cytochrom c.
EXPERIMENT 3

The effect of quartz powder activated by x-ray irradiation on the oxygen uptake
of rat liver homogenate was compared with that of nonactivated quartz.
Preparation of the actvated quariz:
Quartz powder was exposed in the beam of x-ray under the condition of 40 KV.
2 mA. and irradiated with 4,000-20,000 r. These irradiated powder showed a clear
\

o o)

“ e
2
D Lot #m,ua
ga & undctioatid
i @ Lt #WMW';
§: 2 Lt omagamitiosctivilid
& pesssp
(%]

3

Fig.3. Comparision of the effect of activated and
nonactivated puartz powder on the respiration
of rat liver homogenates

17



SAKABE, ROSHI, SHIMA AND MATSUSHIMA

afterglow on the x-ray film.

Experimental procedure was the same as that of exp'erirhent 2, Data were shown
in figure 3. As seen in the figure, no difference was observed between the oxygen
uptake of rat liver homogenate with activated quartz and that with nonactivated
quartz,

CHAPTER 2
The effects of various silica on DPN

MATERIALS:

1) DPN (diphosphopyridine nucleotide):
DPN prepared by Sigma Co. was dissolved in distilled water. The purity of
DPN was about 80%.
2) Alcohol dehydrogenase :
Alcohol dehydrogenase was obtained from dry baker yeast (Oriental Co.), and
was purified until the step of acetone precipitation according to the method
of Racker, (10) The prepared enzyme was preserved in the form of powder
in a refrigerator. '
3) DPNH (reduced diphosphopyridine nucleotide):
DPNH was prepared according to LePage's (11) method in “which DPNH was
obtained by the reduction of DPN with sodium dithionate. DPNH was confirmed
by the absorption spectrum.
4) Diaphorase (12}:
Lebedow's juice obtained from dry baker yeast was precipitated by 0.33 saturated
ammonium sulfate. The precipitate was suspended in 0.167M sodium phos-
phate dibasic solution andr was used as enzyme solution. - o

EXPERIMENT 1

If phosphoric acid in DPN molecule is replaceable by silicic acid under the suitable
condition as Staudinger described, the absorption curve of DPN may be changed
with dissolved silica. This experiment was designed to examine the possibility of
such hypothesis. ‘

To DPN solution was added the dissolved quartz 1 of a half volume of the former
solution, and the solution was incubated for 24 hr. at 37°C. The solution without
adding quartz solution was used as control. In order to examine the change of DPN
after the incubation procedure, al_asarption curves of the DPN solutions with and
without dissolved quartz were examined by Beckman DU spectrophotometer, Results
are shown in fig. 4. No significant difference was found between these two
solutions. This finding would ipdicate,that the structure of DPN was not altered with
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the solution containing molecularly dispersed and colloidal silicic acid.
Ext.
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Fig.4. Absorption Curves of DPN and the mixture
of DPN and dissolved quartz 1,
EXPERIMENT 2

This experiment was designed to study the activity of dehydrogenase system
EYE
a5
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03'~
a2

a/

. I 1 )
a g2 o4 7 a8

1
[0 ce
0(5432/“ DPN
Fig.5. The Amount of DPNH produced from
DPN in yeast alcohol dehydrogenase system
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when DPN, which was incubated with dissolved quartz in advance, was added into
the system as coenzyme.

1 mg. of powdered alcohol dehydrogenase was dissolved in 1 ml. of 0.03M
phosphate buffersolution(pH?7. 5) containing glycine. This enzyme solution was clear.
59 ethylalcohol was used as substrate and 0. 5mg/ml., of DPN was used as coenzyme.
In order to keep the pH of the solution above 9.0, 1 ml of 0.03 M sodium pyro-
phosphate solution was added. The mixture was kept at room temperature and then
the value of DPNII produced from DPN by alcohol dehydrogenase was determined
at 340 my using spectrophotometer.

The amount of DPNH produced from DPN in this system was proportional to the
added DPN. The relation is shown in fig.5.

To each 0.5 ml, of DPN solution were added the dissolved quartz 1,2 and 3
respectively.

These DPN solutions treated with dissolved quartz aad untreated contirol DPN
solution were incubated at 37°C for 70 hr. After the jncubation, these solutions
were added to the alcohol dehydrogenase system, The amount of DPNH was
determined. As shown in table 2, the slight increase in the amount of DPNH was
observed in the solution containing dissolved quartz 1 compared with the control,

Table 2. Effect of various dissolued quartz on the formation of DPNH
from DPN by alcohol dehydrogenase.

Dissolved | Volume == 4 MR, silicic acid Colloidal silibic acid | Amounts of DPNI

quartz quartz (cc) (r) () formed (y)

Dissolved 5.00 495 130 139, 2

quartz 3.75 371 o7 134.4
No, 1 2.50 247 65 120.0

1,25 124 32 120.0

Control 0 0 0 105. 6

Dissolved

quastz 0.5 18 5 177.0
No, 2

Borate bufter

only 0.5 0 0 177.6

Control 0 0 0 345.6

Dissolved.

quartz 0.5 15 10 307.2
No. 3

Phosphate

buffer 0.5 0 0 307.2
only

Control 0 0 0 374.4
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And the production of DPNH was inhibited in the solutions containing dissolved
quartz 2 and 3 in which phosphate or borate buffer solution was used as medium.
It was assumed that this inhibition was not produced by the action of dissolved
quartz, but by the buffer solution, as the inhibition occured also in the solution
buffered by borate or phosphate without dissolved quartz.

Then the possibility of the production of DPNH-X which was suggested by Chaykin
(13) was examind on the absorption curves of these mixtures and it was proved
that a negligible amount of DPNH-X had been formed.

EXPERIMENT 3

In this experiment, the activity of dehydrogenase was measured by the reduction
of methylene blue in order to examine the possibility of transfer of hydrogen from
DPNH to methylene blue.

1 ml. of the enzyme solution and 0.4 ml. of DPN incubated with dissolved
gnartz 1 in advance in the same way as experiment 2, was placed in Thunberg tube
and 0.5 ml. of 0.01% methylene blue 1 ml. of S5M ethylalcohol and 0.03 M sodium
pyrophosphate were put into the side arm cap of Thunberg tube. After evacuation
had been completed the tubes were preincubated in the water bath at 37°C. Then
the substrate and enzyme were mixed and the reduction time of methylene blue
was measured. Data were summarized in table 3. The time for the reduction of the
dye was prolonged proportionally to the amount of dissolved quartz added.

Table 3. Decolouring time of methylene blue

Dissolved quartz No, 1 ‘ Decolouring time
Colloidal |

Volume (m/) A.M.R, ?;l;m acid

of methylene blue

silicic acid(y) | Ny S
g 0 0 6 55
4 396 104 31" 557
3 297 78 | 27 407
2.4 234 62 18% 507
0.5 49.5 13 e
0.2 | 19.8 5 ”os
|

EXPERIMENT 4

As the possibility of injury to the diaphorase system by the dissolved quartz
might be assumed, the 4th experiment was undertaken to examine the effect of
dissolved quartz on diaphorase.

To 0.2 ml. of diaphorase was added 1.8 ml. of dissclved quartz 1, and the
mixture was incubated for 48 hr. at 0°C. As the control, to the same volume of
diaphorase was added 1.8 ml. of distilled water. 2 ml. of sample ‘was put into the side
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arm cap. To 1 ml. of 0.5 mg/ml. DPNH in the tube was added 1 ml of 0.01%
methylene blue.

After- substrate and enzyme were preincubated for 15 min. at 37°C., the sample
in the stopper was tipped into the tube and the reduction time of methylene blue
was measured., ) ’

No significant difference was observed in the activity of diaphorase between the

group containing dissolved silica and the control group.
EXPERIMENT 5

From the data obtained in the former experimeﬁt, it could not be explained that
the enzyme or coenzyme taking part in the reduction of methylene blue was inhibi-
ted by the dissolved quariz. Therefore, the possibility of adsorption of methylene
blue on the surface of fine particles in the solution of dissolved silica was investigated
in this experiment. To 1 ml. of 0.02% of methylene blue was added 20 ml of dis-
solved quartz 1 and the mixture was incubated for 24 hr. at 37°C. As the coutrol,
90 ml. of distilled water was added to 1 ml. of 0.02% methylene blue and incubated
under the same condition.

The activity of alcohol dehydrogenase was measured by the time taken to decolorize
methylene blue in Thunberg tube and it was found that the reduction of the
dye in the group of sample with dissolved quartz took twice time of the cotrol
group with distilled water.

DISCUSSION
Lt .
1) As shown in experiment 1 in chapter 1, endogenous respiration of rat liver

homogenate was not inhibited by the solution containing molecularly dispersed and
colloidal silicic acid released from quartz particles. But quartz powder inhibited the
respiration aftsr the incubation for 15hr. at 0°C. It is interesting that the quartz
powdar did not inhibit the respiration immediately after the addition to homogenate,
as reported in the previous paper, but it did after the incubation for 15 hr. at
0°C. However, as the lowering of respiration was observed when TiQ, ZnO and
silica gel powder which were proved to be rather innert were added to the homo-
genate, the inhibitory effect of quartz powder on the respiration may be considered
as nonspecific reaction,

Whether this phenomenon was caused by the adsorption of enzyme oOf coenzyme
on the surface of thes2 powder or by the denaturation of protein on the surface of
particles is still obscure.
2y The authors had expected some change in the property of quartz when it was
irradiated by x-ray. However, no difference was found in the effect of quartz on
the respiration of liver homogenate between the x-ray irradiated and . the control.:
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3) From the results of experiment in chapter 2, it was demonstrated that the
structure of DPN was not changed by the solution containing molecularly dispersed
and colloidal silicic acid.

The formation of DPNH from DPN with veast alcohol dehydrogenase was not
inhibited by the aqueous solution containing silica, but it was done when the phos-
phate or borate buffer solution was used instead of water. It was assumed reasonably
that the inhibition in these buffer solutions was produced by the action of
inorganic ions involved, because only phosphate or borate buffer solution without
silica showed the same inhibition.

4) When the activity of alcohol dehydrogenase was estimated indirectly by the
measurment of reduction time of methylene blue, the prolongation of reduction time
was observed in accordance with increase of the amount of silicic acid in the
solution. What is the cause of this phenomenon ? Dissolved quartz did not injure the
transfer of hydrogen from DPN to DPNH, and also not disturb the diaphorase
system. From these considerations and experiment 5, the prolongation of reduction
time of the dye was assumed to be ascribed to the adsorption of methylene blue

on the surface of fine silica particles in the solution.

SUMMARY

1) The endogenous respiration of liver homogenate of rat was not inhibited by the
solution containring molecularly dispersed and colloidal silicic acid of various
proportion released from quartz particles.

2) The endogenous respiration of rat liver homogenate was reduced when the
homogenate had been incubated with quartz powder. But, silica gel, TiO; and ZnO
powder showed the same inhibiticn on the homogenate. Therefore, the reduction of
endogenous respiration by quartz was not a specific reaction distinguishing from
other sort of particles.

No difference was found in the endogenous respiration of liver homogenate of rat
between the sample with x-ray irradiated quartz particles and the sample with un-
irradiated.

3) The function and structure of DPN was not changed by the aqueous solution
containig molecularly dispersed and colloidal silicic acid.
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DESIGN OF A PORTABLE PHOTOELECTRONIC
DUSTINESS METER

Shigezi KOSHI

It has been employed many methods for the measurement of air-borne dust
concentration in workshops.

Those methods are classified into the following three categories,

1) the measurement of particle numbers per unit air volume,

2) the measurement of mass concentration per unit volume,

3) the intensity of scattered light by dust particles or the amount of light

absorbed by dust particles etc..

For the measurement of particle numbers per unit air volume, jet dust counter
(Owens(1), Roken(2), Funken(3), Konimeter (4)(Zeiss), thermal precipitator (5)(6),
Settlement counter(7), photoelectronic aerosol counter(8)(9)(10), cascade impactor(11)
and impinger(12) can be used.

As the volume of the air collected by these instruments, excluding cascade
impactor and impinger, is usually very small, the fluctuation in the counting is
unavoidable(13).

Electric precipitator(14)(15), impinger and filter-method (16)(17)(18) are used for
the measurement of mass concentration. In many instances, a large volume of
sampling air must be collected for the determination of weights of particles caught
by these instruments, moreover electric or other power should be prepared for
sampling. These powers will, however, not be obtained in some cases such as small
stone cutting shop, mine, etc., and occasionaly the use of instruments meets
with a difficulty.

Leitz Tyndallometer is a well known convenient instrument for the estimation
of dust concentration, because of its ease in handling and of needlessness of counting
or weighing procedures involved, and results obtained show less fluctuation than
that of other methods. Therefore, indirect method are useful in certain cases for
the evaluation of dust concetration in an industrial environment especially when it
is not required to estimate an absolute dust concentration.

Leitz Tyndallometer was designed originally for the measurement of air-borne
dust in mine, where usually very high concetration of dust exists, so that the
instrument is inadequate to estimate dust concentration in general industrial environ—
ment where relatively small quantity of dust exists.

On the contrary, the portable apparatus invented by author is designed to
measure the intensity of scattered light from dust particles with high sensitivity and
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has an advantage of lightness in weight.

APPARATUS

The section of apparatus is shown in Fig. 1-A and 1-B, the diagram of electric
circuits shown in Fig. 2.
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Fig.1. Section of Apparatus

Fig. 1-A shows the section parallel to the incident beam and Fig. 1-B shows the
section at right angle to the light beam.

Fig.2. Electrical circuit of apparatus
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The dust ladden air is introduced to the chamber C passing through the inlet I
by the midjet fan with motor M.

In the chamber C, the beam of light from the source S are scatteared by dust
particles. The scattered light is caught by the photomultiplier P(931-A) mounted
at an angle of 135°to the incident beam.

T is light trap for elimination of stray light. The light intensity is adjusted with
rheostat R” in Fig. 2, to the fixed value on the microammeter M, under the condition
where the standard plate K is set at the right angle to the beam direction. The
standard plate is the brass plate with hole to which carefully chafed two thin glass
are affixed and fixed on the shaft R which is handled with Knob R”. Only the
scattered light, which is scattered from dust particles is caught by the photomultiplire
under the condition that the standard plate was removed from the light beam.

Close shutters connecting with knob R are set inside of the inlet and outlet
of chamber to avoid the fluctuation of the scattering light intensity caused by the
light from the outside of chamber.

As shown in Fig. 2, microswitch M.S connects with the fan motor circuit and
starts to rotate simultaneusly with openig the shutters.

When the close shutter is opened, the fan motor is driven, and air is drawn into
the chamber.

Shutter S is used for the check of zero point of electric circuits.

Dry cells, E and E’ are used as electric source for circuit and set in the cell
box W, and voltage of E and E’ are 1,5 V and 900 V respectively.

Selector switch S.W. is involved five circuits and each circuit has four contact point
1-4: l-circuit off or shant, 2-adjustment of high voltage for 931-A, 3-adjustment of
light strength and 4-measurement of scattered light by dust particles(see Fig.2).

Procedures for the measuring of dust concentration by this apparatus are as
follows : after selector switch S.W. is moved to the position 2,the voltage of
photomultiplier are adjusted with rheostat R’.

Then, selector switch is slided to the position 3, and the standard plate is set
in the light beam. The beam intensity is adjusted with rheostat R” to a fixed value.
After that, the standard plate is removed from the light beam.

After the close shutter is opened with knob R and air is introduced to the chamber,
the intensity of light scattered from dust particles are measured; at this time the
selector switch has 4th position and the closed shutter is closed. The relative dust
concentration is indicated by microammeter. Approximately 20 sec. is required for

all procedures.

SENSITIVITY AND FLUCTUATION

The sensitivity and fluctuation of the author’s apparatus were compared with

Leitz Tyndallometer using quartz powder as test aerosol. The size of quartz
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particle used in this experiment was less than 3 micron in diameter.

Dust concentrations were determined by both apparatus at the same time in the
dust chamber after one hour from cloud-up of quartz powder into the chamber.

The measurement was repeated several times at the same dust concetration to
estimate the fluctuation involved each methods. The mean values of Tyndallometer
reading was inverted to the dust concentration in mg. per cubic meter. Curve 1
shows the relation between dust concentration and reading angle of Tyndallometer,
and meter reading of the author’s apparatus is shown by curve 2 in Fig. 3.
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Fig. 3. Calibration curves of Leitz Tyndallometer and new apparatus

On the author’s apparatus, the minimum 1 division of meter reading are corres-
ponds to 1.4 mg. per cubic meter of quartz particles.

According to ReyLeigh’s equation(19) for particles smaller than wave length of
light and Tolman’s equation(20) for particles larger than wave length with uniform
size particles, it is easy to understand that the intensity of scattered light from
dust particles are linerly proportional to the dust concetration represented by weight.
In the case of Tyndallometer dust concentration is developed as the function of sin®%
however, in the author’s apparatus the meter reading is proportional to the dust
concetration.

The fluctuation estimated from several measurements under the constant dust
concetration was less than -~ 1 division of microammeter on the author’s apparatus
and about == 1°60 on the Tyndallometer with the vernier (1/10). Relatively large

29



S. KOSHI

fluctuation obtained in the estimated values using Tyndallometer may be considered
due to the inadequacy of dark adaptation of operator’s eyes.

On the mesnurement of dustiness in industrial environment, the complete dark
adaptation of operator may not be expected in all times so that the fluctuation of
Tyndallometer reading may be assumed to be same order as above mentioned.

The changes of relative errors of dust concentrations are shown in Fig. 4. In Fig,
4, the abscissa is dust concentrations, and the ordinate is per cent errors of

apparatus.
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Fig.4. Relative error of Leitz Tyndallometer and new apparatus

In dust concentration over 10 mg. per cubic meter, the author’s apparatus shows

less fluctuation than Leitz Tyndallometer,

Discussion

The theory of the light scattering by spherical particles was described by G. Mie(21)
in 1908. He stated that the intensity of scattered light from spherical particle was
complicated function depending on particle radius, index of refluction, wave length
and direction of incident light. Hence, the absolute dust concentration is not
obtained directly by the author’s apparatus, However, it has the advantage of simpli-
city in handling for the measurement of dustiness of industrial environments.

The intensity of light scattered by each particle is influenced by others in high
dust concentration; therefore, the meter reading are not lineally proportional to the
dust concentration. Sinclair(22) mentioned that particles of uniform size scattered
the light independently each other, if the distance of each particle is larger
than 10 to 1000 times of the particle radius.

The dust concentration calculated from above mentioned condition is approxima—
tely million particles per cubic centimeter for the particle with radius less than 10
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micron.

Such higher dust concontiation is uncommo. in ordinary industrial environment.

The effect of interference of each particles may be considered negligible in ordi-
nary dust concentration.

The sensitivity of the author’s apparatus can be improved easily by increasing the
intensity of the light beam. The maximum sensitivity is expected to be reached
without the improvement of electric circuit, to the order of dust concentration

of 1 mg. per cubic meter.
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MICRODETERMINATION OF CHROMIUM BY BENZIDINE
AND ITS DERIVATIVES

Noboru HARA

While many methods have been employed for the determination of chromium in
air, it is generally accepted that the method using diphenylcarbazid proved to be
most satisfactory,(1){2). However, the author maintained that in this method several
disadvantages are involved, such as high cost of reagent, impossibility of restoring
as stock solution and so on. The determination of chromium by benzidine and its
derivatives has been employed only in qualitative and detective tests because of
their unstableness of color{3).

A new method has been devised by the author for microdetermination of chro-
mium by benzidine derivatives as reagents in suitable pH using acetic acid and
sodium acetate buffer solution. The procedure of the ' method is to be described in
the present paper. '

EXPERIMENTAL METHODS

In the present experiment, following reagents were employed.

1) benzidine 4% 3-3 dichlorobenzidine
Cl Cl
TN D N
BN = >, . BN—__ )Nk
2. o-tolidine : 5 2-7 diaminofluorene
H3C CHJ CHZ
/ - N_/ _< ' _/\_> TN
HN—_ N T BN X N
3) o-dianisidine 6) 4-4 diaminodiphenylamine
H3CO OCHjy
o SN TS
HzN—\“_‘/ﬁ-\_‘/—NHz HZN—\_/r-NH—\_/—NHz

Colored solutions are so unstable that they begin to fade shortly. Rate of coloring
and.fading are surely influenced with the kind and pH of solution, variety of rea-
gent and other factors.. Therefore, it may be required a suitable buffer solution,

Procedure for the measurement.

After the refined potassium bichromate is dissolved in buffer solution, two or
three drops of methyl alcohol solution of these reagents are.added, and then.the
intensity of color developed is measured -by, Beckmann’s Spectrophotometer,
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RESULT
1) The effect of acidity of solutions.

The more acidity of solution increases, the more rate of coloring and fading
become faster, This relation is shown in Fig. 1. In this case, 0.Zcc of methyl alcohol

- lsgT

: , bz
20 40 .. 60
Fi

)

Fig.1, Effect of acidity of solution,

solution of 2-7 diaminofluorene was added to 0. dy/ce of Cr per 10 cc of acetic acid.

In the range of too strong ac1d1ty, rate of coloring and fading was so rapid that
it was impossible to measure precisely about maximum value of absorption of light.
When the acidity was too weak, the reaction could not proceed, and preparation
of a suitable buffer solution was accordingly required,

2) The effect of buffer solution. :

In order to obtain a color with consistent extmctlon coefficient at one of the
peaks, the pH of solution must be controlled in adequate range. The effect of
pH was studied with three kinds of buffer solutions {1) citric acid and sodium ortho
phosphate (2) hydrochleric acid and potassium chloride (3) acetic acid and sodinm
acetate, in measuring the absorption intensjty at various time intervals. It was
proved the buffer solution of acetic acid and sodium acetite’ was most suitable for
this purpose. ' ‘ ‘

Fig. 2. shows an example of employing inadequate buffer solution.

The buffer solution was adjusted to various pH with citric acid and sodium ortho
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phosphate. To 10 cc of this solution containing 0.4y/cc of Cr was added 0.2cc of

Fig.2, Development with 4-4’ diaminodiphenylaming
in buffer solution of
citric 2cid and sodiumorthosphate.

methyl alcohol in which 4-4’ diaminodiphenylamine has been dissolved. As is cleary
noticed in the figure, a slight fluctuation of pH caused a great variation of absorp-
tion of light, therefore it may be required to adjust pH within a definite limit.

3) Buffer solution of ccetic acid and sodium acetate.
Proportion of buffer solutions prepared according to Walpole are as follows.0.2 N
CH;COOH and 0.2 M CH.COONa are mixed.

PH

3.6 3.8 40 4.2 44 46 4.8 50 52 54 B5.§

CH;;COOH (cc) |18.5 17.6 16.4 14.7 12,6 10.2 8.0 59 4.2 29 1.9
CH:COONa(ec) | 1.5 2.4 3.6 53 7.4 9.8 12.0 14,1 158 17.1 18.1
When six reagents are used in above solutions, maximum absorption of light are

as follows.

benzidine E00 my 3-3' dichlorbenzidine 620 mpy
o-tolidine 620 mu 2-7 diaminofluorene T 607 me
o-dianisidine 480 my 4-4' diaminodiphenylamine 675 mpu

Of these reagents, the use of benzidine, o-tolidine, o-dianisidine and 3-3’ dichlor
benzidine may be avoided, because of their long reaction times and of insufficiencies
of color development. In Fig. 3. shows the changes of color devoloped using these
inadequate reagents.
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Fig.3, Development with benzidine, O-tolidine, O-dianisidine
and 3-3’ dichlorobenzidine,

a) Development of color with 2-7 diaminofluorene.

In Fig. 4. shows the fluctuation of absorption of light with time in pH 3.6, 5.0
and 5.2, using 2-7 diaminofluorene in methyl alcohol as regent. Below the pH 5.0,
color fades so rapidly that the measurement of maximum value of light absorption
can not be obtained with ease. However, measurement at pH 5.2 .are little signifi-
cance because the solution is unstable, and over pH 5.4, too long time is required
to reach maximum value of absorption of light.

b) Development of color with 4-4' 'diaminodiphenylamine.

4-4’ diaminodiphenylamine is dyestuff named *Fast black Base”. Sulphate of this
dyestuff was employed in this experiment. Only about 0.22¢ of this reagent can be
dissolved in methyl alcohol, however, such insolubility of reagent does not affect
on the development of color. In Fig.5. shows the data in various pH. Procedures
for the measurement is same as that of 2-7 diaminofluorene, From pH 3.6 to
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Fig.4. Development with 2-7 diaminofluorene.

9.6, absorption coefficients are nearly equal. Therefore, the reagent is satisfactory
for the measurement within the limit of pH 3.6 to 5.6 and about thirty minutes
are necessary to gain maximum absorption and stable for three hours.

- LagT

(7en)
20 40 6¢ 80 w0 i20

Tomé

fejelm 1 L r 1 L

Fig.5. Development, with 4-4/ diaminodiphenylamine,

¢) Calibration curve of three reagents for determination of Cr,
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Comparison of the sensitivity of 2-7 diaminoflucre and 4-4 diaminodiphenylamine
were undertaken with Cr ions, and the results are represented in Fig. 6. Pota-
ssuim bichromate was dissolved in the buffer solution of acetic acid and sodium
acetate in order to obtain the concentration of Cr ion listed in table 1. To 10 cc of
this solution was added 0.2 cc of methy! alcohol solution of these reagents and
after one hour reading were taken. The data using diphenylcarbazid are presen—
ted for comparison in Fig. 6. It was proved to "obey Beer’s law up to a concen-—
tration of 0.1 microgram of chromium per millilitre of final solution using 2-7 di-
aminoflnorene and to 0.025 micrograms per millilitre using 4-4' diaminodiphenyl-

amine as reagents.

—,[bf.T.

agr

ost

Abasrbance

o3r

arr

_comen. o Y|

[ 1 L 1 1

o/ a2 a3 o 05 06 07 o8 09 10 %c.

Fig.6. Development of chremium compound, A: 4-4/ diaminodiphenylamine
B; 2-7" diaminofluorens C: diphenvlcabazid.

Table. 1. The Comparison of Color Development with three reagents.

2-Tdiaminofluorene 4-4'diaminodiphenylamine diphenylecarbazid
pH 5.2 pH 3.8 0.2N-H,80,
Cr(v/cc) ~logT Cr(vy/cc) ~logT Cr{vy/cc) -logT
1.0 0. 560 1.0 0.472 1.0 0.494

0.8 0.478 0.4 0.417 0.4 0 210

0.6 0. 367 02 0.223 0.2 0.103

0.4 0. 251 0.1 0.108 0.1 0.048

0.2 0.160 0.05 0.0686 0.05 0.023

0.1 0.121 0.025 0.028 0.025 0.009
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Discussion

When these two reagents were compared, it was proved that 4-4/ diaminodiphenyl-
amine is superior than 2-7 diaminofluorene in the following points: :

(1) Minimum determinable concentration by the former reagent is 0,025 micro~
grams of chromium per mililitre, and this is far more sensitive than by the latter.

(2) The intensity of the color developed with the former reagent varies little
in spite of the fluctuation of pH of the buffer solution from pH 3.8 to 4.8.

(3) And this intensity remains unchanged for three hours after the development.

4-4’ diaminodiphenylamine should be used at pH 3.8 of the buffer solution. This
may be ascribed to the following two reasons:

{1} About one hour is required to reach the maximum absorptiqn of light above
pH 5.0.

(II) After two hours, at pH 3.6, it begins to fade.

However, in the range from pH 3.8 to 4.6, the maximum absorption of light is

influenced very little with the fluctuation of pH, and the developed color is stable
for three hours,

CoNCLUSION

For the determination of small amounts of chromium in air, it was proved that
4-4’ diaminodiphenylamine is satisfactory as the color reagent. Chromium is dissol-
ved in a buffer solution (pH 3.8) of acetic acid and sedium acetate.

Methylalcohol sclution of 4-4/ diaminodiphenylamine is added to the solution, and
measure the intensity of color at 675mu. Minimum determinable concentration is
0.025 micrograms of chromium per millilitre,

Using this reagent, higher color intensity can be developed than the method used
diphenylcarbazid.

This methed is simple, however, involves many points requiring 'some furthur
consideration, namely:

(1) As the development of color is dependent on the oxidation of power of Cr+%
ions, it is impossible to measure directly other chromium ions and metallic chromium,

(2) Color reaction by benzidine and its derivatives is not specific for Cr+*
other interfering metallic ions should be eliminated or suppressed.

(3) Furthur precise experiments are required on many other buffer solutions,

Despite these incompleteness, the method has several advantages compared with
diphenylcarbazid. Therefore it is desirable that this method may be applied to prac-
tical uses in future.

. Many
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