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Determination of 19 phthalic acid esters in Panax ginseng using gas
chromatography-mass spectrometry and preliminary risk assessment
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Abstract: Objective The residues of 19 phthalic acid esters (PAEs) [dimethyl phthalate (DMP), diethyl phthalate (DEP),
diisopropyl phthalate (DIPtP), diallyl phthalate,dipropyl phthalate (DPrP), diisobutyl phthalate (DIBP), dibutyl phthalate (DBP), bis
(2-methoxyethyl) phthalate (DMEP), bis(4-methyl-2-pentyl) phthalate (BMPP), di(2-ethoxyethyl) phthalate (DEEP), diamyl
phthalate (DPP), dihexyl phthalate (DHXP), butyl benzyl phthalate (BBP), bis(2-n-butoxyethyl) phthalate (DBEP), dicyclohexyl
phthalate (DCHP), di-(2-ethylhexyl)phthalate (DEHP), dipentyl phthalate (DPhP), di-n-octyl phthalate (DnOP) and dinonyl phthalate
(DNP)] in Panax ginseng were determined by gas chromatography-mass spectrometry (GC-MS), and the risk assessment of PAEs
was conducted to ensure the quality and safety of P. ginseng. Methods The samples were extracted by acetonitrile and purified by
dispersed solid phase extraction with PSA, which were separated on an HP-5 column (30 m x 0.25 mm X 0.25 um) and determined
by single ion monitoring (SIM). Results A total of 19 kinds of PAEs had good linearity in the range of 0.01 to 0.20 mg/L, with
correlation coefficients greater than 0.993 9. The average recoveries of four kinds of PAEs (DPrP, DIPrP, DCHP and DnOP) at 0.005,
0.01 and 0.05 mg/kg were between 75.3% and 90.8%, and RSD were between 1.6% and 5.2%. All the sensitivity, accuracy and
precision meet the requirements. Conclusion Seven PAEs were detected in 12 batches of P. ginseng samples. The detection

frequency of DEHP was 100%, which average residue was 0.07 mg/kg and the highest residue was 0.17 mg/kg, followed by DIBP
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with a 67% detection frequency which average detection amount was 0.13 mg/kg, and the highest residue was 0.24 mg/kg. At the

same time, the non-carcinogenic and carcinogenic risks of DEHP detected were evaluated, and it was found that the non-carcinogenic

and carcinogenic risks of DEHP through intake of P. ginseng were very low.

Key words: Panax ginseng C. A. Mey.; phthalic acid esters; gas chromatography-mass spectrometry (GC-MS); risk assessment;

di-(2-ethylhexyl)phthalate
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Table 1 GC-MS parameters for determination of 19 PAEs
in SIM mode

PAEs to/min  EEETX (mk) EWEETI (k)

DMP 7.17 163>77 163>135
DEP 8.04 149>65 149>93
DIPrP 8.40 167>65 167>149
DAP 8.92 149>65 149>93
DPrP 9.07 149>65 149>93
DIBP 9.63 149>65 149>93
DBP 10.25 149>65 149>93
DMEP  10.49 149>65 149>93
BMPP  11.05 167>65 167>149
DEEP 11.37 149>65 149>93
DPP 11.73 149>93 149>121
DHXP  13.58 149>65 149>93
BBP 13.68 149>65 149>93
DBEP 14.97 149>65 149>93
DCHP  15.55 149>65 149>93
DEHP  15.75 149>65 167>149
DPhP 15.84 225>171 225>141
DNOP  17.53 149>65 149>93
DNP 19.01 279>153 279>171

XTI S iV, KRR 0.0104 0.020. 0.050.
0.100+ 0.200 mg/L R FEA X} B S, BUECELA o
DA 2H 50 IR IR FE R AR AR (X0, AH RLIR W T A
RPN (Y, ZetilbrifEtizk, 3% 19 F PAEs (1)
LRMERIA TR, SRR 2. S5 RKW, 19 Fh PAEs
BITE 0.01~0.20 mg/L & BIFHILLMER R,
2 19 % PAEs B9S2, R KNPRE EER

Table 2

coefficient (R?), limit of detection, limit of quantification of
19 PAEs

Linearity range and equation, determination

TR/ e 2B/

(mgL™") (mgL™)
DMP Y=1.15X108X+37.3 09990 0.002  0.010
DEP  Y=124X108X+37.3 09939 0.002  0.010
DIPrP  Y=1.64X108X+1.7 09997 0.002  0.010
DAP  Y=3.00X108.X+93.1 09996 0.002  0.010
DPrP Y=1.70X108X+74.5 09993 0.002  0.010
DIBP Y=180X108.X+74.5 09997 0.002  0.010
DBP  Y=1.66X108X+745 09994 0.002  0.010
DMEP Y=871X106X+233 09995 0.002  0.010
BMPP Y=8.97X107 X+37.3 09993 0.002  0.010
DEEP Y=1.60X107 X+46.5 09986 0.002  0.010
DPP  Y=135X108.X+372 09996 0.002  0.010
DHXP Y=124X108X+373 09991 0.002  0.010
BBP  Y=471X107X+03 09999 0.002  0.010
DBEP Y=146X107X+37.3 09976 0.002  0.010
DCHP Y=8.11X10"X+18.6 09966 0.002  0.010
DEHP Y=7.17X107X+18.6 09964 0.002  0.010
DPhP  Y=4.11X10" X+93.1 09957 0.002  0.010
DNOP Y=1.02X103X+7.1 009888 0.002  0.010
DNP  Y=9.59X107X+373 09871 0.002  0.010

252 FEEEWRE  BURA ST AA 20 mg/L,
BRI 6 X, THES BT I THIAR Y RSD fH . 4554
f7R 19 Ff PAEs (DMP. DEP. DIPrP. DAP. DPtP.
DIBP. DBP. DMEP. BMPP. DEEP. DPP. DHXP.
BBP. DBEP. DCHP. DEHP. DPhP. DNOP. DNP)
WETAR ) RSD {H4r 314 1.32%+ 1.20%+ 0.93%-
0.45%-+0.34%- 0.67%+ 0.89%- 0.45%- 1.04%- 1.19%.
1.44%+2.05%- 0.69%- 0.51%- 0.11%- 1.20%- 1.94%.
0.90%-+ 2.13%.
253 HEMHER

PAEs AR WIR

W5 Al IIANZHr 6 13, 1%
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1.23%+ 1.34%- 1.50%, FIAARK EZERL.
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3 47 PAEs HMAFEIERIMFEEZEE (n=06)
Table 3 Spiked recovery and precisions of four PAEs (n = 6)

PAESs A InE R % RSD/%

0.005 mg-kg™! 0.01 mg-kg™! 0.05 mg-kg™! 0.005 mg-kg™! 0.01 mg-kg™! 0.05 mg-kg™!
DMP K 75.3 87.2 73.0 1.6 22 3.4
DEP A H 78.0 79.4 76.7 23 1.7 2.6
DIPrP  RAai 75.4 90.8 88.2 4.0 2.1 23
DAP A H 82.1 89.2 83.2 52 34 3.5
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4 TEHRBUAFIFUALTIZS 19 #h PAEs EIUWCRMZNE CRINKT 200 pg-kg™)
Fig. 4 Recovery of 19 PAEs by different extraction solvent and adsorbents (spiked level: 200 ng-kg™)

PAES AN TE SR 7 1R UL/ % ANTE AT R /%
N ECkE 150 mg PSA 150 mg Cis 75 mg PSA+75 mg Cis

DMP 953+2.4 762+13 85.0+2.7 76.2+2.9 653+33
DEP 78.4+8.4 732+1.6 77.2+4.4 72.0+1.7 79.2+2.4
DIPrP 80.84+6.4 65.1+2.2 96.0+6.2 85.3+3.4 753+4.5
DAP 872433 82.0+1.3 86.1+33 744+5.1 5244132
DPrP 823420 77.4+11.0 90.0+2.0 79.6+43 77.0+5.4
DIBP 98.7+5.2 80.946.6 75.0+52 75.5+3.7 79.1+43
DBP 89.0+4.7 91.5+7.0 79.1+4.5 89.0+3.6 69.5+23
DMEP 96.0+2.3 93.4+5.0 82.2+3.1 722442 79.0+1.4
BMPP 105.1+7.3 813432 84.1+2.4 85.042.6 642+6.5
DEEP 100.3+4.3 79.2+6.1 86.1+4.1 92.0+3.0 81.0+52
DPP 92.0+3.7 77.6+52 77.0+3.4 83.1+1.0 75.0+7.4
DHXP 88.1+3.7 72.8+5.0 89.3+52 84.0+2.4 79.1+3.6
BBP 78.0+3.0 73.5+42 73.1+43 79.0+4.0 632442
DBEP 87.4+42 77.5+5.0 87.2+32 603+23 73.5+2.6
DCHP 90.6+3.6 87.84+2.4 823+4.1 72.0+3.5 77.5+3.0
DEHP 922+3.8 71.7+3.6 98.7+7.0 88.14+3.8 87.84+1.0
DPhP 97.5+2.0 88.2+3.7 89.0+2.4 87.34+6.2 717424
DNOP 96.5+1.9 86.4+4.1 76.1+32 75.1+7.8 88.21+4.6
DNP 79.4+1.6 743422 10504103 78.0+5.1 822426

x5 12#tASHET 19 PAEs IR ESEE. RHMR. Py, FHEMIRERE

Table 5 Range of content, detected frequency, medium and average values, and standard deviation of 19 PAEs for 12 batches

of P. ginseng
PAEs FrEVEH/ (mg-kg™) R Aize/%  FHME/(mg kg ™) H A7 8/ (mg-kg™) PRt 2=/ (mg kg ™)
DMP 0.01~0.06 66.7 0.023 0.010 0.018
DEP 0.01~0.08 75.0 0.050 0.045 0.028
DIPrP ERod 0 A H ARAG RAH
DAP 0.01~0.01 20.0 0.010 AAG H 0.005
DPrP ERod 0 A H ARAG ARG H
DIBP 0.02~0.24 66.7 0.130 0.100 0.083
DBP 0.02~0.12 83.3 0.065 0.060 0.037
DMEP ERod 0 A H ARAG RAH
BMPP ERod 0 A H ARAG RAH
DEEP ERod 0 A H ARAG RAH
DPP ERod 0 A H ARAG RAH
DHXP AL 0 KA A RATH
BBP AL H 0 KA A RATH
DBEP AL H 0 KA A RATH
DCHP AL H 0 KA A RATH
DEHP 0.03~0.17 100.0 0.078 0.075 0.041
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PAEs e H/(mg-kg ™) 16 AR % FIE/(mg-kg™) R/ (mg-kg™) PR 2 /(mg-kg™)
DPhP A H 0 Ao A A H
DNOP 0.01~0.01 83.3 0.010 Ao 0.004
DNP A H 0 Ao A A H
Bt 0.18~0.55 100.0 0.310 0.285 0.120
2 6
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I-DMP 2-DEP 3-DIPfP 4-DAP 5-DPrP 6-DIBP 7-DBP 8-DMEP 9-BMPP 10-DEEP 11-DPP 12-DHXP 13-BBP 14-DBEP

15-DCHP 16-DEHP 17-DPhP 18-DNOP 19-DNP

1 19 7 PAEs StH& (RERE 100 pg L', A) RASHSR (RS A6,B) ) GC
Fig. 1 GC of 19 PAEs by multiple reaction monitoring (spiked level 100 pg-kg™', A) and P. ginseng sample (No. A6, B)
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ADD=CXFIR X EF XED/(BW X TA X CF) QD)
C ANS AR HIRES AR T E 4, FIR AR AREH
BAFIE, EF NREHHR, ED NREER, BW AFHE
JhtE, TA NN, CF ¥ R

WAL (2) HEMAS I — PAE il
IR MR R RS %50 (HQ). RD A Mk
2GR Y PAE (NS HE . R ZF PAEs 2
FRECHANT HQ KT 1, MUCHARE R #EE T
R R .

HQ=ADD/RfD @)

R=CSF X ADD 3)

A0 (3) 4 DEHP 80 AT A, CSF
RNEUERIR R, ik ADD 5 CSF [fafefikitfT
VA, CSF #E XoA—A BIR, SRl T 244 Bl
S BRI G B N g R RV ) 95% EAE b
PR o 3% [ PR OR S AR AR A 2/ B A0 IR 1 25 6 K
J9 A5 H 1) ik DEHP 1) CFS 4 0.014 mg/(kg-d).
PR KBAE R /N 1X 10701, I\ a0 XU
FEARK: HAEAE 1X1070~1X1074, A NEE X,
WA HABAE 1X104~1X 1073, B K
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S, WIEARAZAE KT 0.1, T2 BA #5uge XU FE 3 &
x 6 N NdE TN NS (1) PAEs 1135 H 7|
TR XS PPAY 24

mEE 12 it A= DEHP $1E 5 0.078 mg/kg,
A RIFEE XS R N 1.8X 1078, /M 1X107,
NN EUE RS 2K . [F DMP. DEP. DBP
F1 DEHP % B B AE 250 14 XU 737008 9.2 X107,

# 6 AZ PAEs FIXEIFERESHIE

Table 6 Parameter values of risk assessment model for

PAEs in P. ginseng

ZH XA il SCHR
FIR, A% g A\ ld! 3 26
EF da! 350 27
ED 5PN a 24 27
BW A kg 70 27
TA R d 365XED 27

B K 25550
CSF  DEHP 0.014 27
RfD  DEHP ngkgd! 20 27

DBP 100

DEP 800

DMP 1000
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3 it
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BRI ) 2SR . (RIS A ks tHI¥) PAEs JEAT X
BT, LB KRS A EEUE XS 3 A .

T NS A VAN A AR PPl it
TSR, TN AR BT o 1 4 it T e 38 B 28 vh 2444
HNIETS RIBT R A S

FBAR PAVEHFARFEFZFTR

SE R

[11 T2k, MRK, BIHY, S5 fah o AL p PRI A
WTFEREF (7], KRB AL, 2014, 22(5): 66-69.

[2] Steinmetz Z, Wollmann C, Schaefer M, et al. Plastic
mulching in agriculture. Trading short-term agronomic
benefits for long-term soil degradation? [J]. Sci Total
Environ, 2016, 550: 690-705.

[3] Zolfaghari M, Drogui P, Seyhi B, et al. Occurrence, fate
and effects of di (2-ethylhexyl) phthalate in wastewater
treatment plants: A review [J]. Environ Pollut, 2014, 194:
281-293.

[4] Benjamin S, Pradeep S, Josh M S, et al. A monograph on
the remediation of hazardous phthalates [J]. J Hazard
Mater, 2015, 298: 58-72.

[5] Zhang Y, Wang P J, Wang L, et al. The influence of
facility agriculture production on phthalate esters
distribution in black soils of northeast China [J]. Sci Total
Environ, 2015, 506/507: 118-125.

[6] WuW, Hul, Wang J Q, ef al. Analysis of phthalate esters
in soils near an electronics manufacturing facility and
from a non-industrialized area by gas purge microsyringe
extraction and gas chromatography [J]. Sci Total Environ,
2015, 508: 445-451.

[71 Liu X W, ShiJ H, Bo T, ef al. Occurrence of phthalic acid
esters in source waters: A nationwide survey in China
during the period of 2009-2012 [J]. Environ Pollut, 2014,



- 2010 » PER 2022648 B53% BT Chinese Traditional and Herbal Drugs 2022 April Vol. 53 No. 7
184: 262-270. [18] Vr3i. A[FEEFEUE 0t AR H BB NS K K R
[8] Wang J, Bo L I, Li L N, et al. Occurrence of phthalate 2 [D]. K& HMRRILKE, 2018.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

esters in river sediments in areas with different land use
patterns [J]. Sci Total Environ, 2014, 500/501: 113-119.
Kong SF,Ji Y Q, Liu L L, ef al. Spatial and temporal
variation of phthalic acid esters (PAEs) in atmospheric
PMio and PM2s and the influence of ambient temperature
in Tianjin, China [J]. Atmos Environ, 2013, 74: 199-208.
Zhou B, Zhao L X, Wang Y B, et al. Spatial distribution
of phthalate esters and the associated response of enzyme
activities and microbial community composition in
typical plastic-shed vegetable in China [J].
Ecotoxicol Environ Saf, 2020, 195: 110495.

Zhang Y X, Huang B, Thomsen M, et al. One overlooked

soils

source of phthalate exposure - oral intake from vegetables
produced in plastic greenhouses in China [J]. Sci Total
Environ, 2018, 642: 1127-1135.

Wang J, Chen G C, Christie P, et al. Occurrence and risk
assessment of phthalate esters (PAEs) in vegetables and
soils of suburban plastic film greenhouses [J]. Sci Total
Environ, 2015, 523: 129-137.

Tan W B, Zhang Y, He X S, et al. Distribution patterns of
phthalic acid esters in soil particle-size fractions
determine biouptake in soil-cereal crop systems [J]. Sci
Rep, 2016, 6: 31987.

BERE, BiE, BRWSE. deREEAS ] THE
i, 2020(16): 130-131.

BRoe, BUEI, RR. NS EEESHIERE [J]. #
ZEiz4 &, 2000, 14(1): 58-61.

KV E, IREGHE. NSLL MBI R (1], SRR
MR =24R], 2015, 37(1): 1-5.

Bk, NG, 28K, . 5% NS LAY IR
AEIFRRRIEC I (0], HAMRARML KRR, 2014, 36(6):
674-679.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

PR, MR, VRN, & ORNRREGW TR E A0
FOGERR N AEE IR [T RN K 222,
2017, 39(1): 32-37.

Li C, Chen J Y, Wang J H, et al. Phthalate esters in soil,
plastic film, and vegetable from greenhouse vegetable
production bases in Beijing, China: Concentrations,
sources, and risk assessment [J]. Sci Total Environ, 2016,
568: 1037-1043.

Zhao H M, Du H, Xiang L, et al. Variations in phthalate
ester (PAE) accumulation and their formation mechanism
in Chinese flowering cabbage (Brassica parachinensis L.)
cultivars grown on PAE-contaminated soils [J]. Environ
Pollut, 2015, 206: 95-103.

Yin R, Lin X G, Wang S G, et al. Effect of DBP/DEHP in
vegetable planted soil on the quality of Capsicum fruit [J].
Chemosphere, 2003, 50(6): 801-805.

Lee S, Martinez-Arguelles D B, Campioli E, et al. Fetal
of the plasticizer DEHP
predisposes the adult male adrenal gland to endocrine
disruption [J]. Endocrinology, 2016, 158(2): 304-318.
Montrose L, Padmanabhan V, Goodrich ] M, et al.

Maternal levels of endocrine disrupting chemicals in the

exposure to low levels

first trimester of pregnancy are associated with infant
cord blood DNA methylation [J]. Epigenetics, 2018,
13(3): 301-309.
U.S. Environmental Protection Agency 2012. Phthalates
action plan (revised), Washington, DC.
TAHAE 2012 5 17 5—RKTHMEAS A LI
T H SR B K 2 75 [S]. 2012-08-29.
U.S. Environmental Protection Agency 2013. Mid atlantic
risk Assessment [EB]. Regional Screening Level (RSL)
summary table, Washington, DC.

[FriEsmit  #RALAE]



