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What are Phthalates?

* Phthalates are a class of widely used industrial compounds used as
plasticizers especially in PVC (polyvinyl chloride)

e Various types of phthalates
Range from one carbon to seventeen carbons
PVC plasticizers generally range from 4-13 carbon

R, R : CH; —— Dimethyl phthalate

O O
O + Alcohol
@)
O O

Phthalic anhydride phthalate


http://upload.wikimedia.org/wikipedia/commons/7/79/Phthalates.svg
http://upload.wikimedia.org/wikipedia/commons/d/d7/Phthalic_anhydride-2D-Skeletal.png

Chemical Properties

Insoluble in water

Soluble in most organic solvents

Colorless liquid with almost no odor

DINP: Superior anti-heat, anti-cold, and anti-volatile properties

DIDP: Low volatile properties, anti-heat and anti-aging
properties, and electricity insulation properties



Uses of Phthalates

Accounts for 80—90 percent of the world plasticizer
consumption

Used primarily as plasticizers in polyvinyl chloride (PVC)
products

Child’s toys

Kitchen floor

Building materials

Medical devices: Plastic in IV, blood bags, etc.

Fixatives for perfume, slowing down evaporation and
making the scent linger longer



Other Uses

Keep nall polish from chipping
Hair sprays
Coatings on numerous pharmaceutical products

New car smell: Partly the pungent odor of phthalates
volatilizing from a hot plastic dashboard. In the evening's
cool they then condense out of the inside air of the car to
form an oily coating on the inside of the windshield.

Make tool handles strong and more resistant to breaking
Nail extenders

Bath soaps

Detergents

Aftershave lotions
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GC/I\/IS fuII scan analysis for cloudy agents

| DINP

ér\""ﬁ?dfi‘” -'| I 48 17 (35.4)

/(lsomer
DEHP ~ I mixtures) | DEHP (Ppm) DINP (ppm)

(= #) (= &)

| 18,816~113,402 | 37,356~107,912
| (13) ©)
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l + 45 mL of MeOH
Ultrasonic for 30 min

l + MeOH to 50 mL

Centrifuged @3500 rpm for 10 min

|
l l

Precipitate Supernatant

l

| \,, LC-MS/MS
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Method of Test for Phthalate Plasticizers in Foods (Draft)

1. Scope
This method is applicable for the determination of phthalates in foods.

2. Method

After extraction, phthalates are determined by liquid chromatograph/tandem mass
spectrometer (LC/MS/MS).

2.1. Equipment
2.1.1. Liquid chromatograph/tandem mass spectrometer.
2.1.1.1. lon source: positive ion electrospray ionization, ESI®.
2.1.1.2. Column: ACQUITY BEH C18, 1.7 pm, 2.1 mm i.d. x 100 mm, or equivalent product.
2.1.2. Sonicator.
2.1.3. Centrifuge: rotation speed = 3500 ppm.
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LC/MS/MS

Mix standards Sample
0602 7 mix 200 ppb Sm (Mn, 4x4) 1: MRM of 16 Channels ES+ | (0602 A326 1: MRM of 16 Channels ES+
1 6.54;110359 447> 149 (DIDP)| | 109 0.85 229, 0 447 > 149 (DIDP)
- DIDP 1.10e5 .| 053]0.92 22 ) 347 500 6.45 3.88e3
S Aea|| & 217 347 48 634663 7697.78 8338 954
O e e 0
100 200 300 4.00 5.00 D(?IQ(B’ 700 800 9.00 100 200 300 400 500 600 700 800 900
0602 7 mix 200 ppb Sm (Mn, 4x5) 1: MRM of 16 Channels ES+ | |0602 A326 Sm (Mn, 5x4) 1: MRM of 16 Channels ES+
1 4.83;740993 419 > 149 (DINP) 1 4.90;1387888 419 > 149 (DINP)
8.18e5 1.55e6
OCO,\O% DINP Area| | | <}° DINP Area|
O DN AU A A N AR O AL A A A A R A AR A
100 200 300 400 500 600 700 800 900 100 200 300 400 5.00 600 700 800 900
0602 7 mix 200 ppb Sm (Mn, 4x4) 2: MRM of 3 Channels ES+ | |0602 A326 Sm (Mn, 4x4) 2: MRM of 3 Channels ES+
1 3.86 391> 149 (DOP)| | 4, 391 > 149 (DOP)
2219751 8.91e6 3.90 7.61e6
0;; DNOP Area) 0«% DNOP 476524 Area
O T T e R e T T T e O A RRRRNREARARRRARERE SRR AR AR RN AR AR RN AR
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 7.00 800 9.00
0602 7 mix 200 ppb Sm (Mn, 4x4) 1: MRM of 16 Channels ES+ | {0602 A326 Sm (Mn, 4x4) 1: MRM of 16 Channels ES+
1 DER20 391>149 (DEHP)( | 391 > 149 (DEHP)
2725 9.45e6 278442 9.63e6
Of\% DEHP 150 DEHPZ L coe0
O e e T T T T T T NN A A
100 200 300 400 500 600 700 800 900 100 200 300 400 500 6.00 700 800 9.00
0602 7 mix 200 ppb 1: MRM of 16 Channels ES+ | |0602 A326 1: MRM of 16 Channels ES+
313> 149 (BBP)| | 100 0.97 463 313> 149 (BBP)
g 698259 5926| | '] o24l111172 33415 230585651 749 g32028 057 10864
S P Areal
R R R R A AN Rl AR RN RSN R AR O e e e e e e e e e e
2 00 400 500 600 700 800 9.00 100 200 300 400 500 600 700 800 900
0602 7 mix 200 ppb 1: MRM of 16 Channels ES+ | |0602 A326 1: MRM of 16 Channels ES+
279 > 149 (DBP) 279> 149 (DBP)
0177 DBP 7.1206 | 1 o0 3.96¢6
o\° L .
,.Area 34945 Area
Bk T T T T e Time 0 T T N NN = Time
2 00 4.00 500 600 700 800 9.00 1 00 2 OO 3 OO 4 00 5 00 6 00 7.00 8.00 9.00
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1944 phthalate & 78

o

CAS No

f B L350

Diisobutyl phthalate BYE - PR - R DIBP 84-69-5 | C,H,[COOCH,CH(CH,),], 278
Di-n-butyl phthalate P CeH,[COO(CH,);CH;],
?;,iﬁi;;‘}gth"xyemy') fz;; SRS AA) DMEP 117-82-8 | CH40; 282
Diamyl phthalate MF- PR A DAP

(Di-n-pentyl phthalate) (DNPP) 131-18-0 | C4H,[COO(CH,),CHl, 306
Sﬁﬁi’,zttzoxyethy') f‘f&?: TEo(e i R) DEEP 605-54-9 | C;sH,,04 310

Benzyl butyl phthalate

CH,(CH,),00CC,H,COOCH,

CeHs

Dicyclohexyl phthalate ARF- YR I iy DCHP 84-61-7 | C,H,[COOC:H,], 330
Bis (4-methyl-2-pentyl) AFZ PR (49 £-2-
Di-n-hexyl phthalate HF- PR g DNHP 84-75-3 | C¢H,[COO(CH,):CH,], 334




194# phthalate =% ()

F2 i .Y LA 2R CAS No e e

Bis (2-n-butoxyethyl) WF- "= (2-7F &)
phthalate z fig

ks

DBEP 117-83-9 C20H3006 366

C,H,[COOCH,CH(C,H,)(CH,
)SCH3]2

Bis(2-ethylhexyl) phthalate i . 117-81-7

Diisooctyl phthalate ; = B =3Py 27554-26-3 C¢H,[COO(CH,).CH(CH,),],

Dinonyl phthalate : 5 84-76-4 CyH4,0,4

CH,(CH,),;00CCH,CO0C

Didecyl phthalate WMy P p=- Fh DDP 84-77-5 H,CoH,

446

2011/07/21i% & 2~ 2 BBP - DBPZ DEHP % %1 ~ 2% 4% - % » DMP ~ DEP -
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GC/MS Instrument parameters

GC conditions : MS conditions :
OGas Chromatograph: VARIAN 450-
GC -
OColumn: VF-5ms » 30 m x 0.25 mm MS mode : EI
id, 0.25 mm df -

lon source temperature : 250°C
OColumn oven temperature:

Initial 60°C— Hold 1 min — 220°C Transfer line temperature : 280°C

(rate 20°C/min) — Hold 2 min— : ] :
240°C (rate 5°C/min) — Hold 5 Solvent cut time : 5.0 min

min— 280°C (rate 5°C/min) — : . _
Hold 5 min ( Total program time 33 Detection mode : full scan (42~500

min) - m/z) and SIM mode -
Olnjector temperature: 250C -

O Constant flow rate: 1 mL/min -

19
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No. Compound RT SIM (m/z)
1 DMP 7.971 77,135, 163, 194
2 DEP 8.819 121, 149,177, 222
3 DIBP 10.698 121, 149, 167, 223
4 DBP 11.61 121, 149, 205, 223
3) DMEP 11.996 59, 76, 104, 149
6 BMPP 12.751 85, 104, 149, 167
7 DEEP 13.238 45, 72,104, 149
8 DAP 13.734 104, 149, 219, 237
9 DNHP 16.356 76, 104, 149, 251
10 BBP 16.623 91, 104, 149, 206
11 DBEP 18.79 57, 85, 101, 149
12 DCHP 20.104 83, 104, 149, 167
13 DEHP 20.319 104, 113, 149, 167
14 DPP 20.775 77,104,153, 225
15 DNOP 24.572 77,104,153, 225
16 DINP 24.296-27.892 127, 149, 167, 293
17 DIDP 25.215-30.237 141, 149, 167, 307
18 DNP 28.051 71, 149, 167, 293 20
19 DDP 31.966 141, 149, 167, 307




Cnunts: 2 8 S0 19mix 7 xms lons: 1h3.0+149 0459.0+72. 042250 Filtered E[
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6 19
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Peaks: 1, DMP; 2, DEP; 3, DIBP; 4, DBP; 5, DMEP; 6, BMPP; 7, DEEP; 8, DAP; 9,
DNHP; 10, BBP; 11, DBEP; 12, DCHP; 13, DEHP; 14, DPP; 15, DNOP; 16, DINP;
17, DIDP; 18, DNP; 19, DDP.



LC/MS/MS Instrument parameters

UPLC condition

OLiquid Chromatograph: Waters
Acquity™ UPLC system -

OTrap column: ACQUITY UPLC
BEHC18 > 30x2.1mmid. » 1.7
pm e

OColumn: ACQITY CSH™ Phenyl
Hexyl » 100 x 2.1 mmid. » 1.7
mm e

OMobile phase:

A: Water containing 01% formic
acid

B: Acetonitrile containing 01%
formic acid

OFlow rate: 0.4 mL/min o

Olnjection volume: 5 pL -

LC gradient

Time (min) A (%) B (%)
0.0— 2.0 75— 50 25 — 50
2—> 1.2 50 50
72— 1.3 50 — 20 50 — 50
7.3—>9.5 20 80
95— 96 20— 0 80 — 100
9.6 — 125 0 100

12.6— 15.0 75 25

22




MS/MS condition

OMass spectrometer: Waters Micromass® Quattro Premier XE System
Olonization mode: ESI* -

OCapillary voltage: 3.2 KV -

ODesolvation gas: Nitrogen 800 L/hr -

ODesolvation temp: 500C -

OSource temp: 120°C -

OCone gas: Nitrogen 100 L/hr

OAcquisition: Multiple Reaction Monitoring (MRM) -

OCollision Gas: Argon, 3.5x103 mBar -

23
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No. A3 F FERERT | mESREI () | AfFI(mz) | BBRATR | A E

1 DMP 2.17 195 163/133 14 12/24

2 DMEP 2.23 283 149/207/121 13 28/8/38
3 DEP 2.92 223 149/177 10 16/9

4 DEEP 2.95 311 73/221 13 11/7

5 DPP 5.70 319 225/77 14 10/35
6 DIBP 5.80 279 149/205 13 6/7

7 DBP 6.03 279 149/205 16 15/8

8 BBP 6.28 313 149/205/239 19 12/8/6
9 DBEP 6.37 367 149/249/101 17 23/7/10
10 DAP 8.37 307 149/219/121 12 7/42/10
11 DCHP 8.42 331 149/167 12 25/15
12 BMPP 8.61 335 149/167/251 20 24/20/8
13 DNHP 8.72 335 149/121/233 14 13/45/2
14 DEHP 9.53 391 149/279/167 19 23/13/9
15 DNOP 9.66 391 149/261/121 21 16/9/47
16 DINP 10.14 419 149/275/293 19 30/9/12
17 DNP 10.70 419 149/275 16 16/8
18 DIDP 10.68 447 149/289/307 17 25/10/10
19 DDP 10.75 447 149/141/289 17 17/10/9




SRR

R PR TR RN E

Internal std T F R AR (M/2) | A3 (M) | EtkdiT B Fi g i £
DMP-d4 2.19 199 167 10 8
DEP-d4 2.95 227 153 10 12
DBP-d4 6.21 283 153 16 14

DEHP-d4 9.61 395 153 18 20

DNOP-d4 9.75 395 153 18 18

25




19/ 88 % = 7 iy 582 MRM ] 38

1107 500 ppb N 1: MRM of 30 Channels ES+
10 6.35 BBP 313 > 149 (BBP)
. < 106070 1.04e6
i Area
L L L L L L AL L L L R L LR LI L L L L L I L L B L L I L DL L B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N DIBP 6: MRM of 2 Channels ES+
10 6.11 279 > 149 (DIBP)
5.87 372041 4.25e6
ES 272946
o Area
IR N e e L L L e O L L L DL B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N DPP 1: MRM of 30 Channels ES+
10 5.77 319 > 77 (DPP)
% 1083521 1.16e6
=5
o Area
T I N e L N A T R T L L L L L L I B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N DEEP 11: MRM of 2 Channels ES+
10 3.01 311 > 73 (DEEP)
- 166SSj 3.12e6
=3
Area
L e L L L I B IR L L B I B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N 1: MRM of 30 Channels ES+
10 2.98 DEP 223 > 149 (DEP)
- 324714 5.75e6
=3
0 Area
T L L L L L L L L L L L L L L L L L L L B L L L B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N 8: MRM of 3 Channels ES+
10 230 DMEP 283 > 207 (DMEP)
° 40261 4.83e5
S Area
L O L L O O B N L L L
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N DMP 1: MRM of 30 Channels ES+
10 2.23 195 > 163 (DMP)
- 67821 8.87e5
> Area
0““““\““““\‘“\““\““““\““““\““““\““““\““““\““““\““““\““““\““““\““““\““““\““““T|me
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
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1018 500 ppb

1: MRM of 30 Channels ES+

100 DDRp 73 447.001 > 149 (DDP)
% Dl Di[1397964 1.84e7
=
0 Area
I B R T T RN INENRE T T T T T T T T T T T T T T T T T T T T [ T T T [ T T T T [ T T T T [ T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N DNP 1: MRM of 30 Channels ES+
100 10.47 419.001 > 149 (DNP)
% 2046662 3.49e7
=
0 Area
T T T T T T T R BN T T T T T T EES AR N R N R REEEE
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N 1: MRM of 30 Channels ES+
100 DNOP pNp 419 > 149 (DINP)
10.26
X 121869 L.79e7
E Area
T T T T T R T T T T T BN RN AR P A N A NP A RS REE
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N 18: MRM of 3 Channels ES+
9.75 391 > 149 (DEHP)
1023 DEﬁle&lB? 2.43e7
B Area
S N R T T T T T T BN RN A R S A RN A R
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N BMPP 15: MRM of 3 Channels ES+
100 8.66 335 > 149 (BMPP)
% 2095504hDNHP 3.97e7
=
0 Area
S N R T T T T T T SN RN L A L L B L L L L B B IR
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N 13: MRM of 2 Channels ES+
100 g.46 DCHP 331 > 149 (DCHP)
% 12461441 4.03e7
=
0 Area
S N R T T T T T T L L L B L L B B L L S UL BN IR
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N DAP 10: MRM of 3 Channels ES+
100 8.41 307 > 149 (DAP)
% 4397101 1.34e7
L
0 Area
rrrTrrTTTT T T T T T I L D D U B DL DL B HEL L L L L |
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
1107 500 ppb N DBEP 16: MRM of 3 Channels ES+
100 6.46 367 > 101 (DBEP)
% 43238 l 4.35e5
>
Area
(O T T T T RN EERARRAE RSN AR AR R R B AN — Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00



CAS No: 28553-12-0

OO/V\/\)\

CAS: 68515-48-0

Diisononyl phthalate

Mixture of C8-C10
branched alkyl esters
(C9rich)
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DINP GC/MS Chromatograms

ElEl | £ -
@ @ @ DINF ST Sppm " @DEZS—S{Ende rr"

MS Data Review - [Plot Chromatograms and Spectra] == B3
"1 File Chromatogram  Spectrum  Spectrum List  Search  Integrate Preferences Wiew ‘Window Help |8 =

= S o | Ly Q7R ey | @
[ 2] o] ale] % - AT % - B a8l e

MCULIFIIBE DIMP DINP STD Sgpm NORZ.xms 293.0 (127.0= + 293.0=) Filtered -
5 28553-12-0 :
] E ; =
E XtraCt 1on Apex. 21.957 min. ]
] Area: 21228719 ]
2 m/z 293 E
. =
= =
o i
MCountsé DIMP DINP STD Sppm NOB.xms 293.0 (127.0= + 293.0=) Filtered =
= =
4 =
}f = Apex: 20,581 min. é
] EXtraCt 10N Area: 235501085 :
21 E
; m/z 293 ;
= =
H 1
10 15 2 25
minutes
Seqg 8, Time: 19.82-25.11, Scan Functions: 17
Scans 150 25094 37350
| | | | OFF |f|p| |y— s| Iuns:| |,
‘ B&F) Mews Microsoft Word ... | @ = 10:30 AM
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DINP LC/MS/MS MRM Chromatograms

" DINP. 300 0 = I8 pINP 300ppb NO& [ i=1E3)
oir MRM Of 4 Channels ES+ W DINF 68515_48_0 MR Of 4 Channels ES+
- - 10.65_ 447 > 149 10.63 _ 447 > 149
Tom 1941 2.13e4 | 100 39376 4.33e5
Area Area
- C8-C9 - C8-C9
1042
11.42
108, e 141
N
o o 270
T T T T T T T T u T T T T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
DIMP 300ppb NO3 Sm (Mn, dx4) MRM of 4 Channels ES+ DINP 300pph NOG Sm (kM dxd) MRM of 4 Channels ES+
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Peak Area %

Peak Area %

405> 149 (C8-C9) 0 0.0

3503 1.9

419> 149 (C9-C9) 143526 93.2

/78030 43.4

433> 149 (C9-C10) 8692 5.6

59030 32.8

447>149 (C10-C10) 1841 1.2

39376 21.9

Total

154029 100.0

179939 100.0




UPLC/MS/MS System ™
Trap column & i&f

A pump

B
T 1 |

Trap column| |Colummn

Yent Walve

*5System

0.400 i /min MS/MS
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Trap columnsz %

P

1121 no ICOLUMN 50

s Trap column

10 MRM of 30 Channels ES+
279 = 149 (DBR)

1121 ICOLUMN 50 ppb 10

3 Trap column

1: MRM of 30 Channels ES+
279 > 149 (DBR)

100 s.00es il 1997 3.0086
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< 51 - < DIBP DBP 535
552
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774 553
O et ML | T T L B I L L B | L L L L L L L Rl b L L ) ) L Ly L Ll st e
400 5.00 6.00 7.00 5.00 9.00 10.00 450 500 550 600 650 700 750 8O0 B850 900 950
1121 no ICOLUMN ACH 1 1: MRM of 30 Channels ES+ [l 1121 iICOLUMN ACHN 2 1: MRM of 30 Channels ES+
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1004 3.00ec | 1007 3.00e6
N 556 -
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854 B.73901
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]

32




Trap columnsz %
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30086
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Trap column»z % ()
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Gl gE Y w1l A K B AR

),
QlF%A

Pl 29
.

4v Internal std

|

votex 1 min

}
st 5mL ACN

}
4t »NaCl 0.6 g
|

votex 1 min

}
3000 rpm &t 5 min
}
P+ Rk % LC/IMS/IMS % 45
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P KT (L A e B o AT
#wH1g 4l >3 &8 5100 ng

'

e x o3 10mL 423 A 2 F 30 min

l &t (3000 rpm, 5 mins)

Bt g g g g 1 0 4o > SampliQ QUECHhERS
dispersive SPE 5982-5156: |

l 2 #F1min > .« (3000 rpm, 5 mins)

Bt FiRIF FoRIETS

‘ SampliQ QUEChERS kits PN: 5982-5156 containing
- PSA : 150 m
QUL A C18EC: 150 n?g
‘ Magnesium sulfate: 900 mg

\/ LC/MS/MS & +7

(/lFDA
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Thanks for your attention!
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