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#1
History of Chemistry

1650 Invention of vacuum pump Otto von Guericke (%)
1959 Development of machina Boyleana R. Boyle (%)

and air compressing pump
1660 Boyles's law "
1720 Fahrenheit scale G.D.Fahrenheit ()
1740 Celsius scale Celsius (R =—7%)
1772 Finding of oxyhen K.W.Sheele (R —7v)
1772 Theory of combution & mass constance

law. A.L. Lavoisier ()
1799 Volta cell C.A. Volta (7))
1803 Atomic theory J. Dalton (3k)
1802 Metallic Na and K H. Davy (3%)
1811 Molecular theory L. Avogadro ()
1814 Fraunhofer line J. Fraunhofer (3R)
1834 Law of electrolysis M. Faraday (3%)
1859 Spectroanalysis R. Bunsen and G.R. Kirchhof ()
1868 Discovery of He J.N. Lockyer and E. Frankland ( 3£ )
1969 Periodic law of elements D.I. Mendeleieff (az¥r)
1887 Theory of electrolytic dissociation S, Arrhenius (=9 =—7)
1894-98 Ar, He, Ne, Kr, Xe W. Ramsay ()
1895 X ray W.K. Roentgen ()
1897 Recognition of electron J.J. Thomson (%)
1898 Discovery of Ra and Po, and

radioactivity M. and P. Curie ()
1903 Disintegration of radioactive element E. Rutherford and F. Soddy (3)
1905 Light guantum theory A. Einstein (%)
1910 Concept of isotope F. Soddy (#%)
1911 Recognition of the existence of atomic

nucleus E. Rutherford (%)
1911-12 Discovery of cosmic rays V. Hess (%)
1917 Harkins' law W. Harkins (k)
1917 Octet theory W. Kossel (¥R )
1932 Finding of neutron J. Chadwick (3% )
1932 Deuterium and heavy water H. Urey (k)
1934 Meson thoery H. Yukawa (/)
1963 Compounds of inactive elements N. Bartlett (tm)

Additional Events in Geochemistry
1908 Publication of " Date of Geochemistry " F. Clarke (1883-1925)
1923-37 = " Geochemische Verteilungs-
Gesetze der Elemente " V.M, Goldschmidt (1888-1947)

1923 " " La Géochimie " W.I. Vernadsky (1863-1945)
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Substances simples
qui appar-
tiennent

aux trois régnes
et gu'on pent
regarder comme les
€lémens des

corps.

Substances

simples non-
métalliques,
oxidables et
acidifiables

Substances
simples
métalliques
oxidables et
acidifiables

Substances
simples salifiables
terreuses
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Tableau des Substances simples

Noms nouveaux.

s N
Lumiefre .sescsess

Calorigque ..cscas

OXYJRNE wessssnse

AZOte .ccvsssnnss

Hydrogéne sesensns

Soufre

Phosphore

Carbone

Radical muriatique
Radical fluorique
Radical boracique
Antimoine

Argent

Arsénic

Bismuth

Cobalt

Cuivre

Etain

Fer

Manganése

Mercure

Molybdéne

Nickel

or

Platine

Plomb

Tungsténe

Zinc

Chaux

Magnésie

Baryte

Alumine

Silice

Noms anciens correspondants

Lumiére.

Chaleur.

Principe de la chaleur.
Fluide igné

Feu.

Matidre du feu et de la
Air déphlogistique.
Air empireal.

Air wvital.

Base de l'air vital.
Gaz phlogistique.
Moféte,

chaleur.

Base de la moféte.

Gaz inflammable.

Base de gaz inflammable.
Soufre.

Phosphore.

Charbon pur.

Inconnu,

Inconnu,

Inconnu,

Antimoine.

Argent.,

Arsenic,

Bismuth,

Cobalt.,

Cuivre,

Etain.

Fer.

Manganeése,

Mercure,

Molybdéne,

Nickel.

or.

Platine,

Plomb.

Tungsténe,

Zinc.

Terre calaire, chaux.
Magnésie, base du sel d'epsom,
Barote, terre pesante,
Argile, terre de 1l'alun, base de l'alun,
Terre siliceuse, terre vitrifiable,
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EvementAL Asuspasces 18 the Universe

(Atoms per 10,000 atoms Si) *

&3

Z  Element Abundance
1 H 3.5 %100
2 He 35x 10
3 Li 1

4 Be 0.19

5 B 0.23

6 ¢ 80,000
7 f N 160,000
8 0 220,000
9 F 90

10 Ne S000-240,000
11 Na 462

12 Mg 8870

13 Al 882

14 Si 10,000
15 P 130

16 5 3500

17 Cl 170

18 A 130-2200
19 K 69.3

20 Ce 670

21 Sc 0.18

i | Ti 26.0

pXx] v 2.5

24 Cr 95

25 Mn 7

26 Fe 18,300
27 Co 99

23 Ni 1340

29 Cu 4.6

30 Zn 1.6

31 Ga 0.65

32 Ge 2.5

33 As 48

4 Se 0.25

35 Br 0.42

36 Kr 0.37

37 Rb 0.071

38 Sr 0.41

39 X 0.10

40 Zr 1.5

41 Nb 0.005
42 Mo 0.19
43 Te —_—

z Element Abundance
44 Ru 0.093
45 Rh 0.035
46 Pd 0.032
47 Ag 0.027
48 Cd 0.026

49 In 0.01

50 Sn 0.62

51 Sb 0.017
52 Te 0.002
53 I 0.018
54 Xe 0.015
55 Cs 0.001
56 Ba 0.039

57 La 0.021
58 Ce 0.023

59 Pr 0.0096
&0 Nd 0.033
61 Pm —_

62 Sm 0.012
63 Eu 0.0028
64 Gd 0.017
65 Tb 0.0052
66 Dy 0.020
67 Ho 0.0057
68 Er 0.016
69 Tm 0.0029
70 Yb 0.015
7 Lu 0.0048
72 Hf 0.007
73 Ta 0.0031
74 w 0.17
75 Re 0.0041
76 Os 0.035
77 Ir 0.014
78 Pt 0.087
79 Au 0.0082
80 Hg 0.003
81 Tl 0.002
82 Pb 0.27
83 Bi 0.0021
90 Th 0.012
92 U 0.0026

* After Goldschmidt, Skrifter Norske Videnskaps-Akad. Oslo. I. Mat..Nature. Klasse, 4,
120-121, 1937; and Brown, Reo. Mod. Phys. 21, 628, 1949,
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ST, BIASHLEORER IclkA He, Fha
RLTELhEH20HEDCHE LY HM L Tk
D, €5 LIH20M CILFOER X ET O ¥ = &
K@z o X5kBbhs. FoTHEREE VS
WAL » T 2O R AR DE LR T
cHERS,

HoF Y v OO, K ok, BiwvimEBELR
& LT, 181 EID S 47 v - 0B O TIC
Lo GHEfML¥oRFELL-fcs LMMEL DA DM D T

BB, FODIFHET L 2 DF LIz Traité élémentaire de
la chimie (1789) {=f} L 72 75 %% (Tableau des Substances
simples) (% 2) i2iX, 7£# (Element) OFHO h I
¥1'8 (Substance simple) &\ 5 AV B, FoOdnk
AABICATHh TGS, &1 B, % &, B

F ¥, KELTELDHLHR, FhidHK kB kL BRiC
BUTHLoThHD, BlicksrimzbhTtuws04HE6
ha, B2EclkeRiEThy, THLETH, *
MEEOBAELDELT, 147, Vv, BH% Kl
Fohn, BEEFTCAN, BT A ERBITFTW5S.

&5 3 B X & st 49 Bl Substances simples & LT, 4
H® Sb, §, As,Bi,Co,Cu, Sn, Fe, Mn, Hg, Mo, Ni,
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BT 5O THBHH, it s ¥ CoME¥ELD
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41 Relative abundances of the elements plotted against atomic number. Ele-

ments of odd atomic number are indicated by circles, elements of even atomic
number by crosses.
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%4 Averace CoMPOSITION OF METRORITRS, SHOWING THE PREDOMINANCE OF tig Even-Nusmpgrep ELEMENTS, AND OF THE
ELenenTs or Low Atomic NUMBER.

s:»-:m-:cl-‘,“' Weight Atomic wv:::{:;r ”}l::::l.:'. Atomic Atomlc

ST IRy bt e L el Average of 318 iron Pi6iron 330 stome (5 10

4 ] ites. and 125 stone il i iron rites.t

At —_—
no. Element, Even, Odd. Even. Odd. Even. Odd. Even. Odd. Even. Odd. Even. Odd. Even. Odd. Even. Odd.
Ly FEPATOREIL \i i i wias T T i ooy Lal 2 x
2, . vai EIRCE ude
3. Lithlum......couusees . e . Wy
4 . . s sae
6. Carbon.... 0.06 .o 0.150 003 .« 004 o O.0¢§ .. ©0.03 i 0.08 uus
7. Nitrogen.. ¥ s e prade e LY d
8. Oxygen... .o. 36,02 35.82 36.200 . $4.70 .. 10,10 .. 25.87 53.16 ...
9. Fluorine..........00 v e = sen
s 030 e we e 0,62
G.41 v 15UE | 2is
. 0.59 sae e 1.21

753 ... o I15.3%5  sas
o.18 ... 0.17 .. o0.06

063 ... o0.04 .. I1.46
er O e ODE mad | i = 1038
o0.046 . 0.47 ... e 097 4.

22, Titanium............ eor .. ... .. 0.108 ... 000§.. 001 .. 0.00§ ... ... .. 0.005 ...

23. Vanadium............ 2 SN Py, T Vifs e is LU i S ..

24. Chromium,....s.isvs 0.28 0.58% .. ©.331 .13 .. 0.09 .. 0.07 ... 000 .. ©.I3 ...

25. Manganese........... br LT 0.36 0.224 i 006 ... o.03 . WEE v « 0.06

T 1 e 24.32 24.32 .. 33.313 ... 10.57 .. 72.09 .. 52.93 ... 00.G4 .. 12.79

A R (RS 0.85 ... 005 .. O0I7 ... 0.02 ... Ouff .. O3 ... 0.59 .. O.04

28, Wickel,,.....0iieiiea LR o 1Al e AT .. 08RG GBO L 4083 aik 8.50 .. o0.76

29, Copper...........cuu vus o.of ... 0.0l ., 0.0l4 ... 0.00§... 0.0 .. 0.00§ ... 0.02 0.00§ ...
Total. - v 97.59 2.41 97.06 2.94 97.022 2.978 97.89 2.11 98.78 1,22 08.575 1.425 99.22 0.78 97.985 2.105

- B e i —]

1009, 10059, 100%
! 40, zirconium, none; o, tin, none; 56, barium, none; el

S 44, ruthenium; 46, palladium; 77, iridi

100%, 100%, 1009 100% 100%

were found in stone meteorites, while 30, zine; 33, arsenic; 51, antimony: 50, tin; 79, gold; 74, tung

in the investigations reported by Merrill.

; and 78, platinum,
i were not found

;and g2,

* It has been found by Farrington that the knawn falls of meteorites are in the ratio of 350 stone meteorites to 10 of jron.
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ABUNDANCE OF THE ELEMENTS
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Atomic Numbers

4 2 The abundance of the elements in the stone meteorites.
Every even-numbered element is more abundant than the
two adjacent odd-numbered elements.
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2. TROGEE

Z# L Clarke Washington @ Mg O TTHFER LV 5
LOTHDH, 1942 KFMEFET ORAERE THFIC
B h2eE o biifiie g < OnEOEHRARO G i A s
LT, I F TOMR TOFHOTHEE% X H L
rAOTHY, KEELTTH 500 Hrlz s Ihi:
BRIEFACT -2 LICE - bDThHDH, (HL
MWL WS THHEZR D, BEMB oL TIIEETD
ook AN <, AP continental crust DI
EER ESbhhilbizh o1

Iz V.M. Goldschmidt {X19374E I FHIC 31T 5 TGH
FHEEYHEM LY. chixs5—70%ELRich, Sil
FRFEEZME LT MoTROFEREYERR LD
DTHEHND, CO2FHOROHFrHELEKT S

$ B g 15 (1981)

Lix il ToER, FHICKE D THEFER LT
EhD 00RO KGN LRI LizbD T,
S TRE R O EREE Y+ TR, ERK
B O RROFENEH O XOER LR TEDL LT
Sz bhtcHichd, +ohBEELFTCLLOTIRE
WEDIERY DS,

FoTo b LkeHEYBRG RV EEO T A0 L
LT, BAEOTHELGHARERELLER LI-OIK
o Harkins T# 5. Harkins (315 < % 1917474, 318
BoOEA, 121 BOREBAICSVT ITMOTHEDH
ARy, ThifhoFEEiEtRs, ThE ToEa
O TFTRoFCEkSE, $BRA AHEAOFHEHC
100083500 weight % Z& BT THFHETV, Zhi
AT A LRFERE LTABLEOTH -1 (&
4EX2).

XCEFRTWIK 700k Goldschmidt DFHTF
FEREDFIC Brown D T4V -7 (194946) LD TH
5.

[X 1 (X% 3 ® Goldschmidt DN D log N % il
e W FETHESEfc o T7 ey b LchOD, @2
1% Harkins o BB O 7 it A Sl i3 5 2 Blhic &
stebDTHDL. O 2DHERY Clarke Washington
OfSERPSTIEE 2, (VTTROFERLRETH
FOMELV H,He i SFRTH SO E i 53440
TAHIEE, TOBRIIHEACH - TVRIZEA TS
Z kL, QETERESEBBOTHEOTAFERD, Thic
B2 =2 OAFETHE S OLROTLEEI R L D H
EWH ZETHA.

(2)D B8{RiE Harkins 17 X » TS hic b DO TH- 12
2y ZHIZESL-TA £ Y —D Oddo & RAMIVTwic
T, Oddo-Harkins’ Law # 7z(% Oddo-Harkins Rule &
LTihicabht b3 0 THS. - OBEFRILFIIES
LTS TERbO. B b, HE BEFSOL
ROLEEDECHES LD EELZLR T & b, K
T BEFEoEOMBOESICY - T, FTHExF-
TwWa7e b YAltDA VI BFEEVBEDOEELE
BTWAZ ERABBMTED, 7r b YAMBROBEL
TRTOFr b vHAEhFRZEDA E v RR LT
HTA0EHL, e b AFROBEFI 2O SR b
YEHE1EoAC Y TRHEATIC LD, Thidlh
FomBE X (ZEE) FE bz LAVREhDEE»
7ot

L = A% Harkins O FRICIXREALRH 2 ha.
BB TH 5 OTCHOFERD, Wik D £l
hOTEOHEERL D L V2w SE#Eon R
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FAI0HFEOHM A ML THAET S, 32HD Ge 125 L33
Ho As DK EV. D34 Se 12 As,Br icdizhC
&S,

ZO LICRERNE S LTTTL 2008l RD S
Aichie bl HUOIEYSTRIERE T, F LU D
HBlZ & » TIEHOMfc e > flb B 5.

EORFOF L UTHILAI950FIZ 5642 Lz, M
MOIEFLR B S, ZOMERYHBIERIEXBIRL
b DTS, MK K EBEKEEDIRBKD
S, WEENICKEDIE Ly §il it 42k, E.B. Sandell
DT F v /EOBEICY > TEED S A BT 5
WML L, M, BHAKOMELZR & 2 = Liclh®
H. ZOMEDORE Bt {HiFHOMEAAMHOMD 3 %
BER\ - L 2R, HiCHiKie W Th ks &%
M, ZZTIHEDWILEED 2 7 — 7 OO RE
A EENOEIFRIETT AR E LT, BIEHEOH
BibRscRE L. 2oloXGoRIER, bh
R OMEEREYEN LD L RE LD TH 1. *
Z ThhbhREKOMEICTT 4, bR K
HYaaE R 698 ZhicHik, #MA»boORE, FicH
AROCEMOE EORARAE L 5 87 L 72 &5 58, Zn 80
ppm, Cu 40 ppm DFHfHAH T, 19504~ # ) —0O
Graz Thlfli® 1 7 v {LEOEPELHICEE (On the re-
vision of the Clarke of copper and zine, Mikrochimica
Acta 36-37, 1093-1099), % 7= 3E#il% i H 22D Distri-
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Spinach as an Alchemical Antidote to Heavy
Metal Poisoning"

Commenting on the usefulness of spinach,
Meng Shen®, a seventh-century physician and
alchemist, and a specialist on dietary problems
said “Men who dose themselves with cinnabar
stone do very well to eat it.”* Now who

would dose himself with cinnabar, lethal mer-
curic sulfide, except those who sought the
elixir of eternal life ? Slowly over the centu-
ries the Chinese alchemists had focussed on the
heavy metals, mercury, arsenic and lead as
likely

Ho Ping-Yii and Joseph Needham,

the most candidates for conferring
longevity”.
searching the records of the deaths of Chinese
emperors, have found suspicious evidence that
a number died of elixir poisoning.*

Though new emperors tended to throw out
the alchemists of the preceding reign who had
failed to keep their emperor alive, they did,
as they grew older, become more susceptible
to the claims of alchemists that their own life
perhaps could be prolonged.

The danger of elixir poisoning led to the
Some

sought for longevity via meditative and other

search for alternatives and antidotes.

non-chemical techniques, while others looked
for plant and vegetable alternatives to the
mineral elixirs. Ho Peng Yoke (=Ho Ping-Yii)
has translated 69 verses describing elixir plants
from a work dating from about 1400.° Included
among the 69 plants is one which, again refer-
ring to Meng Shen, is considered beneficial to
those who consume mineral elixirs. That plant
is Po-ts’ai® (Pen-ts'ao kang mu* 27:1207.1),

also known by its pseudonym Po-ling! (in the

a. For Chinese characters (lettered footnotes) see P. 11

Orro THEODOR BENFEY
(Guilford College, Greenshoro NC 27410 U.S.A.)

Sung pharmacopoeia of 1057 Chia-yu pen-ts'ao®),
Spinacia oleracea, L., spinach.’
Meng Shen (621-718) who had

under Sun Ssu-Mof, wrote his book on nutri-

studied

tion and diet, the Shih Liao Pen-T's’ ao® around
670. In the Pen-ts’ao kang mu, Li Shih-chen"
refers to this book as reporting that spinach is
He adds

that a tenth-century dietary treatise, the Shih

good for those who are taking elixirs.

Hsing Pen-ts'ao* by Chhen Shih-liang’ states
specifically that elixir poisoning by mercury,
arsenic or cinnabar can be controlled by taking
a powder prepared from spinach juice.

The concern to find antidotes for elixir
poisoning clearly was a matter of some priority
as the first printed book on any scientific sub-
ject deals with this topic.” Written by Hokan
Chi* (Jap.: Kitsu U Ji(?)) the Hsiian Chieh
L' (Jap.: Gen Kai Roku) or Mysterious Anti-
dotarium appeared around 850. It claims to
report on a conversation held in the year +122
and gives the recipe for an elixir antidote con-
taining among other ingredients Indian goose-
dodder,

monds, wine and deer glue.®

berry, wild raspberry, plantain, al-
Much clearly is
fanciful or not clearly understood by us in
centuries-old alchemical manuscripts but we
should at least ask if a claimed antidote could
have been useful to victims of heavy metal
poisoning.

My first thought was that the oxalate
contained in spinach might chelate the mecury
ingested by the adept® (persons with a tendency
kidney stones are advised

to form oxalate
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Plant ferredoxin

against eating spinach). The solubility of
mercury oxalate, however, does not seem low
enough (0.01 g/100g water at 20°C) to com-
pete with mercury’s hold on sulfhydryl (thiol
SH) groups in proteins and enzymes. If oxa-
late were the only active ingredient, spinach
might serve as a protective agent, its oxalate
tying up the mercury if taken at the same
time, but it would not be capable of detoxify-
ing a person whose mercury had become part
of his protein-enzyme system.'”

A second chelating agent in spinach, ferre-
doxin, more powerful than oxalate, was sug-
gested by S. Oae.'' The ferredoxins are iron-
sulfur ring or cage compounds found in vegeta-
bles and bacteria. They have a high sulfur
content, and also contain cysteine residues equal
to or exceeding the number of iron atoms.'®
Cysteine is of course the constituent in pro-
teins that is most involved in capturing ingested
mercury, leading to impairment of the central
nervous system.

Typical structures of the ferredoxins are
given by Holm the first being typical of plants.
Spinach appears to be the major plant source
for ferredoxin and is the only one listed by
Lehninger. Plant ferredoxins contain three
sulfur atoms for each iron atom and thus could
capture three mercury atoms for each Fe present
or 601.8g Hg per 55.8¢g Fe, a ratio of more
than 10 to 1.

The question now faces us whether it ic

plausible for a sulfur compound to recapture

Baeterial ferredoxin

mercury already bound to sulfur in our protein
system. The evidence here is clear and posi-
tive.

1) Given the solubility products of the
sulfides of iron, lead, mercury and arsenic—FeS
107", PbS 107*", HgS (cinnabar) 107%%, As,S,
even less soluble than HgS"—ferredoxins would
readily exchange iron atoms for for lead, mer-
cury and arsenic.

2) Since cysteine residues are part of the
ferredoxin structure, ferredoxins should be at
no disadvantage when competing with proteins
in the body for heavy metals. They are them-
selves complex protein structures with a mo-
lecular weight (in spinach) of 11, 600,

3) In the search for an antidote for the
war-gas arsenical Lewisite CI—CH=CH—AsCl,,
in the Chemical

Gilman and his coworkers

Warfare Service at the Edgwood Arsenal,
Maryland carried out extensive studies on the
mode of action of heavy metal poisoning and
examined a number of antidotes.'® Concurring
with earlier findings they conclude that “heavy
metals are toxic to biological systems because
of their reversible mercaptide formation with
SH groups of the protein moiety of cellular
enzymes.” The important word here is “revers-
ible”, for it suggests that competing groups
might be found that can remove heavy metal
atoms from their enzyme sites. The authors
report that the antidote BAL (British Anti-
Lewisite, 2,3-dimercapto-1-propanol HSCH,CH
(SH)CH.OH, also

known as dithioglyeerol)
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reacts with Lewisite forming a stable mercap-
tide and that BAL reverses in witro inhibition
of pyruvic acid oxidase by arsenic and of other
By then BAL therapy
for arsenic and mercury poisoning had been

enzymes by mercury.

shown to be effective in animal and human

subjects.

BAL forms a 1:1 complex with mercury
(?Hg"(;H-CHz()H insoluble in dilute acid or
Snss
N

Hg

base and a soluble 2:1 complex (at pH 7.5)
HOCH,CH(SH)CH,SHgSCH.CH(SH)CH.OH

which, contrary to the 1:1 complex, was so
stable that no HgS was precipitated on addition
Thus because of the

solubility of the 2:1 complex, mercury can not

of sodium sulfide Na,S',

only be removed from its enzyme linking but
Both BAL and its glu-
coside have been widely used clinically as anti-

can then be excreted.

dotes for heavy metal poisoning.'”

Gilman has demonstrated that BAL was
effective in the case of mercury poisoning in
dogs even two hours after intake of the poison.

The question now arises whether there is
sufficient ferredoxin in spinach to serve as an
alchemical—or contemporary—antidote. Using
an iron content of 3 mg per 100 g fresh spinach'®
and a weight ratio of mercury to iron of 10
to 1 (see above), about 30 mg mercury could
be removed. Fortunately, cinnabar HgS, which
became one of the most popular of elixirs is an
extremely insoluble compound. Goldwater, dis-
cussing mercury toxicology, dismisses cinnabar
as relatively non-toxic because of its low solu-
bility although he does point out the danger of
cinnabar’s use in tattooing.'’

The alchemists, of course, not only ingested
mercuric sulfide but prepared it and no doubt
inhaled mercury vapor.
tion that

Meng Shen’s sugges-

“men who dose themselves with

BB R IS
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cinnabar stone do very well to eat [spinach]”
is, we suggest, reporting that the regular eat-
ing of spinach effectively helped to prevent
mercury’s causing damage in the experimenter’s
system. In this way both oxalate and ferre-
The
damage that could be done by mercury is con-

doxin in spinach could do their work.

siderable causing the “hatters’ shakes” (experi-
enced by hat makers using mercury compounds
in the felting of hats)*, severe damage to the
central nervous system and finally death.

The eating of sulfur compounds while ex-
posed to mercury has a curious parallel in the
finding that tuna, seals and dolphin ingesting
excess mercury absorb more of the sulfur analog
selenium from the ocean also.*® Such mercury-
contaminated tuna has been found to be less
poisonous when fed to quail than diets of the
same mercury content in the absence of sele-
nium. Ocean life seems to be ahead of us in
coping with environmental poisons.

As a footnote, it may be of interest that
mercaptides, the alkyl hydrogen sulfides RSH,
derive their name from the observation of Zeise
in the 1830’s of mercury’s strong affinity for
The word

means mercury-capturing from the Latin corpus

these organic sulfur compounds.

mercurium captans.”*
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World War I and the Measures for the Promotion
of Industrial Technologies in Japan

Chikayoshi KAMATANI (Toyo University)

Nations participating in World War [, established
national mobilization structure in them, without except-
ing establishment in science and technology, which
resulted in progress in the institutionalization of science
and technology in these nations. Japan, entering the
War on the side of Allied Powers, followed the West in
making wartime policy, and enacted a series of laws:
the Munitions Industry Mobilization Law (Gunjukogyo-
doin-ho), the Dyestuffs and Pharmaceuticals Industry
Promotion Law (Senryo-iyakuhin-seizo-shorei-ho), the
Iron Industry Promotion Law (Seitetsugyo-shorei-ho) and
the Military Motorcars Subsidizing Law (Gunyo-jidosha-
hojo-ho). It was therewith intended to promote muni-
tional mobilization and to cope with economic competi-
tion expected to come after the War.

With these wartime legislations, complusive procure-
ments of war supplies were strengthened and private
factories were mobilized for the production of war
supplies in Japan. In order to make up for domestic
deficiencies of dyestuffs, pharmaceuticals, steel and motor-
cars as the import of which from abroad having been
stopped, the government subsidies were granted to ex-
pand the production thereof and promote technological
developments related thereto,

Especially as to dystuffs, the Government established
national policy concerns, guaranteed their profits and
actively promoted technological developments there under
the said laws. The Government’s Temporary Nitrogen

Research Laboratory (Rinji-chisso-kenkyujo) was also
organized in order to develop technologies related to
synthesis of ammonia and industrialization thereof,

These measures taken in Japan for upbringing chemical
industry were in common with other countries in the
Allied Powers. The industrial promotion based on
technological development under the direction of the
nation, was itself, it can be said, an epoch making event
in the history of measures for technological promotion
in Japan.

World War I led to establishments of a number of
new national institutes and laboratories, along with the
expansion of existing ones. Deserving special mention
is the Institute of Physical and Chemical Research
(Rikagaku-kenkyujo) then established with the invest-
ment by the Government in response to a proposal of
the industrial and academic worlds in Japan. The Ins-
titute, larger than any existing national ones in scale,
was based on contemplation of supporting development
of industries through researches extending to the bhasic
fields.

In the field of chemical industry on which the Govern-
ment had especially concentrated its effort, besides the
National Laboratory for Industry, Tokyo (Tokyo-kogyo-
shikenjo) and a similar one in Osaka, several national
laboratories related to traditional industries such as those
for ceramics and textiles were installed, together with
the Government’s Temporary Nitrogen Research Labora-
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tory mentioned above for syntheses of ammonia and
nitric acid which had become valued as the War pro-
ceeded, and the National Fuel Research Institute
(Nenryo-kenkyujo) for resolving problems related to
fuels.

The Ministry of Education and the Ministry of
Agriculture and Commerce, also began to deliver promo-
tional subsidies for financially encouraging activities of
research workers and engineers. Thus, with the outbreak
of World War I, Japanese scientific and technological
research activities which had been found behind the
Western advanced nations, were systematically promoted
in Japan, through activities of national research institutes
and governmental subsidies.

The response of Japan to the War made its appearance
most distinctively in the enactment of the Munitional
Industry Mobilization Law (Gunjukogyo-doin-ho). The
Law, however, was enacted only in April, 1918, when
the War was almost being over, and never invoked
during the War, as the main front of the war being in
Europe far from Japan.

The Munitional Industry Mobilization Law intended
not only to mobilize private factories for the production
of war supplies, but to foster munitional industries and
related heavy and chemical industries in which Japan
was behind other advanced countries in the West. With
regard to munitional industries, for instance, it was
planned that immature fields such as those of machine
tools, aircralt, optical glass and aluminium, were to be
given priority over others, and fostered through subsidies
thereto.

This plan, however, being indispensable enormous
expenditures if to be realized, was found to be difficult
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to be carried out, all the more so for the economic
depression after the War.  Accordingly, subsidies were
to be granted, instead, for researches in, and develop-
ment of, technologies related to munitional industries.

The Munitional Industry Promotion Subsidies (Gunju-
kogyo-shoreikin) were to be granted for those who were
recommended by the Government. This means that
technological researches in Japan began to be unmistak-
ably controlled along national purposes. The research
items recommended by the Government being positively
taken up by national laboratories and institutes including
the Institute of Physical and Chemical Research, and
laboratories affiliated with universities and colleges, the
said national control exerted through the Munitional
Industry Promotion Subsidies was highly effective.

All these measures were carried out by the hand of
the Munitional Bureau (Gunju-kyoku) newly establlshed
in the Cabinet with the enactment of the Munitional
Industry Mobilization Law. But, in a growing demand
for peace and disarmament, from inside and outside the
country, the Munitional Bureau, after making some
efforts to retain it through the changing of its name,
was finally abolished as the disarmament policy was
coming into effect.

Research and development under national controls,
however, was pushed forward through other means, and
this trend was given countenance not only by the
National Diet, but by the majority of research workers,
because they judged it to be rather a favorable factor in
effective pursuit of scientific and technological activities,
in view of the then stalking economic depression and
the consequential cutdown of national expenses for
research and development.
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