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Zinc Content of the Hot Springs of Japan. 

By Kazuo KURODA. 

(Received January 18, 1940.) 

Recently, considerable interest has been attached to the determina-
tion of the minute traces of rarer elements in natural waters and the 
observations have revealed the apparently universal distribution of heavy 
metals throughout the hydrosphere. A number of reports on the occur-
rence of zinc in sea water and in the mineral waters have already been 

published. The polarographic method for the determination of heavy 
metals such as copper, lead, nickel and zinc in the mineral waters. has 
recently been quite well established by K. Heller, G. Kuhla and F. 
Machek.(1) P. R. Stout and his collaborators (2) have reported that the 

polarographic method is quite satisfactory for the determination of the 
minute traces of zinc in plant and animal tissues. The present author 
tested these methods and found that the following modified procedure 
was satisfactory for the determination of zinc in natural waters. 

Method of Analysis. The method and apparatus used for the deter-
mination of zinc will be described in the following paragraphs. 

(a) Purification of the Diphenylthiocarbazone Carbon Tetrachloride 
Solution. The solution of diphenylthiocarbazone in carbon tetrachloride 
was purified before use in the following manner :-Dissolve 0.1 g. of 
diphenylthiocarbazone in 100 ml. of carbon tetrachloride and wash the 
solution repeatedly with 6N hydrochloric acid in a separating funnel. 
Reject the aqueous layers, add 100 ml. of ammonia (5:95), shake, allow 
the layers to separate, reject the carbon tetrachloride layer. Add 100 ml. 
of carbon tetrachloride, acidify the aqueous layer with hydrochloric acid, 
draw off the carbon tetrachloride solution, and wash it with distilled water. 
This washed carbon tetrachloride solution constitutes the purified diphe-
nylthiocarbazone reagent. 

The amount of zinc derived from the glass bottle in which the mineral
water was collected was found to be less than 10 γ per litre. The presence

of zinc in water kept in the bottle for a long time was detected colori-

(1) Mikrochemie, 23 (1937), 78. 
(2) Collection Czechoslov. Chem. Coinmun. 10 (1938), 129.
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metrically, but it was difficult to estimate the amount by the polarographic 
method. The glass vessels was always washed with diphenylthiocarbazone 
solution before use to remove the traces of zinc and other heavy metals. 

(b) Extraction of Zinc with Diphenytihiocarbazone. Add 10 ml. 
of N ammonium citrate solution to a suitable quantity (100 ml. to 500 
ml.) of the mineral water, adjust to pH 8.5 with ammonia using phenol 
red as indicator, and shake with successive 10 ml. portions of the purified 
carbon tetrachloride solution of diphenylthiocarbazone. Continue the 
extraction until the carbon tetrachloride layer remains green. Wash the 
combined extracts with dil. ammonia (1:1000), run the carbon tetra-
chloride solution into a seperating funnel, and shake with three separate 
1.0 ml. portions of 6N hydrochloric acid. Combine the acid layers and 
wash them by pouring small quantities of carbon tetrachloride through 
the aqueous liquid without shaking. Add 10 mg. of sodium chloride to 
the acid solution, and evaporate to complete dryness. 

(c) Determination of Zinc by the Polarographic Method.. Dissolve
the residue in water, add 1 ml. Of N am-
monium acetate solution and 1 ml. of 

0.25N potassium thiocyanate solution, 
and make up the volume of the solution 

to 10 ml. with water. A part of the 
solution is brought to a small electrolysis 

vessel, freed from the air by a current 
of hydrogen and then polarographically 

examined. The amount of zinc present 
is obtained from the height of the 

polarographic wave at - 1.0 V. Fig. 1 
shows a calibration curve obtained from 
various heights of wave due to various 

amounts of zinc salt in a solution which 
is 0.1N with respect to ammonium 
acetate and 0.25N to potassium thio-
cyanate, freed from atmospheric oxygen.

Fig. 1. The calibration curve for 
the wave due to zinc in a solution 

which is 0.1 N with respect to am-
monium acetate and 0.025 N to potas-
sium thiocyanate.

Results. The efficacy of the method was first tested by adding known 
amounts of standard zinc sulphate solution to 50 Ml. of water and submit-
ting the solutions to the complete process of extraction and polarographic 
examination ; the results obtained are shown in Table 1. 

Table 1.

Further experiments were made in which known quantities of zinc 
were added to 1000 ml. of the mineral water, and submitted to the corn-

plete process of extraction. The results are given irl Table 2,
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Table 2.

Fig.2. Wave due to 68 γ of zinc extracted from the mineral water.(Miliiary

Sanatorium at the Misasa hot spring.) 0.1 N with respect to ammonium 
acetate and 0.025N to potassium thiocyanate. Sensitivity 1/10 . Curve starts 
from zero E.M.F. 4 V. accummulator.

Fig.3. Wave due to 112 γ of zinc extracted from the"Yuzawa No.1"spring.

0.1 N with respect to ammonium acetate and 0.025 N to potassium thiocyanate. 
Sensitivity 1/10; . Curve starts from zero E.M.F. 4 V, accummulator.
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The results of the determinations of the zinc contents, mainly of 
the hot springs of Japan, are collected in Table. 3. 

Table 3. 

Zinc Content of the Hot Springs of Japan.

Table 3. shows that the traces of zinc are widely distributed in the 

mineral waters in Japan. The mineral springs of Arima had the highest
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zinc content. The average zinc content of forty-three samples was

0.013% (of the total residue),or 136 γ per litre. The presence of zinc

in sea water was detected colorimetrically, but the author could not esti-

mate the amount polarographically. The zinc content of sea water is

considered to be less than 10 γ per litre.

Summary. 

(1) The polarographic method was tested and found to be satis-
factory for the determination of zinc in natural waters. 

(2) The zinc content of a number of hot springs of Japan was 
polarographically estimated. 

(3) The amount of zinc in sea water is considered to be less than
10γ per litre.
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