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# E: BN 37 PABERRYKE ik (single-walled carbon nanotubes, SWCNTs)Z5 & A (411 - R 56 = & U
T J3 3% 5 (gas  chromatography-tandem mass spectrometry, GC-MS/MS) 5 J & Ji& Bk o 48 25 — H iR I
(phthalic acid esters, PAEs) ik, i HMEZHEIRI. SWCNT ik, B4 @542 5 R H
GC-MS/MS 437 . G55 2 fl PAEs 7E 0.02~1.00 pg/mL G N2 RIFLL IR R, FHRERBII KT 0.997, #
R R 5 B4 50 0.1 mg/kg Fi1 0.3 mg/kg, K. . & 3 ANHREEACE B IFR B 96.3%~101.9%, K
WER 1.0%~3.7% BT 75 0 T 450 SR SEBRAE LRI, & BEARR — F R — T Pk (dibutyl phthalate,
DBP) £ i1 %54 25.1%, #id 0.3 mgkg MR ZORFEA S KA 25.1%; K R —(2-2 5 C &)
[bis(2-ethylhexyl) phthalate, DEHPIK: Hi K Ky 24.4%, i 1.5 mg/kg FREER IFEA f7 ol 2.0%, IS T54F
- ¥ (Monte Carlo)Ft 1155 (1) 7K Al ER (Crystal Ball) B4 &6 0 S HEA TR LT T8, %44 DBP F1 DEHP ) H ¥4 2
GRS FE 5L, RS R BLAHURRR R 9 DBP, DEHP AETER ML N, G838 B kit
PR L W RGETS Y R RE, TETH A TR SR B IRIEE, BRTE T vk R R R

KBRS RS, S ISR S F VU TR KERRRE, BURERRANRAS XU 2 %
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ABSTRACT: Objective To establish a single walled carbon nanotube purification (SWCNT) combined with gas
chromatography-tandem mass spectrometry (GC-MS/MS) for the detection of phthalates (PAEs) in hot pot base.
Method Samples were extracted with acetonitrile, purified with SWCNT, separated by capillary chromatography
column, and analyzed by GC-MS/MS. Results The results showed a good linear relationship between the two PAEs
in the range of 0.02-1.00 pg/mL, with correlation coefficients greater than 0.997. The detection limit and
quantification limit were 0.1 mg/kg (§'N=3) and 0.3 mg/kg (§N=10), respectively. The spiked recovery rates at low,
medium, and high concentration levels were 96.3%—101.9%, and the precision was 1.0%-3.7%. The established
method was applied to the detection of 450 batches of actual samples, and it was found that the detection rate of
dibutyl phthalate (DBP) was 25.1%, with a proportion of 25.1% exceeding the limit of 0.3 mg/kg; the detection rate of bis
(2-ethylhexyl) phthalate (DEHP) was 24.4%, and the proportion exceeding the limit of 1.5 mg/kg was 2.0%. Using Crystal
Ball software based on Monte Carlo statistical models, the detection data was simulated and calculated to evaluate the
daily average exposure and risk index of DBP and DEHP. It was found that there was no food safety exposure risk for
DBP and DEHP in the hotpot base. Conclusion The newly established method greatly improves the purification
effect and reduces the possibility of system pollution. While meeting the detection requirements, it also enhances the
precision and accuracy of the method.

KEY WORDS: phthalic acid esters; gas chromatography-tandem mass spectrometry; hotpot seasoning;

single-walled carbon nanotubes; risk assessment
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L% — F iR fig (phthalic acid esters, PAEs)& Tl ¥
M — R, T AT BRI, CBCh 2Bk
A3 A HLIS Y 2 —U31 PAEs 2 ML [ 3RS Y 2 6 T
ey, v AMRE R AT R RS SR E, 2E . B
W, BA ., PEEFEZEEH PAEs FIAMLEEETS YY)
AT 2019 45 11 A, WA RREA T (&
BB TRE Ye R B P R T L ), BERAE R Al 22
IR GRS ARG S PAEs E A, DU
WA PR E RS PAEs dEAT AR B . B AL
PAEs (R T Be i e, Kl ik 24 ikt Ik
AUV HL R SO (- IR T O PAES RS ik,
TR sk M BV E A 2, W R N BBk s, [
WA,

KR SRR A 1 b DX )R € 2, R JEURE R
A AEI R RN, R TR T S B R T
FESRRIAE . AT N T RS R B SR &, A
FERER I PAEs V5L UGS 200 ( Wi eR (2011) 551
50 O ELE A AR SR 48 2R W R — T B (dibutyl
phthalate, DBP) . 4 7% — H B — (2- £ & & 3E ) B
[bis(2-ethylhexyl) phthalate, DEHP], 4% — HI i — % T-fig
(diisonony! phthalate, DINP)FR4314 0.3, 1.5, 9.0 mg/kgo
GB 5009.271—2016 { &hh L EEFbMME SR
Bk 2 ) 3% [ A A PAEs Kl vk, i2bniEny FF
KERER T PAEs KA 7E— 5 (O R ME S AR 2P OB

il

RO R S AR, I TR AL B R b R LR
(7 Pt 7 i Ak L 5 R e SRR A 32 S5 T AR A I 3R 452
154y, i PSA/Silica & &1L ESH: (primary secondary
amine/silica-solid phase extraction, PSA/Silica-SPE)+fk K
RIGINT S50 A R XERE, JF HOJCHE 58 4 R BRIL T
T, SEEEGEEE RN . EE RPN

Nt TRAARAE, R DRI 25 3R A v v, AT
e B L R I B OR L WRM PR RE AF RO PROBE R 9 K
(single-walled carbon nanotubes, SWCNTs) 1t % 1% 4
PSA/Silica S & HURME RSB, = DU AT BT h
Kl gs, AT KRR PAESs %t o il i BALL A i BN
RS N4 BEAEE PAEs H Y2 #8500 A Ko i
F10 22 5 RS FE K BIURRIRL -, DS A i 98 5 f B o i1t
i N

1 MR5ERZE

1.1 MRS

KRR Bl BT A R .

ECEE. CIE(fagal, mERiiRHELE A BRA F);
ToKBREREN . TOKBRBREE[ g 2l, TR AR TERRNE
FRZS )], SWCNT(ZERE 95%). PSA/Silica & 4 SEURI B 55 [
FHZEBUAE (solid phase extraction, SPE, 1000 mg/6 mL, [
GRELIGRH A IR A T AHUERIBSEEZRE, 25
AN E PAEs,

D,-4B 7K — H iR — (2- £ 3% ) C i [D4-di(2-ethylhexyl)
phthalate, D,-DEHP, 100 mg/L]. D,-4B% W8 —1F T g
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FH15E

(D4-dinbutylphthalate, D;-DBP, 100 mg/L), DBP 7l DEHP
TR AR MEA (1000 mg/L)(_ i ik Bt ARER AR M 55
[(FZNEINE

HAb il 4 FREL 50 mg Ji/K Na,SO,. 50 mg JoiK
MgSO,. 15 mg SWCNT iR-& 44,

1.2 UE5EF

Agilent 7010B TQ-8890 T AH A ji - B Ik — T PUAR AT
A (HEA EI & 7 & MassHunter Workstation ${#i 40 # 5
B3)(3E E 252N F)); Avanti 1-301 B9% Hb 2 i B O AL(EE
[ 01582 28 \l); PX822H/Z Hi, TR F-[KS B 0.1 mg, HZET
IR CE A R A
1.3 PR RECH

FRUEFA] M MEREEEX 0.1 mL DBP 1 DEHP B4 F5
WEERT 10 mL 50, Bkl BAREREZ
£, 745 DBP fll DEHP ik FEHH 10 pg/mL FIAREH
[

FRMET AW VERIRSHEL PAEs IRASHREF I, EC ke
FRREEZ, BB N 0, 0.02, 0.05, 0.10, 0.20, 0.50
A1 1.00 pg/mL AIARAE TAEW, FIBSSAREREIIIMA Dy-
DEHP 1 D,-DBP i & AR WK 20 pL, #2575 _ EHLINE .

WHRME R 47 D,-DEHP., D,-DBP 45 1 mL
F 10 mL FRIGH, EChmRE, AR EREZE, 5k
4 D,-DEHP #1 D,-DBP ST K E N 10 pg/mL FIRE M
Pl W
1.4 LWT5E
1.4.1 Homaras

FRER 0.50 gCRETIZE 0.01 @) KRR B 8.0,
JIA 20 L SR R 2 AR PR, #5€ 30s, JIA 10 mL
NG, AE 2 min, A 30 min, 4°C N ED)Z, FHER
VoRERE A

SWCNT #rfk: U S mL Frdefbi, InAdfetl, e
30 s, B0, BEHRT 40°CRAREIRET, 2 mL IEC B
SV, WIEIRA], AR €35 - B I = B DURRAT IS 15 74 (gas
chromatography-tandem mass spectrometry, GC-MS/MS)%}
M E o
142 &35 &4

E3ERE: 2 4R HP-5ms #1:(15 mx0.25 mm, 0.25 pm); A
I WIAIRE 60°C, {54% 1 min, LI 40°C/min F}Z& 120°C,

{545 0 min, FLL 5°C/min F+ & 310°C, f£#F 0 min; <
FALRS (LI 99.999%); #AWH: 1 mL/min; HERE TR
BE: 280°C; i#FAEE: 1.0 pL; A Aomitee; @if
5 R )AL H 2R IR - 280°C

BT P22 T B (electron impact, EI), HLE
fEfE: 70 eV B TIRIRE: 300°C; Wiz shisZny
W5 (dynamic multiple reaction monitoring, dMRM)HEZ;
WA B AR (L 99.999%); WFIAER: 7 min, &Y
oI ) A 2 R WL 1
1.43 A& PAEs #90&

W 8 DU PR T AR B T 1 450 HER SRR
Fin, BIACI 7 B:4% 1.4.1 #8417, PAEs St iririi 1.4.2 i
1o SERTHEMAT L RRII A (1, 8K T2k
P2 fal AT SEARL R s
1.4.4 PAEs K& R & iF45

ARG PAEs MIE S5, RAZE R RIEGEITTHE L
B, SERFMERICR . @), HFIRB(EDE, FE.
HAEFIEAE A) ATEIY PAEs 5285 XU #4714

()BT

AR P53 B 35 5% {R 3 (US  Environmental
Protection Agency, USEPA)% Ali (4L 15 YL 4y fit 5 XU 24
TEAREES . FERRT | AR A R DA AR AR
MEFEN 4 DNERB B 2 ABEIEST SRR PAEs H 3
T B TP A o AR AR 0L 20 5K (1):
_ Cixlpr*Spp*Fextg

Wi xt,

o Iep H ¥ #t [mg/(kg-d)];

Ce K ERCEH PAEs B & (mg/kg): 2.2 Kailll4h
RIE AR

Ipr 455 H A B (kg/d);

Sap N E WUk B, PAEs JRISIEYEMIR, BATEA:
YR E A, WHIE O R B 1.0 115

tp MRS R FR I E] (a), $EEEEFR A FEY B A 2 A
T

Fr R 2 845 (d/a), JCERIICRHEE )i b X 7 9
s, BRT KR R . BB SRKIRY, EHEIRE D
28 R R TR S8 L TR, $x365 T R ER AT R,

W AR (kg);

ta PPAFTAL: P (BT B AR M R4 <365 THEL

ICD

)

F 1 27 PAEs #12 RFRIRE M. EEBTFMAEREE

Table 1 Qualitative and quantitative ion pairs and collision energy of 2 kinds of PAEs and 2 kinds of internal standards

P5 &Y ERE (Wi REReV) BB ()RR /eV) AR
1 DBP 149/65 (15) 149/65 (20) D,-DBP
2 DEHP 279/167 (5) 279/149 (12) D,-DEHP
3 D,-DBP 153/97 (20) 153.69 (30) /

4 D,-DEHP 171/153 (10) 153/69 (30) /

T /AR TCI .
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(2)2 H5 VTl RUBS: H5 51

AHFFERT KRR P PAEs 12 88 XU A LUXUS 18
B W bR, KB HEEC 2R LA R Q2):

ly=1D. @
I'ap

F: Iy A2 £ R L AR EG

Iap A P AFEE KARJIE R PAEs ‘&1 At o

MR ZE TSR LITT 4 Fl XU £

Mg /N T 1, SR ABEANIETE PAEs %52
RSz

Moy HEE 1 B, RS AT BEAEAE AT LU 1
PAEs #& 28 XU ;

Bl fERT 1 HANF 10 B, RIS AR —
PAEs 88 XU, {AASTT 257 BRI i 15 e ;

HI ERT 100, LW HETAMEAT 1 PAEs 2255 KUK,

FAEFA AT R, 57 BRI il i
1.5 BUEALE

B AL FAF ] MassHunter B 12.0.893.1 #4145 .
SPSS virson19 #4748 1143 7 # Origin 2018 EFT4 A, $iiE
Ll {# A Oracle Crystal Ball 11.1.2.4,,

2 GER55H

21 AUHFREHER
2.1.1  RREATT X AT AR A

GB 5009.271—2016 28 i o PAEs A5l 38 FH 7,
SRR b W B RS AL S it 12 0 5 A AR 4, (Hi%
FEATE AT RMAR . R ERMEES . SRR T A 2,
Ehg . B E, BT PSA/Silica-SPE 5 B BHAR 1 ¥4k
SOH, K AR T RN R L, WA Yk
F b, ARHFTHA A ESCERHE PSA/Silica-SPE Fll SWCNT
FAERCR . SERWE 1 R, B4 SPE REfE—E R I
EEF AL L VR, (RIS AR RS 2 B IG5 o b
AR KA, Al S AR B R A G B I SWCNT
WL BFFRE TSR, REA ARG . R ESRM T, ik
S TRIRGE TS .

hPE gL R T % PAEs UGRS3
AR TE R BAPE A (RTINS, e R R AL, &L
LU, Rl FH PSA/Silica-SPE Fl SWCNT #4174k, F
B2 5 AR AT e a1, TR SPSS #7440 #r
SPSS GritZhitn, WHIFRIMEeBRITIEAE 95% B 15 X A]
W, I s A A I B AR gk R A B
HER, BEEESERIE 2 FUR, 2 gy L&4HTF
DBP 1 DEHP W Ff PAEs [n] 5 S 77 4% i 2 25 5 (P<0.05).
PSA/Silica-SPE AR, & BAr#E 55 EAH T4,
T AR TN 45 S B, PRI DCERAE 73.6%~114.7%2Z [H]; 1

SWOCNT k2% B M AE J15iE, 1 bsCR R, SEXRICRISTE
90.5%~93.4%22 ], X SPHES LS R —5, SWCNT HAg
TR M RE ST, XTRE S T TR AW B RO . B AAR
T 8 SWCNT 1 4 W f 418 .

r P~

PSA/Silica-SPE SWCNT

BT ORIl 7 2R A 0 22 55
Fig.1 Purification solutions obtained through different
purification methods

150
[ PSA/Silica-SPE  [_]SWCNT
a
100
b

a\\° b
=

50 F

0
DBP DEHP

ZH 5
T [F— B PiFg e RS ERAREAR PR R R E R B E
(P<0.05),
F2  AEEAE TR 2MPAEs [RIR i 2 22 7401 (n=6)

Fig.2 Statistical chart of significant differences in PAEs recovery
rates under 2 kinds of purification methods (n=6)

212 RREAEFXAEETAEEB WA

it BIL 32 428 T /B 190 R EC AR PR R, 0 301 OR FH ST
HIE T EE R GB 5009.271—2016  F A KGN D7 1k %o REAS 1
PAEs &t HEATRTIN, T AIAG I Jy 32k 43 BT R 1 B B
BaE 3 fiw. HE 3 w5, B iRl i
SWCNT-SPE R W B, (] B 36 426 — 5 DU B A3 o o 3%
FIH T AR SRR, B KR S LR | Wb RGeS
Y nRE, FE AN EER 0 R, $ET T O RO R
FERRIE o %05 125 BT % FH 0 = 5 DU - B Bk o i ke EL AT Wi
WL AL REE S RIOLR, 5 TR S SRR
rf PAEs (PRI AT H B T, A R0 ARAR P45
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A
2 PSA/Silica-GC-MS
5120}
N
= 80f
#
B o0t
=
£ 0t . ) . .
5 10 15 20 25
£ £3 st 6] /min
B
5 40t
N
= SWCNT-GC-MS/MS
H o, PBP DEHP
bl
{E‘
E . . . .
5 10 15 20 25
5+ B4 s} 8] /min
B3 T BB RN AR AR R R H 2 R PAE S B B S i
o

Fig.3 Established new method and national standard method have
been established to detect the total ion flow chromatograms of 2 kinds
of PAEs in hot pot

213 ZMEXZ, HERFTER

K HBR (limit of detection, LOD) il & & R (limit of
quantification, LOQ)Z>FI7E i M &+ i i T LU 3 )
PIRTER T, DABIERE S AR AR 534, 2 i PAEs 915
M G430k 3 A 10 B LOD Ml LOQ, 45 L% 2. hi#
2 A[ 41, 2 F PAEs 7E 0.02~1.00 pg/mL J5 £ v J3 3 Bl N 2
KRR, HERBEHH AT 0.997, LOD K 0.1 mgke,
LOQ 7 0.3 mg/kg, ZME M PAEs R\ LR, AKH
19 LOD 1 LOQ ¥ & We il 7 21280
2.1.4 Wk EAHFEE

Xt 2 A0 TA 114 B P % TR RHRE il BE AT AR e i S 5

DBP Hil DEHP MIFR#IE H 0.3, 1.0, 3.0 mg/kg, F/KF
FAFMAT 6 LVATSEE, 3 IR RIS 25 1 2 42 7 ik
AT, SERNZR 3 BN S5 R R IR IORH T PAESs (1) 18]
WeEHN 96.3%~101.9%; RSD 4 1.0%~3.7%, i & GB/T
27404—2008 S50 = i P HE A AR ) F
R I 5 A A DGR ) 5K

2.2 %&?E%Efr'—ﬁ DER

22,1 Heml g R G BRHIESH

Eh?ﬁ AR 450 HEUR KRR b 2 Fl PAES Rl SR &
P, DBP ¥ & 0.33~7.5 mgke, FHI&EH 042 mg/kg,
Kith 2 25.1%, #ARER(=0.3 mg/kg) 25.1%; DEHP K&
B 0.51~4.36 mgkg, FHEEN 0.60 mgkg, Kt
24.4%, FBARFE(=1.5 mg/kg) 2.0%.

BUEAR ST, R0 DBP. DEHP FAa 45 R
KT HEE LOQ, MFEx DBP. DEHP Jiaih., kgt
DBP ., DEHP W5 AR F 777k LOQ B, NWIFm Mk,
R Z R A A28 o DBP AYHG: %N 25.1% . DEHP
MR R 24.4%, TERLBIER ST, X AR 8
(AL BEOR FA R DA VA I S L, AR IR SER A A6
ST 40%, HH LOQ Mgk 42— LOQ FRAE K
G (R, AT LS AR B SR A o 32 FH Crystal Ball %
XTI 5 R T RS R R R, SEit k56 )y i
Bk B 3hik$k, 38 Crystal Ball 20 %8s BEAS i 285 51 1k
A RERR, SR kb B A ghik e, 456
Anderson-Darling ¥ 4 & S AL G40 70, S5RWE 4,
DBP & B4 FME N 0.3939, FriElmzE N 0.1747 BYIER
4y #i; DEHP & m AR A FYME N 0.5632, FrifEfR2E R 1.1039
B IEZS 54 o

&2 2MPAEs HIZk1E512. HXFRH. LOD M1 LOQ
Table 2 Linear equations, correlation coefficients, LOD and LOQ of 2 kinds of PAEs

95 ety 2R ] 5 KRB LOD/(mg/kg) LOQ/(mg/kg)
1 DBP Y=0.014578X+0.073461 0.9997 0.1 0.3
2 DEHP Y=0.193499X-0.005657 0.9976 0.1 0.3
#3 2 PAEs TERPE KT THIMAREYZEF] RSD (n=6)
Table 3 Spiked recoveries and RSD of 2 kinds of PAEs at low, medium, and high levels (n=6)

%' e B A A A/ (mg/kg) Wi/ (mg/kg) /% RSD/%
ND 0.3 96.3 3.7
1 DBP ND 1.0 97.8 3.6
ND 3.0 100.2 1.6
ND 0.3 101.9 1.0
2 DEHP ND 1.0 98.8 33
ND 3.0 101.4 1.2

T AT BR R 22 (relative standard deviation, RSD).
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F4 )X ASRER+ DBP/DEHP & 218 MNBIBMEMESHEH
Table 4 Fitting probability distribution parameters of DBP/DEHP content detection data in hotpot seasoning base materials in
Sichuan and Chongqing areas

&y rhal{E SE{H Fr A 2 A RE I

DBP 0.3601 0.3939 0.1747 0.4435 1.42

DEHP 0.4990 0.5632 1.1039 1.9600 5139.70
222 IHEREHZ 0.05 mg/kg™!, 45414 P ABEIAE Bcdls, SRIRRIAERS | 1k

2023 A 1~12 s n) g s iy SN ) 1 i X
2000 4 2RE N F KR BHTE B O, Bk k&
1000 44, a6 25 AR B, JRAR IR AR KA 9% 5 Rl 4y 7~17
B 18~44 F | 45~59 B | 60~79 B 4 MERE, B4
SRS BEREE B EAT 51 o SR SPSS virson19 B4 2 ]
BEERIAT NI, TR SRR B H P2 kR
JEEHEA R, B TIREBHEIC DBP. DEHP % H &4
A E, &% KA & % 4 R (Buropean Food Safety
Authority, EFSA)#il & ()% T & & PAEs 1% H i 524 A
&, Hf DBP J 0.01 mg/kg(LLATE T, FF). DEHP K

H AL DBP, DEHP & H %24 A&, 4R W% 5,

2.3 KERJERISh PAEs BIBE R 5 E N IEG
231 BEAT

DL k4RI R P DBP, DEHP &8, BEHEEAR .
W R, BRI FRSR R EE ] | A AR )
NIRRT, B PP, K BRI B R A R (D)
A, BUGTE BB EER 10000 &K, SRR AR
(K BRI RHR DBP. DEHP Ry H ¥ 8 8 AR A, AL
TSR AH S HU LR 6.

x5 PERIAFHNEERE. SRMBRRHEAERIIEH DBP. DEHP EHZ£EAE
Table 5 Weight data of different populations, daily intake of hot pot seasoning, and corresponding daily safe intake of DBP and DEHP

. ‘ e G H 2e e f = i H Za A FE ) 2
PEA AR P TAkTkg  BEARTEHkga)  DCBP HEEAL  DEHP & HUAEHALM
/[mg/(kg-d)] /[mg/(kg-d)]
) 3B 26.6~63.3 0.0009~0.1453 0.266~0.633 1.330~3.165
FHMET~17 )
i 24.7~53.0 0.0015~0.1591 0.247~0.530 1.235~2.650
3B 63.5~74.3 0.0012~0.2017 0.635~0.743 3.175~3.715
TFAE(18~44 %)
e 52.4~59.7 0.0010~0.1983 0.524~0.597 2.620~2.985
B 71.0~72.5 0.0008~0.1725 0.710~0.725 3.550~3.625
th4E(45~59 %)
k'S 60.1~60.8 0.0010~0.1833 0.601~0.608 3.005~3.040
7 65.6~69.0 0.0007~0.1544 0.656~0.690 3.280~3.450
FAE(60~79 %)
B’y 57.9~60.3 0.0005~0.1483 0.579~0.603 2.895~3.015

TE: A FAE A PR Blm ik 2 2020 4R B ZEE BREAR CEREFREN AR ) , Hi 7~19 2 AR 2014 48 (ERETE
WA . BT 7 2 LUT40LA 80 2 LA L2 N KB IRENE 2R D, ASRIR BRAOR WA ST
xo6 IHHERSY
Table 6 Evaluate model parameters

18~44 % 45~59 %

7~17 % 60~79 %

S5 i
7 4 7 4 5 g’y LE 4

DBP. DEHP & AL X ELE

Cy/(mg/kg)* S oA

. X HLIE

4 HABAR Ipp/(kg/d) ZIRREAR KT
WL R B S 1.0 W
RFRWIER Fe/(dly) 365 AL
SN 15
PR BTN E] Te/a 7~17 7~17 18~44 18~44 45~59 45~59 60~79 60~79 I
IARE Wy/kg 26~63 24~53 63~74 52~59 71~72 60~60 65~69 58~60 W
$r B ] ta/d %365 T

T AL K AR XU 20 B 4L s
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232 24 PAEs #9 % & KF

KA E LG R X H R E BT, A
BAE M NBNKHES 5, i B o B AT R0 4y, B A
50%:3e /R HE 5 5 ik DX () AR 2 e 4 S0% T i) 22 75 ik,
MRIRHE, 100% B I3 o 2R 57 BT o VAR AHER) K
F Rk DBP. DEHP H 352 & 5 1 F-BE R 95% 515
XN H B 2GR E SR 50%. 75%. 90%. 95%
H197.5% 6 MERTILAE R, 45 R INE 7.

H2 7 0, ERFEE SR, 7~17 SRR B A
TEE T KRR A PAEs (1 H ¥R B I, XAl Rk
EHTHERERD, 80 RFLEBEARLD; iAE
DAEFIF AR A B, ABERY H 35 5 R W,
FIRERBEE RS K, ABPE I REZEHm, & H Rif
LARFE AR, BB H ¥R A2 AR
W, WATRERBFENEIAE T, SHARAFLEEAR
FEAIS, (AFEREAE N FRA, SRR A 22 B )8
A I, HIYRERAAIIE . A R A B A
h, ORTEI ) PAEs H 2428 58 B ASAEAE B X0, o bem
F oM, T e KA ) — AR B M T S R SR L BB R A
TSR RN
233 RIiftE

B R AR B 1 A [ CRE OB ISR DBP

DEHP W H ¥R, 4563 5 AR AR DBP. DEHP
B H A4 48 A RSB B 2 2 WS HE 5, W% 8.
LA E A ECT B FR S, B — R F B i 8K
97.5%A VAL BRI B K, L TEE 97.5 H AMiEL
Xof N 11 2 R XS B/ IN oA o) 2 8 XU 1A 1A o

3% 8 WA, K&K H DBP, DEHP X AS[E) A B
TN FEEGEE N 6.90E-5~5.71E-3, ¥jicit/hF 1, i
FARBETIE AR B AL F 2, Han A 530 T4
BOfE M5 B A2 3485 A& (acceptable daily intake, ADI){E Y
KPR A, KR ) DBP., DEHP AEAERME
SRR, (AT B K ERICR A . Hh 7~17 %
(17 A IR F 4% B0 DBP. DEHP (W% H 2448 A&
A%, 23 KSRk 8 DBP. DEHP 582 XU b fih
R, BEZE TR ) 2B A KR RORHE i o
2.3.4 BB

FEFA )RR, 0 R PEAG R R 25 A
DR 2 AU 28 SR s e, B OR R S A, BRI S ]
PLVE A B4 R b7 e O 38 3 32 5 e PR 2R i
T A e, AT R AR OGT IR TR A 2 5 AU o A [) A E 1Y
KCHEERL R DBP, DEHP § H 358 52 S fUR BT A 25 R
%09,
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Table 7 Assessment results of daily average exposure levels of DBP and DEHP in hotpot seasoning for different populations

. ‘ E'Z‘iéjﬁ E[ i@%%% ﬁﬁﬁl(%%EfgIXI‘HJ)/[mg/(kgd)]
&Y RPN 531
[Img/(kg-d)] P50 P75 P90 P95 P97.5

5 3.66E-4 2.34E-4 4.50E-4 7.75E-4 1.09E-3 1.50E-3
TET~17 %)

g 4.45E-4 2.72E-4 5.28E-4 9.47E-4 1.33E-3 1.89E-3

7 3.20E-4 2.32E-4 3.93E-4 6.49E-4 8.87E-4 1.13E-3
FHAE(18~44 %)

o 3.48E-4 2.53E-4 435E-4 7.03E-4 9.40E-4 1.21E-3

DBP

7 2.58E-4 1.75E-4 3.18E-4 5.45E-4 7.53E-4 9.82E-4
R4 (45~59 %)

U 2.74E-4 1.94E-4 3.38E-4 5.63E-4 7.58E-4 1.01E-3

5 2.40E-4 1.58E-4 2.91E-4 5.02E-4 7.08E-4 9.31E-4
FAE(60~79 &)

“ 2.61E-4 1.76E-4 3.18E-4 5.42E-4 7.57E-4 1.03E-3

5 5.14E-4 3.45E-4 6.21E-4 1.07E-3 1.43E-3 1.87E-3
FHET~17 %)

ks 6.65E-4 4.00E-4 7.49E-4 1.32E-3 1.85E-3 2.47E-3

7 4.52E-4 3.37E-4 5.46E-4 8.41E-4 1.11E-3 1.45E-3
FAE(18~44 %)

i 4.94E-4 3.76E-4 5.97E-4 9.03E-4 1.18E-3 1.49E-3

DEHP

5 3.77E-4 2.57E-4 4.45E-4 7.20E-4 9.94E-4 1.33E-3
rh4E(45~59 %)

“ 3.99E-4 2.84E-4 4.74E-4 7.63E-4 1.03E-3 1.35E-3

7 3.49E-4 2.33E-4 4.10E-4 6.87E-4 9.29E-4 1.23E-3
HAE(60~79 %)

o 3.69E-4 2.58E-4 4.42E-4 7.42E-4 1.01E-3 1.32E-3
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Table 8 Exposure risk index of DBP and DEHP in hotpot seasoning for different populations
. \ ENGEER R @ N
EY PR B el
A P50 P75 P90 P95 P97.5
e L 9.41E-4 5.27E-4 1.11E-3 2.09E-3 3.12E-3 4.44E-3
HLAE(T~17 %)
I 1.23E-3 6.67E-4 1.40E-3 2.70E-3 4.01E-3 5.71E-3
SAE(18-44 ) L 4 44E-4 3.20E-4 5.45E-4 9.06E-4 1.23E-3 1.57E-3
DEP i 6.09E-4 4.42E-4 7.56E-4 1.24E-3 1.64E-3 2.13E-3
5 3.60E-4 2.44E-4 4.44E-4 7.60E-4 1.05E-3 1.37E-3
FF4E(45~59 %)
'S 4.53E-4 3.21E-4 5.60E-4 9.32E-4 1.25E-3 1.66E-3
) L 3.57E-4 2.35E-4 432E-4 7.47E-4 1.05E-3 1.39E-3
LA (60~79 B)
4 4.41E-4 2.96E-4 5.39E-4 9.21E-4 1.28E-3 1.74E-3
L 2.60E-4 1.52E-4 3.09E-4 5.80E-4 8.23E-4 1.12E-3
FHAET~17 %)
i 3.71E-4 1.94E-4 3.98E-4 7.64E-4 1.11E-3 1.56E-3
. 3 1.26E-4 9.35E-5 1.52E-4 2.33E-4 3.10E-4 4.05E-4
TFAE(18~44 %)
DEHP & 1.72E-4 1.31E-4 2.08E-4 3.16E-4 4.10E-4 5.22E-4
) L 1.05E-4 7.16E-5 1.24E-4 2.01E-4 2.76E-4 3.71E-4
H4E(45~59 %)
I 1.32E-4 9.36E-5 1.57E-4 2.52E-4 3.41E-4 4.46E-4
L 1.04E-4 6.90E-5 1.22E-4 2.05E-4 2.77E-4 3.69E-4
FAE(60~79 %)
i 1.25E-4 8.74E-5 1.49E-4 2.51E-4 3.41E-4 4.45E-4
#®9 FREIABHAIRER S DBP. DEHP HYIREEHRE
Table 9 Sensitivity of daily average exposure levels of DBP and DEHP in hotpot seasoning for different populations
i DBP. DEHP H % 5% 5 il s
as] PG AHE 53] — — — ——
HHEAR%  XEICEH DBP/DEHP & #/% FFL R EE A/ %
) 5 71.9 18.4 -9.7
FHAE(T~17 %)
& 75.3 18.1 -6.6
5 72.5 27.3 <1
FHA(18~44 %)
& 70.6 29.2 <1
bBr L 71.6 223 1
. . <
FHAE(45~59 %)
I 75.0 25.0 <1
5 79.4 20.6 <1
LAE(60~79 %)
& 78.1 21.8 <1
5 88.3 <1 -10.2
FHPE(T~17 %)
& 91.0 <1 -7.9
5 98.0 1.8 <1
HAE(18~44 %)
I 97.6 2.1 <1
DEHP 0 o8
5 15 <1
FHAE45~59 %)
& 98.6 14 <1
5 99.1 0.9 <1
FAE(60~79 %)
& 98.8 1.2 <1

MR 9 AT LIFE H, KER AR ) DBP. DEHP %t il
BHEARSHYRER ST, Hb, KBRS
H B A it BURR B DR R R, SR LE BT A TR A ik
2 70%L4 I, ALY KRR ) DBP. DEHP H %
#a R/ BB RN H AR, X T ARk DBP
M H ¥ 5%, DBP M 15%LI B IEMCTTER, A

—RERN o T A IX AR A 4R % R N (] RN RE O TR,
RWIFFE AR ER I [H] 4 DBP (4 H 24 5% 5 H ke 0 i g/ A, B
Rk R G I AR, i i OB JICRHEE A DBP i) H X 285
AR o AT RESE TS AR B 1 R R N I (B AR 1) 5 1A
FORIE LR R, Bl 1725 5% 5 I 1] A 38 < 1A o o i 2
T, FRBUHF ¥ G A AR A R AR ) (A R
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2 T I DA J 2 ORIk, RO H At T A 19 R 4 % 8 i (1)
THURE (<1%) 5 LL A &, % DBP Hl DEHP H 28 & 50
Vi

3 4 i

AHFEESE T SWCNTs-GC-MS/MS [ i 5 K 5 1S
Bl PAEs B, SWCNTs b SUREr: . BARY) AR
., LA GC-MS/MS $E£EMEAT . R AR = (147 45 REAT w50kE
B AR BHPESS SR, JEfRe PAEs [R] 2 9] EAH T 90 5% Wi i
JE R B T R, B A AR B A S PR A e R B
450 HEUKCKERERIR DBP KR 25.1%, HFRFR 25.1%;
DEHP £t %R 24.4%, #BHR3R 2.0%, BB KEICEH PAESs
YU, A S IAEAR A AR PP Y B AR
R, DBP Y58 X5 £ R R 5.71E-3, DEHP (¥
TR RS BURKAE N 1.56E-3, BImi/NT 1, B TAR
BRI A BB A KR, By s T4 B
ADI AR RS IEAG A, KKk DBP. DEHP K47
TR L RTNG . Hp 7~17 2 0 DAENIKERR,
DBP. DEHP 4 H %2 AREM, Z2) KB
DBP. DEHP % #& XU b H AR, S Sibt sl Z48A
KRR
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