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Influence of Air Pollution on the Great Buddha in Kamakura 

In t roduc t ion 

The Tokyo National Research Institute of Cultural Properties 
(TNRICP) has studied the influence of environmental pollutants 
on outdoor cultural property made of metal since 1992. One of 
the objects of study thus selected is the Seated Image of Amida 
Nyorai (National Treasure) of Kotoku-in Temple in Kamakura 
(Fig. 1 and Table 1), which is commonly known as the Great 
Buddha in Kamakura. The reasons for selecting this image are: 
1. this image is made of bronze, a typical copper alloy. 
2. it has stood exposed to the open air for about five hundred 

years in Kamakura City. 
3. Kamakura is about 50 km south of Tokyo, a location vvithin 

easy reach of Tokyo. 
4. therc are also many other objects of cultural value in its sur-

rounding area. 
To study the relationship between the corrosion behavior of out­
door cultural property made of metal and the environmental 
conditions. the Institute has been analyzing the compositions 
and struetures of corrosion produets formed on the surface of 
the Great Buddha since 1992. while at the same time condueting 
exposure tests using imitation materials of the image. making 
meteorological observations and monitoring air pollution in the 
surrounding area. 

Env i ronmen ta l Pol lutants Around the Grea t B u d d h a 

To study the influence of environmental pollutants on the Great 
Buddha in Kamakura. elution tests of contaminated gases, mist. 
acid preeipitation, and exposure test samples were condueted in 
the precinets of this temple. Kotoku-in. Measurement started in 
January 1993. 

1. Sulfur Dioxide (SO : ) and Nitrogcn Dioxide (NO : ) 
Meihod o f Measurement 
S O : / N O : monitors (dia. 5 cm, height 2.5 cm) were exposed in 
places free from rainfall. After 30 days of exposure, the moni­
tors were taken back and washed in ion exchange water. Their 
extract was then analyzed by ion chromatography. 
Result of Measurement 
Their concentrations after the exposure test period were shown 
in ppb. 
Place of Measurement 
Each monitor was exposed in an instrument shelter on the roof-
top of the temple and in the body of the Great Buddha. 

2. Chloride Ion (Cr), Nitric Acid Ion (NO, ). Sulfate Ion 
( S O / ' ) . Natrium Ion (Na ' ) . Ammonia Ion (NH4 ) and Potassium 
l o n ( K ) 
Method of Measurement 
Gauze-type mist collectors (dia. 10 cm. surface area 157 cm2) 
were exposed in places free from rainfall. After 30 days of expo­

sure. the collectors were taken in and washed in ion exchange 
water. Their extract was then analyzed by ion chromatography. 
Result of Measurement 
The respective amounts of chloride ion (CT), nitric acid ion 
( N O i ) , sulfate ion (S0 4

2 ), natrium ion (Na*), ammonia ion 
(NH4"), and potassium ion (K ) collected by the gauzes during 
the 30-day exposure period were shown in mg/157 cm : . 
Place of Measurement 
Each collector was exposed in an instrument shelter on the roof-
top of the temple and in the body of the Great Buddha. 

3. Chloride Ion (CI) , Nitric Acid Ion (NO, ), Sulfate Ion ( S 0 4
2 ) , 

Natrium Ion (Na ). Ammonia Ion (NH4 ' ) , Potassium Ion (K ). 
Magnesium Ion (Mg2*), and Calcium Ion (Ca2 ' ) during raintalls 
Method of Measurement 
The rain collected by a rain collector for periods of 30 days each 
was analyzed by both ion chromatography and an inductively 
coupled plasma atomic emission spectrometer ( ICP-AES Type 
SPS1200A manufactured by Seiko Instruments Inc.). 
Result of Measurement 
The amounts of ions collected for each period of 30 days were 
shown in mg. 
Place of Measurement 
The collector was set up on the rooftop of the temple. 

4. Chloride Ion (CT). Nitric Acid Ion (NO,"), Sulfate Ion (S0 4
2 ). 

Natrium Ion (Na ). Ammonia Ion (NH4 ), and Potassium Ion 
(K ) during one rainfall 

Method of Measurement 
The rain collected during each rainfall of 1 mm was analyzed. 
These ions were measured and analyzed by ion chromatography. 

Table 1. Chronlogical Table 

1 2 5 2 T h e G r e a l B u d d h a c o m p l e l e d a n d t h i s h a l l ( ( i r e a i B u d d h a H a l l ) 
c o n s t r u e t e d 

1 3 3 5 Cirea l B u d d h a H a l l d e s t r o y e d b y a t y p h o o n 

1 3 6 9 G r e a t B u d d h a H a l l d e s t r o y e d a g a i n b y a t y p h o n 

1 4 9 5 G r e a t B u d d h a H a l l w a s h e d a w a y b y a t s u n a m i ( l i d a l \ s a v e ) a n d 

n o t r e c o n s t r u e t e d s i n c e t h e n . leaving t h e G r e a t B u d d h a o u t d o o r s 

1 9 2 3 T h e b a s e o f t h e G r e a t B u d d h a d e s t r o y e d b y t h e K a n l o G r e a l 

K a r t h q u a k e . a n d t h e i m a g e t i l t e d a l i t t l e t o t h e f r o n ! 

1 9 2 6 T h e b a s e o f t h e G r e a t B u d d h a r e i n f o r e e d a n d its a s a i m a t i e 
s t r u e t u r e r e p a i r e d 

1 9 6 0 L a r g e - s c a l e r e s l o r a l i o n e a r r i e d o u t : 

1) T h e n e e k f i x e d w i t h r e i n f o r e e d p l a s l i c 

2 ) T h e b a s e r e p l a e e d b y a s t a i n l e s s s l e e l b o a r d 

1 9 2 2 T N R I P ' s p r e p a r a t o r y s t u d y s t a r t e d 

1 9 9 5 T N R I P ' s m a i n s t u d y s t a r t e d 
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Result ofMeasurement 
The amounts of ions collected during one rainfall were shown 
in ppm. 
Place ofMeasurement 
The collector was set up on the rooftop of the temple. 

5. Elution Test of a Bronze Plate 
A bronze plate ( 4 x 3 cm, Cu 85%. Pb 5%, Zn 5%, Sn 5%) was 
subjected to exposure, and theo its elution test was conducted. 
Methocl ofMeasurement 
The bronze plate was attached onto the south 45° slant of the 
tunnel in the collector. The rain that flowed down on the bronze 
plate was collected for periods of 30 days each. The rain was 
then analyzed by an ICP-AES (Type SPS1200A manufactured 
by Seiko Instruments Inc.) to measure the changes in weight of 
Cu2*, Pb21, Sn2*, and Zn2 ' . 
Result ofMeasurement 
The changes in weight were shown in mg. The amounts of ions 
collected during the period of exposure were also shown in mg. 
Plai <e ofMeasurement 
The rain collector was set up on the rooftop of the temple. 

6. Elution Test of Marble 
Method ofMeasurement 
Pieces of marble (2.0 x 2.0 x 0.5 mm) were ultrasonic-cleaned 
and then subjected to exposure both outdoors (on the south 45° 
slant of the exposure stand) and indoors (hung in an Instrument 
shelter). 

After four months of exposure. they were taken back and ul­
trasonic-cleaned in 20 ml of pure water. The extracted water was 
analyzed by ion chromatography to measure the changes in 
weight of Cr , N 0 3 \ SO.,2, Na*, N R , ' , and K* before and after 
exposure. Mg2 ' and Ca2* were analyzed with an IEC-AES. 
Result ofMeasurement 
The changes in weight of these ions were shown in mg. Their 
amounts were shown in ppm. 

7. Results and Discussion 
- The concentrations of N 0 2 and SO : (quantitatively deter-

mined as S O / ' ) in the atmosphere as observed in the simple 
monitors were found to undergo seasonal changes. The con-
centration of NO_- has a tendency to become lower in summer. 

- The concentrations of NO," and SO.,2" in mist were both re-
markably high in summer. To put it ditTercntly, the concentra-
lion of contamination in mist tends to be higher in rainy 
months. w hile the concentrations of NO," and SO.,2" in mist 
tend to be lower in months of little rain. NO; and S 0 2 were 
found to be just contrary to the two above in their tendency 
(Fig. 2). 

- The anions and cations collected during rainfalls in each 
month were compared with each other. The result shows a re-
markable regional feature, namely that the amount of CT and 
correspondingly that of Na ' are both greater in Kamakura 
than at the three other points outside Kamakura (Fig. 3). 

- In Ueno. Tokyo, where TNRIC'P is located, rain in the initial 
stage of a rainfall is usually divided into two groups in pH val-
ue: one around 4 and the other around 7 on the pH scale. In 
contrast. it centered in the ränge of 4.0-5.5 in Kamakura (Ko-
toku-in Temple). On the whole. the EC value of rain in the in­
itial stage of a rainfall was higher in Ueno. It has also been 
found that the EC value of the next rain has a tendency to be­
come higher when rainless days continued for a long time. 

NO," is considered to play a role as a factor of decreasing pH 

(Fig. 4). 
- The elution amount of copper was found to be correlated 

with the amount of anions. The high amount of CI" shown in 
Figure 3 is due to the geographica! feature of Kamakura which 
is located in a seaside district. It does not seem to be related to 
the elution of copper. The bronze plate is composed as de-
scribed earlier, and Cu was in fact eluted in the greatest 
amount. The elements of the bronze plate were compared with 
each other by taking their composition ratios into aecount 
(taking the actual elution amount of Cu to be 1/17). As a re­
sult, it was found that Pb elution was most remarkable in the 
initial stage of exposure and that the elution amount of each 
element was in the order of Pb > Zn > Cu. After some months 
of exposure, Pb sharply decreased in elution amount to the 
extent that Zn got ahead of Pb in this respect. Sn was scarcely 
detected in the period of exposure from the initial stage 
(Fig. 5). 

- All marble fragments decreased in weight, although there 
were differences depending on the location and the time of ex­
posure. Marble (CaCOj) is weak against acid. It is, therefore. 
considered to have been eluted by oxidized rain and also to 
have been affected by dry deposition. In fact, as the amount 
of anions in rain or mist increased, the result was a greater 
decrease in weight. This suggests that the decrease in weight 
of the marble was greatly affected not only by the elution ef-
fect of acid but also by water-soluble produets generated 
by N O , and SO.,2" which stuck to the surface of the marble 
(NO," and SO.,2" are main substances that caused air pollution). 
The comparison between the decrease in weight of the marble 
f ragments that were subjected to outdoor exposure and the 
amount of SO,2" that was extracted from the marble fragments 
exposed indoors in the same period revealed that as the 
amount of SO.,2' increased. the decrease in weight of the mar­
ble fragments was greater. It can. therefore, be considered 
that the amount of SO.,2' as a pollutant greatly affects marble 
(Fig. 6), 

W i n d A r o u n d the G r e a t B u d d h a - W i n d Direct ion 
and W i n d Speed 

Meteorological observations have been conducted in the sur-
rounding area of the Great Buddha to look into its atmospheric 
corrosion. 
The data include: 
a) general weather condition in Kamakura City. 
b) characteristics of the wind directions in and around Kama­

kura, 
c) streams of wind around the Great Buddha. 
Data available from the AMeDAS (Automatcd Meteorological 
Data Acquisition System) is used in addition to the results of our 
own observations. Item c) above was surveyed mainly by wind 
tunnel tests. 

1. Characteristics of the Wind Directions in and around Kama­
kura 

The Irequencics of occurrence of the wind directions in and 
around Kamakura as shown in Table 2 were analyzed to exam-
ine the characteristics of the wind directions in Kamakura. The 
data analyzed here was obtained at the following six Observation 
points. 
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Fig. I. The Grcat Buddha in Kamakura 
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The frequencics of occurrence of wind directions refer to the 
vvay the wind blows at what rate in a certain district. For exam-
ple. at the Observation point in Yokohama, about 25% of the an-
nual total winds are from the north. This rcsult further reveals 
that the east sidc and the west side divided at the Miura Peninsu-
la are slightly different in the characteristics of the wind direc­
tions and that the wind blows parallel to the north-south axis at 
a higher rate on the west side (Kamaknra side). In the ncighbor-
hood of the Great Buddha (Observation point 2), the wind blows 
parallel to the NNE-SSW axis at a higher rate due to the geo­
graphica! features of the area. 

Figure 7 shows the frequencies of occurrence of the wind di­
rections during a rainfall of I mm or more or white blowing at a 
w ind speed of 8 m/s or more at each of the three Observation 
points (Yokohama, thc Great Buddha I and 2). As shown in the 
figure, the north wind blows at a higher rate during such nun-
falls, and the wind, when blowing hard, mosl frequently COflies 
from the south. 

Table 2. Observation Points 

Oh*cr\alnin Point Yokohjm. Ebnu r\u|id«i Miura 
( i rc i l 

Buddha 1 
O r a l 

B i d d a : 

Almude (ml 39 18 5 4 2 42 I i 

Hcighl 
HfiMimi lc \cl Iml I M 6.5 9.5 10 10 15 
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From these results il can be inferred that pollulants can easily 
be carried to the Great Buddha from ihe Tokyo-Yokohama in-
dustrial area by the north wind, white sea salt particles can also 
easily be carried from the sea by the strong south wind. This is 
considered to have affected the formation of corrosion products 
OB the north and south sides of the Great Buddha. 

2. Streams of Wind Around the Great Buddha 
The streams of wind around the Grcal Buddha were investigat-
ed by two kinds of tunnel tests: visibility lest using smoke and 
wind pressure measurement lest. The tests were conducted by 
using a model prepared on a scale of 1:100. The follovving is a 
brief summary of what has been found out from these tests. 

The NNW. N, and NNE winds are almost the same in ( te i l 
streams. Figure 8 shows the wind pressure distributions of the N 
and S winds. The wind pressure distribution here refers to the 
distribution of varying degrees of pressure acting on the surface 
of the Great Buddha. The positive value reprcsents the pressure 
acting from the exterior to the interior. and the negative value the 
reverse. This means that. if there are openings or erevices on the 
surface. the wind blows in from the exterior at those spots where 
positive values are shown. This tendency becomes more promi­
nent as the value increases. As shown in Figure 8 a, in the case 
of the N wind, the wind pressure value is positive on almost the 
entire area of the Great Buddha -s back side, the side facing to 
windward, white the value is negative almost the entire area of 
the front. The same tendency is also seen in the S wind - the pos­
itive value on the front (windward side) and the negative value 
on the back side (leeward side). Compared with the N wind, the 
S wind is greatcr in wind pressure value, on the whole owing to 
the geographica! conditions. as there are mountains on the wind­
ward side of the N wind. Consequently. those mountains serve 
as an obstacle to the llowing of the N wind. The S wind, on the 
other band, has no such obstacle and can freely flow in. 

What has been stated above. coupled with the result of our vis­
ibility tests using smoke. shows that. compared with the S wind, 
the N wind gently blows against the rear (vvindward side) of the 
Great Buddha and flows away leeward. There is also a tendency 
that its (low decreases in speed and becomes stagnant around the 
portion below about one fourth of the height of the image. The 
S wind, on the other. strongly blows against the front (windward 
side) of the Great Buddha and wraps round the image. llowing 
hard around its sides. 

Fig. 5. The result of elution lest of a bronze plate (this figure shows an-
ion contained in the rainwaterand the amount of bronze which began to 
melt from bronze plate) 

U e c | / n 3 c K i s ) 

1 6 0 1994 . 6 -

, — , „ , - E = 3 » ; 

<•«> <«ra> ' 

— i - C * 
( K M ) w 

• • - fb*" -•>-*»'• 
(aal M 

-«-!»• W 

120 

5 ? 

0. 2 

0 . I 

0 . 0 

(ppm) 
(mg) 

40 

20 

10 

1 14 

• 12 

10 

8 

1=1 e r 

••NO," 

6 

4 
-SO.2" 

2 d e c r e a s e 

' 9 4 . 6 ~ 9 " 9 4 . 1 0 ~ ' 9 5 . 2 ~ 5 ' 9 5 . 6 ~ 9 
9 5 . 1 

a) The decrease in weight of Marble, 
and the amount of anion which stuck to marble 

(mg) 
14 

12 

\ 10 

1 

(mg) 

= CI" 

cr.N0," 

— s o . J -

d e c r e a s e 

' 9 4 . 6 ~ 9 ' 9 4 . 1 0 ~ 9 5 . 2 ~ 5 ' 9 5 . 6 ~ 9 
' 9 5 . 1 

b) The decrease in weight of Marble. 
and the amount of anion in the mist 

Fig. 6. The result of elution lest of marble 

Fig. 7. The appearanee IVequency of the direetion of Ihe wind seen at the 
time when it rained and Ihe strong wind 
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Fig. 9. The poinls where corrosion produet samples were coÜected 
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Analysis of Ihe Corros ion Produc t s 

1. Collcction of Corrosion Product Samples 
Corrosion product samples werc collccted from 59 spots on thc 
surface o f t h e Great Buddha with small knives. tweezers. bam-
boo spatulas. etc. Thosc spots are shown in Figure 9. Thcy werc 
selected in vicw of the surface color tone as a rough criterion, 
The area of one spot was limited to about 3 mm x 3 mm. and the 
total quantity to be collccted from onc spot was also limited to 
tens of milligrams. Of all the samples collected 59 were used for 
measurement. 

2. Conditions of Measurement 
In vlcVi of the restrictions on thc quantity of samples, we cm-
ployed a lot of ways to devise an appropriate and effective way 
of introducing the samples into the instrumenta and to improve 
the quality of measurement (this can be compared to the im-
piovcment of a signal-to-noise ratio in electrocommunications). 
The procedure of analysis of the samples is shown in Figure 10. 

Fig. 10. The process of the analysis of corrosion product 

First, the samples were analyzed by fluorcscent X-ray spectros-
copy (XRF). and the component Clements of the corrosion pro-
duets werc identified. Their chemieal composition was also de-
termined semiquantitatively. They werc then collected from thc 
XRF sample holder and examined by X-ray diffraction (XRD). 
The conditions of measurement by XRF and XRD are shown in 
fable 3 respeclively. 

In XRF. Iluorescent X-rays werc absorbcd by thc \l>hir film 
used to fix thc samples. As a result. oxygen and other lighl Cle­
ments COUld not be measured. Silicon could not be measuredei -
ther. because it is used as one of the materials of thc sample 
holder. 

In the measurement by XRD. those samples composed of 
large-sized particles were crushed up in an agate mortar to in-

crease the number of particles small enough to facilitate X-ray 
diffraction. all for thc best result in measurement. Moreover, 
those samples available only in minutc quantity were fixed by 
using a 2 % Solution of collodion amyl acetate. and a non-reflec-
tive quartz plate was used instead of the instrument sample hold­
er to prevent an increasc of backgrounds caused by that holder. 
In addition. for the samples available only in exceedingly min­
utc quantity. their measurement results were integrated about 10 
times to guarantee accuraey. 

3. Method of Analysis of thc Corrosion Products 
To determine the component elements of the corrosion produets 
quantitatively by XRF, the detected intensity of each Clement 
was converted into a eoncentration by using a fundamental Pa­
rameter (FP method). Conscquently. the obtained concentrations 
are not accurate but semi-quantitative values. They, however, 
well suffice to makc a rough estimate of the distribution of eon­
centration of each demen t . 

In XRD. Compounds were identified respectively by searehing 
the Standard data for a substance that has the same X-ray diffrac-
tion pattern as each one obtained in the measurement of thc sam­
ples. The Standard data used was thc Joint Commit tee on Pow-
der Diffraction (JCPD) database. Thc data were retrieved by fit-
ting thc obtained measurement result to the database by Comput­
er. To facilitate the fitting by Computer, the thinkable Compound 
data were extracted in advanee from the database by referring to 
(he chemieal composition of thc samples analyzed by XRF. 

4. Analysis of thc Chemical Composition of the Great Ruddhn 's 
Body and Its Metallic Structui t 
The chemieal composition of each alloy of the Great Buddha 
was de tennined by quantitatively analyzing, with an electron 

Thc conditions of XRF and XRD 

Table 3. The conditions of XRF 

A p p a r a t u s Rigaku-denki co. 3270E 
E l e m e n t s F - U (Except Si) 
X ray Energy 50kV/50mA 
S a m p l e holder Sample w e r e set on the high pure Silicon 

wafer with mylar film. 
Quantitative 
ana lysys 

Fandamen ta l Pa rame te r 

fhe conditions of XRD 

Appara tus Rigaku-denki co. Rotaflex RAD-rVB 
X ray Energy 45k V/ 150mA 
Slit Divergence : 1 * S c a t t e r : 1 * 

Recieving : 0 .3mm 
S a m p l e holder Powdered s a m p l e s were se t on the non-

refractive quar tz holder with 2 % collodion 
amyle a c e t a t e Solution. 

fable 4. Thc qualitative analysis by EPMA 

No. Sn Pb Fe AI Zn As Si Aq Cu 
1 8.64 17.5 0.10 <0.01 <0.01 0.28 <0.05 0.09 bat. 
2 12.9 16.4 0.01 <0.01 <0.01 0.52 <0.05 0.16 bat. 
3 9.03 11.4 0.10 <0.01 <0.01 0.31 <0.05 0.05 bal. 
4 7.36 11.6 0.12 <0.01 0.29-3.50* 0.04-0.26* <0.05 0.05 bat. 

'Thrs mark s h o w s tha t t h e r e is a d i f f e r e n c e 
in numerical value b y t h e point tha t it w a s m e a s u r e d . 

Taking samples 

XRF measurement 
• Identification ofthe Clements 

compose the corrosion produets. 

* Semi-quantitative analysis ofthe 
chemieal composition of the 
corrosion produets. 

Smashing samples 

+ 

XRD measurement 

i * Identification of ihe corrosion 
produets 

Analysis 
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Table 5-1. Resulls of XRF mcasurcmcni (I) <wt%) 

Thcpo M where common pnatacl n (lii | ra coUected (Fif 9) 
Eltmem Eltmem 

1 2 3 4 5 6 7 8 9 10 11 13 14 

AI 0 . 3 0 . 2 1 . 0 0 . 7 0 . 3 0 . 3 0 . 6 0 . 6 0 . 7 4 .1 

P 1 .4 0 . 9 3 . 3 0 . 6 1 .5 1.1 0 . 9 0 . 7 0 . 6 0 . 8 1 . 3 2 . 5 

S 0 . 2 0 . 7 1 .3 0 . 6 2 . 9 1 . 3 2 . 2 2 . 9 5 . 8 6 . 7 2 . 8 0 . 6 

Cl 1 . 8 S . l 6 . 2 10 .6 3 . 1 9 . 9 2 . 0 6 . 3 4 . 0 2 . 0 

K 1 . 9 

Ca 0 . 2 1 .6 1 . 6 0 . 5 10.9 1 . 7 0 . 9 1 . 4 2 . 5 0 . 6 3 . 3 12.0 

M n 0 . 5 

Fe 2 . 9 0 . 8 3 . 0 2 . 4 1 . 9 3 . 9 1 .1 0 . 6 1 . 3 1 . 6 1 .7 6 . 5 17.5 

N i 3 . 3 
Cu 18 .6 7 6 . 8 42 .7 18.3 5 9 . 9 2 1 . 9 41.6 51 .4 6 9 . 3 65 .6 60 .6 23 .4 7 .3 
Zn 0 . 1 8 . 8 0 . 2 

A s 1.1 
Sn 2 4 . 9 0 . 5 1 .1 16.3 10.3 1 . 8 1 . 7 12.0 3 . 4 

Au 7 . 8 

A K 1.0 

Pb 48 .7 2 . 7 29 .8 66 .S 2 2 . 0 44 .1 38 .8 23 .5 17.6 23 .0 25.6 4 8 . 2 48.5 

ElemeM 
The point »here common prodoct n o c fcswen collected (Fif 9) 

ElemeM 
15 16 17 18 19 20 22 23 24 25 26 27 28 

AI 0 . 3 0 . 3 0 . 4 1 .5 1 1 1 .7 0 . 8 1 .0 0 1 . 2 

P 0 . 2 0 . 5 0 . 2 2 .1 2 . 0 2 . 2 0 . 4 0 . 7 0 . 1 

S 1 . 6 1 . 6 0 . 3 1 .0 1 .4 1 .0 1 .9 2 . 6 1 . 3 1.2 0 . 4 0 . 5 

Cl 12.1 12 .1 16.3 26 .6 12.9 6 . 2 7 . 5 6 . 9 l . S 

K 0 . 5 

Ca 0 . 4 0 . 5 1 .1 3 . 7 3 . 4 1 .0 1.1 1 .4 2 . 9 2 .1 10.0 1 .9 

Mn 

Fe 0 . 7 1 . 3 1 . 0 2 . 1 1 . 1 2 . 2 2 . 5 0 . 6 l . S 3 . 5 0 . 7 

M 
Cu 6 1 . 4 5 1 . 2 77 .4 57 .7 5 4 . 0 55 .7 27 .4 8 3 . 1 6 3 . 4 1 . 4 6 4 . 3 12.6 

Zn 

A I 
S n 1 . 9 3 . 1 3 . 9 1 . 0 0 . 9 

Au 

A n 
Pb . 4 . 5 2 9 . 5 9 . 9 3 7 . 3 20 .5 58.0 5 . 5 2 2 . 5 95 .8 9 5 . 2 17 .5 84 3 

Table 5-2. Resulls of XRF mcasurcmcni (2)(wt%) 

The poim »here corro*ion pnxlucl nmplcs wci ecollccledlFi|1) 

Elen«« 
29 30 31 32 33 34 35 36 37 38 39 40 41 

AI 1.1 1 .1 0 . 5 0 . 5 0 . 3 0 . 2 5 . 8 2 . 2 0 .1 2 . 6 1 .0 4 . 6 

P 0 . 2 2 . 5 4 . 9 2 . 2 1 . 5 1 .0 0 . 7 0 . 5 2 . 1 0 . 2 1 . 7 0 . 7 0 . 5 

S 2 . 5 0 . 7 0 . 4 0 . 2 0 . 2 3 . 1 0 . 7 0 . 2 2 6 0 . 7 2 . S 0 . 7 

Cl 4 . 3 2 . 4 1 . 4 4 . 0 0 . 9 0 . 9 3 . 2 3 . 0 2 . 6 0 . 7 

K 0 . 2 3 . 2 1 . 4 0 . 6 2 . 3 

Ca 6 . 1 4 . 5 5 . 7 0 . 8 3 . 3 3 . 8 6 . 1 3 . 1 1 . 3 6 .1 

Mn 0 . 4 0 . 3 

Fe 2 . 6 4 . 8 1 .9 2 . 2 1 .1 0 . 7 20 .7 9 . 9 0 . 6 8 . 9 S . 2 17 8 

Ni 

Cu 72 .9 13.5 30 .9 10.2 8 . 3 18.9 50.0 3 2 . 2 23 .1 4 3 . 3 2 6 . 0 56 .1 40.1 

Zn 0 . 2 0 . 2 

A s 1 . 6 1 . 1 1 . 1 

S n 0 . 5 18.3 34 .7 11 .6 3 . 9 1 . 7 2 2 . 5 2 . 9 1 . 9 5 5 

Au 

A« 0 . 4 

Pb 13.8 68 .6 6 4 . 2 58 .5 49 .6 7 3 . 1 28 .4 31 .5 52 1 22 .1 5 1 . 1 28 .1 21 4 

Element 
The pou» »here cotrouo» prooKt «•«•*» « o : oflet cd (Fi , i 

Element 
42 43 44 45 46 50 Sl 52 53 54 56 58 59 

AI 2 . 0 1.1 4 . 3 0 . 9 3 . 0 0 . 5 3 . 2 0 . 5 2 . 4 0 . 2 0 . 4 0 . 1 

P 0 . 2 0 . 4 0 . 3 0 . 6 1.3 0 . 4 0 . 4 0 . 7 0 . 2 0 . 1 0 . 2 

S 1 . 4 1 .1 3 . 8 0 . 4 7 . 6 1 .4 2 . 6 1 . 3 3 . 6 l . S 0 . 6 1 . 8 0 . 6 

Cl 0 . 6 1 . 5 3 . 2 1 . 0 2 8 3 . 3 2 . 5 2 . 0 3 . 1 11 .5 15 .9 2 . 1 

K 0 . 5 8 1 . 1 1 .9 1 . 3 

Ca 3 . 8 i . » 3 . 9 3 . 8 4 . 6 4 . 4 5 . 5 

M n 3 . 1 

Fe 3 . 7 7 . S 0 . 6 7 . 2 5 5 . 9 1 . 6 10.6 1 . 6 t . l 0 . 3 1 . 0 

N i 31 .6 

Cu 50 .6 5 2 . 3 3 2 . 6 3 3 . 5 10.0 15.2 60 2 4 5 . 1 5 5 . 8 4 6 . 5 61 5 59 0 31 .5 

Zn 0 . 5 0 . 5 0 . 2 

As 0 . 6 1 . 8 0 . 7 

Sn 20 .6 10.4 13.3 9 . 1 8 . 8 2 . 8 7 . 8 5 . 6 14.5 1 . 6 17.2 

Au 

Ag 0 . 5 

Pb 15 .6 2 2 . 8 4 6 . 3 12.4 77 .1 15.2 22 .5 27 .8 2 2 . 0 26 4 11 2 19 .9 40.7 

probe microanalyzer (EPMA). some of the fragments o f t h e 
Gira t Buddha 's body collected on the occasion o f its large-scale 
resioration in i960. The metallic strueture was examined by op-
lical microscopy. 

5. Results of Analysis and Diseussion 
Alloy ('omposiüon and Metallic Strueture oj the Great Ihuhlha 's 
Body 
The alloy composit ion of the Greal Buddha 's body is shown in 
Table 4. The most remarkable characterislic in (bis respeel is ihai 
this image conlains more Pb than normal bronze. The alloy com­
positum considerably varies. depending on the spot of (hc Im­
age. In conformity with the alloy composition. its metallic strue­
ture consists of three different phases: a-sol id phase eontaining 
a comparatively large amount of Cu. eutectoid phase of «-phase 
and ö-intermetallic Compound phase. and Pb phase. It has been 
found that the Pb phase is minutely dispersed between the « -
phase and the eutectoid phase. 

Chemical ('omposilion oj the Coirosion Products 
The chemical composit ion of the corrosion produets was ana-
lyzed by XRF and its result is shown in fable 5. Cu, Pb. Sn. Fe. 
Ca, AI. S, Cl. and P were detected in over X0% of the spots where 
the samples were collected. Au, Ag. As. etc. were also detected 
in some of them. Naturally, Cu is the major metal componenl in 
terms of quantitv. Another distinet feature is that the Pb content 
is noticeably high. Ca and AI can be considered to derive from 
the soil componenl (hat was carried by the wind, while S and Cl 
from the atmospheric environmenl. 

Mösl siriking in the distribution of the componenl Clements of 
the rast arc S and CL That is. on the whole. S is more concenlrai-
ed especially at the rear (north side) of the image, and Cl on the 
front (south side). This is considered to be related to the condi-
tions of the Great Buddha 's localion as it Stands facing the shore 
on its frort and the Tokyo-Yokohama induslrial area on its rear. 
The reason will be examined comprehensively in more detail 
when the results of our meteorological observalions (such as 
rainfall and wind direction) now under way and the result of 
analysis of rainwater become available. 

P was detected on the entire surfacc of the image. This cannot 
be considered lo derive from the soil or atmospheric environ-
meni in the neighborhood. Its most probable source is droppings 
from doves and olher birds that used to fly to the neighborhood 
of Kotoku-in Temple in llocks. 

Distribution ofthe Corrosion Products 
By taking into aecount what was found about the chemical com­
position o f t h e corrosion produets as described in the preceding 
section, the struetures o f t h e corrosion produets were identified 
on the basis of the measurement result by XRD. The result of 
analysis was classified into three grades of reliability from high 
to low aecording to the critcria as shown in Table 6. The result of 
analysis is shown in Table 7. To make this result easier to wider­
stand, the corrosion produets were further classified aecording 
to the Compounds composed of Cu. Pb. and Sn. The following 
has been found from Tables 6: 

1. Copper Compounds: 
Brochantite: Brochantite was found to be the most principal 
patina component. Ii was detected in 63% o f t h e spots where 
the samples were collected. Ii is distributed umformt) over 
the entire surface of the image and has no special features in 

41 



Table 6. Criteria for the rcsull of analysis by XRD 

Evaluation items 
D e t e r m i n a t i o n Dcgrcc of coiiKidcncc witri Ihc 

difTraclion pallcm 

Comparison wilh Ihc 

composilion (bv FXR) 

High 
reliabilily 

High In agreemenl 

Middle 
High Slightly different 

reliability Middle In agreement 

Low High Different 

reliabilily Middle Slightly different 

Low In agreement 

this respect. By judging Crom the result described in the pre-
ceding section. brochantite is considered to exist in a greater 
amount on the front (south side) of the image than at the rear 
(north side). 
Malachite: Malachite, also a patina component. was detected 
in 21% of the sample collection spots, It was always aecom-
panied by brochantite. This suyyests that malachite. which 
had originally stayed stable. came to be transformed into bro­
chantite in recent years. 
Antlerite: Antlerite was detected in two spots on the rear 
(north side) and in one spot on the west side. It was not detect­
ed at all on the south side (the front) and the east side. This 
SUggestS that the north (the rear) and the west sides are ex-
posed to the bitter strong acid environment. 
Aiacamitc: Atacamitc was detected in 45% of the sample col­
lection spots and shows a tendency to exist in a greater amount 
on the front (south side). This is considered to be related to the 
f a d that the Great Buddha 's front faces the shore. 
Copper oxides: Copper oxides were detected in over 80% of 
the sample collection spots as cuprous oxide. As a gcneral 
rule. the cross section of a rust layer on copper is considered 
to have a strueture of layers consisting o f C u : 0 . CuO. and pat­
ina IVom internal to ex te rna! In our study, both cuprous cop­
per and patina were detected at the samc time in almost all the 
sample collection spots. This result can well be understood by 
presuming that almost all the rust layers on the Great Buddha 
have a two-layer strueture consisting of oxide (internal layer) 
and patina (external layer). 

2. Lead Compounds: 
Lead Compounds were detected in over 80% of the sample col­
lection spots. They are mainly lead sulfate. basic lead phosphate. 
chlorolead phosphate. and lead carbonatc. Of these. lead sulfate 
and chlorolead phosphate are present in greater amounts. On the 
whole. the former is distributed more at the rear (north side). 
white the latter more on the front (south side). This is considered 
to be due to the conditions of the Great Buddha 's location as in 
ihc case of copper allovs. In addition. metallic lead. which llaked 
off the Great Buddha 's hody. was detected on the base and low-
er parts of the image. 

3. Tin Compounds: 
Tin Compounds were detected in 30% of the sample collection 
spots mainly as oxides. Besides. tin can be considered to be 

Table 7-1. Results of XRD meastiremenl (I) 

Point (Fia 9) Color Hii-h reliabilily MKUk reliabilir. l ow reliabilily 

1 Pak Green OwO CaCO,.SnO, CuBr.AIPO..SnO 
PbO,. PbAfcO, 
AUSiS» . 

2 Dark Brown C o * Cu-C1.(0HI. .-H,0 
(Atacamitc) 
CuO 

ZiHSnO..Cu.,Sn 
CuZn.Cu.ZnSiS. 
CuCI,-3Cu(0H), 

3 Pak Green C u , 0 . C u . ( 0 l l ) , S 0 , 
CmSO.(OH>. 

Pb,(PO.).CI.SnO, PbSO.. SnO. CuCI 
CuCO. 

4 Black Pb,(PO.),Cl Cu.SO. Cu,O.Cu.SO.(0H). 
(Brochhntlte) 
CuCl,-3Cu<0H), 
Cu.IOHI.Cl 
(Paralacamite) 
mma, 

i Dark Gram Cu.O.Cu,(OH),CI 
Cu.(OH)SO, 
<Brochanll(c> 

CuCO,'CU(0H), 
(Malachite) 
Pb . (P0 . ) .0H 
P b , ( P 0 . ) , a 

CuSO.-HrO 
FeCO, 
SnCI..Cu,_S.Cu,,S. 

6 Pak Green Pb,(PO.),CI Cu.SO.IOII). 
(Brochantite) 
PbSO.,CaSO. 

Cu.0. Fe.O.. Sn. SnO 
Sn.O. 

7 Pak Green Cu.SO.IOH). 
Cu.lOHl.SO. 
(Brochantite) 

i".. ' 
O h a (OH). 

CuCI. PbFcO. 
CaCO, 

Yellow 
(Surlace) 
n n 
lliuldel 

Cu.SO.(OH>. 
Cu.IOHI.SO. 
Cu,CI.(OH),.-H,0 
Pb,(PO.).CI.Au 

Cu,0 
CuC0.-Cu(OH), 
(Malachite) 

CuCI. PbFe,0. 
CaCO, 

9 Pak Green Cu.SO.IOHl. 

(Brochantite) 
Pb.(PO.),CI 

CaaQ 
FeSO. 

Cu,O.Fe,0 , . Fe.O. 
PbiCuCli 

10 Whiie . l. . .. >li! . 
Cu. (OH I.SO. 
(Brochantite) 

PbSO. 
Cu,Cl.(OH), .-H,0 
(Aucamlte) 

CaSO..FeSiO. 
CaSlO, 

11 
12 

Dark Green Cu.SO,(0H). 
Cu.(OH).SO. 
(Brochantite) 
Pb,(PO.).CI 

Cu,0 Cu,CI.(OHI,.H,0 
(Atacanute) 
Cu.CO.-CulOH), 
(Malachite) 
Pb(P0,I.HACaCO. 

11 M a a r M i Green Su.SO.IOII). 
Cu. (Olli .SO. 
(Brochantite) 
Pb.(PO.),CI 

Oifi 
Cu,CI.(OHI,.-H,0 
(Atacanute) 
SnO 

Cu,CO,-CulOH>, 
(Malachite) 
Cu)CI. FeSO.. CaCO. 

14 White Pb.(PO.),OH. 
Fe(OH),.CaAI,0. 

SiO,. AIPO.. Cu.0 
FeOOII.CuCI,.Ke,SiO. 
Cu.Pb,(S0.l,C0,(0HI, 
Al.SiO, 

Table 7-2. Results of XRI) measurement (2) 

Point (1ia V) COIOT HiKhiclubiliP, Middk rcllnbilil) LOH rclcibilil) 

IS Green Cu.CI(OH), 
(Atacamitc) 
Cu.O. PbSO. 

CurVrO.HSO.MOH) 
Cu,CI,(OH)„-H,0 
(Atacamitc) 

Pb,(PO,) , .Fe,0 . 
Cu ,S0 . (0ID. - l l .O 
(Pomjaklle) 
Cu.SO, (OH). 
(Brochantite) 

II P a k Green Cu.O, PbSO, Cu,Cl(OH). 
(Aucamitc) 

"H -ii . i 
(Aucamlte) 

CuCI. Cu.S. FcOOll 
Sn,O..SIO, 
!PbCO,-Pb(0HI,-llfl 

17 Dark Green CurO 
Cu.CI, l0H)„-H,O 
(Atacamitc) 

CuSO.(Oll). 
(Brochantite) 
CuCO.-Cu(OII), 
(Malachite) 
(CuZn),(CO,)(OHI, 

CuCI,. CaCO," 11,0 
Sn,0 . 

II Yellowiah Green Cu.CI.(OHI„-H,0 
(Atacamitc) 
C u , a i 0 H ) , 
iParatrcanille) 

Cu,O.PbCO. CuSO.-HX) 
FeSO.-SH.O.AIÄ 
CaSrO. 

19 Pak Green O M ) CuSO.lOH). 
Cu.lOID.SO. 
(Hrochanlitc) 
l'b.ll'O.I.CI 
PbFc.0, 

Pb,IPO.).OH.CaCO, 
AI.S10, 

> Yellowiah Green Cu.O.Pb,(PO.I,CI 
CU.CIIOIII, 
(Atacamitc) 

Fb.IFO. lAH 
PblFeCuAll.lSO.I, 
(OH). 

PbSO,. Pb, CaCO, 
Cu.Cl.(OHI..-H.O 
(Atacamitc) 
Cu,Pb,(SO.I<0,(OH). 

21 Dark Brown C u « 
Pb,(PO.I,CI 

Cu,(OII) ,a 
(Para(acamilc) 
Cu.CI.(OIII,.-H,0 
(Atacamltcl 
Cu.SO.(OII). 
Cu.lOID.SO. 
(Brochantite) 

PbFcO..CaSiO..Sn 

22 Dark Brown Pb,(PO.).CI Cu,ü. Pb,O.CO, 
Cu.SO.IOIII. 
(Brochantite) 
Pb,(PO.).0H 

PbO,.FeO.SnO 
Cu,CI(OH), 

a 
(Surface) 
Kediah Brown 
(liiMikl 

C M ) 
Cu.SO,(OIII. 
(Brochantite) 

PbSO. 
Cu.CI.(01l) , . -H,0 

FeS.rcOOH.CiSO. 
Pb0.Pb,(P0.) .CI 

24 Black C u , 0 
Cu.lOII),SO, 
(Brochantite) 

Pb.(PO.).CI 
• Cl "II. 

CuO.CuCI.PbO 
FeO0ll.SnCI..CaCO, 
FeSO. 

25 White Pb,.Pb,(CO.),(OIO, 
Pb.(SO.) 
(CO,) ,(Oll) , 

PbSO. Pb,.(CO,I.IOH).0 
CaCO. 

2t White Pb.PbCO. PbSO, 
Pb, (CO,),(Olli , 

PbO.PbCIOli.CaCO, 
CuO 
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Table 7-3. Resulls ot'XRD mcasuremcnl (3) Table 7-5. Resulls of XRD measuremeni (3) 

l'omMll« <l) Coloi High rchabllily Middlc rclublluy Low rclbbiliry 

27 White Co,CO,(OH), 
1 Malachite) 
CaCO, 

l-.-M VII , ( i . KcS 
S n C u ( P 0 . ) , - 3 H , 0 

Cu,0.Pb,IC0,l,(0HI, 
Ca.AI,IOH), . .SiO, 
Cu . (0H) ,SO. 
IBrochantite) 

a White Pb.Pb,ICO,l ,IOH), PbO.PbO, Cu,O.Cu.O,.CiuS, 
FeOOH 
IPtCO,-Pb(OrD, 

29 White Cu.SO.IOH). 
Cu.(OH).SO. 
(Brochantite) 

Cu.(SO.)IOH). 
(Anllerlle) 
Cu,O.AI,SiO. 

SI0, .CaSO. 
Cu.AKSO.ICHOH),, 
•JII.O 

30 Kol Black Pb.lPO.).CI 
P M P O . I . O H 

PbSO. KeO0H,Cu,0.PljCO, 
Cu.IOHI.SO. 
(Brochantite) 
CaCO.. Pb ,0 . . PbO. 
CuCI,-2H.O 

31 Red Black CuO.Cu,0 Pb,(P0.) .Cl .CuPO. 
CulPO,) , 

PbO.. SrO,. CuCI 

32 Ycllowish Green Pb, (P0. ) ,Cl SnO.CuO Cu,CI.(OH>,.-H,0 
(Aucamite) 
CaCO.. Al.SiO, 

33 Green p b , ( P o . ) , a CuO.CuCO,.Fe,CO, 
PbSO. 

34 Red Black PbO.Pb.(PO,),CI Pb,(CO,),(OH>, 
P b C C S I O , 

Cu,IOH).Cl 
(Alacamite) 
CuCI. Pb. PbO. 

35 Pale Green CuO,Pb.(PO.),CI 
Cu.SO.IOH). 
Cu . (0H) .SO. 
1 Brochantite) 

SnO CurCI, CaCO.. CuCI 

M Red White PbSO. A l Ä O v P b O 
Cu. (0H) .SO. 
IBrochantite) 
Pb.CulCO.IISO.) 

Cu,CHOH), 
SrO, 
P 6 S 0 > S c , 0 , F e A I A 

37 Brown 
(Poroua) 

AI.SIO, n > s t i . . o i , s o . « > i n . 
Cu. lOH).SO. 
SrO„CuPO, 

Cu.CO.IOH), 
Cu.CI.IOHI, . -H,0 
K F e ( S 0 . ) . . C a C 0 , 

M Pale Green Cu.SO.IOH). 
Cu.lOHI.SO. 
(Hrochjmiitt) 

Cu.O. Pb.(PO.),CI 
S M ) . 
Ca.PthlOH), 
ISO.I .Sn.0 , . 

CuO.PbSO. 
. , . "H 
SnO, 
(Amorphoua?) 

39 Brown 
1Poroua) 

Pb,IPO.),CI 
SnO, 

Pb , (PO.) .0H 
SiO..AI,SiO. 
3CuO-SO.-2H,0 
(Antlerite) 

CuCO,. CaFe.O. 
CaAl.Si.O. 
Ca,AI.SI.O,.(OH), 

40 Dark Green Pb,(PO.),Cl 
Cu.SO.IOH). 
Cu.IOHI.SO. 
(Brochotite) 

Cu,CI(0H). .Cu,O 
C u S 0 . - H , 0 

PbAlaSIOv 
Sn„CI, . (OHI, .0 . 

Table 7-4. Resulls ofXRI) measuremeni (4) 

Color High rclubihn Middk rclufeday Low fcliabilin 

41 Brown CuCOvCu(OH), 
1 Malachite) 
Al.SiO,. SiO, 

K.AI.O.ICO,),-
2.4H.0 
FeSrO, 

K . d C l . . C u , ( P 0 . ) , 
Ca.SirO, 

42 Green C u . 0 SiO,.Cu.(PO.), 
Cu.CI . (OH)„-H,0 
(Atacamite) 
Cu.SO.IOH). 
Cu. (OH I.SO. 
(Brochantite) 

CuCVl[Cu(OHI,: 
Cu.CO.lOH), 
IMalachile) 
C u . A l 
K,CuCI.-2H,0 

42 Green CurO CuCI.-3;Cu(0H),: 
. . . .11 

Fe.O.-12HrO 
K,CuCI.-2H,0 

SnO.Cu„Sn 

43 Gray C u , S 0 . < 0 H ) . 
Cu,(OH).SO. 
(Brochantite) 

Cu.CO.IOH). 
(Malachite) 
Pb,IPO.).C) 

Cu,0. PbSO, 
Cu.CKOH). 
Al.SiO. 

44 White Cu.O. PbSO. 
Pb.O. 

CurCHOH), 
C u . ( O H ) Ä ) . 

S lO^SnO.CuaFeA 

4S Red SK>,.PbS0..Cu.O 
Cu.(OH).SO. 

A I ^ O , 
(CuZa).(SO.),(OHI„ 
•1H.0 

C . S . . C 

16 White PbSO. Pb0 . .Cu 1 O.Al (0HI . Pb(OH), 
Pb,(CO,),IOH), 
Ca,CuO„ PthCO, 

47 Green ILM). 
Cu.SO.IOH). 
Cu.iOHI.SO. 
IBrochantite) 

Cu,O.Cu,CUOH). 
Cu,(OH),Cl 
iParatacanä(e) 
Cu.CI . (0Hl . . - l l ,O 
(Alacamite) 
FeCI,-2H,0 

PbCKOHI.SnO.SnO, 
CaSrO. 

49 Yellow Cu.O. PbSO. 
Cu.CI . (OH)„-H,0 
(Alacamite) 

Cu,CO,(OHI, 
(Malachite) 

FeS.Cu,(0HI,CI 
Pb,0(PO.I , 
P b , ( P 0 . ) , 0 H . P b 

19 Green oral 
Brown 
llayerl 

Cu.O. PbSO. Cu,CI. (0H>, . -H,0 
(Atacamilel 

C u , a ( O H I . 
(Alacamite) 
Pb.SrO, 

S.0„AI(OHI,.CaSO. 

SO Rad Pb.Cu,O.PbSO. AI.O..C 
Cu.CO.IOH), 
IMalachile) 

F e , 0 „ Fe ,0 . 
FeCIrl l .O 
Cu,CI, l0H), . -H,O 
lAtacamile) 
Cu,(OH).SO. 
i Brrfhantitel 

• Black PbSO..CtbO 
Cu.IOHI.SO. 
(Brochantite) 

C o ^ a i o H ) , 
(Alacamite) 

SnCI..Sn.S,.C 
( J . I I . 'Ol l ' . 

S2 Black SrO, 
Cu,IOH).SO. 
1 Brochantite) 

Cu,0.FeSiO„CaAIA 
CaAI,Si,0, 
P b , ( P 0 . l . 0 H 

Poml Irgj 9) Coloi Highrcliabiliry Middlc rcllablliiy Lo» rclublluy 

33 Pale Green Cu.O.Cu.SO.lOH). 
Cu . (OH ) .SO. 
(Brochantite) 

FeS .FeCI , -H ,0 
C P b S 

C J . C U 0 H I ; , ' H , 0 

lAlacamile) 
SnZnAj.Pb 

$4 Black 
(Snrfacel 
Pale Green 
(Inside) 

CurO SnO„SiO. 
Cu.CKOH), 
(Alacamite) 
P M P O . I . O H 

CuCl„Si .CaAI,Si ,0 . 
K.Sn0. 

56 Green C u , a ( O H ) > a - H , 0 
(Atacamite) 
C u C V i C u l O H ) , ! 

CuCI, PbSO,. SnO Cu(OH)CI.Pb,CO, 
Sn ,0 , .CaCu0, 
Ci&O-Hß 

58 Green PbSO, 
C i b a i O H I , . - H , 0 
(Atacamite) 

CiirO.Fe.lPO.», CaSiO„Fe,0HAIrO 
Al,SrO. 

59 Green PbSO. Cu,0,Pb,ICO,),(OH), Cu.CO.lOH), 
IMaUchiiel 
Cu. (0HI ,SO, 
(Brochanlile) 
C a C 0 , . F e C 0 , 
FelPO.I.-HrO 

prcsenl as complex componcnls of palina. Howevcr. the amounl 
o f t i n as corrosion produets on the imagc is comparatively small. 

4. Other Compounds: 
Aluminum Silicate (a soil component) and quartz. among Other 
Compounds, were detecled in 80% ol" llic sample collcction 
spols. They arc considered lo be part o f t h e grains ol sand ihal 
flew to the image and adhered to its surface together with corro­
sion producls. Iron rust was also detected in some o f t h e spols. 

5. Conclus ion 

To conserve Ihe Great Buddha in Kamakura properly. a Wide 
ränge of studies was condueted: measuremeni of various cini-
ronmenlal pollutants that are considered to have been affecling 
the image. Observation of the directions of wind that carries 
those pollutants, and analysis of the corrosion produets on the 
surface o f t h e image. The results can be summarized as follows: 

1. The dislribution of rust and iis ..'hange on the surface o f t h e 
Great Buddha were studied by performing Computer image 
processing of color photographs taken in 1965. 1985. and 
1994. As a result. il was found that a grealer change had Ulk­
en place in the 20 years from 1965 to 1985 than in ihe years 
from 198510 1994. The years around I 9 6 5 w e r e a per iodwhen 
Ihe emission of sulfur dioxide and olher ein ironmental pollu­
tants was a serious problem. The drastic change in this period 
is also in agreement wiih the eyewitness aecount by the chief 
priest of Koloku-in Temple.'l he light conditions al the lime of 
shooting and the scaling of rust tones were dilTieult problems 
for the image processing of the photographs. but image pro­
cessing has been found to be an important non-destruetive 
way of examination. 

2. As a result of our meteorological observations. ii has been 
found that the wind blows mainly from ihe north in and 
around Kamakura. Especially in case of I mm or more of rain. 
almost all the wind is from ihe north. Strong winds of 8 m s or 
more. howevcr. are of ten from ihe soulh. Front ihese facts il 
can be inferred that pollutants are carried lo Kamakura by ihe 
north wind from the Tokyo-Yokohama induslnal area. a huge 
emission source of environmental pollutants. and thal >ea salt 
particles are carried from the sea by the strong soulh wind. 
Naturally. all this is considered to have an elTect upon the gen-

43 

http://Cu.SO.IOH
http://Cu.IOHI.SO
http://Cu.SO.IOH
http://Cu.CO.IOH
http://Cu.SO.IOH
http://Cu.lOHI.SO
http://Cu.SO.IOH
http://Cu.IOHI.SO
http://Cu.SO.IOH
http://Cu.CO.IOH
http://Cu.SO.IOH
http://Cu.iOHI.SO
http://PbCKOHI.SnO.SnO
http://Cu.CO.IOH
http://Cu.IOHI.SO


cration ot 'corrosion products on ihc north and south sides of 
the Great Buddha. 

3. By laking the Observation data of the wind into account. the 
streams of wind around the Great Buddha were examined by 
wind tunnel tests. The north wind was found to blow against 
the rear of the image. thcreby producing positive wind pres­
sure on almost the entire area of its rear, which in turn causes 
rain of low pH in the initial stage of a rainfall to be permeat-
ed deeply into the rust layer formed on the image. The result 
of our wind tunnel tests is in agreement with the distribution 
of antlerite. which is considered to be generated by aeid rain. 

4. In the analysis of the corrosion products. Sulfate patina main-
ly composed of brochantite was detected on the entire surface 
of the Great Buddha. Its amount was greater at the rear. 

5. Antlerite was detected on the rear and left side of the Great 
Buddha. This is in agreement with the result of the wind tun­
nel tests. 

6. A great amount of atacamite. a kind of chloride patina. was 
detected on the front of the Great Buddha. This is in agree­
ment with the result of the wind tunnel tests. 

7. Malachite, a kind of carbonate patina, was always detected to-
gether with brochantite. It ean. therefore, be inferred that 

some the of old malachitc was transformed into brochantite 
due to the effect of environmental pollutants. 

X. The corrosion products of lead. an alloy component of the 
Great Buddha, were detected in large amounls on the entire 
surface.They are mainly chlorophosphate on the front and Sul­
fate at the rear. 

9. The amount of the corrosion products of tin was comparative-
!y small. This is in agreement with the result that Sn was 
scarcely eluted in the elution tesl of the bronze plate. 
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