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Comparative Study of Py/GC—-MS and TD/GC-MS for Determining
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Abstract: This study takes soils surrounding waste-to-energy incineration plants as a case and com-
pares the detection capability and quantitative performance of pyrolysis/gas chromatography—mass
spectrometry (Py/GC—MS) and thermal desorption/gas chromatography—mass spectrometry (TD/GC—
MS) for six typical microplastics, including polyethylene (PE) , polypropylene (PP) , polystyrene
(PS), polyethylene terephthalate (PET), polymethyl methacrylate(PMMA ), and polyvinyl chloride
(PVC). The results show that Py/GC—MS exhibits significantly lower limits of detection (8. 84x107-
1.58%10™" pg) than TD/GC-MS(2. 06x107'-5. 02x10™ wg) , along with higher recoveries and better
reproducibility for most microplastics. In environmental soil samples, both methods successfully de-
tected microplastics. However, Py/GC—MS yielded higher mass abundance, ranging from 2. 06 to
2.23 mg-g”'. Overall, both methods are effective for quantifying microplastic mass in environmental
matrices, while Py/GC—MS demonstrates superior quantitative performance in complex matrices,
providing a more robust basis for method selection and standardization.
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Vit 25 % e s A R L SRRAE A TR b SR AL B 0 3 73, B b ) SR A AE R A PR R P R e A
HIS, MARTERS L. 2. AARRNS HSE BRSO IR RIS ) P AR, iR, b
WAL T RE R A BREE R AR . Yang S5 2R HLR AL /MG (w—FTIR) B IR LRI AR ISk
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K 1714 kg, BHSE T R (23 k) FUE I HHE(86 N kg) o BE—0 M, SRSCNGE R H A &
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o XWHES p-Raman B S WS B 3 FERA R, HEAKTNRAR ] H p-FTIR £ 20~50 pm F£% 3 wm,
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ST HA E R Y,
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Table 1  Information of standard microplastics used in this study

Reagent name Abbreviation Molecular formula Specification Manufacturer
RN PE (C,H,, BIACIR, AIf2<S5 um FHEL TR
EPH PP (CH,), RO, 72<20 BT TR L8 )45 B
BRI Ps (), WAk, BI2<S um BHE kT4 TR
XKL Z RS PET (C,H0,), AR, AA2<5 um FHEX 7 T4
o AP T PMMA (CO,H,). WRAR, B8<20 um TR T BUA (L) AR A
RA LI PVC (CH,-CHCL), AR, RiAE<S um PHFE B TR

1.2 TEHESRXE
PEH 4 RAENE BRI RIZ HIRE AT 5, RS IS (RS
FARMIE) (HI/T 166-2004)", FF&hET XS AR R U TR . &) ARSI IR S T
SECE VLA 2, AFEARIRE T, [ PR U PR S AR DX, A R SR B
e, B R A . IR ek e S E A DT RE R SRR N DL
2 RPERIER R AR B

Table 2 Basic information of the selected municipal solid waste incineration plants

Plant Sampling month Geomorphic characteristics Land-use type
LV 11/] HIE) S i H
M2 1A ke Mt

H) 73 101 F-J5t BT
H 4 104 Ffi B

RS SR (R IERREE ISR AR ITE Y (HI/T 166-2004) 1 (38 8 R R RI5 1)
(GB/T 36197-2018) FAHFE TR 2, SR B LR RAE:, BoRAEEREI 10 m*. BAS RS R 205
IRA T ARAHRRIERES . AN THREFHE, FIRSIEENEIE) LR, S, 45t
[l SEER ', HESFER IR TR T, BRI AP RIS e E s
1.3 fERHREL

TR RHRBOR BRI R B AR 1 mm 56, RS AREL 50 o TRk,
PN 50 mL 1% 7~ fh TR B GEAT 20 8. FEJS N 1 000 mL i ZnCL i AT 28 B v i, AR A0 Hg
1 hJE#E 24 b, ATDEHUR S5 Y 0hi 785 40 )2 . WEE 2R, B AR (FLAE 3 pm) HZS 1
g, TRUGHREMASTE. SRBREE AV, LW 1 20 I\ 30% H,0,{4/# 24 h, FHRIE
UEIFTHRE, PRASFESL S AT Py/GC-MS FI TD/GC-MS 43477
1.4 REFESH

MEEUHA G i UL H B R PR 6 P BRHE A SEI bR 5T, 43 A PE. PP, PS. PET,
PMMAFIPVC, f280k & F et 85k

C, =X (1)

m, X m,

K, €0 REFEE (mgrg"); m: BENHERE(); m,: BEEHELTE(ng); m,: FRMEFEE
(mg); my: BIEARIE LTI E (mg)

1.4.1 Py/GC-MS7FiE Z:Hnif ASTMD8401-24 it LT, RN EHLEFI GC-MS BE 2847
BOEEN BT, BRI 0. 5 mg FE S E T REEEFEE T, LL1 000 C-s " PR TR 2 550 Coe i, EH
rap B, B HEGZYRYI L, He BN GC-MS BEI743 55 5, AR FHEREF IS R WiAIR
FE40 °C, PFE3 min, LL20 °Cemin” FHill 2 320 CHARKF 3 mine BT TAERS O BT (ED A,
TAEHE A T0 eV, Fiff b IER (m/z) A 35~350, KpZ %A NIST 2018,

1.4.2 TD/GC-MS7Fix TD/GC-MS H TR AL o047, R E 5 GC-MSECH R
SEIEATREIN . FREZ) 50 we MM E T A JEE Y, B XD g E DL 10 Comin™' =W T2 550 CHFFR
F510 min, ZEZR (100 mL-min™ )R T, PR R0 4 & PR P2 w B 487 (3B FE 200 mg Tenax TA
WZFf 50, 60~80 H )& 4. K458 2 4 A s e B T PBERT, —IRBRERT (300 “C) Bk
HI PEARIRIS B (15 “CORE S E 5, )5 iE It i BFs R SE 3 — PR (300 °C), 5044 LUk
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MR TN GC-MS R T435 SR . FHERRF R #IGIRIE 40 °C, {#FF3 min, LL20 C-min'F+
2% 320 CHPRHE3 min, FOE R ELE FUE, M TFRERE 70 eV, FHIVEM (m/z)4135~350, Kz 2%
k3 NIST 2018,

1.4.3 $FEBFIEEE /SR RRE B R B S RHE S P e &7 ANREFZSHHE
B FREIE WA 3

3 HEnRER E S5 5

Table 3 Quantitative peak information of target microplastics

Microplastic type Quantitative product Quantitative ion(m/z) Retention time/min
L L 2. 4-ZHE-1-Peis 126 5.88
M IS 140 6.50
B MR L B A 122 7.52
RALN #* 128 7.80
RALI P ATt TN 208 11.22
R B B R L PR IR HY IR 100 5. 46

1.5 M AEFERR

1.5.1 #RAEMZ SRASMREET BARRUEEEHO PR 2 . 2 la R s 2ok, R
A Y=aX+bo XY, Y. FRAEVEM AR ; X: ERREERRR; o BHE; b #RH.

1.5.2 KMHRMEETR MR LOD)FIEE TR (LOQ) R EM k& . R XA S/IN=3,
E i NP S/N=10

1.5.3 JREREIE RSB EINGREEIT AR IR L. PR ¢ S B TR A,
N6FHERMEENE S, BIER 1.2 mg, HAPGFGERENREI 0.2 mg. MIbRE RO SRR
5 R S — B PR IR ZR A AT TR RR R A T o BT 18 UCRATIN E ,  LAVEAN IR 5 v 0 [l
KF,
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Aob, P ERHOR IR N RIS ne SRR AR A SR RO R S . P
W, BEHIZ T IRAER e IR T T ehZ 2R R S Hh R i
1.6 REEH

FIPRIES AT 45 SR o] S0, T IR M T2 3 wm ANERRIE I I8 SCoad R v i Sl
PEEEE SR AL, JEHMAE . SN BERFESA, HTHMAER . SRR S0 H bR
Wi 7 RSN o 525 AV RE SIPE B AR O 58 B TR BRI R B P H0de , D & (R BE I TR) | 4RI B8 1 DT B R 148
MHEERTEN . UAEE S 52 G TR, RNERE LR,
1.7 HIERES%IT S

PR RS R E R 2 AFCIE . bRk RS DA 2B (B 230, [F— B ARk R A
PP 7 700 A5 0 [l S 2R 2 SRl e U ¢ AT A T o 3R St v B e ot i = R FH BUR 367 250
PEOYELORIE L R vk B A A HAE g, R H Tukey S5 E R TR TALR) LB . R EAKE
WRE M p<0.05, ns BIREFARE (p=0.05), *RREBFER(p<0.05), *FTR\BERFLER (<
0.01), *=3R7RARk i35 22 5 (p<0. 001)
2 HREtE

PR P RR T A R e e 0aE T, SRR BT IR EM IR R . BB B, TEfR
EE PRI ERIZS . B . EEE . OB AR BRI KK A b — B AR
T, SRR T AT, DM A A A T R, I 2 S S R E TV B T R SR
TEH AR S HOR I ARE ™ . 55 BB, A5 MR 7 iR T 55bn R IR, PR e B i 1 3
SRR AR, DLZEG VRO RS Hh B8 0 B SR i A 3 1 o
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2.1 S AEIEEEMA

2.1.1 FREEZEMEER V@V HPERE RSN LR, SRR E 6 N AE B E R
BE, FReadilbruEh 2. B 1 a5, TD/GC-MS Al Py/GC-MS ¥ B A &tk & . X F TD/GC-
MSi%k, PP, PVC. PET. PE. PSHIPMMA i) R4 7°40.9850, 0.9926. 0.9804. 0.9880. 0.9795
F10.989 6, ¥ 0.97, WHIZT R EARIFRIEHERIGRER. HARFEREYEE, Himy etk
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¥iiid 0. 99, WEHARIEEENT B SR 2 B B H R E R N R R, RCHELS IR TSR T AEARSK
IREAET, Py/GC-MS X 240 H Fri B8R eI & R T TD/GC-MS, JUHAEPS, PVC. PEFIPET
SREW LE RN, S E N ESEE BT SR L RS MRS LA

40 80 30
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i 30 60 ¥=0.608 4X+4.884 0
= 7| v=14472x484729 s s < 2 20]R=09795 40
= R=0.988 0 80 £ 2| o B2 t g
3 § = 320 Y=0.786 4X-0.454 | 07x 3 L30 7
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£ i F40 @ A& 104 < F20 o & 104 Q
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P Pyt H0F 2 o0f 073027494 L gy 08
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2 g =601 E 5 |R=09896 . g
g F1205 E r20 5 g 3
& 124 S ¥ < 204 160
L60 301 Y=139 114X-228709 | 10 S <—
V=399 325.78X+574 864.285 6 R=09989 =
Y R=09945 Lo o Lo = i
G T T T T T T T T T T 0 T T T T T
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1 TD/GC-MS 5 Py/GC-MS % 6 Ff H b ek iy bofie h 28
Fig. 1 ~ Calibration curves of six target microplastics obtained by TD/GC-MS and Py/GC-MS
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Py/GC-MS X} 6 Fft H PRG3R A T SR K Hh PR A E ““,//*“'\\ '''''' 7
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~ 0_ _
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e s ZEE[29] 3 3 L % - Sk fny
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PR T iR R A AE 22 5, R B SN Fe = TH(B) gk
WA AR B T R 22, Py/GC-MSHERE IR Fig. 2 Comparison of LOD(A) and LOQ(B) between
e . s . Py/GC-MS and TD/GC-MS
PE T AT R R DR, S T bR, RS ’ "

HHTE T RAE H AR RO R AE SRR 1, Pt
B AT S, MR SRR . LT, TD/GC-MS MR RS | R RREET e, 4
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Se4r, SECLLOD MLOQ ML B . MASEITEEHRIEAIRE, PS. PETHI PMMA RH Py/GC-MS HI£:
m@?% HPiRh 7 k) i) 25 5 Bl e, T PERIPP, WiFPJ57E8) LOD 5 LOQ ZHIAXF 4/
n[ et T PE A PP IERAE P24 35 0 /N TR 28 5, BT RO 8 R MERE I AR s R, 18
Tmmﬂﬁﬁk%ﬂmﬁgmw%wfﬁwf%ﬁiwﬁh%jﬂﬁf,E%M%Tﬁﬁﬁ%fhm
RIPE TSR
2.1.3 MiREERFEIIREREITE AR T IR R SR (n=18), 4R ULIEI 3,
Tk L, Py/GC-MS XF 24 H ARDEL R B @ 0 SR R /N 3. BN, PE SR Py/GC-MS Fll
TD/GC-MS il %€ i) 2F 35 1] e 22 43 53] >y 93. 3% il 82. 7%, PMMA 43 51 4 89. 3% F1 75. 4%, PET 43 5
96. 3% F181. 9%, Fiitsr#i#BH, Py/GC-MS*IPE. PP, PVC. PMMA Fl PET iy [l Wit 28 34 s 2 15 TD/
GC-MS(p<0.05), HHPET % B?ﬂyﬁ%@xo 001), 1 PSAEWIRP 7 {2 10) Je i 3 25 5+ (p=0. 05) . 156HH
Py/GC—MS X} 245 H AR A SR 1 S mlUCRE T, (HASIRI SR A W By 1 26 53475 23 50 7 7 ) L
BEEER . IR 22550 R Lﬁﬂﬁﬂﬂﬁ/ﬂ’]?}%&ﬁqﬂ%ﬂ%nﬁﬁ%%miﬁﬁ Ko Py/GC-MS il T R (i i R A
s ) P R 7 A ARRAE S 7 #MEQ%M%ﬁﬁﬁﬁa}m%%,%E%E%¢,%%E%
SE, PRI BE S AR A8 0T bR & Y 78 45 50 . TD/GC-MS HRAFIRZ B4 W% & P 40 23 B sk a4l 4, 1
i IR P REIUE BEN GC-MS RSG5, LLPET FRHIE =428 H A PMMA RFAE 74 S P9 4 192 FR i
PR, XIRHEFZYIAE TD/GC-MS W 5 SEi b A T8 — IR PBERE . SREHEVS B BRIt , dm e —omi
W RGN GC-MS, iZid e, WEREART Bl E 2, SNSRI 554855, [
R AR, M2 F, PSR MR 7 M) MR LT, Py/GC-MS HISE ISR 4 82. 1%, TD/GC-MS

WIRTE . DR A L OISR 4 ) Py/GC-MS R TD/GC-MS HLARI T 1577

381, 0%, LA AT EAEAE M ZSRARTEPI RN 7 12 T B R8T i SAe E ARFEVE S =5, IR AR Ik
Tk L B 2 f I A B R s AR/, R i ) 22 A i
* *
PE I PP
100+ = 1004
*ge o
- = | B )
E .: N O’ ‘. ? . . '.
g 80 3 g 80 &
3 1 k z
a4
60 . . 60 . :
Py/GC-MS TD/GC-MS Py/GC-MS TD/GC-MS
1004 PvC = e
T 100 .
S " g oL
60 l ’
T T 60 T T
Py/GC-MS TD/GC-MS Py/GC-MS TD/GC-MS
1004 PMMA . x 1 PET r ok
100
: R I = = ~
= e 2 804 >y
= 60+ i < i
60
40 . . ; :
Py/GC-MS TD/GC-MS Py/GC-MS TD/GC-MS

3 Py/GC-MSHITD/GC-MS B IIFRIEI WL =R} 1
Fig. 3 Comparison of recoveries of target microplastics determined by Py/GC-MS and TD/GC-MS
significance annotations: *indicates significant difference, ***indicates extremely significant difference, and ns indicates

no significant difference
FRAE DR P SR B 25 5, TSR RR 7 2 0 AH N R i fls 22 (RSD) LAPEMY S M, 45 SR s 4 R .
MARSEE, Py/GC-MS A RSD j7 3. 7%~10%, KT TD/GC-MS(8.9%~17%), FHH Py/GC-MS HA7 T iF1y
BN, FRMRIERISNT, PE % JH Py/GC-MS Fl TD/GC-MS Il & 19 RSD 43514 5. 5% 1 8. 9%, PP 4y
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W47, 0% F110%, PVC4r%4 8. 9% Fl 11%, PET £ Fif B 5y Py/Govs
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