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Advances in the Study of Fungicides in Bamboo and Wood Products
for Food Contact

YUE Xiaoqing, WANG Yuting, WANG Jun"

(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Bamboo and wood products for food contact are widely used in our family and working life, such as disposable
chopsticks and chopping boards. Due to the special texture of bamboo and wood, some fungicides could be used to ensure
their effects of application and to extend the storage period. There is a growing concern of whether residual fungicides in
treated bamboo and wood products will migrate into foods to be harmful to human body. Furthermore, the methods of
detecting residual fungicides are also focused as research hotspots. Based on the domestic and foreign research progress of
fungicides in bamboo and wood products, this paper reviews the classification, application, limit standards and detection
methods of fungicides in bamboo and wood products, and summarizes the migration rules of fungicide in systems of food
simulation, which provid references for the analysis of fungicides. Finally, the problems of existing detection and migration
study about fungicides in bamboo and wood products for food contact are summarized, and the research prospects are
discussed.

Key words: bamboo and wood products for food contact; fungicides; applications; detection method; migration
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Balsrh =28, —EAv RIS, i A bk, =R
HRAEAE; TIRASARIS, WAm . . B 2L L S5
TORAIREE, UNEREHE | PORZESED, hEJE— M
T 25T KE, B &5 RN RAETR K
SRR, B ORI — 2 R R, X — IR PR
MBS A S S G EAS S iy NS

BRI R e A (AL BT | R AT I
(R, B P9 B S AH G i i 28 A WA H 25745 B
YRTFRE B S A AT A 7 i ) [ SR HE RN AR
ATHEAWITERE, FHICKAM B AR WA AW &, ARHE
2, FR F H AR s = L1 18X & ah Bl FA T AR
LB AR A, B ARXT B AT A RS S AE R
AT A BRAE , 22817 A B ARAT A AT 7T BEAE
g T AR e B Al A TR U AT AR R R
PESECEANTEA I T R ] e s I INE B L 2k
W EGHL R S, BRI ILA: P i B v 2 R AR B
IREEAR R B BRI AT A S 1 7 B B b 3
J&, 5% B R BRI AT REAEATACH Fh gk B - n e s
FHaE R IR B S b, X AR AR A
TV IR A] BRI A EAN K AR S el S ERBE
FEARSERE, T | R R LS A AR (R ok k22
BNV E . AR Y HAT AR ] 5 rh F228
AR EFNBATITN IS, B T ATAH T PR 2
TTIRAREMEE A, FEXT Lk | BTk A8 AN Rl
VRS FAPERUR BRI TS . BEAh, ARSCEXT R B
FI A ERR R ST U TR, DR | iERE b5 2
AL ST T ATAH S A BRI R B S A S A
X M AT EAE B (R R B g, BHEEXT e ST
AR ) it R S TR R B8 AT 5 R A R T A R e AR
=%,
1 Bt ARl R E T M AR
1.1 EmEMITARSH P REFIA AR5 2

B Rl P AT AR L 0 AR TR AL SR R ARAT
AREATAREZ G}, FEALFLYER (40%~50%) |, F
2R (15%~35%) . AJIER (20%~35%) FlZb i He
AT, HE AR, g TR RS BsHmTAR
HlW AR 2, oRENHR . R R . 3k Z
{HFITTARSESE . PRI RS, TR S AE
i FH s g A Bt vh ] RE 7 AR B AR A i A 5
SRR A S AT TR P, ZEARHRE . AT A A
KN TR R RS . B S HT

M EA R 2 A, AT AT AR R B
FIA HR LB JE 7, ang s 401k (chromium copper
arsenic, CCA) M| ke 3L 4 £% 15 4 (alkaline copper
quaternary, ACQ) ™ ff 3L 55 & 7511, 4nilifR (Ortho-
boric acid) . PUZK/\illifi£4M (disodium octoborate tetra-
hydrate, DOT) 4§; 72 W4 JE Bl -5 (chitosan metal
complexes, CMC)U7 "8 DI A HLA B, U —mp&
FEAIUT | FEIKE W (pentachlorophenol, PCP )P 5
IERR IR B 2AS S TRISFI Y | R RME SIS R B &, =

Wk ST I E A SR B (tebuconazole, TEA) |
P EFR Mk (propiconazole, PPZ) %5, H:ff TEA. PPZ 4%
AT LT AT AR P SE A S B S R, RIAHRE T 5 %%
A PP E TR B B A SR, 2 M i R = 10
ARAABFEFNP, Foempe BRI R PR 4,5- 54
2-N-2pFk-4- S EMEE-3-I (4,5-dichloro-2-n-octyl-3-
isothiazolone, DCOIT) . 1,2 ZEJf- S ngEmAmk-3 FEi(1,2-
Benzisothiazolin-3-One, BIT) &%, X K Z 80 0 AU B A
B RARA AR KR . TR R IR
S AP . BESEIBKME (thiabendazole, TBZ) . 225 72 (car-
bendazim, CBZ)%E, HAE MR TP A 2257
24 R G AT B, BEAS-AR M IE 5 43284, ATk 5%
PRRCRPY s bR TR RERE SR o F, tm] LA — 2
FEBIR A A2, 4 TEA A1 PPZ FEHN I FL i A i
HAT U R 208, A3 AR B 5l AR i & o 32 B B 1
PO, IR ZE 4 H P, CCA 2845 =8
) B 70 AN TAF & AP B A Tall n e e (o R g
MR, AR R B A LB G I B4 w5 gy
SRR, R R R, i, PCP R I4hEL &
RENIIRES A . YA S T AR B a7 5
T PCP MYBE PR KPS, S FE ML (R 175 (Envir-
onmental Protection Agency, EPA)T 2010 454 PCP
B M Se i i R EE A LTS YLy T A A B TS Yy
%) (persistent organic pollutants, POPs); TH: 5% T4 21
AHE BRIEAEWTIEHUA T 2017 4R 1F PCP h—55L
S, IRERO AR . DARZE A & BEXTTE
B LR AFRESE UL PCP 21 AR50
1.2 ERME REMA MR R RETAREINE

IR E 2T B AT AR H) S AR EE GB/T
19790.1-2021 {— & MHEFET 55 1 F55: ARFHEY F
GB 19790.2-2005— K MEHEF 25 2 350 ATH )P,
Ja & ME TAT RS TBZ., 482K LK) (o-phenyl-
phenol, OPP) . M E: M (Imazalil, IMZ) . BEZE (biph-
enyl, DP) PUF 2% B8 B 85 77 19 4% B i < 10 mg/kg;
{ARFRIELN T/ZZB 0346-2018 (T 2 AT AR YNIHLE T,
A ARBERIEFIFRE Y OPP, TBZ, IMZ, DP R
FEAG H s AT bR vE SN/T 2595-2010 BP3ICE Sh 32 fl A
B IGFRR A . A AT ZE Y FE T AT
TBZ. OPP. IMZ. DP My RKFREE 10 mg/kg, 4K
RIEFNILBEIERA . AR ATHlE PCP & KFk B &>
0.15 mg/kg.

Kk B Res AP(2002) 1 #eil B B 56 5 #2 ik
A AR AN AU A4 ) B ] i v PCP 19 5 R gk B8 il
0.15 mg/kg; B Res AP(2004) 2 Jeil Py fRE S5
SRl PR OR ZEFNIL B JORAM R A il &4 PCP 19 5%
KELBE B4 0.15 mg/kg, PCP Fl = & 8y 14 5 KT
F 490 150 ng/kg. 2000 ng/kg. 5 E B 5255
BRI (Food and Drug Administration, FDA ) {21CFR
178. 3800 AAA BT G DX AAT il i v PCP S LR
BRECAR T BT, S A GERB I AR BT . B
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7. B T AW T HE, PCP HE AR BT
50 ppm"; TEE LFGB (& ah . MBS . Aot fFn
Heg HH A EIEE )B82.02-8 (2001-06) HALGE T £
e Al AGH S AR H 5 PCP 3R B8 £<0.15 ppm; 72
el £ it P ¢ 4 5 DGCCFR 2004-64 4 DM-4B-
COM-004-v01 Fil NI 2012-93 H1 435I T 6 5h 1%
fil FHACFN AR B A5 PCP<0.1 mg/kg

X Ll S AT E N AR Sl AT AR S b A TR
AN FHARHE, AT LR IRAS [ [ SR HL DX AT A i) &
ASTEF N TR SR B e 2850 . BRSES R IR
IR 2 E T ARM RIS PCP iy, FR
K F AT ARG B BAT AR E P e T
PCP. TBZ. OPP. IMZ. DP “h % B 7 i) B R AR,
il I e R AR R SR E, e
THATEZSA T TCATAHILE o
2 PIARHI@AE TN G AR M A

AT A S T A B B ST T A S A S R AL ER
T KM ik AR 43 o AT AR BT AR X 17 2R, FERTAL
PR B AT 2 BRI 2 lg . b RS E T, (K
ARSI 7k — RS EE S . (R R g T B
121 RAPUE AN R A UERRE, J2IE T AH] S A P
PRI 700 ) PG 32, AEA-AE T T L {SG8s
DT S S ST IS SRR . PRSI 2 ELAT A )
SRR BRVETRIE | (8 THEAP 4 25, RS 17
PRSI T 2K, FE B R AR 7 T AT 5 P & R
JZRH
2.1 PIARHIRPREFICN AR IE 5 5%

AR P F A A S0 PLEE FIFR IO O, 3X
Lot G- H AR T R 255 . -Gl i ET Ak
BT IEAMN BEAE FEAICIL BT R5)n, , 17 H A RRRAE F i
ZR R EEFIFE AT RIS o AT AR TR FH Y A A7)
ATALIE 7k R A AR IRk, B A &= R
% (sonication-assisted extraction, SAE) . 2 [GHli 2
75| [EAHT%FEE (solid phase microextraction, SPME) .
W #E B (liquid liquid extraction, LLE) 4555 Ji5 2 I
A QuEChERS(Quick. Easy. Cheap. Effective. Rug-
ged . Safe). [fAHZEH(Solid-Phase Extraction, SPE )&%,
2.1.1 HSHREGE S BIREEARCR S . BE]
SN TR 1A 4 Y I /A W S B2 V3 s £ /= =2 £ o BN P
JY L 2508 O AR, AT U PRI R R
T A BB | 25 A28 RGN , 38 a3 R
o F RIS SR | WA T 2R ), 3RS
AR L, BEMTSCIRXT A A LA BT O H . 7EmfE
PTG A2 o A BRA R R 2 5, AR AR DU TR B,
PEPEF I, 205 . TIEH . 418 LHs5EA VLI FIWE 3
TBOA 3, AR e e As H AR B TR IO R b .
MRS 85 A IR PR TR R S L IR S S
$EHL 20 min, SR JH HPLC M &, Ff b b 4 505 H
Wt . 22 TR R 7K AZ FE S e =i [9 T8 00 8500 ) hn s [
3K 89.5%~108.4%, KB 1.7%~5.5%. %Ik

PRVERT R FEA A, S B S A AT AR e R
FHB SRR PR IR 22 . A SR s T LA
5 QuEChERS 454G, EAHRBUSCE S . EIUPELG-. 1l
AL XPIRBETS Y NI . A AR FHZE-7K
VW (1:1, Vi V) SR, B yREEEL 30 min, P
K, 454 QuEChERS JrikiFfb ik 4y; 3>k HPLC
AR M) 2GR v S I e b ] IS R0 S O Rk 2 AF 14 Fif
FE A, 15 A BR  0.05 mg/kg, AR E1 Ry
73.8%~96.3%. HFEIRIBOAIERAERIE . Yok, BHA7 5
R P EE A PN R A R . X R i 2
ARG SR R Y
2.1.2 RICHIEE RICHEEE RS HTSRE
s BT AR A E S R IRIEBGL AR B2
JH 2 2 v () B B TR XA i A T v B, FRECR
B o XIS LA A EURE, L RIS R
FREEFN AT DR IZ07 2 Se AT SR B AT P 453)
SRARICHEE | PR35 B ROy 206 B — ik
AT EEHPE TBZ. OPP, DP &0 HrdbfT s, 4%
SR, DL A PR BRI, 2R EGHhER 4 h, B9
JRAENEAS B A 2 A HE L, ISRt T 55 SN b 7
eo T AN R CHIHE A PR B R a4, 2N
SANZ SR TR 2R R EH A R 51 . 2R ECHh R TL il
ST AR FH RS 0 [, s A b i s e S e
R, AE T B K AR TR A REDAS PR ECR .
TR A, XA S A AN
JE—MMRAF PR
2.2 PRHIGPREFIREN G A
221 WA CRETE =AU A A% 75 Chigh
performance liquid chromatography, HPLC) J& — Ff'
2 AN )7 . HPLC BAG 4y B he 1, Reig
SIMTEMME . AN FEL . m TR R AR RE 11k
B, A BRI HY AR I 7 s, Y AR
I e AR BA DGR RE A R R, A LA
A B4 H A 8 (diode array detector, DAD) 5%,2¢ 5
K g5 (fluorescence detector, FLD) 4 7461

Li & gt 57 T HPLC & A4 vh TBZ,
OPP. IMZ. DP PUFPA EL R FIMY 7% . B X i
KAk, C g UREAE ST ES, SR FLD 3SEREUR B
285 nm, K 5K 325 nm #&] TBZ. OPP. DP %
o T IAERERE , iEid DAD A FLD P AR
R SCEXT B bR A P uERf s vE, 1 H 2GRS I RE T LA
TR, R REUE . A-BocaE™ it
P HGZ AT A il i A THEHR, FEI0A S 5] £ 5]
1 PCP. TeCP Fl1 OPP H.A7 4% /= i $2 B %<, FH WY
FI1 10 mmol/L Z, iR & 7K %5 WX Ry Uik s AH HE A7 46 B
B, C g LS4 E, K BRA 0.1 mg/kg, BIWKER A
96.70%~104.4% . iXJ&E NI E R HPLC K5
VEXTARAFRE S PCP. TeCP. OPP 347G 460, 2%
TR T ARHA ] S R =R 2 7R B ST RGN
TR . JEREHAREENS gy T AR S R L e
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AAHRIE . bR E S 15 FhE i X HALH R P
AN AR Tk o ARG EE T RS PR, C g ik
FEITES, SR A A B AGIN 2 A €13 XL
PR 2 AR, A5 B K HH BRAE 0.2~25.0 mg/kg
ZI], S ENCR A 89.0%~119.3% . XTI RK
SRR, FAERT A, AT S TR B A DG i b 22
Aol 877 R 90 TR A A R4 A, e 2 AT R PN SRR
AT ] AG I B A A AT A P R R R R 2 Y
R AR AT T2

J& [E A B 5 132 (American Wood Preservers
Association, AWPA) W1 {52 T TEB. PPZ J 5424
Mg B AR HE I % J5 15 . Miyauchi 25 Fl Schoknecht
SOV S35 HPLC 12503 Al s AR FIAAS il i S
ZALASA T TEB H1 PPZ 19 & . SR BT B xR
WS TSR AN, 456 SPE i LRI T4, P9
A2 BRRE Z A B 5T ERAA Bar i mIess . Bani &
Z, AR TS EE R R R Z Rk C g tAiiE, HA
B DGR RIS 2 5, NV 2 ARG SR A
BN ST ERE T, A ICIENE L & 0t Bk g5 14,
EEAREE ShRE S R B B AT LA AR TN, 25
53 52 BNFEL T, 20 HARPIAIN ity vt o
2.2.2 WAHOGE-EPECTTIEE  WOAH 0% B IR BT s
( liquid chromatography-tandem mass spectrometry,
LC-MS/MS )X W AH (135 B AT 457 A B A5 L ke,
AR BRI ) O B B TR R AR B AHSS S i T 1k,
ST B AR B AR 14 50T, SR T e AR Sy
ATATAH S P AR BRI B s . AR S B
BT, RS RHFSREL BT b TR HEn
)= Al ]

SR HREESY SR HPLC-MS/MSS X+ 7%,
A 5 AR CMIL MI, BIT. R fi§B% . PCP
PATRE ST WS HARb &5 45 AN H],
SRS IE | T8 43 Bess Ak, TERTIE 22 SO
) (multiple reaction monitoring, MRM) A& T #6701,
5 T BT A3 B OR BT, & BRAE 2.7~4.7 pg/kg 2
[a], IibRIEISCR A 82.8%~106.3%. 127715 ] [l A4
AR iy SR RS BR I2IS AN B S RIS AR B, HAA R
arEREM . 5 HPLC HEeRIEXT Lbbnfi iy £7 B8
ISP ] AR e AR WA i e M g dE A I AN TR, LC-MS 7%
REXTRAEAL S RS ZR B THE AT OGTHEER
SR R B I ()RR S, SRS A BT RSOE VE, TR 23R
I3 BT AT RE A, SR AR E — AT
TH PCP By & i, A BR O 2.0 pg/kg, Jnds Al e
A 80.7%~95.3%. Ito 25 F & T —Fh EWEL [F] B <&
OSSR TBZ . IMA Fi1 OPP [ ESI-MS/MS
I35, SR MRM ASERASIN, 285508 B8 i) 8] 52 P55 1]
{2 PIBRAE 2, ISCRIE 62%~112% Z 18], %7k
LRI = 2 R B A A A AT A ] ot B A
M2 . LC-MS {EAHXT T° HPLC &3904 T &
FEPEME, RERS M 2 i (5 S H At &

REMY T T-451, HA et E a&rme sl .

2.2.3 SAHEOGEE:  SAHEITE (gas chromatography,
GO) LUEMEAUAR i sl , 224053 M) oA e slAH FilE]
S8 A TR PRI 3 E ZRBOAN [R)3Z8 T 53 55 e MR HE ARSI 2%
BEATAREIN . B TSR R B2 R ECOR, GC A LE
HPLC i H HAT 1052 RE 1, REMSAT RO T8
YA E AR o3BT, W0 % i I E A R Y
FEZ—-

Domeno %" @t 57 T SPME-GC-ECD E 2l
FE B A G YRAN AR A v PCP 1955, K SPME
GG MR- IR A 36T T . FEaln
FK AL 55 T HEL K L pH A2 1 fR3IE PCP 43 TIB
2%, 2,4,6- =R (2,4,6-Tribromophenol, TCP)/E A
bR, Z T K HBR N 0.015 ug/g, RSD 2N 14%.
SPME {2 —Fh E 42 . T $E B0 ik 5 H e 18
71240 P BAT BRVE T . LB TR sV
SRIGOEE . BRER 52 AE0Y S T — B[R] BRI A,
PPZ 7ENY 6 Fit =M/ ] GC-ECD J5 2%, A/
S/ PRE, R Bk AL S _E LRSI, A R
K. Tyt i, HIE ARk sEdt, XH1r
A i = R B R A A I FR AL S L S RS
PO Ny T —Fh I GC W2 AR fEH PCP B JE
F RN A, Xf AL RE  PCP i ik H st 7 $2 Y,
TCP M NFR, LBEAbANIR )5 idE I ECD A, # t FR
A 0.01 mg/kg, BISCRA 82.7%~96.5%, 1% )7 538
TG PCP B JE AR . GC L BA RUF1Y
3 BRI, AE XS TRl 2 L XMEFE R O A TR, 11
AT 2O AT A AL A R MRS P 5T, $ e L mT
R R RO, ABATA B YRARRT B2 2, ToEkgs o
FEERFE R, NHEZ ] —E R
2.2.4 SAHEBE-PREOTHEE A AR BT EE RO
(gas chromatography-tandem mass spectrometry, GC-
MS)H(3i% 5 BTG O AR SS &, B R0 3 558
PEERRES o X TIHIBLL A ) A sl A AR I SR TR
VAT AR HZSARDEA o3 ARSI, 2 H A% 05k B
R FHE Tz —

Diserens %507 H & T —Fp P . R GC-MS
R Ty 5, BEAETNE ARAA . b . 4Rk . AKIRANR S
19 FhGAMy & i . ARM TP AEAERY S n] GBS id i
IERTS YAEAE IR IR o 27 R B BBUS R i
LA AL B, 75 2T Wits (single ion monitor, SIM ) A&
R, BERII BTk SR | AR At v it 5808 2
B, 405K ARES ARG BRI T 20 pg/kg, ZKR TS
R T 2 ng/kg. 71l [R5 AN Z A5 o
3], RS R A g B R R DR A SO T
o AT RAEPS SR G ) 2L SR AL B, 455
GC-MS FaI 2R, 48t . R FIAS] S 6 Fhaiy 2
WyJoa, LA G e S ZE B R A THEHR, AT AR S 43T
M, SF-24 [RIRCRAE 86.8%~108.8% Z [H], # H Ay
0.01 mg/kg; W AT IEXTARM | SRR ZE | 4URN4LHR
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S5 4 FPAS[RIZE A AR S T ARSI, IERH T i O TR T
anT &g, ] FH T SCBRAE Y CPs ZR B & il . 2R
H GC K}, S b G e ms 2k i A= fe Ak
L, AHHE AR B3R B A R e AT AR At
HE, N, PSS SR GC-MS I 77 A il
H. OPP. IMZ. DP., & & ML 5 Fh AR &
o BRSPS FHIE O btE s R, SR e i,
Va7 B, SIS RNACRAE 83.5%~108.4% Zd] . K%
T35k T Y ASTR] i R A el R A AR ) i (7 2%
e ARG . A% . AT ARHIE 45 e 50 ALkaET TG
W, UERH T i 7 VA8 A AT A v Z2 B0 B R 0 A S
GC-MS 5 GC #H b HAA T 5 1 RSO FfEsfa i, vk
£ SIM AN GEAE AT S SFAIIE 2 i b R 3 o T
P, WREXT AR S AN TE ST
2.2.5 PUEAITEE ORI L BUAR R AU
FiEmfeE oA s, (RS HT B el R, (R 22, 7El
Bt 43 AT s v FH A2 3 BRI, PR 22 A3 T80
PRI 3% BRI 7R A4 i, AR STt Aol iz 1) 5¢
o P S FH I 2 45 Fh 35 o v 38 B 7R A PR . A
R AT T IRAT R e — I B H A iy, AT
TEAT A S5 F RS 00 3% TR 701 B DRSS T 7 9405 4K
B /100 AH S ST AL G FL AL 2E S AT IR0 R Y
58 7 2 G i ( surface-enhanced raman spectroscopy,
SERS)!e3 4 2

R T2 oA 7 8 AN ORI 3 B e, v HLELAT R
Uit RAGCHEFIERN B, 38 T Arkesl, n] T
B R BEFN T AR R A A RE rT
DUFVEAL s A A s A ) R A, EL ) v i
FH AL, B ESEC R T —Fh R
H PCP 11 HL AL SAAL SR ARG I 325, %07 BRI K 34
G B AR AR AN R 22 X E il FEL B (screen-
printed carbon electrode, SPCE ), it 1 3% JjiT 6 A% 2 1T
P4 3% PR A7 R ) S FL A 22 AT SRR R X S BR A 5 R Y
PCP FEATAEIN, MR 0.028 mg/L, AR I
87.0%~92.6%. WEARLE RS AK = PCP IR xR
VRN 52 T AH e, TEBH T e vk ml Sk, vl AT
Al b PCP A PR EEAG I o A< PR AR D) A1) FH ke ot
i) Hummers J5 G a8 AL £ 5844 (graphene oxide,
GO) 3%l SPCE L, il i FBfb2Eid i, if i
& (rGO) &M i) SPCE (rGO/SPCE) %} PCP H.A3 Hht
S R Y L A A N, XL LG PCP #E1T
F, A PR >y 0.032 mg/L, 34 A3y 83.73%~
94.3%. Hi& 1 FEL A4 Bk ARG BE AT SR J2 M AT R
R FEL A A I A T E A E A

SERS H A EA K R AR = . FRAERT R A
{B%, VE R — PR A 2422558 BE 19 R HAA AR R
KBTI, Kurti S0 RAPLZCIERNE T =42
ARA T PPZ 19 & &, Kt BRM 1.0 mg/g, 7 B
L TR R A %y AR B N ES (8] 43 HER T
HA I B, eI R ST AR h PPZ 19 i

HA—E N N E . skIET 57 T —Fp 3L+
SERS [ #5 5 Hz v IMZ %% B8 P sk i) Jy 8=, F
SERS i #4732 a3 43 HT (Principal Compon-
ent Analysis, PCA) & 3 #<¢[n] f& [4] )5 (Support Vector
Regression, SVR) £, £ H FR 7T i5 2] 1.43 mg/kg,
AT B ZEARUE TP HLE I IMZ TE RS b sk B8 i R BR
it 5 mg/kg, 715 0] AT ARSI SR IMZ R $
2%

H /T SCER R HRAE T — 2638 A A i LA AR
il i HRAS I A SIS BRI BT B8 75 B4 0 FH AN S, Xof e e s
BRI ZN 28 W22 1, S Er b Bl AT A & b A%
BRI TS
3 MARBGEPREFETBTHHER

BT A S P R B RIBR R R S ST R
B PR T AR R SR E S T M2 —.
R S X A8 B 7R 5R B ) A R AR AR oY A R AR
LKA TR R P2 L, TR T
A i P P A R s PR L AR TR
DWRAEE = o A h, AT Z R A TR A E
S AR T i ARk, S B T R AR AT —
B2z Bk, WFSEE AT A AN [ i
JE P IR AR AR G PR B i e A A R

FRE SN/T 2204-2015 (& Iz fbAA AL A 52
B AR AR AR I e AR - BT )T
HLE T & AR H] P PCP ZE7SFh & A4
UK. 3% BRI . 10% LIEEEET . 20% LTI .
50% L BEEE WA 95% L EEE W) T ER Y GC-
MS M SETT o bR IR A T R 5% PR R 7 AR
YT R, WFSY PCP 7EAK M | IR 45 A W) 14 5
MO B A i ) S B R A, SR B B Ak A R i
PCP I AIFFRIRMIE S hrnE . TS s
FATBE A FH S5 24, 1  AS T 2 o 70k 5 N2z i st 1]
IRIEARUE GB 31604.1-2015CE 224 SRR S
122 flobA del K% il & 1 % i 6 38 D) ) e A FR 4 BN
4% PR . 10% 2B, 20% ZBE ., 50% Z.IWE M i im
5 FE B SRR, R H LC-MS/MS 3% PCP iT
BAEM . WFoERY], EBE Heh SHE AT, B
JoR AT i 5L B8 XA B . PCP 4 52 1T R S i R
TE[F—E S AR b, PCP T H 532 MyREE | IHia]
O A G . IR S5 45 R R PCP 7E A B B
50% M O P ER R EOR, X AT RS PCP S
THPLEF . R T KB PER A ¢, GB19790.2-
2005¢— IR HEHEF 55 2 #4r: AT ) MAE T OPP,
TBZ. DP Fil IMZ (5% 8 58, {H 77X 3% PUFhi )it iy
e ZZAE TP E b . D2 AEAIE, DA B SR Ml ik
BTy R =2 oalll By NI AIUE NS 1= P 7 S e i A GRS
FE S A 2> BIZEAK . 4% 2R . 20% ZBE. 50% 2.
B 4 R PR 2 h, it GC-MS K E &
OPP. TBZ. DP #l IMZ DUFh R B FIZEALIIY) b 091
FhE, WIFTRM, S AT BHPERR S I 4 B
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Table 1 Summary of fungicide application and analysis methods in bamboo and wood products
P EN gl R AT 3k LRl e 230k
PrFE5E . ATARHER -
pek o Vs AR AR GC-MS [59]
g FICH HPLC [43]
PNTES A HRIR GC [56]
BT EFEHEI ., SPE LC-MS/MS [70]
AT et . R TR AE IR GC-MS/MS [71]
g PR HPLC [46]
[N (N AR LC-MS/MS [51]
UES 2,4,6- =GB . 4-58-3,5- - frib % ML, SPE LC-MS/MS [70]
fitibR OB AE IR LC-MS/MS [72]
AT
AEH MR T LI, SPE LC-MS/MS [52]
PrFE5E . ATARRER -
A Vi A PRI GC-MS [59]
g R (G2 HPLC [43]
JET4 IR
R R s e R HPLC [46]
JeIA4: T
» U R A HPLC [43]
. . WET R g -
B SIRIRLIES YR ZETEAR A7 HEE . QUEChERS HPLC "
ST TR LR IR WONPUR. QUECKERS  HPLC (421
e BSEANEY Akt FICHIHE GC-MS [73]
) SIS N TR HPLC [74]
AHE BA AR LC-MS/MS [75]
EAUNIEES 2- I B4 S g Mg k-3 T )
SR QEZé&M%%ﬁjz AR LC-MS/MS [51]
2- P 54 S g e k- 3 YR 2R AR QUEChERS HPLC [42]
A AR PRI LC-MS/MS [75]
542 F1 -4 SRR IRk - 3 2&&2%;%@%‘?% PRI LC-MS/MS [51]
SRS AUHR, 2R AR, QUEChERS HPLC [42]
ﬁﬁzg?%%%% AR LC-MS/MS [51]
LRI S-S YA | FEIER J7 . QUEChERS HPLC [42]
ARME B A PRI LC-MS/MS [75]
FHUA. B A s e, AT A GC-MS [59]
IR e 1 b
gy — I PEATHE A HR I HPLC [41]
. 221 3T A BT B LC-MS/MS [51]
PI#ETE . ATARREAR N
— Vi AR P HRI GC-MS [59]
s P HRI HPLC [46]

TERALN ) VW P RS I 2], FEHHIX 4 A2 B 57 Z R BATE R A SR IR SR 1, S PR T
TSLRERE NPT A Al A B e A EHUY . EIRET i 2 PRI S
FEEZMIE LT AR EFIEA R & AU i i% 4 REERE
AT, B A S S PR B A R A E— FH AT A fh S5 44 B R R A, A HOn T A rp
5, AR E AU T A ML AN RE VA A T RE S 2 LE R B 5 R AR LA P fiE
(v R M iy S U SR R F At i SR 5] G S A AT IEAT G TR B o BEAE AATIXT B il 22 )
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RO, B AR 22 el AR R T
AEE . ASSCEZRIR T N AT A b b 9 2%
PR B S ARSI G R, FFX HAGIN 572501 7
WGl . YRR I 0 2 R A FBTS S, K
W T7 R HER . RV &, EAFTEST BT DS | R
B G5 S i JE AR, UTAT SRS A A ST
P SIS A AT T T B A A DR AS I 535 T T 1
IFFE AR, (H X S PSRRI Jr s H R X HAA R
IRGERGRAE AR5 A WA BEAT /AT AN . HATIEIBR
XL AR AR K e T S P AP L A —
FEAASAGIN J7 1 W AE SRS . PO TR AR I
S KGN IR SEARR Y 1) K2 g s — R B RGN Oy vk 1)
PR AEHE | AGINIE B IZ 105 W R R, Stk
TH R PR R R, B B R R ET R
QuECHERS, SPE “5 & FLi 2L AU AT AL B SS & (0
Tk BT AT S S A Y T B, AT AR
RELHGERR | R R R R PRSI v B B
LSS 5 R g K BRLTR A, 4 S 000 28] ¥4 [ ROUAE it ik
SLUG S PEATIE— 2L, 5 SR ES S AT AN L A R
FE, AR AT A PR 2 A PR 4 TS
SCARF, X EZA Tl AZ R P 2 et HAy B2 S

BTt Al T A A s o S B 1) 2 AR
SRS A B R IR 2 —, H OGRS il
JFHAT A s v 28 BRI PR A T T TS 2 LR ASE
TR AR, 20T IEAE— B R T RENE S RS B 77 1]
i PR ARG o (B FLSE R R T LU AU B
SR, YT Z XS IR BT AYAH T IS, S J5 DAk Sk
TRAMWFFE A AR B b H AT A o v iR 2 PR
VL BAE B T BB AR AL, @ AT T i 2R
[EsBlIRSRENtEs S L bu K Sl el Dpa s 2 i I Al RG  C S5IE N
3 Pl == ENUTUE 2731 % b & K1 A LRI RSTE kil o R =
Pibs i i e iRl 22
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