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Abstract: Microplastics (MPs) refer to plastic debris with a dimension <5 mm and possess high chemical stability, small particle
size, and strong mobility. Once they enter the soil environment, MPs can exhibit long-term retention, act as a vector for soil
contaminants, and even pass through the food chain by plant enrichment, causing serious damage to the environment and human
health. Due to the complexity of soil substrates and the limitations of analytical techniques, there is still a big gap in the study of
soil MPs. Research on soil MPs analysis technology is the basis for uncovering the migration and transformation mechanism in
soils and to evaluate the ecological risks of MPs. In this study, worldwide research progress on the separation, extraction, and
identification of MPs in environmental samples is reviewed. Moreover, the advantages and disadvantages of these methods and
their applicability to soil samples are discussed. Finally, the development direction of future research on the analysis technology is
suggested. The most common separation method, density separation, is simple and effective for extracting MPs, but it cannot
remove organic matter or separate plastic debris < 50 um. Though it may damage MPs structures, the newly developed pressure
fluid extraction (PFE) still has good application prospects because of its low cost, high automation and efficiency. Other
alternative methods (e.g.,oil extraction and magnetic separation) are rarely used, and their applicability to soil samples remains
unclear. Also, digestion methods with different intensity are reported to cause different degrees of damage to the MPs structures,
and the enhancement of organic matter digestion efficiency is usually at the cost of MPs recovery. The existing identification and
quantification methods include (i) visual identification methods with the aid of a microscope, (ii) FTIR and Raman based spectral
analysis methods, and (iii) the MS or chromatography coupled thermal analysis methods. When applied to soil MPs identification,
these methods exhibited shortcomings such as time consumption, size and amount limitations of MPs sample, and damage to MPs
structures. The combination of different technologies is expected to address these shortcomings. Importantly, due to the selection
biases of researchers on available separation and analysis methods, the results of different studies were difficult to be compared
horizontally. Considering the existing deficiencies in current analytical methods, the future research focus should be (1) to
establish standard methods for soil MPs extraction, identification, and quantification; (2) to explore suitable analytical methods
for small MPs (<50 um); (3) to develop separation/identification/quantification methods that do not damage MPs structures and
are less time-consuming.

Key words: Soil; Microplastics; Separation; Identification; Quantification
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Table 1 Chinese, English, and acronym names of common microplastics and their density information

1344 Chinese name

YL 44 English name

455 Acronym

% FF Density/ (g-em™)

RN Polypropylene PP 0.88~0.91
REN Polystyrene PS 1.04~1.05
R Polyethylene PE 0.92~0.97

125 B R L0 Low-density polyethylene LDPE 0.92~0.94
FEBER M High-density polyethylene HDPE 0.94~0.97
RALNK Polyvinyl chloride PVC 1.45~1.70
BX R R B g Polyethylene terephthalate PET 1.40~1.60
REERE/ e e Polyamide/Nylon PA 1.05~1.10
RRIR g Polycarbonate PC 1.18~1.22
RN Polyurethane PUR 1.20~1.40
WG T IR E L Acrylonitrile butadiene styrene ABS 1.01~1.08
I BLDN A TR P R Polymethyl methacrylate PMMA 1.16~1.21
BEIR LT AE R Cellulose acetate CA 1.30~1.35
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Table 2 Basic information about density solution used for microplastics extraction

i Type % FE Density/( g-em ™) PRI BRI 2E Applicable MPs 5 R Recovery 27 3k Reference
H,0 1.0 PP, PE 40%~90% [28]
NaCl 12 PS, PP, PE, PA, PC, ABS, PMMA 69%~98% [29-30]
NaBr 1.55 %3 MPs 85%~100% [31]
Nal 1.6~1.8 PVC 98%~100% [32]

NaCl+Nal 451.5 #%2& MPs 68%~99% [33-34]

3Na,WO,9WO;-H,0 14 %25 MPs — [19]
CaCl, 1.5 %25 MPs 93%~98% [9]

ZnCl, 1.6~1.7 %25 MPs 85%~98% [35]

ZnBr, (25%) 1.71 #%2& MPs 95%~100% [28]
HCO.K 15 PE, PP, PS, PET % — [36]
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TAEBCE B, HHER A ARG 180 CA&M L
#XT PE. PP, PVC, PS. PMMA. PC #il PET (%
B — 2020, PR BUBOR>80%. R0, IR
RZEHUS F PT RE S MUR OB R R R FIEAS , MNITTRE
Wi J S A D B AE , R A TG T2k o 0 ) T 2 e 1) 2
Wt . RERE ., R, IR ARAEE
AR . AR, BORE, R i
TIRIBR B AR Z —
1.3 EBRBENRBEXEE

TP LR A E M E 1.0~1.4 gem® 2
], 5 PET Fl PA ZEfd0 kL2 BE AR O, (R,
XF T A LT o A BRI, R B B B
IR b s S BGRB8 ) T BN
ML L BR AP TR . IR LB £ 5RO R e G R
THAR . B . Ak KRS, R 3 B TORA
AN [R) S 55 7 VR AT AT ) S BRASR

#3 ERWMENEANRMBXTEREINR

Table 3 Methods for removing organic matter from MPs and their effects

T2 B FIEd LES S5 30k
Method Reagent Object Effect Reference
PRI i 69%~71%HNO; I Jehiis 414 Ruf [69]

22.5 mol-L "' HNO; G DL ZH 21 R4F [46]
HNO; +-ERE 93%~98%MPs [1] g % [9]
HCl — % [70-72]
HNO; : HCIO, (4: 1) HEES I H R4 [73-74]
Tl 7 ot 1 mol-L™' NaOH G e S 90.0%+2.9%JH it B R [70]
2 mol-L™'NaOH TEVERE R 85.0%5.0%H iR
10 mol'L "' NaOH (60 C ) TETEAR i 91.3%+0.4%IH AR, WK PA. RERLI4E . PE [70]
M PVC
10 mol'L ™' NaOH (60 C ) [ERegiky/Lisp A 100%MPs [0, MR REREF 4EHI PE [75]
10 mol-L'NaOH (60 °C ) AR WK PET. CA M1 PC, {HRBEIR PA #il PVC [76]
10%KOH, 2~3 J 1 fk1E KSR MPs, MELLSE 2R BRA PR [77]
10%KOH (60 C ), 24h AR 99.6%~99.8%H fif &k % [76]
KOH : NaCIO (1:1) &5 5 R MPs R 47 [78]
Ak 30%H,0, DUBUIAE B RS MPs, {HA U] MPs 2878 (R 54 2 XUk [79]
JRH)
30%H,0,, 7d AL 92% M KHIURLAE WA S (>1 mm ). 25%0/ Nk [34]

(<l mm) SEEWEMEKEBE
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1S B ISES ER S Uk
Method Reagent Object Effect Reference
35%H,0, (55 C), 7d YL 70%MPs [l R [80]
15%H,0, (75 °C ), 24h WS 5 30%H,0, SR AH Y [81]
Fenton Ak, 3L VIR T H0,, AN PE. PP Al PVC, JoEkE [82]
Y. R R ) e A= 0 U I
YL LR
WPO IRFNVTFIRE & THAFRBCRF MPs [BISCRAH ; NOAA HiARK 5% [20]
A7
Ak WPO HFopEL W REAHGEE YA IR, HERRK AL [83]
PR i)
Wi 15 B K E PR K WL HR>9T%, AWHES MPs [70]
B
Tk HE W R, TH ARSI [84]
fiti+H,0, TR IKAE Rt [85]
JIGE 5 it VS e B IRIK AR R [86]
1.3.1 BRI RRIEEREI R EE AR . B, @BURIEA R TS H A H AR

Gurpfli R TR AL B R b &, SBT3
fift, IEHE LA R S R, S — AR X R
FUA N LB, fE—ERE LMok
A% By B4 768084 il F 0 A iR L B Y
A AL IR T 54045 HNO; . HCI LA Bz HNO;-HC1O,.
Hrfr, HNOs & i BRI iR, REAEAR 40 A9 I 1]
WEBR RS TAHIL, HINmCR B 40 ¢,
SR, HNO; VE MR TH i FIET, & 8t se 2wl 3
HWPL (I ABS, PA, PS I PET ) I 870 2314
&K Canede ) B HCL R TRz, T iRk
AL, WE AT AR, HRET
DL B — e (i F HCL 45 B 0 R i i 58 0720
HCIO, /& —Fhig A4k, Bewle iAoy, |
S5AENY By o R EREE, HiviEE S
HNO; # AT 10 4 A A, okt
ICES ( EPrig ¥ #R B 2 ) a0l 06 1 3
Wy 44U iy U

IS T 23 AR T A8, 4 il Ak
U0 SR, R A1 14 SR B M T e 1R T 25 5
fife, SR CHR) TR i T BB 23 IO TR PR 58 XU
MIRAGPY . BEsh, FARRTH T LATE—E R ek
BRI, JCE LRI R R Y SRR ok, A

SHRI AR I TH AL 7 ok A B
132 BIEME B AR— R T R R AR R Y
PEEL, DRt AT DA R T i 39 b ) SO AR L
H H o0 F R R Rl Y i R A 4R A A AL B
(NaOH ) FIEEALH (KOH) P, M TR M i
BB A R TR, 3l T AEIREAS I A, wT A
E AR A DY, H X R 25 1 5
M AR 5 U0 7O SR, R T SR A RBRA AL, Bl
WM s T AWE w2 2~3 WU, i+
FERS, TTREASIE H TR A R gk 1 38 P
[ B L,

T AT 8 TR R e B R UL B T LA AR o B Y 7 L
AR UT0 700 BRI, ARB T A 23 B R R O R
45Ky, 0. NaOH BN SRR EREF 4 . PE.
PET. CA il PCU" 7V {H AWK PA F PE 454478
RIRIBFFFE H A7 A 4 70 75700 KO S4B I i AN 23 W
fftl CA AMRIREERE, H CA 7EIIR B 45T it 5 %6
HE o R A AR UO DRI, A T SR Ao R v 0 sl
FH CA 2SR, Bl k15 YRt RE & o KT 5 R i
By SRR, R KOH 5 NaClO 1 = 1 |y Fe il
RAUS, HeAh, BRI b XL AR T i R A
7Y, Al G REER R RIE TR A LY,
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X SR B IS IR A TR R .
133 HAfkik JEAR (H0,) & s A
T MU B A E ALY w T L HERE 5
AL RBRDY, S A Y OB R
fn 20 30 MR F R R A, R FH HoO, i B S A
YR R E AT B, K2R gE R A
30%H,0, ¥k BE U477 fi B8 Shim 25 PO §iF 512
30%H,0, EA L H- A v B 31 v i TH AR AR . SR,
X E S A MU O RE 5L EAT 30%H,0, 4 B 2 53
T BCEUE BT, DT (o R 2 A i B 7 e 1R |
Jr U AR TR S A SR A — 2B A, i R
B IR AR AR S, BEAh, T Ho0, A B A5 25
NGRS RL 540 1t A7 4 B 7 07 — BB 3 1 AR
Ve J3E N9 A TELRE SR TR YT HL O, M T MR SR 0 sl st
FEAIL HoO, ¥R BE AT ASR GO [ IR BE 1Y
H,0, AT DAAEH i 9 B 38 21 5 0 v v 58 4 24 1Y)
TH AR, SR T e TR ] 8 2 LG A ek sk 2R
AP DR R AN

Fenton I & —Fl & 20 &0, )2 Ho0, 1T
TERR . Fenton ¥ AT LAAG %L 4 40 [ N IS [E] , B AIG
SN, HikdE pH eI N 3~5. Fenton i it
MK BH 25 T4k HLO0, B ALA HLIL A3, AT LA R0
H,O0, MELITH AL A AL/ AL AL A1, HoR Sk
A5 JF 4G PE. PP A PVC ORI R P, Hil,
Fenton 75 2 LN F RBRIEAKDS . +1E07 0 pigt
E UL KA PR R R 3 41 2O A B
A2, Fenton &7 X5 KUAL J5 T 38 8 A9 5% i i85 5
WA, [RE, HELeA YR Y i nl 8 574 A Fenton
% EBREY, HIATRET AN A WL R AR . IS,
TR Z AR N, BB e T 60 C & RO
(—it 40 CP™) fdi ] Fenton XL s &4 WY
PIRE R, DAk G I A

NOAA HARA g R IR X A Ak = %8 Ak
2 (WPO) /K MU AL S h AT BT, %07
HEEEMELT 0.05mollL! Fe (1) 4k 30%H,0, 1Y
TR CIAZE 75 °C), {H ARV HLT T R0
TR L T 6200 320 e RS e (n
NSk % . R I RCRE 2T 4 | B AR 2t 0 6 AR o 40K R )
B B AT AR ™Y, B — s BT 3~6 I
b A Rl 2 B K 2 B AT 4 R R A AT ML Iy T4
Yy, AbEEETIEECA, HE LS KA G T
1.3.4 [k HAT, 205 B I8 Bk aE

T IKAERE S YA EE,  HOXT PR B A8 R 454 1) i 3
/N ELA A e OB RDCR | e — R
WA BB % )73 . Cole ZE e P & T —Fhk
JHAR F i KA B s 5 P A 1 0% T ARG ot 1) T i
I, HESERE KT 97% (#ER), TR/
BB 7 %8, BB AR IRE . oAt B 5% PAT BAAH 2%
FEA T R . A . ORIV 1 DL T (i
TV AR . TLAgWiEEF1 Corolase 7089 ) YN
i 5 ST I T s A SR Ab FR S 10T o
TV EEN A AR XE R, RETE— s B b it — i il
I Z M A& B 5t . TR R I Y B, HAA A7
(4 oy PRI S0 HR 3SR P T K i Il TT i JC T
o T A S R RS A ALY BT
Mintenig %5 M B 5 H,0, b BEARLS A,

DI T KFE S ALY R L BR, (B [RIAERT 220N
7 S0t EREA Y E I . Loder ZFUOHRH T —
T A A O T A S, R SRR B
alifb 5 PR SR UG S R G . SRR B RULT R
B e T T IE R RI R TE], S8R T XA HL Y
mARRACGE, RS TR AR, BXFT
i 2 AR ) N L AT ML Y R BR AT RE TS 20—
HRAE Moller ZEP2 M B LA K Loder SEBRIHELL, Kt
Fenton JAf . SDS HUREE filf M3 41 G AT LA 38 %t
T LT T ARROR

2 RIERORRL BT R E T

AT, 3 mak s a3 O ik A 35 1y 2
PO CRVE B E ) Fifb2 il o) Cansti o dr fi o
T )s ERITIE ARG TR, FRE . BUEi Ry
#r T
21 BMEEE

H WS 2 T R o B b i AN ] 2D B
A DL | PR M AT PR v i R Y 2 T S HE R
HAMAFFAEAR D o ARAE IR RN L AR TS R
PEA] LA OB R AT 0020 00 26 . R RS, Al ik
SREA R KA RN 1~ 5 mm RS R <1 mm ).
RPEIE AR, FIKE OB 73 S 27 48 (fiber ). B8
(fragment ), ¥k ( pellets/beads ). LIk ( foam ) Fl
WM (film ) F2E . BRI ARSI S A% fo e i 6 4
R, P, EUL A, g BE 6
W AR,
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— e PRI AR L REAG I 1) 0] L B SRR AR O T
T DL B o AT R TEA T A4l i R AR
>1 mm W REBERMR 2 5 B8 1 B2 <1 mm (97
S D AR P 2 1O T AR By ST A/ A
BEANElr BRI A s X RSFE /N . A B ol
IR B SR (<100 pm ) FEAS 0¥k i 4008 B 5
TS HEA TR . —SeRIF o i J5 B2 10 Al 2 U 45
OR R ERET L ST AT € AN Sl G L N AW N
BrA) JI s RS 52 9k I T U R P 1 8 e o H
B R R IR 20%~T70%. B OB RHTR R ST )
WUNAIT PRGN, X AR ZE SRR, Hitk, A
TR E AWK A R 4 iy G 8 ARSI v %) e 734 531
Jidie

Zhang % OSTRR 35 A P S8 R BRI IS P B IR
Atk . BEARE ) AL TF KT — By fij SR A48
RS T vk o AT e b B A S S R
A AE 130 CTR IMERET 5 FA48 09 W fRTR K J i
BLAEE N RIBER G Y, I 3R PE
FU PP ORI ANINERTT VA AN Z RIEA LT 52
M, ELAT PR BRI T 100 um B9RLF o BEAh, i
T Bl S AN R R, %07 238 RT DLW
SEOBRHBURL 1 /N | TR RN . R Ik e
— B I Z W T A R B T 1 R SR )
Qi ) sgm , B OB R AR 2540 — 2 iR,
(BTE R ZHOR I 5L 50 A & — R B AT AT 1 S 7
2. Zubris Al Richards!" Vi Fi fin ¥% % B 43050 5 - )
TG AT Y . TR R R T S AT SRR
K IR EF A 76 A 4R O T AS [ 38R 1 19 00 TR
%, ASBRREYY, BHREHALESEHT
00 5 HLA SRR X 23 B RL 2K A . Maes 250Ul 5 31
PR CYORHE D 21K L [ s A PR B AR it v 0 Sk
WKL, ARYE LT CRR I T S . BRI, IR /AT
B A LT ) R S E RIS R R, R
YUk AT g 2l i SRR PR T M S HoA R IR L A
b, WS e
22 RiESHIE

AN E T (FTIR ) FHr 2% 3% 7% ( Raman
spectrometry ) S& BT B E UL L f AT SR R
i B SR 32T a] LORS A R 9 S A 2
FEE . RN, AR TCIE S P O R Y T

B A =1[105
o,

FTIR AT LAiC s Al 2 ) o iy e Ao i, il ek

B B AR R A YR CTE 5 1% P i b o B S A T
XFEG, AT ARSI R R 2 SRTT, FTIR
G 7 S OB A TR L R/ INRIE 55 T
i, thFLrAME SR SR, 8 SRR R
I e R BUR Y FTIR 6%, FIRE, RefihZ
PR G W [l B A7 AE 257 AR A 2R SO, i i
TR S 2 o A, FTIR 5 A E 438 b iy 1 2%
ESIN N RV SR VN o st SRV Nl U R R

Raman J&—FEF RIS A, ARGEAFFE S 7
TEEMMIETARE, EEYE OGRS 4
ENEE RS i p N RS ENEE Sk e
(61 PR . Raman AR S EF TR 2 500 nm 2%
IR AR, 3B 7R ) 2 3 W T FTIRP 1,
RS Z I s Ok A T IR L RN BE S5 1 T4 . i
#b, Raman X /K FIRKSH AT CO, AU, (HIE, +
AL A Z2OCBER G Y b A I skEURH 15
UG RE SR LTI T 5 (6 RE, M Bk
PURIOL Ak, SR LS B RO R B R T 2
B (40 PVC BYHFAEYE C-ClEE R 15 S5 ),
HEI S 2 B T v N A A A [ R A R B 1ok
PR BT, BAROERE B AR YR RERT
L7 A 3 - A HILJTR 5 S v 1) SRR T s 2 A A —
JE W RIXE . Raman BE B G- tb i 17 A Al 14 X R, T
FTIR AT L 775 0 b 68 5 A M 6 AT 1O, s R AR
HATAME, TN Z 0, PR AR T EE X R
i E AT R A a4k,

FALLLA (NIR) JGiE M 512 it 2t 25 A
TR =T, T RATE IR 6% AR R
A B, HL G AT A A2 1A £ R AT s PPAd
BH 2= ZH ), Corradini ZEM WAL 148 Y vis-NIR
SR DU A R R R 1 T REME , 250,
vis-NIR £ A3 F T it -3 ) PET .LDPE I PVC,
WERRE 10 gk ', KMIBBRZY 15 gkg ', (HAERATE
B, WEAR, BRI R R ) R R S
HOBEHNR A, — R 2N T IREE RO i i
BAEFIA: 495 G S SR A B )

# FTIR 1 Raman 5 AN [R] @ Jof#E 174 & Al LA
P X S R U RS BE . BN, B FTIR 5% Raman
56 WA A (B p-FTIR Al u-Raman ),
LA R AN>10 pm AI>1 pum A REREES 100 i
7 WA FTIR AT LU 084 ) 6 % ( ATR)
ET WS (PFA) (RO g, Horp,
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¥

ATR-FTIR Y% A 13 8 G 56 1 BN ks, SR 5
fifi F ATR R4k, wT LLRFPRAR>500 pm
Wopl, 3T FPA RO BSBE A u-FTIR JGil% 4
AEA AR HER, BEA AT S300
W H N xyz WG, GRESHEHZS [ HG Rk
TS XA X 8 A ) B o T AR Ak 2 SR
WSS 6, SRR BGAH EE, SR TR HAS R
23 [A R, ] AR BIRIAS 20~500 pm [ fik: 0
AT 2 AT 22 9 A/INEE A REFI 4 — 5K U 4K . #% FTIR
1 Raman 557 /) WiEE (AFM) 454, nTLISERE
<1 pm BYRSEBRE, AR AR R L T —Fi
R DI AR . AFM H83k AT LUGE o 554 5t 42 ful F I
Peflor AR AR R HER B EL, % AFM 5
FTIR =% Raman %54 0] DURA GERR S 0O fR 22005 o -
11, AFM-Raman J& P &5 {8 19 (& 520 4, i [R] B
M S AFM-IR R W AR U 5 T A —
&, WIS E] 50~ 100 nm {55 8] 43 FE R (L1 ARR I
FIE, HzJr ke My HF 100 nm PS 4848

SIS SR, {8 ] AFM-IR 75 A HURE 5 b #6301 22 5
PR AN R 20 TR ME ELRERT (Y, ELiZ Oy i U0
A T A2 A SR R T A R I R T

Shan 25 IE R 00, OGS AR R 2
— PV A ) SOERR U A R, nT DL A e]
AL+ R R AR E 0.5~5 mm AIRLIE R
Primpke %! SR F 3L T8 7 90 BE O B9 7 GG 20
SR BUR HR 5 A Sh B o B AR 2SS i O i
SEIT O BT A Y P P GO R A R i, R
16 36 min WIGE T 144 mm? X 5830 B A A9 1008
Bho BT BB B A I B A () s A BN
BB A GE ), %07 8 HA AR 5 KT 10 B o
FIHE B ) A6 I 503, S BB L A Bl Ak a0 B 1 2 —
BRI T R
2.3 MOmAHE

AT 7 TR SR MR 2R W g AR M ke DU
Py BRI 22 1 A AR, DT 268 7 HR A A T 1 o
4 RGN T BN BUA BT IA I R AR S

x4 UMEHEBRADITAENRERRS LR
Table 4 Comparison between the current thermal analysis methods

I W A ST - B

ViR IWIRrS PSR SORE 1 BT B PATE PR SOR € 305 T v
WE -2 AR
Analytical method Py-GC-MS TED-GC-MS
TGA/TGA-MS/TGA-DSC
JE B RE YRR TR it 3 iR T % T A 0 [P S AR
PR RHERE AR =) T TG 2 P Y B R b FE N R i o 14 BT s 2R
RSF Rl 50~1500 um 200~500 pm —
L] A DU T RAE A KB T TR A A MR B A HEREDL T TGA
M RE WA N IH HI Py-GC-MS; 43 s [H] AR X 5
HLBSINAR s R
& FEARREITE 0.5 mg LT XELIS B BURERIBEAR LB B AR LA S2 5 R LS00 o R Al B 530 A £

Yr; SR EBE AT, RRE

MEEY

PR S O E RE 2 (Py-GC-MS ) £ 2 i 4
BT 2R ) 1) BAREE A 7  ok s T BB R 2SR, e — ol
MERPER AR . 5, FEREM AT AR, 3L
W, B RE (GC) 43 B IR B RB R
iV BE; fdE, [ MS X H B TS FE R
2071 0] LU F 3R AE AR RS B 1k 22 b 5 5 W 2 A
S AL R B 1200 SE Y R
BHG R U eI TR R WA (R, Ok
) AR TR EE S 250~300 °C, ¥ ET 300 °C

(4 25 4 T AR o S is Y IR, IS
FUEHAR R, W, O R S BB SRR/ N
B, RI— g Ao R (5~200 pg ) 151,

WAL (TGA) BISEMHRIERSAT, R
TR PP I BAE i, ARAEAS R G kT i Ok 5
T Bl B[] /) O 2k UM OB R ik, AT+
HERBERE SR SR AT o TGA S5 H A
Prise & 4 A FHIE, AT LKA S 40 A I 2 5a
ZRFHEAGE (DSC) MBS (MS) AT LAy 5
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P& AL SRR S SR 0 R R R M
TGA 5 DSC 454 0l AR A [R] i 88 0 FA4AH A5 $4
TFGE(E IR B , FF T U R K FE S ) PE
PP AR 6 TGA 5 MS 458 Al 16 5 R A6
A ARG S {5 5 I I S R S A AR K
David 252V 31 5% ] TGA-MS 5E £ 43 BT - 38RE i
i) PET, HIEFXFEMIEITHIAIE,. 5 Py-GC-MS
A, TGA-MS B3k H T RAL AL AL, (7RSI
T T X LA 9 o5 45 R A A i AR BL A B A 1T,
BB B, IAE A TR AN R T A R R iR
B, BT EE— I K FEE, AE LSRR
BRI ZE ), TCRIE AT IR 2 AT (RO SR}
Bk, RSF. BiESER ).

AR - SN 835 % % ( TED-GC-MS )
2 P 43 W R [ AF AR BRI Y 45 6, T RAXT PE
PET. PP Al PS i-ATHE A M A &L 52 A2, 1%
Ji B AT R R4y R AFEBGL FR A GC-MS R 4L, e
IRT Py-GC-MS J7 ik i 43 F it 2 7= W 1 Yo /4 %€
BRI, [RIEF, 2T T Py-GC-MS XA
an i A R, RGBT I Z AT A 4N 100 mg BE&L, Ab
PRA )X R 2~ 3 W22 (E R R X (o B e A EL A
Wt

3 Y

TR AR E L PUIRE R FBRAR, A
A A IF 528 X SR A R RR AR R 2 57, 3L
AN T i DX PR I A ) e B R0 R e e e AR 1)
PO o RIS, —SB R T K AR AU oK A A= ) PP i
SR T AR T I BT, AR T SR R A
TE—E BIRRME . i, ASCHRM IR R

U RRIEAS R BT 52 H B 28 38 15 B 20 1 AR 1)
SEEIT I o AR E RS BB R B, R RR
R BCE AN E HAREER Ik filin, Scses
X ORI BIE ST LA B A T AR RUIERL (222 PP
M PE) Bor BRI, BRI FAR R P
BB TG 73 B0 T30 o BT X BRI i SRR
BRI RPN GETT, TR I8 o M ik i i 255 S8 2
42 M A — Se AR E PR R A BRLET 4 (10 PE, PA Al
RBRETHE ), M B HE SRS Qe B iR Al

2) HESLIE A T/ INEURL RO R 73 BT T
FURT, 87 I3 3l T g v/ INURE OREAG 23 5

ST, AR RE B R A A T R AT L
SCEL, X AR T B — SRR

3) @ — B A PO B BRI
FE S IIARIE DT 1 o T RAS [ 3 88 2 BRURIEUA 5 4t
B RIS, TR — ARG . 76 [F]—
B3 & S O N [ L VT o i 2 N v
MU 3 B AL PO E BT . R, nsm T &
RO HEIMHER IS, LG AR LI = iR 45 4L,
ST T R S T B R R, 3R
N Te) il DX R0 () R . AT SR A AT B

4) AT SRR RO B AR e ELR SR E
BEEERE, R4 IR E M. BET, HOBE R
43 B R 2 1 7 vk a0 B B 4y B DL 4T A
P & A HTA ST, (BRI e )y iAo —
FEM R, R —NE IR, AV SRS,
H5 I RAE SRR SE G, BBk
PS5 B 51 R AR L A ML Y B, AR
PEATIH A B, AN ] 0 8 A i X S A AN )
FEEE (AR, L 2 3 R SR s B v o e 2 )
TR S IR AG o RIS, R B Rl i R 0
TR OB R S A 1 A E B, HLX SR
K ZIERTIHE, 0] GBS R Je S0k IR A
HAb R S0 . A, REEOMTIrE A
FERPRE S M, T2 —28 R R m g g B R
A A eI S, B IR R
BOEASE T, B, WEE Z RO RS
G R EROB R S BRI 7 5, AEBRARRS OL T X
7 RMAME . A2 el AR bR BAERTE
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