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The diversity of cultivable fungi on corridor murals and
controlling of microbial deterioration in Xu Xianxiu’s tomb of
Northern Qi dynasty, Taiyuan
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Abstract: [Background] The tomb murals preserved at the original sites are generally threatened by the
microbial disease, and the long-term controlling of these microorganisms is a long-standing problem in the
field of cultural heritage conservation. [Objective] We aimed to explore the cultivable fungal diversity on
moldy murals of the tomb corridor surfaces, to isolate the dominant fungal strains and screen the
long-acting biocides, and provide a scientific support for the control of the mural’s fungal disease of this
tomb. [Methods] Mural samples with whitish moldy necrosis were carefully collected by sterile swabs.
The surface morphology of samples was analyzed by scanning electron microscope (SEM). The
culture-dependent method was employed to isolate fungal strains, and combine with molecular techniques
for identification, the community composition of fungi was analyzed thereafter. Combined with the
laboratory inhibition zone test and the in-situ biocides test, the size of the inhibition zone of different
biocides, the in-situ cultivable microbial concentration after biocides application, and the ATP fluorescence
values differences were analyzed in order to find a lasting efficacy of the biocides. [Results] There were a
large amount of mycelia with conidia, the culturable fungi in the white mycelium samples affilliated to the
six genera of Ascomycota phylum, the dominant cultivated fungus was Parengyodontium album (98.13%).
After screening and evaluation in laboratory and in-situ tests, it is clear that the most effective biocide was
dichlorophene compounds (0.5% dichlorophene with 75% ethanol), and no repeated outbreaks of
microorganisms occurred during the 7-year consecutive monitoring period. [Conclusion] P. album was the
dominant cultivable fungi that caused mural moldy at tomb corridor. Dichlorophene compound biocide
used in the controlling test of Xu Xianxiu’s tomb mural of Northern Qi dynasty has achieved the longest
timeliness of maintenance; and it is recommended to combine the emergency protection, environmental
regulation and follow-up monitoring in the future, as a result, to achieve long-term prevention and control
of the microbial hazards to the tomb murals.

Keywords: tomb murals, mildew, fungal diversity, biocides, emergency protection
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H AR Fo A 5% oty 3 o O 0 e s e T B B
HrorEm Y 2 e E, HhEE
J& i R O R A R T A e
S B RE ] T TR 3 A B A M AT AT SR A PR
12 FH A IR B 45 0 A 0 3 1 T AT TE AR TR R
FlO R RGP RA A S M . AR BUE PR
Vo 4R 5 R 2 1A T B T I 0 20 B T SR
TAEUSN P SO A, U R A
FE ik BRSNS R . SRR v STEREERE
WOV B A5k 7 P27 IR R BT

A0 55 4% 55 75 B2 LU P 48 R D T 305 XA
% FRIER 4 (112°36'42.2"E, 37°50'11.8"N), J&
Jeiir KRR PESs, AEBRR 9.5 °C, 4EHREK
i 456 mm, ZEPTEME, ZEFET 2000 4
12 A#iIG, 78 2002 45 10 HIFRE T4k & 4
TAE. HEEICREFEN NI RE, RE R
75 TR ZAEGTL A, EEFENRAAA SR
330 Ay m® BRI A REm , RE I P 7554 B e,
S TERE T A A TACBEBA 2 BT T R BRI e
SRR AT S5 R S8 A I R R R I %, AN R
(e AE, BONBFSEAEST DT s SCfb BRI T 58 %
TERE, RIE2002 AR A E T RKE T R, B
FERE )G, SZOAEAIR R R, B IE RE
HF 2013 4F 8 H IR A, AR T
2015 AP o BE RS S SE R 418 DNA $2E, 11
B ITS X PCR 3 0 v b SCPE R G255 4 A
SRR, B T AR RN TG I S R AR i AR
O F W B o 3B B W (Engyodontium
album) T I8 T 75 % W (Penicillium laeve)?, JIf
S5 PRBE W A BB E T AR I R AR
TSR RE AR IR T . Ol ih &
TR A2 S AR A7 1 58 T i R 8 DL e LT, (R
Harsmahh T 2R, mELi T 40 H
E. album 1&1E°K Parengyodontium album'™', R4
FEF T SCPERER 1 43 F- DU P 53 T 72 DNA ZKF- -
PRBRTT TR FE AR EEFEE, B

X T 5L FE RE I OR 37 R B S IR BT, 4k
FIE B A A2 W) R IGAATS 2 O 4G R AR 4 T AR
o B, TR A A IR B4 B 1 24 i i 75 S AE
FOX T B 728 BE ) vp AT B 3R G0 00 4 TR A 52
B . B L R KA I K A IR KM 4
il A SRRt b, DI AR A G T R R O T R R S
0 %ot B F RE Gl A W T R S B T R
AR H S B L

ARSCHE— 2B 3 M T i 5 5E T RE 1L A R
I HLE B BT B A B H o, 455
SRRSO R B AR ROR PG, R
20 8 Y BAT B AF B 10 ROR BB R A R K
7 BT A SRR B ZEBE I LR 37 o i) T A B
PEE SRR RHE X R FR T BE WA
FRHE ARt A RS H N

1 MRS hE
1.1 #rgd
L11 HmXE

FIHKTE ddH,O =1 1) JC R AR 2 7E S 1B T A
P EAL (B TAYE 5 emxS om, DICRSELLIHRE
W 2 10 G AW (K 1B), B T JCHE Eppendorf
B, TR KT M SR, BT 20 °C
FAF T ORAS H
1.1.2 sEFEE. EEZXHIFMEE

PDA (Potato Dextrose Agar). PDB (Potato
Dextrose Broth) £ (% . dlfrgl . 22T, R2A.
-8 (Beef Extract, BE)#E [FI5BIER:FER, BD
Difco A r); DNA $#2HA5 &, Omega Bio-Tek /A
Al AZPRYEl GeneGreen, 10xZ2 Ml (& Mg™).
Taq RAEW . ANTPs, RARAEMEHALF)ARA
A5 BIEHE, Biowest AHl; LFEE, MG HTAUNLL
TAHRAR; WEE, Wi TAHRAR; K
T, JE R EREARA R BmE. AR
Wy, Bha & (Bl Tk R RA R |l RFL
S, Acros Organics 2V H]; AIFBKIE,  FVFTR T
BRI AR A E] . fHilREFRA, iR
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Figure 1 The sampling areas of mural in Xu Xianxiu’s tomb
TE: Ar Bk PR 2R E A O L X B: BRI A L

Note: A: The arrow pointed whitish moldy area; B: White moldy on the mural surface

EANARAPRAF]; B.08L. PCR 1Y, Eppendorf 2
Al SR BHBE RS L UKAY, Jb S — R AT IR
ONHE); AL (SEM), FEI/AT]; ATP 286K
1%, Kikkoman 2\,
1.2 7%
121 EEEFSITH

BB 25 FE 8L LA 20 mL W PR 2% o
(Phosphatic Buffer Solution, PBS)HiR%], HU&E
AU T PDA . 510, s b 022 28 45
FRIE L, B 3 ANEE . KIRMGEARCE TR
W25 °C &R HEFE 3-45 d, HRETE A KGN
17 5 B B 537 (Clone Forming Unit, CFU)id
5, MARAATHE B AR A S R E A
gl
C:T><D><20

AxB

C FIREBWE(CFU/em?), T Fm M AR
EU(CFU), DRRMBEE(Q201%), 20 FnFikt
FEM A PBS FHHR(mL), 4 F/nHi % K AL R
(25 em®), B ZRIRATFAR I A i (mL).
1.2.2 EHEEESNEMS FEED T

(1) FHEEWE . HAREREMA 20 mL
PBS HE T 25 °C. 150 r/min £ K & 4E 55558 24 h,
9 000 r/min B.0> 15 min 3 B3, BEA TR
o 2% HoSO, 2B 3 ¥k, 35 F3f. Jin 1 mL 4%
T B [E 5 30 min, 12 000 r/min 5.0 10 min, HlI

PBS Y% 3 ¥, PE5EJA 12 000 r/min 5.0 10 min,
S 30%. 50%. 70%. 85%. 90%. 100%Z.
FERRRE K, AFUR 10 min, BEA5ERY 12 000 r/min
B0 10 min, JEIFES AN A L BT
JE B A SR E A 8 s g,
i BRI T RO S5

(2) WRUTLES . AT B ST TR
R R 22, F 50% & B 5 4l 28 48 K o
Yk o Fr gk f Y T 22 O TR o 3 L R A A R A 22
Y (ARIR 10 g, HIH 20 mL, #220.02 g,
ZRIK 10 mL)WEBE b, R BE 2 )E
by, ADEE R EAn

(3) ERFIHZ DNA #EH TS X B2 PCR
P, P PDA Bi35 50 [RITE 25 1) L1 1 75
TTH& st . BEifb)s /R Z) 0.5 g, BiCA
1.5 mL TWELES, WARKEESH. &
F DNA $2EGLFH 30 F R R A S F 41 DNA,
PLAliAL5 i) DNA 4 38R, i B i 5 1)
X} ITS1/ITS4 (ITS1: 5-TCCGTAGGTGAACCTGC
GG-3'; ITS4: 5-TCCTCCGCTTATTGATATGC-3')
PHEITS KB, PCR AR (25 pL): 10xZE nf
W (& Mg*™) 2.5 uL, Taq B4 1 U, dNTPs
0.2 mmol/L, 5|47 0.2 mmol/L, DNA &ty 2.0 uL,
ddH,O #h 2 25 pL. PCR W 25fF: 94 °C 5 min;
94 °C 1 min, 55°C 1 min, 72 °C 1 min, 3£ 304
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EFR; 72 °C 10 min, F 1%AYEEBEBHEE IS L 1K AG:
W38 R B KNS RS

(4) My By H8sg . B R pER PCR ¥ %
2 A B 2 B A RS w58 Y
Fir i 514 Fl CExpress #X {4 (Informax , MD /A )
Priz, BIBRELZITFIGELIE LR GenBank %5
P

(5) JPAN X R Rk B WA WS
51 F] ] BLAST 7E GenBank H1iE47 b 6822, 155
FUE e s 2% 751 . it MEGA 4.0 344
RS 55 R R G L TR,

(6) BEVEA BT o Gt 1E R G KT W H A
[FFPJE e o r e, AT S A b, e it
TS
1.2.3  BFIERGA

(1) AN EFH L SC A P A K
H R AR BE (3R 1) TR Jm S i e S 3

(2) THRE ik

P FEHA PDB K5, 25 °C 150 r/min
A FREFE 7 d WIS, B 200 L BER A T
PDA B F# A b BEEL 6 mm AYZHRLAR A KA
BT, SRR T TAEREN R KR 1 h, Z)5
BSR4 3 AN FRASEAR E, BT 25 °C R
FArP R SR, 7 d SR TR R K . R S

x1 ERBEMENRITIREIRE

Table 1 Normal biocides and recommend concentration

HE 3 WK, RPN % R Bt A il
FRHE

(3) JEAI e, 2013 4F 10 H, 6 ZL 16 BE jH]
W E X (# 2A), KK 5K 8 4~ 10 emx10 em (1)
SR X, A Sl WG 26 S 00 = IR e A E T e A
FWREER 7 BRI 2B), LAAHIE & JC e
ddH,O YE A XTRE, AEA~AbFE 3 3 YR MR 50 mL,
DLBA R A DGR AT LA 5938 33 B — 8 VR K 7 1 s
T BT J8ARS Y 5 Vi) 186 AL ot Ay 3l B AS (] Ak 3 X
SACHE AL B R AH ELRZ MR, AE 5Y i 0 SR 7 AE I
I 2% KGR (B 2C)

(4) JEALPHAROR AL . CFU 180 FAL . 43
T 2013 4 10 A CKIEE 3 R)F12017 410 7,
43 2 U TG ) 06 28 K SI2 06 X R A Ak 3
FEAR N IR X PRE I 22 (1 mm PN, 55 RE i L2
T RFE, B FREREZ R EPBS) IR G, o
WIAT T R2A. PDA. BE BUISHEFRIE |, 25 °C
KA R 3-7 d R TR E Yk B 9T E1 T CFU
2 5M ANOVA 7, iR AWTF .

T

T AxB
Hrp ¢ ORWEFFREWIE(CFU/g), T Rk
FAESEIEB(CFU), A4 FRnfBukE (gmL), B
FER AT AR 5 ] (mL)

s AEWRKH a5 CAS 5 W e 7 s
No. Biocides Chemical formula CAS No. Concentration (%) Preparation methods
1-YC &P Ethanol C,HsOH 64-17-5 75.0 ZEIBK
Distilled water
2-JQ i Formaldehyde (35%—38%) CH,O 50-00-0 0.5 75.0%. 1
75.0% ethanol
3-WE  J % Glutaraldehyde CsHO, 111-30-8 2.0 ZE18 K (F1 0.3% NaHCO; i pH
#] 7.5-8.8)
Distilled water (adjust the pH to
7.5—8.8 with 0.3 NaHCO3)
4-MD  E#& BIT C;HsNOS 2634-33-5 0.2 75.0%Z. & 75.0% ethanol
5-BC KFH S 4% Benzalkonium chloride CxH4,CIN 68424-85-1 0.2 75.0%Z. % 75.0% ethanol
6-SL W& B Dichlorophene C13H10C1,0, 97-23-4 0.5 75.0%Z. 1% 75.0% ethanol
7-BB I BKME Benzimidazole C;HgN, 51-17-2 0.4 75.0%Z % 75.0% ethanol
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Figure 2 The test on whitish moldy mural of tomb corridor

T A B XKE; B: 7 MORIGHIRIRIER; C: A IR 75X

Note: A: The test area; B: The specific test area of the seven biocides; C: The spraying method of biocides

ATP R PEAL .+ 2017 45 10 A, #/H
ATP SSRGS AE PEAL T4 i v B8 B KF .
fi LA 2E Y JC I AR AR IR T R B
K, FRREEEEECEE B O RERZE 1 mm
PR T Bt A2 R R AR B R AR AR A
K2 rp, HALERERAEUL ]2 ATP (I

S 3 B
1.24 BEEZITSHH
SIZIG T A B AT 1% 5% BRI E AR M IR

ZRGE MK SPSS 16.0 583, A 1555 E A TE
J& FNAN K- b AR 32 B Excel 2017 15553
2% [ Origin 8.0 A4,

2 ER5406
21 FRUMGRPABBEES T
FHH LB 40 BT I s 2L T VY RE [ 8 8 AR AR A
AR, RNRTEANTHE 22 IR0 5 R EFE
— & (K 3A), Hrph—MERSEMTF(KY
2.0-3.0 pm, o2y 1.5-2.0 pm)AY 22 R% 0 B
di I F (K 3B).
22 EEREABEFRERKE. SHEERME
Bl
221 WIEFERFELEH
HEWNFXABEFERKEZITEYA
4 880 000+160 000 CFU/m*, L4} B315- 5] K 5 11
W17 Bk, AR ER T RS

MT598824-MT598832) K 15 NCBI 4 ¢ H AH L2
Em S RTH), XS R B RS A
B IWE 4 FTUEH, RERE T FRE]
(Ascomycota)E"J 6 1NE. HrPERk T11 b At
W (P. album), AIX - He(98.13%), & T2
ﬁﬁﬁmﬂaég SR s HA AT IR

&

S-3400N 20.0 kV 8.0 mm=1.80 k SE 5/12/2015 16:46 »U 0 pum

B3 fHimmRan

Figure 3 The SEM analysis

E: A REECFHERUIES; B: LR EHIEN
Note: A: Moldy sample at
Micro-morphology of dominant fungi

low magnification; B:
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W 558 Rk J) B (Fusarium verticillioides) Bl 6A o, ik WA TR VR T 1 L4 B IR TR
kiR H % (Penicillium  granulatum) . % 1R H B 2, SEE A ORAS EARL, . 8 2 X R 2
(Penicillium oxalicum) , {BAHX}F AT A A Ye o ] UL B $A0 3 FUBA 1Y B 2 AN KO

M 5). AT (K 6B), AR ST R AERIES
222 EHEWEFRBEEES FARLCE 3), UER T 2538 PO RE (278 1 @0
RHFEE A CNEERP. album)FEREN  HRITE
100 T12 (MT598829) Lecanicillium
100 Lecanicillium testudineum (MT512660)
T11 (MT598828)
100 %’ Parengyodontium album (LR782549) Parengyodontium
Engyodontium album (KT876516)
100 | TS (MT598827) Fusarium
100 Fusarium verticillioides (MT505436)
[T (MT598826) Cladosporium
100 |Cladosporium cladosporioides (MT466517) g
99— T29 (MT598831) Ph S
L Phoma sp. (KJ935027) oma S
1001T26 (MT598830) <
Penicillium oxalicum (MT446169)

67| T4 (MT598825)

| Exserohilum rostratum (MN644631) Penicillium
100] | T36 (MT598832)

Penicillium sp. (KR610367)
T27 (MT598824)

Penicillium granulatum (DQ681334)

99

0.050

B4 ZEAEETHEHMTOBERRRLER

Figure 4 Phylogenetic tree of fungi isolated from whitish moldy mural of tomb corridor

TE: BERGRBMZEET IR BN rDNA TS J3 41 e HAH B B %E S H P g, 7332 B3R 1000 KEE S AR
fB s AR HFRME LR E F/ T AT a4, SRR PAERS SN, BENTERER R )7 5158 MT598824-MT598832
Note: Neighbor-joining phylogenetic tree based on partial rDNA ITS gene sequences of all identified fungi and referenced sequences;
Numbers above branches denote bootstrap values from 1 000 replicates; Strains obtained in present study were named with capital letter

T and numbers, and corresponding sequences are shown in brackets, they are labeled with the GenBank database accession number
(MT598824-MT598832)

26.16%

98.13%
5.38%

4.30%

2.51%
1.43%
1.08%

0.72%
B Parengyodontium album [T Penicillium oxalicum B Phoma sp.
1 Fusarium verticillioides W Cladosporium cladosporioides W Lecanicillium testudineum
W Penicillium granulatum [ Penicillium sp. I Fxserohilum rostratum

Bl5 ZERGEsTEE LAEFEEFEEKR

Figure 5 Fungal community composition and their abundance on whitish moldy mural of tomb corridor
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Figure 6 The single fungal colony morphology of dominant disease fungi

H: A ZWES; B: MOWES
Note: A: Macro morphology; B: Micro morphology

23 RRFIHRIEM
231 KBEAEMH

Fe R T AR SR R — e, P =
HR R/ 21, WA & e R R R i
I, Rz, HEE . PRI AR IR PRI
XL 3 T I A ACR AN

®2 WMAEMERRIFLEETRNEE X/
Table 2 The inhibition zone after microbial compound
biocides dealed treatment

A I PR N
Biocide No. Size of inhibition zone (cm)
1-YC 9.00+0.33ab

2-1Q 7.11£0.20b

3-WE 10.72+0.22ab

4-MD 8.44+0.29b

5-BC 6.88+0.20b

6-SL 16.55+0.63a

7-BB 7.44+0.42b

23 4% i# Blank control 0.00

W [FFVEE R A A R SRS R OR 2 5N B3 (P>0.05);
1-YC. 2-JQ. 3-WE. 4-MD. 5-BC. 6-SL. 7-BB 43}l
NG, B R B RFLEE . SR AR
bk nee

Note: Those with the same letter after the same column of data
indicate that the difference is insignificant (P>0.05); 1-YC, 2-JQ,

3-WE, 4-MD, 5-BC, 6-SL, 7-BB represent ethanol, formaldehyde,

glutaraldehyde, BIT, benzalkonium chloride, dichlorophene and
benzimidazole respectively

232 ARG FAREMRITH

T A B A% 2 A% R A BRI AT B 3R A
WRE(E 3), AIifE RG22 5. 2017 4F
5 2013 4EAHEL, FEAREREASTRAL AR RRDCEY,
JH PDA 555 B AT R AR Y (LR A W T
F%, R2A I BE B533t ip ol 8532 i ik FE Y
HEARME . X R2A SEH b T BE S Uk
Bk T/ K (i T /5 3110) S T 78 A 381 DX 358 v 8 0 /N
Ab, HA XA —E m, Hrh e oK E R
RUAPBRFRFL S S WAL PRET R B ek, B/
W T TR RS B/ 2 T A2 T 2R 448 4 i P 4 A
BN, XFH PDA SEAR ERTE R MM, 2/
7K A2 C R A B DA i R B, WU B/ 2 1 A D
R R R ORI PR X 3k 5 2013 4EAHE], H
b 2% ) A B DX IS A AN () R B 4 Jn . X EE el
BE RigRLnl 8 3R E MR g, 7 AN XA ik
e TR /7K AR T R A B X e K R R )N,
B/ PR RO X Sk Z . ZiG 3 RIGFRE L
2013 45 2017 4F4dE, XGEM/ CREERCRL ., &R
Pt A PR AU ERT 70 X0 5 B A R AR R At

W IETE 2017 AR ARG I 5538 B A48 07 B AN ]
AT FRRE i R A RUE D) ATP 56, RIAIZ R
KFVALFE 4 4RSS, SRR IRIX A, kb
PRI AE P T 5 B B R AR . P UG B/ 2
B A B A I o M BRI, LA RO, R 4L
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3 2013 £5 2017 ERRFRIE XIS AT IS FHEYRE

Table 3 Comparison of the concentration of cultivable fungi in the biocides treated experimental areas
Gi's  R2A BiFRIE PDA HiFdk BE 7Rk
No. R2A agar (CFU/g) Potato-dextrose agar (CFU/g) BE agar (CFU/g)
2013 2017 2013 2017 2013 2017

Xif R 2 700 000£250 000 6 800 000£2 100 000
Control

1-YC 18 767+726a 7 283+1 157ab 1 117+£268a
2-]1Q 2 033+406b 9 217+404a 0+0 ¢
3-WE  0£0c 491742 323b 33+10bc
4-MD  50+29c 3 117+742b 17+7bc
5-BC  0+0c 6 083+1 270ab 117+17bc
6-SL 33+17¢ 2 583+661b 0+0c

7-BB 133+60c 5 500£257b 333+93b

83 000 0006 400 000 1 300 000+330 000

1 500 000+29 000 1 700 000+170 000

50+0b 483+60a 5 650+1 543ab
6 683£3 592a 0+0c 9 017+1 364a
1367+309b 183+60b 2 233+£925b
174£9b 0+0c 2 067+758b

2 317+617ab 50+50¢ 5 583+2 235ab
0+0b 17 +9¢ 4 267+2 210b
2 733+2 683ab 0+0c 2 683+142b

H: 1-YC. 2-JQ. 3-WE. 4-MD. 5-BC. 6-SL. 7-BB /- JIF/R B, HEE . L. AL, RFLEE . BB IR IE vk & i
BRI X [R5 5508 5 A AR R b3 R 22 R AN B35 (P>0.05)

Note: 1-YC, 2-JQ, 3-WE, 4-MD, 5-BC, 6-SL, 7-BB represent ethanol, formaldehyde, glutaraldehyde, BIT, benzalkonium chloride,
dichlorophene and benzene compound biocides, respectively. Those with the same letter after the data in the same column indicate that

the difference is insignificant (P>0.05)

R T B K 2 R AN B 2 (K 7).
TE 2020412 A, TEESE 7MWK, B
B/ 2, T A2 P 760 Ao 0 DX 35 2 7+ 0 PR IR T AL Py e
Vi E R RIS
3 WikE4R

KIILIR ,  n o] R 5 o 52 3 BE 1) fill 2 ) ol
KILFLARBFEE, o4 e . IRRTELT
FREl AR RFVRN A K7 vk, i 5 0 B 1 1
RHR R e Rz — ) AR T
PDA . £IK., dIHier K260 4 FhigR3L,
R IR AR T 508, W T3 & B R
M BB (P album, 98.13%), I45EHR5 2T
ARV R R B AR BE A 5 L DNAL 4
F T [ SO T A AT 345 il 48 SR d A — 5 Y
FESEZACAET, I FH B B SO AR AT AR RE 8 Y
Fr A5 BB A5 S T )& (Acremonium), {HFEAR
W PR B SRR IZ B AR, X SR ik
KGR BREA 56 53 Ah ok R A 28 8 i B R
B, WATRIGE 2 bR, AR R R
(R Re IRl D85, 76 Z A0 A T A SR 3 43 B vh 9
AN B, S Y AR A 2357 B R 1 B O

e v B T B G R, B D R S B R 2
FEVEE SR RAR . BT SR AR B R BRI &5 5
XA BE L BUE Y SR A E X, W
BRI B 15 37 T WA Je AL 5 3 bR 2B B AR fL gy
PEBIFTE LR WA IR ik e SCH DRI B 5 25 05 T

g

‘2 11x105 ¢ a

& 10x10° m

g  ox10°% b

5

g 6X10°}

%Esm%c

85 4x10'} d )

37 3x10} ¢ ef f

g 2x10'f g g g

: el IRHNN R

Q_‘ 0 1 1 1 1 1 1 1 1 1 ]

= CKCK-0 1 2 3 4 5 6 7 DF
Sample No.

B 7 REFIFFEIRIE XEHES ATP 50
Figure 7 Comparison of the ATP fluorescence in the
biocides test area

. CK: JoIR7KAbHE; CK-0: JCPRIMR AT LI 22 k28 xR
1. 2,3, 4.5, 6. 7THRIFROm. W, LR, &K,
B . BRIk DF: RE R KA HGEE R 2
Note: CK: Sterile water treatment; CK-0: Blank control of no
mycelia visible to the naked eye; 1, 2, 3, 4, 5, 6, 7 represent
ethanol, formaldehyde, glutaraldehyde, BIT, benzalkonium
chloride, dichlorophene and benzimidazole; DF: Residual hypha
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HAA MR, AP N E—at5EH
b FESE S5 DL e X T 5 SR BE R 3 B 92 B A
So PN YR R — R R LY SO B0 Y,
W AE T A 2 A R T BT R s R
SR I e RE I 1T E 105388 Rk 90%°),
GO 34 T U e 22 L B A2 o A Y g
AR X P M 3 B2 TR AS IS O Y
Z—o

Xt ZBOEYI S, AP0 DGR BA B
(T BR A R A1 Y, R e A . R

. RN SRR — i MR AR PO, skim
PR 3 552 56 2 R T A FDL I HR A AT 1 A 2% K
MR AYS I, i fAL R =T 48 8
HAMBERCR; HAS RS, BUSE i A Y By 16
WF5ERNT, WA N IS B 400 ) B 1) L R
AU AR AR IR P R T 2 B
F18y EE SO AFIEE 5 T R 100 PR K 2 R 2 TR BT ) MRS
3K SR JH 22 27 R () ) B O A P DA i e i —
[P RGBS i 3)1B: L e
RO 2R, 0 SRk o' Sk i 1 A A
ERjiGLFEF, 2001 555 &5 K2k 1 T (Fusarium
solaniyfiiE G, L 3 W ARILEE AT, F
FRORE R AR IR IS £, PR TR T B SR A
My HE 2007 AR, BEE B SRR A R
(Ochroconis lascauxensis)'T: B T FH S (4 TR B ;
2008 4k 7 ER I A2 e U AR I (10%-25% Y
AL . 10%-25%HRM S . 2.5%H) N-F 4
S WA A AR 1T 39 S5 A A AR ) 437 A4 20 1 T ) R Bl 2
Y F XA TR K 2009 AFEFL BRI HE L A S/
Wi B 5¢ BF (Herpotrichiellaceae) W BB A B . R K
FR I P i WA A 5 118 T AT A R P T
L S0 A T A1 Sy T BT N ) R R 81 A SO
PRz N

21 iy A% R 0 10 TAF 2 804 Ry FRAE 5256 % 2%
R, AT WFFE T T 3037 1 36 R A5 B R
i, PRS2 520 FSC I RAE A P TR 2 5
G FIPPAL L BAR L N . AR TESR S

2 18 T AR JGRAE SO R AP I ) A R AR
INBE AP S TR E M A I R i b, BT
JURI S DA DGR R IEAL 28 S 50 2 i 24 iff o AL
S/ 2T R A KGRI 24 15T A1 38 26 1 )5
AR . F b, BT YRR 4L R X
S22, TR AR HR R IR R 410 BT A5 R AR RN P
R TGS FEISIRB P o T IRAIE
FPPA 28 G 0 S A A RO, ASBIFSE B IR
TAER 3 d 5 4 45 AN TR R 00 b B7 DX 8k AT %
TR B AL, B A B LR
Be Y | W/ 2 A B AR % R B E A
FRRCR AT 2t Kk TARRYMEIN, UGB/ £ 1
SRR AL PRI A R B E W E K . R2A Al
BE 532 5L al B SR E MR B TR e, mT A
N FH A T s SR Ao B, BT PrE R
DRI 2 A N T LR, R T 4 T 1 R KT
— M, X 2R R IRATHE LLS 5 B 75 SORE
W EMUE VIR IR TR SR, BRHRLEHEEL
AP PR R, 3 Y A D X A R Y R K
I, LABROR ) 3 A% K A 8 80 A A . ]
18 S 0 7 N i B W O R T €A s/ e = 1 F TR
PRBIFTESEAT, FERF AR 1 F8 5 T i e £ %
TR,

ATP A=W K Sk 3 48 € 5 0 P s oAk 41 7
FRUXF C W % T 9 TR TR R A O v 2 — P,
Rz 5 1 LRR R 4 M S B B . AR F S LA
ATP %SGR A AE Al B PEAR T BEXT 2% K50 Ak
PR35 A W e AT TR, 4 R R LA
1y / 2, T 52 T AU A B A P e o i B BRI
S et H G T TR R KRB T i EL B R f
TR — AL TR B, LBk mAM
Xof Vi B R AIG 23 ARS8 48 A5 R AE 2 R B0 B RE i B
5 B A 4R il iy SR B ERBE A R PO [ i 52
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Li SFFoE 3R, AL, SRR Prdh s AR
JE SRS SR A VR 1 B RS e
PIREA RO 2L = RIS BEING, WRMAEY
P TR A 7 SR AR B TR A B TR AL
BB, Anasthk SN EE G ORI B e T I B R
X0 B (A R B Bl o AR XUZ PRI AR T 553
W AR, ZEFRN TR MO E AR TR
80%—100%2 A, FE Mk L KR &P,
DR I 7 ZE 2R BE I OR3P A T AW B A5 200, JF
ARBTG5 75 B A it

i 3 75 2 BE I () A 9T I AR IR A, — T T
MORE ) WA BR5E . BB R T AT T IR A
B0 5y T M B 0 T A A R e A
AR R ST e R AL P Ay i
IR E, B TR R R
Hhas S, DARE S 55 2 Y PR BT K B ) 4k 4 e
B2, BRI E R R K. BRERG . A
TSR BRI A 5T AE A5 A B R R 2 2R A
TP BRI v R [ g T AT 97 44 BT A3 1 DG R
Buft: Rt K RAFAESEMIE SR, BV RS
A Y A E B Fe KA AT A 80,
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