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Recent developments on analysis and risk assessment of PAEsin food samples
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ABSTRACT: With the events of domestic food safety frequent outbreaks, food safety has become a hot topic of
social concern and common challenge to all human beings. Phthalates esters (PAEs) are widely used as plasticizers in
the modern food industry. They have attracted increasing attention owing to their potential for food contamination by
migration, enrichment and transformation. In recent years, the developments of pretreatment methods (solid phase
extraction, DLLME, QuEChERS, et al) and analytical techniques (spectrometry, chromatography, chromatography-
mass spectrometry, €t al) of PAEs in different matrices for toxicity and risk assessment have become research
hotspots. This review summarized the recent research progress in China and abroad and discusses screening
technologies on PAEs in order to provide suggestions and thoughts to carry out the detection and assessment of PAEs
in the future. Simple and efficient pretreatment technology combined with high-throughput, high-sensitivity screening
technology was expected to become a new research hotspot in the near future.
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L3 & 21 ZRIKEEFEBEREZE
=
(phthalate esters, PAEs) , )
[13-15]
PAEs 600 m ;
2- ) (DEHP) , ,
50%, (DBP) , ,
(DIDP) (DINP)>?! ,
[4] [16,17]
PAEs 220 , ,
( )[18] [19] [20]
[5] , PAEs PAEs S
, , 2.2 [E+EZEE(SPE)F1EI#E 2= BN (SPME)
[6]
PAEs , (SPE) - .
PAEs (78] ) 1
PAEs , SPE PAEs
PAEs [9], SPE
PAEs 1oL, PAEs i i
, (SPME) SPE ,
, PAEs , SPE , ,
[11,12] , , [26,27]
5 PAEs s [28] [29] [30] PAEs
PAEs

2.3 DEURIRMZER

(DLLME)
2 HmAEREA ; - ,
, , Zhu BU CCl, ,
DLLME (GO) PAEs
, Yan B% DLLME GC
6 PAEs , 6 PAEs
QuEChERS 93.2%~105.7%, 0.64~0.79 ng/g Fan D%
#z 1 PAEsHRMEHEZERCE
Tablel Solid-phaseextraction for phthalates samples
(%)
21 OPT 33.7~92.9 0.2~3.8 pg/kg GC
1221 - 75.33~94.57 98~12500 ng/mL GC-MS
(23] / ProElut PSA 77~112 0.005~0.05 mg/kg GC-MS
24 Florisil 81.3~104.2 0.01~0.05 mg/kg GC-MS/MS
251 PSA/Silica 74~124 15~30 pg/kg GC-MS
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PAEs (IL)-DLLME- HPLC , ,
(HPLC), , ,
0.02~1 pg/mL 0.01~0.5 pg/mL,
3.1~42 ng/mL 1.5~2.2 ng/mL, HPLC -
88.5%~103.5%  91.6%~104.6%, (UV-Vis) (DAD)
(FLD) 2
2.4 QUEChERS % PAEs
QuEChERS(Quick, Easy, Cheap, Effective, Rugged and 3.2 SREKAE
Safe) ; GC HPLC
, , , GC-MS
[34]
,PSA  MgSO, , - [43]
, HPLC PAEs B33 GC-MS
, PSA LC-C;3 Envi-carb ) PAEs ,
(361 S s QuEChERS Emma [44] GC-MS
- (GC-MS/MS) 15 PAEs , 261
16 PAEs B » Cig .77 PAEs , DEHP
, QUEChERS - (66 ) [45]
PAEs © GC-MS-SIM DBP
QuEChERS DEHP , DBP
g DEHP , DBP DEHP,
3 PR CEREGESHVARIN 5K ' ’
, PAEs 3 GC-MS PAEs
; (GC 33 EHREXRE
HPLC) (GC-MS  LC-MS)
31 &gk 51 Le-MS/MS 3
(FID) PAEs ,3 PAEs 5.00~250 pg/L
(TCD) (NPD) , 0.1~0.2 ug/lL
, , 92.5%~101% , RSD  4.6%~6.9%
; , GC Xu DI LC-MS/MS 23  PAEs
, , QuEChERS
% 2 PAEsHmMIBIENEE
Table2 Chromatography methods for phthalates samples
(%)
B8] , FID 0.20~0.65 mg/kg 72.3~101.5 GC
09 QuEChERS IL-DLLME DAD 6~9 ng/g 84~106 HPLC
40l IL-CIA-DLLME (VWD) 0.68~1.36 ng/mL 90.1~99.2 HPLC
1 FID 0.53~1.2 pg/L. 89.5~101.3 GC
(2] 0.010~0.055 pg/mL  80.63~95.50 GC
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#* 3 PAEs# i GC-MS B 534
Table3 GC-MS methodsfor phthalates samples

(%)
1461 -Florisil 50.0~800.0 pg/L 74.0~113.0 <3.66 pg/L
17 0.05~10.00 pg/mL 78.7~113.2 0.001~0.1 mg/kg
1481 0.1~1.8 mg/kg 78.3~108.9 0.1~0.2 mg/kg
18] 5~500 pg/L 88.21~110.11 0.02~0.40 pg/L
501 0.1~200 pg/L 88~110 0.010~0.056 pg/L
R 0.8~15 pg/kg,
75.5%~115.2%, RSD 3.2%~18.9% 53] ,
HPLC-MS/MS 9  PAEs , , PAEs
:9 PAEs  1.0~200.0 pg/L
, 75%~107% , ,
[57]
34 EHfbiix 41 PAEsHISMHRA
PAEs ,
[54] , Ryu B¥% DEHP ,
90 W 10 min, , 500 mgkg'd' 750 mgkg'd'
PAEs , )
PAEs Park % DEHP
, PAEs >
, DEP
, 1601 1181 9 PAEs
, PAEs
[55] [61] , PAEs
PAEs . PAEs , (62]
PAEs , , PAEs
(DEP) , , DEHP
, DEP 5.03x107~1.01x107 mol/L , (Bcl-2,
, 0.9998, 8.3x10° PCNA) .
mol/L , , 1631 pAEs ,
(FTIR) PAEs PAEs ,
1561 FTIR-ATR PVC
, (PLS) , PVC 4.2 PAEsHIIE G A&
PAEs PAEs ,
. 164] DEP DBP DEHP 3 PAEs ,
4 1¥EF PAEs B9 X TRG
PAEs , ,
, PAEs 3  PAEs (EPA)
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