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HEBRERT P MENERATAR
[. B EEEOREY LB RRBH RN

BE¥r HnE KRR
(ZMXFEEWMRE ZH T730000)
ERiEE F X

(BETRRRPT BIE  736200)

# E ENdEAEEEc MESN S A ARATEENELNMEYRN, KA HTH
HEE 6B KRB NFAFERATNEARBEEHET S TE REAALETER. HoEE
B e SRR, 85 EUILL I G0 LE B, PR AR, MRt AN 2 R BR A B xR AT 5 0 A BRI AT #
HHELYREERER.

*@R WEEE 6% ENTY

%S 93998

ettt H SRR A, T HAA RN RN 25km WISYW LT, EK 1680m KWL 2
L. HFE 4~ 14 10 DEHMEERE 750 &, BIAEH 492 N OE R REFE 45000m K BE
dH, XERETRTSELETEEE N EERAEY, BHE FIRAERNZ AR,

FUARHARER.BEAAMBB-ELEENERHIR, ERNEEERKE AL
O WEE, XSHHNEREEMEEG TERSAEEREY. TREX, BEFRE
EHHEENHERT FEHAREREEEARMNEAE, A ERFAEFINTE, B (H
FRode) R, FERFO, K, B % 6B R K EMEEAl,

FIEFE SR EEmESR TN, BN REETYE AENEYHE, ML R
SRBE, TSE wEREMMNEDEY,

BEFRREPFAERRBRACTEESD, RAEATRHEWELAEH (B #F7,
S L), MEBUEFIOEEE 2, FHEME, £IFE FERRI AR T
e BEEEVMAEYRER.

1 M RFoF &%
1.1 H#
 ABYAEERM—LERFREMEARRERE, REFREETE HAKRLE

sEHEAA/BEESHBWE,
I B BB 1996-10-9
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11 LTS AREECTHFHEMHENTHR . 53
FROIEIFEGR. BPFRIE R 1.

F1 FREod
Table 1 Sampling place
)+ El ¥ £ RERE(C)  REMASEE (RH%) REAE TE AEEY
Sampling The relative humidiny Sampling Changing colour
Cave number Position temperature of sampling place and fading
st & R
53 TEH 17.8 435 A BERRER
PRt e BEX
i B SREW & -
54 TEHE 19.8 34 deeEtmE # B o5
[N 1 BE WeE
PR B #
467 TERH 19 36 -S04 3
= q # H 7
435 ZEE 20 32 E 8 %ﬁém%
it g e W
256 ZEE 18 315 ® * FEE
BN
F.LREM FHEAE
208 2R 12 30 Plgx LR n @&
th L RS R AR
1.2 HEHFE

1.2.1 rEEEFE: NHIGFE pHS.0~8.2; 6Bx FF T, B8R pH.

122 FISE IR (%) FAFK 0.3, BEEKF 1.0, NaCl 0.5, CaCO, 0.2, MgSO, 0.02,

pHR2, #/}(Pb,0,) 0.1 B 41 (Fe,0,) B (HgS)0.1.

L3 RERSBEHM
AHZTREEHERE FRA, TaRMRIITNES, 2 ASEBEFLT

BAB RIS RBEN =AM A, FE N BRI AR RAERBE KA. SRREA

HHUIRER. AR REE A T A A 25~ 20 C LR P13 48~ 720, WA= M M4 4T

EHUREE B R, R AT H R

14 [EEE%RR

141 HERERFRIAE. 7€ 170 X 12mm FIREFREM RIS oml (- BISHT. 4

MEDKR), EARE 4B MAE EH REEIFEARETN, A AREEHE

L HEA L IR A R AR E R AT KILE, 25~ 26CH 3% 28~ 30d. 7E Sem WO 8%

TR ML AT REEBE SR AL 15ml, BB AR, SRS B AT R, 25~ 26T {RIR 9% 20~ 25d.

142 B AKREEKY B pHB.0~85 MM L (B ER I 1) BBim 5 x 40 x

60mm H /R, EHE WM L — EE A SRR T E S, 205 8 OEt s . b

. KB EaR, MITIHER MBS B EMME. BEMLLE REHCREA
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54 w %+ B ¥ # kEE
EALH F PR AR R T E AR

2 HRFR
21 BENEHEETE. #ENENRAs S HAMEDER

FAeEERRETACENZAGEN, HAm et bEEs, ke 26 B4
0 FR AR GRS R E RS EYHEE, BRI 6 TAERER
B S MARRTAFEHERETHEMN BN EE. FREN HHPHER 6 T
BY, MEERE B Staphylococcus. BIRE B Streptococcus. FEWATE R Alcaligenes. # ¥ HUH
I& Xonth omonas. EBRB B Pediococcus, PRI B8 /@ Bacillus, (K% 5 9 2F fL AT B R A1 79
HERB BEEASTEY B F B R Penicillium, 1 B B Aspergillus. B 1 B &R
Cladosporillum. ¥R Alternaria. RE B Rhizopus, REBHEAFERR. EAKAHER
Streptomyces  griseofavus. ¥ 0 5 B W Streptomyces chromoflavus M 3% K # B W
Streptonyces griseolus',

HEH B RALEL, EEOERUMENEE HEARS, REMEYKIARE.
2 R R AT P e 2 i BURY IR Y 2.

HEREE A TR, R EARESZREG, Hit R ST EER S
FoOHAERES R SHE 1~5x 10 BE 1~3 x 1071,

Boa R EEO R LIS BT, E B0 R B R LB R B R R
WEHMNYFEH ARANEEREFRLUERR NERBEMEHETL, BEEYERE
B &G, ERSEREEN, SEYERKR, CEREFASEN, A TERKNER
B, th @i e K S, WS EEEHN N AT, XUREA UGB kS
R EWHIER.

22 EFERERE

221 BHERERTREF AR SREAREPOCAARE MESEGHTANMLE
TR, B AR UE. LamRS A ES, RERRERKRTE 141 #ER. S
RAMEESATEERHE MG HPE 2B @S H ZA LW EL AR A ERRFEGH
SINERR, EHOFEEKNE 26 85, ERTFEREKHE 198 JRIIECE. B
EEBGEATRBEN KM EEEK FIEERENEMBEKER, HE ISdE
LRI ey RARERA(EKRI-D. ELAMESREKEHIRE. SBABAN~]
FEAEK.

-4 18] 5 0 2 4 A7 ok o B AT R, AR R LR R, A 4 R (R
5%, ZA.ZB. L. M) {F A ig A S A B A B A BEe (HR T -2), A& R
RiEH, BEETEREAEAHEIFLATARIVNE. REKREHELAETHHEAN
fER.

222 ERAREERR. 14207 EETENeREERY. ABERTUEN, H
BMEAR KSR MEER. RE L.ZA ZBEKAFARBELERK. ZEESEHER
BRI FnE RENEN. BHETREARIAKER(RY). BEAEERS
RS, M ERAAERGE REF - ENEREERTUREE K, Friak
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WEEEBRANER MABHBLEERKIRTRAENRGKEZ EERI-3). X
J0 VR B £ 4 A S5 0B S I D 5 R 22 A — A, RR BLSRRL  AR UR R 9  E  —
MEL2EH BEESA LEKEE LY B LER, SENCTEESE,

®2? BEEIANKIGIHLELERER
Table 2 The hving stiuation of vnould no ved simulated colourful board

) L # F+ bt 1 * i
Species Red lead Red soil Zinnober

BHEB  Penicillium expansum +++ ++ +
E® P cirinum ++++ ++ 4 +
FHRER P chrysogenum +++ 4+ +
HAEE F iwlicum ++ ++ +
WERE P ovarin ++ + +
BAKEE P cyclopiumn +++ ++ +
HEKE P purpurogenum +4 + _
HEE A flavus 44 ++ +
R ® A niger PRI +4 s
B EME  Cadosporium herbarum + 4+ ++
ik Cladosporium sp. +++ +
HEMB  Alwernaria lenuis ++ + -
WHIRE  Rhizopus seolonifer + -

E—-FRIEE SEMRLGS, RAGA S BMEYHEATE, T HRBE, X5%
BEERHEEPHEATESE, FOAAEERHS R 3.
2.3 REYIIBE N R E ch R AR

PR E L AR EER K RTHGT WEH, 25 65 508 g A LR L HHF, X8
BB 0, T B £ B I R R ) LR B R > B 8 B 45 ) 2 R, AL
B, RENBRK, NELSHNGEARFEEAR, EF, 8. B, B2k
STEEENBOR R EY, BRSHRELNFERE 40, st wes Loy ERsE
R A 7= 0f B b R ] el th RIS BT S0 80, AV BB RS BB, 78 5% [0
BREET AR 0.1%, A Ca(OH), ¥ pHS.2, ¥ AR B AR, 43 9 542 dy 82 Ei 4
B, FR AN B B, 25C #9520~ 25d, MG REN, ¥EXERAR
FBREN T BER EERSBENEARBHEHHNE. BHSH LAASME (FKI
—4) » D B A (BB A WA T HL el 45 B AR A 2 T R A B,

RELERFW: YA R LUELBUR &4 TENURS SN, 7 BB o 0B
REARE,

B ®* X W
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STUDIES ON MICROBIAL FACTOR ON COLOR CHANGE
OF DUNHUANG MURAL
I. CLASSIFICATION OF MICROBES ON COLOR-CHANGED MURAL AND
PROPERTY OF SOME TYPICAL SPECIES

Feng Qingping Ma Xiaojun Zhang Xiaojun
(Bictogy Department of Lanzhou University, Lanzhou 730000)
Li Zuixiong Li Shi

(Protective Institute of Dunghuang Research Institute, Dunghuang 736200)

Abstract Microbial strains were isolated from 51 typical color changed samples of
mural in 6 grottos of Dunhuang Mogao Gretto. After identfication, it is proved that
belong to 6 genera of bacteria and 5 genera of mould. Bacillus, Alcaligenes and
Penicillium were dominant species in all of them. In the imutative experiment, it is
found that Cladosporium sp., A. niger and two strains of bactena have a great effect
on the color change of red pigment of mural and aging of sizing agent

Key words Dunhuang mural, Colour change, Imutative experiment

W ik B
Explanation of plate

LEHEB(I. DA MESeLATERA: 2R LAREEATRLEEEIREA,
3. BREBAEIDER LERSR00x ) 4 ERARAREAHHNIRER (I BHE, 1 HRE,
I.%%),

|.Effects of Aspergillus niger(1,11) and Cladesporium(lll,IV) on color change of red lead; 2.Brown
colonies of bacteriem (No. L) on medium contaning red lead; 3. Growth of Cladesporium on
imitated mural; 4. Decomposition of bounding reagent by molds(1. A. niger, II. Cladosporium, .

Penicillium).
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