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Determination of fifteen phthalate esters in air particulate matter (PM,;)

by ultrasonic extraction- dispersive liquid-liquid microextraction combined
with gas chromatography-mass spectrometry
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Abstract: An analytical method for the simultaneous determination of fifteen phthalate esters in air
particulate matter ( PM,5) was developed using ulirasonic extraction-dispersive liquid-liquid
microextraction combined with gas chromatography-mass spectrometry. The samples were extracted
with dichloromethane-acetone (1 : 1, V/V) mixed solvent by ultrasonic extraction. 1, 2-
dichlorobenzene was used as extractant and acetone was used as dispersive solvent, dispersive liquid-
liquid microextraction was applied to analyze air particulate matter ( PM,,) samples. The limits of
detection (LOD) ranged from 0.29 to 4.77 pg+m™ and the limits of quanification (LOQ) ranged
from 0.96 to 15.74 pg-m™. The spiked recoveries ranged from 72.7% to 110.9% and the RSDs
ranged from 0.6% to 9.4% ,respectively. This new method was successfully applied for the analysis of
the phthalate esters in air particulate matter (PM, ) in Suzhou and most of PAEs were detected in
the samples.
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ultrasonic extraction, PM,, phthalates esters.

LROR " HIRER (PAEs) J2—2R Nl T, HA BES R G 6e e = B A sl w vk IR 22 1 A
WAL, DR PAEs 18 B S0 B AE Az . BRTRT iz 8 TR T A AR
AR SR PAEs 5 RS T 2 1) DL R Y AR T 4 B L AR B AR X ik ST A 1k
SRS, I YBRE R Y PAEs B T BR BB, T iE A 25 A3 K SR AR W A R B R AR A e R
P PAEs T8 5 R FHE R SUBRLY) (Rl PM, ) IR 0 5E RS0 PM,, 5 P PAES i) T R
H PAEs 1975 Y100

H R, KA B0 R S A A B 2 A R IR UL R IGE S sy A A kT A
AR IO T A B T o, 5 2R P HR R A L 4 R R 5 St T s 37 39 A O &5 3o B 5. 1l 1T
PM, s H 075 e st ] R A B B B i i AR /D DR T AT vk A AR A . 43 HICTROR R A
( DLLME ) J2 30T 4F 5k %2 JR AL SR () — s URE Sl A AL B AR TS HAT AEBGH > AU R A B
) B R A P

K TR AT R AR SO A AR i PR R P B IS A HOBAH AR B ( DLLME) 45
Al , BIVFE i ek FHER 75 42 L, P F DLLME 350 B BOR A Rl kA 7 i — 250k i, SR ) PR AHR £
BT (GC-MS) EEFFA T E . WA 4R S DLLME 4548k VE il 2 K PM, 9 PAEs BURE SR
b BT T R LR A

1 SEEGHR 4> (Experimental section)

1.1 AXER 55

S ERE BRI (HZ SHIMADZU QP2010PLUS) , DS-3510DTH i/ i U af (L i Al
IERABRAT) ,DCI12H FIRAL (2R A BRA ] ) ,800 B ELOUITENL (L IERE B A B
NHED) T 2030 FEERALEAREESE (5 5 @ RHE Tl el B i 74088 ) , SKL-1200X Bkh (&
NERFRA R ARA R A ) ,90 mm A4S LFAENRME (VT Tipk el BRI T AL TAXES ) , A D £F 4R 450 C
K% 8 h, LA RBRA LAY, AR T HE.

15 FHARIR IR BE IR A bR AE 1000 mg - L7 ( B2 B2 U IR A PR AR ) . 4828 — H iR — H g
(DMP) , 28R —H iR — 2.l (DEP) , 4P & —H iR — 5% T i ( DIBP) , 48K —H R — T fis (DBP) , 48K —H
R (2-H L 258 ) g (BMEP) , &F 2 iR — (4-H 3-2-/% 38 ) Fis (BMPP) , 48K —H R (2-Z A 4
J5) BE (BEEP) , SRR —H iR —J%lis (DPP) S8 —H i — CLlis ( DHP ) , 4K —H 2 T K lis (BBP) , 2B
“HR T AFCHE(BBEP) 48R —H R — ALl (DCHP) ,4BR I iR (2-2 %) C i (DEHP) , 4B
T HR —KEE (DPhP) 47K " H R "R (DNOP) 4i B4 KT 96.3% , R BEE A 2 1 mg- L bRl o5
W, BTV 4 CTIRAT; A NI LROHE B 2N OB UL 1,2- 5% 2-5
2R ki  EALEA R A s SEas FHAKC R4tk
1.2 kst

Gk A3k . DB-5MS (30 mx0.25 mmx0.25 um) ; #EREOIREE . 250 °C ; HEARIEE . 60 C;
ARIERE A EE 10015 AR 1.35 mLemin~'; FHEREF . PILGIRE 60 C,£2£4F 1 min, LA 25 C-min™'
F+ % 220 C, 44 1 min, L 5 Comin ' FF & 280 C, {#+F 2 min; #FEE. 1 pL; 8. A (4>
99.999% ) ; ¥EFIIEIR 4.5 min; FERETE . F-Bhikke.

i st s R R . 250 °C 5 B URIRAE . 200 C, & P4kl EIL B EER: 70 eV,
JRE ANy 3 REREEG AN (SIM) |, B Af ] 5 1 R R S LR 1.

1.3 FESLRTAR R

20 wl. PAEs PRIUEFIE (1000 pg-L7") H20 0 2 A7 S 2F AEUR AL i, Bt Sl s e s+
a5 . K IR IR (BORFERE S IURAR) SYRE B AZEBOMH, In A Z & PG RIS (1:1, V/ V) SEUH)
10 mL, 765 i TR A A E (P03 180 W) 30 min, R 2 ORI U8 AT BGC A8 FEAE A O oA
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10 mLARHG], B FEH 1 R A HEBOR , 2R 3 T 500 wL P ER T 5508 vh s i A 0 4, o m A
40 pL 1,2-"FEATELOE D RS BIEHEEOETIMA S mL 5 &350k 30% &AL B K, T2 R
FLIEY, L 3500 remin™' B0 7 min, BTAUAH 1wl JF GC-MS JE47 & g = 5E .

2 R 5118 (Results and discussion)

2.1 PR e
2.1.1 R HREGR ) R AR B ik

ARCHEEET AT e DI ER 1E AR A A 7 AR R s 14 A SR, 448 SR e B G PR e R TN X
PAEs P4 ICHCR IS Hufs i, PRk 42 — S PP e A0 TR RS A5 VATV A 3R BT TR B, AR SR 48 7 — 4
SE RSB A RMAR L 2:1 101 1:2 O ERCHCR, 25 R W 1 (a) X T ARTRIAGAR AR — F RS , feHERE ORI 4%
AHHIE, BT BAR A £ | T 6 7% JEERICHCR , 2GS & e FN TR A 1:1(V/ V) B AEEREK
S R S BT ERA 1:1(V/V).

FE R B G A A I AR BGRL B R 15.20,25 .30 mL. 4] 1(b) . [T 2 Bl 25 £ B 2 1Y
HE RGN, 24 A R e AT R S AR BUR AR AR T 20 mL J5 , SRBUSCR B TR E X 15 Fl PAEs £
BB LEARAT Ry T 5 L9950 98/ DX A A A3 [ s 9 /0 R0 () e [, 68 25 U AR A 20 mL.
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(a FEIRAEAF . R RIBGH — S P Be AR AR 30 mL A I ] 20 min FEHGH 1,2- 5% 30 pl,
SHEIRITNER 400 WL 2 T30 20% (W/W) ; b FEIGAF: ARG M EeAMNEI(1:1, v/V) |
AT TR] 30 min FEHGA 1,2- 2505 40 pL JMHGRIPNER 500 L 2 T3 % 20% (W/W))

Fig.1 The effects of the volume ratio (a) and total volume (b) of ultrasonic extractants on extraction efficiency
( Extraction conditions a: ultrasonic extractant solvent, 30 ml dichloromethane-acetone ; ultrasonic time, 20min; extraction solvent,
30 wL 1,2-dichlorobenzene; dispersant, 400 pL acetone; ionic strength, 20% ( W/ W) .Extraction conditions b: ultrasonic extractant
solvent, dichloromethane and acetone (1:1, V/V) ; ultrasonic time, 30 min; extraction solvent,

40 pL 1,2-dichlorobenzene; dispersant, 500 wL acetone; ionic strength, 20% ( W/W).)

2.1.2 PRI E] ) e

AR SRR A B R AR BORL A ity 1277 P BBUISS [] B E 456 | 25 8 1B AR SR IR 1) O 10,2030,
40 min X BRI ] 2. [T Ag 4 e A 7 i BBUART TR Fr) S T3 o, >4 75 B IR [RIE 30 min
25 BRBGSCRIEA T TAGE , O 1 4R U ], PR e #3875 S U 6] 2 30 min,
2.2 Sy AR

T HLA 53 HOR AR TR U MK RE AR (4. 2R & A e K M A6 IBGR] 1 7 P A LI
H 3 BIGR) A SRR AR I 1) 25 20 M 73 BT i v DTS2 B DR A I A SC b i ) 25 7
TP B MO 4 OB 28 ROV KV P 50 (0 P3O ) 8 A 1 D, P it A€ JBGR I A 21 20 R o
ORISR i 3 HOR) , AR BOGR2HOR) 7 B k.
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Fig.2 Effect of ultrasonic extraction time on extraction efficiency

( Extraction condition ; ultrasonic extractant, dichloromethane-acetone (1:1, V/V) ; for other conditions see fig.1(a) )

2.2.1  FEIGR K HARF ) k5
AR RO IO 15 %8 B L /KK, BB U s ik HL AR , 1 55 /K O LA S8 1) B ThT. AR SO 48 T U4 Ak
B 1,2- R 2-G PR RS FERGR]. WA 3 (a) LA IE 15 Fh PAEs (ISR 8 1,2-—
FURNE N ZEUGR B 2RO AT, HL 1, 2- & URME S 2 ORI B ) 1% B TP d o320 IR 354
() (b)

100 - CIPU4 4% Carbon tetrachloride 22 1,2- "4 %1,2-Dichlorobenzene 100 - [J10 pL 22120 uL EEE30 nL E40 L RSO uL
C=ED-&(F #2-Chlorotoluene I —HifkfCarbon disulfide f
- ] 90 i
/ ah
80F o | 80 o
| ’ 110 il
- 7 H A H i.». I
1 H Il 70 I ,gi ;i
H 9 1 H
60 1 | §§ 41 m S 60 i§ i
EO 1! g I
2 | il 2 504 |
g Il g i (i
3 ii ' &) 40 Hi H [
3 , : i 0 (id ~ i [t
i : 1A oA A
< 1 1t [l G
| 20 iR (|
i I i |l i fe
1 N01R WA AR M 01 it 1EE A4 M3 ML o LEERLF I LR
Ay A A Ay A
DM@ d e @ o = £ O o & & T o4
Qg2 E E = 2R = Z /235 A A m

3 FRBGARFIZE (a) MR (b) X AL BRACR 152
(a ZEHUAAE . A HREL 30 min, HAB SR WL 25 b ZEECA . 2GRN 1,2- 50K, Hofh 45 ULIE] 3 (a) )
Fig.3 The effects of the type (a) and volume (b) of extractants on extraction efficiency
( Extraction condition a: ultrasonic time, 30 min; for other conditions see fig.2; Extraction condition b: extractant,

1,2-dichlorobenzene; for other conditions see fig.3(a).)

FEBGR AT S S B 2R R 22— A& 3(b) , AT 4 i 25 246 BRI A FRL88 Jon i 48 o, >4
AEBGAABUE T 40 WL B, DGR BT R, T B A BGRI R R /N, T L e 28 00 Je DR A AR
AN AT IERE AR BGRIABUL K, B AT EON 2 1, BRAK T BARYITE AU Hh A vk BE . k43 4K BGR)
RFUCR 40 pL.

2.2.2 SrEGN B AR R e

SRS TN EE NG L TR L ERAE R 43 #R S A€ BIRIISCER | 43 3R 0 A 2 17 A
FoRFIHRERGR 22 18], 66 5 /K FAE G 535 NP 4 (a) , IERAE R 20 BRI IS A0 A8 BORCR Bt

T NEAT N 300,400,500 ,600 wL, WA 4(b) , A HRDC AR B 43 BOA ARG nmisg i, 2443
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FORMATREE T 500 WL B TSR BT R JEE PR A BIORMA B /N R 25 50 T L B A, 28 BUBOCR AN
U5 A EOGRARBUE RS T AR 4 0] 23 Bl DI TR S B K T, B0 5 e R o AR B DTBUE h , BRI I 38
PO BFARTN 500 wl.

(@) ] ZffiAcetonitrile [ZZ] PifdAcetone  [Z7] i i#Methanol 100 - (b) ]300 uL 773400 ul. EZ3500 il [ 600 ul.
100k E=] ZE¥Ethanol Wl Z.#; Z F&Ethylacetate ] M
80t ! 1
50 o E !.
S S i i | 1
E 60 E o (1 '; i
5 CI 1t 1 |11 |
S S 40 7 > ’ g
& 40 I < Tl FV ] 1l
il E '
2 i | |
(1t e .2 E f
0 | o LRI i
A~
m
m

EEEEEEEEEREEEE EREEEEEEE 2
A = @ A @ I A= S @ =
RREfzz2a"""8RE03 S o M A

4 SFHONIIFNZE (a) FIEBL (b) XFAEHECR I 0
(a ZEIURAF . AEIBGRIDG 40 L, HABACPE LI 3 (b) 5 b AEEURAF . SrHOR A TIE, HAb A E LI 4 (a))
Fig.4 The effects of the type (a) and the volume (b) of dispersants on extraction efficiency
( Extraction conditions a; extractant volume, 40 pL; for other conditions see fig.3(b) ;

Extraction conditions b dispersant, acetone; for other conditions see fig.4(a).)

2.2.3  FEIUSE] YIS
T P73 HIGROAR AR I I 1) 2 B, A RO [ o 26 USRS e AN K.
224 HTIREEREEE
ARG AR R TR PN ER 2352 8 23 B W) e AKAH Th B VA AR, S5 4 T SR AR BN BT 2 B 0%
10% ,20% 30% 40% [ AEH MR, InIE 5, S AN T L 53 Ok 30% I A BR80T, A — 2 & 1
thABta e R o0 1R A BT BARYIE e AR IBGR b (H 2 280 i D iy Eh i 21l 15 B AR 7E
AR R BRI Ak BE AR AT, ZEIRCR AN
10r 0 2z&10% EER20% E=30% Hl 40%
100 |
90
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Recovery/%
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7 i H
R
= 3 oA mmo o™
A Z 2 a A 2R A4%4

B 5 TR R A BRI B
(FEMUIRA: B HRIUR A 20 mL, HARZAFILE 1(b) )
Fig.5 The effects of the ionic strength on extraction efficiency

( Extraction condition ; ultrasonic extractant volume, 20 mL; for other conditions see fig.1(b).)

2.3 ZAHTHAE

AR R g TG AR 3R R SR Tk B o A SRR U R e R P S T
T, RER I SRR v 25 R BT DR b S 6 e e v 2 T P BB o i, A 2 (7 T 0K o ST T BB 3R 45 L
FHHEE IE CU e B AEKAKUGE P P I T R AT S P AR DR S gh i b L 450 CHI%E 8 h, BRI



188

i

e

g3

36 &

B s O RO EAT 41 BR.
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A3 WIS E A 210,25 .50 250,500 2500 pg- L™ RINFRHETR-AVA T, BL 20 WL 0 2 R R EER
25 A PSR b R 1.3 T A TR S TR BRE HEAR R AR YO 1.5.12.5.25 125,250 ,1250 pe- L7,
LLEBRYIHR BB AAR (v, pge L), X0 0 TR PAAR AR () il B TAE M2, 46 H BR (LOD ) e 15 1t e
S/N=3 8 i FR(LOQ) ## Mt S/N=10 T L5645 LW, PAEs 78 1—1000 pg- L' Z[E4A

RIFHLME R G5 R WK 1.
=1

15 fft PAEs HYREFER] 1 Lo At BR B i R

Table 1 Characteristic ions,linear equations, correlation coefficients (r), limits of detection (LOD) and

limits of quantitation (LOQ) of 15 PAEs

feow PRI SR T ] HCAA fuie e
Compounds P.{etenn(.m SIM(m/z) Linear equation Corr-el-atlon {3 0{3
time/min coefficients r (pg'm™) (pg-m™)
DMP 7.23 163+, 77, 133 y=265.43x-90.838 0.9988 0.40 1.32
DEP 8.05 149 %, 177, 105  y=259.68x+468.9 0.9999 0.34 1.12
DIBP 9.95 149 =, 57, 04 y=481.6x+136.57 0.9998 0.29 0.96
DBP 10.76 149 %, 205, 223 y=581.56x+102.67 0.9985 0.65 2.15
BMEP 11.13 59 %, 58, 149 y=157.58x-231.95 0.9998 2.47 8.15
BMPP 11.90 149 = | 167, 85 y=160.18x-258.17 0.9991 3.42 11.29
BEEP 12.27 45 =, 73, 149 y=121.05x+210.35 0.9993 2.07 6.83
DPP 12.70 149 = | 237, 43 ¥y =655.46x-79.085 0.9998 1.02 3.37
DHP 15.00 149 = , 43,251  y=714.13x-54.784 0.9994 1.17 3.86
BBP 15.22 149 =, 91, 206 y=286.49x-266.77 0.9983 2.65 8.75
BBEP 16.73 149 =, 57, 85 y=68.935x-295.63 0.9997 4.77 15.74
DCHP 17.52 149 = | 167, 55 y=530.83x+63.759 0.9998 0.79 2.61
DEHP 17.68 149 = | 167, 57 y=398.63x-123.95 0.9969 0.73 2.41
DPhP 17.80 77 %, 225, 104 y=346.02x-103.39 0.9998 1.55 5.12
DNOP 20.25 149 = | 207, 279  y=956.62x—72.039 0.9998 0.58 1.91

y, PAEs I&TH 1 Peak area for PAEs; x, #EFERTHEE Concentration before injection samples; * ,

BT Quantitative ion.

B 20.5.1 pl PAEs FRUEZEIR (1000 - L") 43 550 I 2 RAE S5 B9 A1 DE£F- 4 g b, Bt 1, Al |
WAV ELEINE 6 UK, T IRR B 3R FAR X b v
P2, e 2, bR ESCR K 72.7%—110.9% , FAXTFRUER 2 4 0.6%—9.4% , 15 BH It s ISR 5y, §E

T ARAS RIS IR 00 25 $2 1R 1.3

PR
F2 15 FRROR Z HER TR I AR ENSCRR R X A v i 25 LA R S B il 2 8
Table 2 The recovery of standards, relative standard deviations and contents of 15 PAEs in the air
20 pL (1 mg-L7") 5wl (1 mg-L7") 1 pL (1 mg-L7") Air sample
L&) - AHXS AR . AHXS AR . AHXS A S E AHXT AR
Compounds MRMOR e MREOR e IRENCR o pacced et/
OOV URSD(n=6) Y RSD(n=6) Y RSD(n=6)  (ng'm™)  RSD(n=6)
DMP 72.7 3.1 82.0 3.4 77.7 0.7 0.008 2.3
DEP 98.8 2.2 102.4 1.5 105.4 1.4 ND. 1.3
DIBP 73.3 2.4 82.4 0.9 89.2 5.9 1.625 0.9
DBP 77.4 1.4 92.4 1.0 92.6 6.7 0.553 5.4
BMEP 102.5 0.9 98.7 4.2 107.3 1.8 0.012 3.8
BMPP 96.8 1.8 100.5 3.2 95.1 3.6 ND. 7.6
BEEP 87.1 2.7 92.3 1.0 90.5 1.2 0.053 3.1
DPP 96.8 0.8 90.7 8.6 93.4 2.3 ND. 7.4
DHP 87.5 2.5 90.5 1.4 100.5 59 0.170 0.7
BBP 81.5 4.5 110.7 0.7 98.4 0.7 0.328 6.9
BBEP 110.9 7.1 102.5 0.4 99.3 7.3 0.957 8.7
DCHP 96.0 2.1 97.2 3.9 99.4 8.4 0.683 3.5
DEHP 107.2 7.5 99.3 4.8 105.2 9.4 0.181 2.9
DPhP 108.5 0.6 100.7 5.2 102.7 0.9 ND. 5.8
DNOP 79.4 2.2 89.3 4.8 90.0 8.7 0.036 2.4

ND., K46 H.ND., Not detected.
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2.5

SRR S AR
SF TR T L X RS AT RFE ST, RFEVE RN 100 Leomin™' |, SRRERTE] S 24 h. B RRE AR ibs

WERAUE T I IRRR A3k 2 o, RaR 7 &8 — YRR I P49 A Y | S B iy B0 R XS o o4 i 22 78 0.7 %—
8.7% Z ], T BIMER AT, ] i I SE PR UM Al AR 28 IR AN E . A 6, SEPR R PM, s AR —
R I % 2 1 (i K (181 6)

1500000 1.0
1. DMP
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4.0 4 1.0
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20k, My TN 17.25 1750 17.75
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Lo e S AL : . PETTLUE e oV 11.DNOP

1000000
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500000

LI B B B B S R B R S N |
-
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B6 SRR P, FPARTR RIS R B T il K

Fig.6 SIM chromatogram of fifteen phthalate esters in air particulate matter (PM, )

2515 ( Conclusion)

ARSCESE 1 P B I3 BRI R B 5 M 3 BRI 72 0 PM, 5 7P 15 &0 2% — Y R P

(77 1% 32T IR A SNETER T FBE A RS FRAER A HOE 1) R A A 20 BB ol A% BB Hh A AR B
FUATREN , BARY) & S de i A ORI rf 3R i 1 o0 M7 vk i RABORE , B2 BOBO RS BURAT LB —
oy TR AR FLAZ 5 R R T PM, R 4088 — YRR IR 14 73 B RS | B A 3 8 1 B A A
WD SR OEMRAEIL AT, FA RAF AN AT S
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