
Going beyond six:
altering the draft ASTM thermal desorption 
(TD) – GC/MS method to accommodate an(TD) GC/MS method to accommodate an 

expanded list of phthalates

R.R. Freeman, Frontier Laboratories

Introduction to the ASTM 
draft method fordraft method for 

phthalates in PVC
Task Group 25759

1



Regulation of phthalates goes beyond “children’s toys”

Stakeholders:

Polymer formulators

Recyclers

Product manufacturingProduct manufacturing

Retailers

Consumers
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Phthalates are restricted on a global scale

RegulationRegulation ReferenceReference SubstancesSubstances RequirementRequirement

RoHS

REACH

Candidate of 
regulated substances

SVHC C did t

DBP, BBP, DEHP, DiBP

DBP BBP DEHP DiBP

0.1 % (1000 mg/kg)

0 1 % (1000 /k )REACH 

CPSIA 1) 

SVHC Candidate 

Section 108

DBP, BBP, DEHP, DiBP

DBP, BBP, DEHP, 
DNOP, DINP, DIDP

0.1 % (1000 mg/kg)

0.1 % (1000 mg/kg)

REACH
(EC) No. 1907/2006 

Annex XVII items 51 & 52 
DBP, BBP, DEHP, 
DNOP, DINP, DIDP 0.1 % (1000 mg/kg)

CA Prop 65 AB Package 21
DBP, BBP, DEHP, 

DnHP DIDP 0 1 % (1000 mg/kg)CA Prop 65 AB Package 21 DnHP, DIDP 0.1 % (1000 mg/kg)

CCPSA 2) SOR/2010-298
DBP, BBP, DEHP, 
DNOP, DINP, DIDP 0.1 % (1000 mg/kg)

KC 3)    Annex 35
DBP, BBP, DEHP, 
DNOP, DINP, DIDP 0.1 % (1000 mg/kg)

1) CPSIA : Consumer Products Safety Improvement Act      2) CCPSA : Canada Consumer Products Safety Act         3) KC : Korea Certification



Recent restrictions of phthalates in Europe 

Denmark France

Danish Environmental Protection Agency 
circulated the draft version of a law that
prohibits the import and sales of any product
containing phthalates which directly contact 

ith ki

Prohibits the manufacture, import and sales of
products containing phthalates
(Effective date: May 3 2011)with skin.

(Effective date:
June 15, 2011)

(Effective date: May 3, 2011) 

Product Safety Agency announced via the
Australia Consumer Act that child care articles

d/ f d t i t i i hth l t

Australia ECHA

ECHA will hold Public Consultation to hear from
interested parties on 4 phthalates (DEHP, BBP,
DBP & DIBP). RAC/SEAC will review the 
C t d th EU ill d t iand/or food containers containing phthalates

are prohibiyed. 
(Effective date: 
January 1, 2011)

Comments and the EU will determine 
if additional registration of these substances 
should be added to the REACH regulations.
(Effective date: 
September, 2012)



Many “global” corporations have quality control guidelines for 
phthalates in place

CompanyCompany SubstanceSubstance Business Dept.Business Dept. RequirementRequirement

DBP, BBP, DEHP, DNOP, 
DINP,  DIDP, DiBP 0.1 % (1000 mg/kg)Mobile Phone / 

PC
DBP, BBP, DEHP, DNOP, 

DINP,  DIDP, DiBP & 
other phthalates

DBP BBP DEHP E i t C t l

Wireless service

All

Low Detection Substance

DBP, BBP, DEHP, 
DNOP, DINP,  DIDP

Environment Control 
Substance

DBP, BBP, DEHP, DNOP, 
DINP,  DIDP, DnHP Environment Control 

Substance

All

All

Smart Phone
DEHP 1.5 % 



Standard Practice for the
Determination of Low Level Phthalates in Poly Vinyl Chloride by 

Th l D ti G Ch t h /M Ch t h

● Sample homogeneity Red part
~ 40ppm DEHP

Thermal Desorption - Gas Chromatography/Mass Chromatography

Cryo-milling
Yellow part
~ 300ppm

Blue part
~ 40ppm

● Sample preparation
Two SolutionsTwo Solutions
1. Quantitative solution of target compounds (300 μg/10 mL MeCl)
2. THF solution of sample (200 mg/10 mL THF)

● Injection
Thermal Desorption: 100 - 320˚C at 20˚C/min (5 min)
Split ratio 1/20

● Separation

● Detection (GC/MS: scan or SIM mode)

Column: 5% phenyl – 30X 0.25 mm (0.25μm film)
80 (1 min) - 200˚C @ 50˚C/min → 320˚C @ 15˚C/min (2 min)

M 29 600 / 2 57 /Mass range 29 – 600 m/z, 2.57 scans/sec
Transfer line 300˚C, ion source 230˚C



Quick, simple and “green” sample preparation

“Thin film” method

Solution 2: Sample solution

Crush & powder
(cryo-mill) 10 mL THF EvaporateSampling

(10 uL)

200 mg/10 mL200 mg

TD-GC/MS 
analysis

200 mg/10 mL200 mg

Restricted phthalates
DBP: Dibutylphthalate y p
BBP: Butylbenzylphthalate
DEHP: di-2-ethylhexyl phthalate 
DNOP: di-n-octylphthalate 
DINP: di-isononylphthalate 
DIDP: di isodecylphthalate

“Direct” method
(screening)

DIDP: di-isodecylphthalate



Influence of the sample state on analytical precision
Sample : Plastic Toy,  TD: 100- 40ºC/min-350ºC (3 min)

THF solution: 0.5 mg 
20L thin film

1e+07

20L, thin film

DEHP: %RSD = 1 15 (n=4)

0

10 11 12 13 14 15 16 17 18 19 20 min

DEHP: %RSD = 1.15 (n=4)

Powder: 0.5 mg 
(Powder < 45 mesh)(Powder < 45 mesh)

DEHP: %RSD = 4.79 (n=4)

10 11 12 13 14 15 16 17 18 19 20 min

One of the reasons for poor reproducibility comes from the inhomogeneity of ＤＥHＰ in the fine particles. 
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Automated analysis of 1 samples/hour [analytical]
A t t d l i f 3 l /h [ i ]Automated analysis of 3 samples/hour [screening]

Quartz coated sample cup

Injection

Quartz liner

Quartz coated sample cupHelium

Programmable µ-Furnace
100 - 320˚C (20˚C/min.)

Interface heater

Split/splitless
Injection port

Needle interface

Injection port



Analytical conditions

[Equipment]
Pyrolyzer : PY-2020iD (Frontier-Lab; Japan)
GC/MS : Agilent 6890+5973g

[EGA-MS analysis]
Py temperature : 100 → 700ºC (20ºC/min)
GC injection: 320ºC, GC Oven: 300ºC 
EGA tube: Deactivated SS tube (2.5 m X 0.15 mm i.d.)
Column He flow: 1 mL/min,  Split ratio: 1/50       
Mass range:         29-600 m/z, Scan speed = 0.2 scans/sec, Threshold = 50
MS transfer line: 300ºC;  Ion Source (EI) = 230ºC
Sample wt : ca 200 gSample wt.: ca 200 g

[Thermal Desorption (TD)-GC/MS analysis]
TD temperature: 100ºC → 320ºC (20ºC/min, 5 min hold) [[16 minutes]]
Py interface: 320ºC(Auto mode) GC injector : 300ºCPy interface: 320 C(Auto mode),  GC injector : 300 C  

GC oven: 80 (1 min) - 200ºC (50ºC/min) - 350ºC (15ºC/min, 2 min hold)
Solvent delay: 6 min

Column: UA-5 (5% Diphenyl-95%dimethyl polysiloxane) 30 m x 0.25 
mm i.d, 0.25 µm film
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Column He flow: 1.2 mL/min,  Split ratio: 1/20 
Sample wt.: ca 200 g



Determination of TD temperature range using EGA-MS 
thermogram and phthalate EIC

PVC-DINCH DINCH / Phthalates
PVC
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11The small amount of HCl will not damage the liquid phase of the separation column. The polymeric material remains in the 
Eco-cup and will not contaminate the GC injector and column.

Thermal Desorption section
100 - 320˚C (20˚C/min, 5 min hold)
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TD-GC/MS analysis of PVC-DINCH
DINCH
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Reproducibility of PVC-DINCH (n=6)
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D B P B B P D E H P D N O P D IN P D ID P
m / z = 2 2 3 m / z = 2 0 6 m / z = 2 7 9 m / z = 2 7 9 m / z = 2 9 3 m / z = 3 0 7

1 K O 1 0 0 5 1 7 5 0 2 4 3 ,8 4 0 5 0 5 ,0 4 4 3 2 8 ,7 5 6 3 3 2 ,0 9 6 4 8 9 ,9 4 5 6 1 6 ,5 9 4
2 K O 1 0 0 5 1 7 5 1 2 4 2 ,4 5 2 5 1 7 ,4 6 1 3 4 0 ,4 1 8 3 2 1 ,6 1 3 4 9 7 ,7 6 2 6 3 3 ,1 8 4
3 K O 1 0 0 5 1 7 5 2 2 4 0 ,2 8 8 5 1 7 ,9 7 2 3 5 4 ,3 2 9 3 3 1 ,3 7 1 5 0 7 ,9 7 9 6 5 7 ,8 1 5

N o F ile  n a m e
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4 K O 1 0 0 5 1 7 5 3 2 4 6 ,9 5 9 5 2 8 ,1 3 7 3 4 9 ,3 4 5 3 2 7 ,9 6 8 5 0 5 ,8 5 3 6 4 6 ,3 0 0
5 K O 1 0 0 5 1 7 5 4 2 3 8 ,7 6 0 5 1 5 ,5 0 0 3 4 5 ,1 5 9 3 3 6 ,8 4 5 5 0 4 ,9 0 4 6 5 6 ,8 7 9
6 K O 1 0 0 5 1 7 5 5 2 4 6 ,5 1 0 5 2 1 ,1 0 2 3 4 3 ,4 3 1 3 3 3 ,8 7 4 5 0 3 ,3 8 3 6 5 3 ,4 3 4

2 4 3 ,1 3 5 5 1 7 ,5 3 6 3 4 3 ,5 7 3 3 3 0 ,6 2 8 5 0 1 ,6 3 8 6 4 4 ,0 3 4
3 2 9 3 .1 1 8 5 4 7 7 5 5 6 .3 0 3 8 3 2 8 7 2 9 .7 2 6 1 5 8 5 2 9 6 .0 4 5 7 4 8 6 6 8 4 .8 4 7 2 1 3 1 6 2 4 2 .4 1 8 7 9

1 .3 5 1 .4 6 2 .5 4 1 .6 0 1 .3 3 2 .5 2
S D

R S D (% )

A v e ra g e d  p e a k  a re a



Standard addition method using Ph-Mix（0.15％）
PVC-DINCH+Ph-Mix(0.15%)
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● Reproducibility
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Quantitative results using standard addition

y  =  3 4 0 0 .4 x  +  6 4 4 0 3 41 ,8 0 0 ,0 0 0

1 9 1 0 6 3 4 3 5 7 3

y  =  2 9 4 8 .7 x  +  5 1 7 5 3 6

R
2
 =  0 .9 9 9 3

y  =  2 5 0 0 x  +  5 0 1 6 3 8

R
2
 =  0 .9 9 9 8

R
2
 =  0 .9 9 9 3

1 ,2 0 0 ,0 0 0

1 ,4 0 0 ,0 0 0

1 ,6 0 0 ,0 0 0
D B P
B B P
D E H P
D N O P
D IN P
D ID P

y  =  1 2 1 1 .8 x  +  2 4 3 1 3 5

R
2
 =  0 .9 9 7 1

y  =  1 9 1 0 .6 x  +  3 4 3 5 7 3

R
2
 =  0 .9 9 8 9

y  =  1 6 3 8 .1 x  +  3 3 0 6 2 8

R
2
 =  0 .9 9 9

6 0 0 ,0 0 0

8 0 0 ,0 0 0

1 ,0 0 0 ,0 0 0

P
e
ak
 a
re
a

0

2 0 0 ,0 0 0

4 0 0 ,0 0 0

- 3 0 0 - 2 0 0 - 1 0 0 0 1 0 0 2 0 0 3 0 0 (n g )

1,500 1,000 500 0 500 1,000 1,500 (ppm)
P h th a la te s

(pp )

DBP    Calibration curve is given by: y = 1211.8ｘ ＋ 243135 （R2 = 0.9971）

when y=0 then x = -243135/1211.8 = -200.6           200.6 (ng)

Concentration in ppm is given by : 

● Quantitative results
D B P B B P D E H P D N O P D IN P D ID P

m /z=223 m /z=206 m /z=279 m /z=279 m /z=293 m /z=307
ng 200.6 175.5 179.8 201.8 200.7 189.4

Q uantitative value

P V C -D IN C H

pp g y

Value of DBP/Assumed content of PVC-DINCH ＝200.6（ng）/200（μg） ＝ 1003.2 （ppm）

ppm 1,003.2 877.6 899.1 1,009.2 1,003.3 947.0
R eproducibility（n=6） R S D (%) 1.35 1.46 2.54 1.60 1.33 2.52

Q uantitative value



Calibration curves for 6 phthalates by standard addition

D M P D EPD M P
y = 1994868.854 x + 393940.026

R 2  = 1.000

0 E+00

2.E+05

4.E+05

6.E+05

8.E+05

1.E+06

1.E+06

Original sample

D EP
y = 6917344.162 x + 1390316.309

R 2 = 1.000

0 E+00

1.E+06

2.E+06

3.E+06

4.E+06
Peak area

3 µL 5 µL
8 µL addition

0 µL

D BP y = 2145497.147 x + 415379.121

R
2
 = 1.000

8 E+05

1.E+06

1.E+06

BBP y = 4648679.580 x + 877889.636

R 2 = 1.000

2.E+06

3.E+06

0.E+00

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

0.E+00

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

µg

µ

0.E+00

2.E+05

4.E+05

6.E+05

8.E+05

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

0.E+00

5.E+05

1.E+06

2.E+06

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

D EH P y = 3103161.399 x + 635360.085

R
2
 = 1.000

5.E+05

1.E+06

2.E+06

2.E+06

D N O P y = 3954106.307 x + 787595.893

R 2  = 1.000

5 E+05

1.E+06

2.E+06

2.E+06

3.E+06

0.E+00

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

0.E+00

5.E+05

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

% Recovery:
DBP = 99 2 BBP = 101 DEHP = 97 3
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DBP = 99.2        BBP =  101         DEHP = 97.3
DNOP = 94.9     DINP = 102.3      DIDP = 100



Method Validation Study: Summary

→  Thermal desorption temperature is system dependent. p p y p

→  EI or SIM comparable data quality; thin film columns preferred

Standard addition (1 point) calibration: R2 >0 990→  Standard addition (1-point) calibration: R2 >0.990

→  Intra-lab injection-to-injection reproducibility is <5 %RSD 

→  Intra-lab sample-to-sample reproducibility (samples 3&4) is <10% error

→  Laboratory-to-laboratory accuracy is ±25%



Extended target compound list

RT Name Acronym CAS No.
7.805 Dimethyl phthalate DMP 131-11-3 
8.7 Diethyl Phthalate DEP 84-66-2 
9.915 Di-n-propyl phthalate DRPR 131-16-8 
10.6 Diisobutyl phthalate DIBP 84-69-5 
11.34 Dibutyl phthalate DBP 84-74-2 
12.957 Di-n-pentyl phthalate DPP 131-18-0 
14.686 di-n-Hexyl phthalate DHP 84-75-3 
14.778 Benzyl butyl phthalate BBP 85-68-7 
15.75 Diisoheptyl phthalate DIHP 71888-89-6
16.328 Dicyclohexyl phthalate DCHP 84-61-7 
16 509 Bi (2 th lh l) hth l t DEHP 117 81 716.509 Bis(2-ethylhexyl) phthalate DEHP 117-81-7 
17.35 Diisooctyl phthalate DIOP 27554-26-3 
18.056 Di-n-octyl phthalate DNOP 117-84-0 
18.65 Diisononyl phthalate DINP 68515-48-0
19 02 Diisodecyl phthalate DIDP 26761 40 0

GC oven: 40 - 260ºC (10ºC/min) - 320ºC (20ºC/min, 4.5 min hold)

19.02 Diisodecyl phthalate DIDP 26761-40-0 
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Extended target compound list

DEP
177

DRPR
191

DMP
163
194

209

DIBP DPP

BBP
206

DCHP
167

DEHP
167
279

DIBP
223

DBP
223

237

DHP
251

DIHP

167
279

DIOP
267

DNOP
279

DINP
293

DIDP
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1. TD-GC/MS Method is easy, clean,   
green, and fully automated.

2 TD GC/MS Method is precise and2. TD-GC/MS Method is precise and 
accurate.

3. TD-GC/MS accommodates an 
extended target compound list

1. Run-to-run GC contamination must 
be eliminated or at least monitored.

2 Quant ions must be verified for eachextended target compound list. 2. Quant ions must be verified for each 
type of material tested.

3. Degree of difficulty increases when 
monitoring isomeric bends (DIDP)monitoring isomeric bends (DIDP).
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Demanding more sensitivity, expanding the number of target phthalates 
and analyzing an ever increasing number of matrices places a 
significant burden on the laboratory to “get the right answer”
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Method Validation Study: samples 3 & 4 (DINCH)
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Method Validation Study: Average % Error: all Compounds

LAB 1 LAB 2 LAB 3 FRONTIER
Sample 1 9 29 10 5
Sample 2 12 17 17 11
Sample 3 15 17 7 7Sample 3 15 17 7 7
Sample 4 15 37 10 7
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