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Environmental impacts of the Hitachi and Besshi mines |
in the early modern and modern eras: how were science
and technology applied to environmental protection?
Takuya Takahashi

School of Environmental Science, The University of Shiga Prefecture, Professor
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This study examines the environmental impacts of the Besshi Copper Mine and the Hitachi Mine
during the early modern and modern periods in Japan by simulating sulfur dioxide pollution from
smelting activities. Using spatial and quantitative analysis, it explores the relationship between copper
production and compensation payments. The results show that expanding production would have
increased profits even after accounting for compensation, although actual production was constrained
by social and political pressures. Furthermore, a probabilistic model suggests that adopting foreign
technologies for pollution control was more cost-effective than developing such technologies in-house.
These findings highlight the roles of social constraints and economic incentives in environmental
management.

1. AERAE
1.1 B®

1.2 A&
1.2.1 AT OEET

AFEIE. HERDERILZ R T 25Tl e
HAZSRL 2 051z, BB S RRUE% (BEF)
2al—arTHHEITZIBDTHE, I
WX D, DR IEEORRZ ZZHN - EEN
RS %, & 51U, FEERG LA OBIFTRHFEDS.
BEHEOBEBREIED LS REEZRIZLIZD
PEIHL2ITT 5,

BREE - BIREEE T, Bl EMEHo b &
TRZEDTERIZ L DRI E S 05T 202D
WT, HERMALERINTE L, Lr L, 5
BRI REEPHEEICE T 258l 7 — 2 DR 2
DB, RFEITHIR FEEEICREE U2 SER o
TWb, HARDOFZEIZH: S NFIFEHEL - BRE
BORHETHmL SN TED, I - E'BNA
DI TR,



BHESH SR 55558
2024 (55 56 [B) Bk

1.2.2 ¥ZTal—avIl&3EE0BRCEE
85 & DEBIRDAERA

T3, AFEBOREEESULT B, RIT, PE
ERARAS SISEAT 23687 L 7= ADMER % FwCHll
WEEA ZA DI E S T 2L —Ya vy L, ZOME
CHEBROBEET -2 rEREDE S, X HIT,
THAH D BSERICEE T 2 2B R L. Ik
il e UTillAAte, MBS X O EEF
SATIC & D, AR BEEEOBGREERIICH
AES 5,

1.2.3 EHFOERETIL

B e feRMNCRAE T 2HR e LTIEZ, &
ERf I OB ¢ #isE 7 LT 5, BERINC
. BTSSRI % % TORSBED & FAE
REHET %, BT TIHMER L OEHESED & Hiffi
B FETIT 17~28 -, HILTIEIREZEEZD 5 37
~S58ERXELTEY., sz L IICHERM
DEMTEFRREMREHET Lz X512, HIEBR
L HFAMSIRE A DO XUTIZOWT, B Sz ERf#
WAL, BEHEoAEEZ MG 5,

1.3 #ER

1.3.1 EEBEZHECOBR
YIal—YariZkb, Wik s Eh
2 WG A2 & 2 RRIBRDO T2 HH L 72
(M1, K2),

& *
’,.' L 'V
- (
ﬂ\ § i A
- ? - e
% i w kajima
S sy P
A AN ST
S f | e i § A
SO ) ‘Niithama 47 nd
I e — ST

e
; Kyu-Besshi.. .-
Besshi_Shisakajima (ppm) e et S

| 0-0.004 i £

- [10004-004 0 /510", 20km - w P
4 [l 004-02 | |

’ ® WL

® BesshiSmeltingLocations e

1 RIFRLD S DRTER (ERSHEFH S DHF
7z 187%E)

AX - HEBFE 1 1FBI

Hitachi_high_smokestack (ppm)
[ 0-0004

["10.004 - 0.04

[ 0.04-0.2

b

] L Uy

N el % |
\ = ¥ /
$ N\ oAy
‘ i oo
g $
3 i

¢ /

\

Aol
(e

si5ly,
o8 Fiitachi

X2 BIfilh5SDARTER (KMEFEREFTH S DH
7z 287E)

HEHAEARDSHTAT L ~OLTHIBA L 72 Bl FIig oW,
REABHRL )L, DA 23R e U, B5E
R WAAE R Y T 2 EMRINT R FMEL 72, HE
YRR S 2 D—E DBIEL ETHiERET S
bDOrEZ, —EDBED LN THREAS ZAAND
RICH R 2T VEME LT, HELET L
Z 20 MidwsHO A ER ZRITE: LT FlF. H
SENHICEA L, WEEEEHE L (K30 4),

AR B R E NI CHMEEB X OO
AL 2FREEARBE LI 25, IJIFEER
LT, BEEEEZZ LTIV ETHFIZEHEKR
THZEeBnhol,

7B, BTN BT NE Lok E
NOHBFTOBERH, HI LBV TIdE

S
|

e
4l B o SFET

Simulated compensation levels (JPY/km2) o i
00- 00 I H ‘

50 - 500 ] =

500 - 1000 = :__L | 1 A

1000 - 3000 = e

K3 BIFICOWTEFILICEDHEE L -BEEEDODH



BRGNS mREE 58558
2024 £ (55 56 []) Bk

Simulated compensation levels (JPY/km2)

[ 100-00
[150-500
[T 500 - 1000
[ 1000 - 3000

0 10 20 km
L— |

X4 HBHILICDWTETFTILICEDH#EE LI-EBESEODT

155.7 m OREZROFHR I RNEN IR e UTHE
ERHDINTWVE, dLZNEDXRHISES
N0 7 G EOIEHICOVWT ALz 2
A, AIFTIEN 2.7 5, HIZTE 3.7 5084
RolThH D ePHEEI NI,

1.3.2 iTEHFOHEEMY

MSALNC BV 2 HRREE A A HEH O KIEHIERE.
MWAMET DA & o TEB SN, BT T8
EEEH»S 17~28 ., HILTIIRMEEERD S
37~58 LW\ D Kl F COIEED D 5 720
AL TIE. ZOFRFERE b L I D F
EREREHEE L. BHETAVOEIRIC L > TS
N2 FREOMARFEE B Uz, Z ORGSR, HIFFIX
WICED S RAE OB S, S, BHERTIIRE
[ENAREET D 2 —77. I EAEE AT A B 72
BIRTH B Z eIz,

1.4 ER

HAEBEEETSZYI 2l —a yORER, i
Il OAEFEILRICH 2 4 > T 4 ZIERVHE
Mo lz, WEEZIA-7- LTS, FREOME
I 6E TG E. REERIIBINTH S, L
L. EBRIAFCRER e oEIc £ - T
HAZCEE EANCEERIR ThOIh 7 Z i, 1t
RE. BUARIENDHERE L TV e Z e R X L
%, — . B OWTIE, 17~58 L2\
LR R W E AR 2 42 & U 7 MR AP O A

AX - HERF 1 FB

R, WIRHEREH 2 LI 2 HEAEARPE A D3R
ST\, Tabb, YRR A EFRICIIA
R - BURKENER S 2 —77 T RN
MBEHU. BT D FEAE AR L &[RRI
Ho EAERHFNGRCE S A Tn v R
%o

1.5 &R L USERDERM

PN A £ S DA /NG S 3 Rl 5 S = 42 )
WCHBT 22T, AEEVERT 5 EH Ll
DIEIE % BARINTR L7z, 861U S & 0 BARGEMES
HAREREDOEWZ, RETEHOARZECEER
ERTH 2, SRIE. BES/INRE EOFAFAL,
S ORI ERNC S R IER L. B
i DHERDINERRICH T U755 % & b afEn
WIEBAL TWw <,

2. R (AREROHERK)

Takahashi, T. and Inoue, K. Spatial and
quantitative analysis of historical
pollution incidents: sulfur dioxide
emissions from copper smelting during
Japan’s modernization era. Jurnal
Pengelolaan Sumberdaya Alam dan
Lingkungan (JPSL) (Journal of Natural
Resources and Environmental
Management) (IPB University), 15 (6),
1051-1059. (2025).

Takahashi, T. and Inoue, K. Spatial and
quantitative analysis of historical
pollution incidents: sulfur dioxide
emissions from copper smelting during
Japan’s modernization era. The 5th
International Conference on Tropical
Silviculture 2025:
Environmental Forensics.
Indonesia, 21 August, 2025.)

Takahashi, T. and Inoue, K. Spatial and

Forestry and

(Bogor,



BHESH SR 55558
2024 (55 56 [B) Bk

AX - HEBE L1 FBIR
quantitative analysis of historical
pollution incidents: sulfur dioxide
emissions from copper smelting during
Japan’s modernization era. BREEEH - BUR
¥ K4x 2025: Business and Environment
(1) (RUEKRYE, 20254E9 H 20 H)

Takahashi, T. and Inoue, K. Reconstructing
managerial decision-making under
industrial pollution: simulation-based
evidence from two historical copper
mines in Japan. The 7th World Congress
of Environmental and Resource
Economists (Portugal, Carcavelos, NOVA
School of Business and Economics [NOVA
SBE], 29 June -3 July, 2026)



