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Abstract: Phthalate plasticizers are regulated by RoHS, REACH and CPSC as hazardous substances. Responding
to these international environmental restrictions, we developed ABS certified reference material (CRM) for
determination of phthalate plasticizers such as DMP, DEP, DBP, BBP, DEHP and DnOP. The candidate material
has been made with ABS resin widely used in electric and electronic products and 6 kinds of phthalate plasticizers.
The making of the material involved a series of processes like extruding, cooling, pelletizing, and drying using
twin screw extruder. Then it has been certified according to ISO Guide 35. Using isotope dilution-gas
chromatography/mass spectrometry (ID-GC/MS), homogeneity, short-term stability, and long-term stability were
evaluated. The certified values were determined by using primary reference material (PRM) of KRISS for
traceability. From now on, we will provide ABS CRM to national and international companies and research institutes
after certification as certified reference material and registering on COMAR (code of reference material).
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Fig. 1. Scheme of 40 mm twin screw extruder system.
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Table 1. Analysis conditions of GC/MS for phthalates

Gas chromatograph

Column DB-XLB (30 m, 0.250 mm, 0.10 pm)
Column temp. 80 °C (3 min)=> 15 °C/min=> 300 °C (7 min)
Inlet temp. 260 °C
Carrier gas He

Mass spectrometer
Ion source El

Ton source temp. 280 °C
Mode SIM (m/z = 149, 163, 153, 167)
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A719H8 4 2] 739 10 7o) ARE FHal Aol
24 704 S BN (1, 3, 6, 12, 24709 712
zt Al M 2 JHY Aol AlEri SHA o= 33
RhE S8k 71 o tk A7E AL 1
& Aotk Al 6 ML A A7A Z7|rAH A
e 248 [siPon, 3RS o]Ldlls
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3.1 EMuHol RE4d Sl

T 99484 AZFEAUAD-GOMS)®] fa4 2
l& 918l ABS el sl 24 d=d % iR
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Table 2. Results of linearity for phthalates analysis

Compound S:nrg:r(l:;z/li; 7 (1) (2)
DMP 0.999788 0.999762
DEP 0.999857 0.999852
DBP 0.999757 0.999792
BBP 0.5-20 0.999834 0.999765
DEHP 0.999888 0.999750
DnOP 0.999847 0.999913

Tuable 3. Results of precision and recovery for phthalates
analysis

Low concentration High concentration

Compound  RSp Recovery RSD Recovery
(%) (%) (%) (%)
DMP 0.77 97.2 0.26 102.0
DEP 0.51 97.6 0.54 104.0
DBP 1.02 98.7 0.33 103.5
BBP 0.53 103.7 1.37 100.9
DEHP 0.91 100.1 0.27 97.3
DnOP 0.43 96.9 0.66 103.2
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Table 4. Results of MDL and LOQ for phthalates analysis

Table 6. Analysis results of homogeneity for phthalates

Compound MDL (mg/kg) LOQ (mg/kg)
DMP 1.1 33
DEP 0.7 2.1
DBP 1.5 4.5
BBP 0.8 2.4
DEHP 1.3 3.9
DnOP 0.6 1.8

Table 5. Results of measurement uncertainty for phthalates

analysis
Analysis Uncertainty of
Compound concentration measurement
(mg/kg) (mg/kg)
DMP 1010 9
DEP 1028 7
DBP 986 15
BBP 1027 42
DEHP 996 16
DnOP 1001 7

Az} 5% o] FRE=2} 95%~105%2] $-5=3F 3|
£S5 YeRlQit B4 AEAE (0 6~1.5) mg/
kg, A FIAE (1.8~4.5) mg/kgl & YElton =4
EILE 4% o|YE AEE °1E} wEbA] o) g e
a4 A58 Bl AxS ASFETEZA phthalates
7haA| EARH o 2 Age A8 G Sl

32. ZEM -}

Phthalates CRM2] 2ol thsl] - ul] x| EAHEA]
9 Hghe] XFAUAE o] &3t H7hst A} Table
6~73} 7+o] DMP, DEP, DBP, BBP, DEHP, DnOP =%
N ETZHATF 2% ol o], A F 4 95% oA FH
7} F71ZMA B 2o u g fojAe] gl Ag s
o FEe S FREANTE EIT & 9191@.

3.3. o8y mIL

Phthalates CRM2] ©H7|3d Aol tial] A WA =2 g
HAEAN S o] &3t H7Me A3 Table 83 7o) A2
(-10 °C), A< (25 °C), & (50 °C) Al 7HA] L= =
7oA DMP, DEP, DBP, BBP, DEHP, DnOP =% 41
5E 95%0) 4 FrelAdo] 910 B 2 (P-value>0.05) A
el W2 arniste] Ao gle AL 1T
AN

FHAZ RALE A wE A0S AL}
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Compound Average conc. Stdev. RSD
(mg/kg) (mg/kg) (%)

DMP 799 6.9 0.87
DEP 870 8.4 0.96
DBP 884 11.5 1.30
BBP 877 16.5 1.88
DEHP 930 10.7 1.15
DnOP 946 11.2 1.18

Table 7. Evaluative results of homogeneity for phthalates by
one way analysis of variance

Compound F-ratio P-value  F-critical value
DMP 0.841 0.580 1.986
DEP 0.832 0.588 1.986
DBP 0.272 0.981 1.986
BBP 0.454 0.902 1.986
DEHP 0.559 0.827 1.986
DnOP 1.055 0.404 1.986

Table 8. Results of short term stability for phthalates by
regression analysis

P-value
Compound

-10 °C 25 °C 50 °C
DMP 0.753 0.684 0.670
DEP 0.429 0.250 0.924
DBP 0.888 0.702 0.872
BBP 0.228 0.721 0.498
DEHP 0.830 0.241 0.655
DnOP 0.579 0.067 0.670
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Table 9. Results of short term stability for DMP by concen-
tration difference between temperatures

Table 13. Results of short term stability for DEHP by concen-
tration difference between temperatures

-10°C  25°C 50 °C Total

-10°C 25°C 50°C  Total

Aver. conc. (mg/kg) 800 797 799 799
St. dev. (mg/kg) 6.7 6.0 8.0 7.0

CV (%) 0.84 0.75 1.00 0.87
Rr 0.996  0.997

Ug, 0.011 0.012

R+ ”R,.) 1.007 1.009

R+ uRr) 0985  0.985

Aver. conc. (mg/kg) 930 924 925 926

St. dev. (mg/kg) 8.7 6.0 6.5 7.6
CV (%) 0.94 0.65 0.70 0.82
Rr 0.994  0.999
Ug, 0.011  0.010
R+ ”R,) 1.005 1.009
(RT_”R,.) 0.983 0.989

Table 10. Results of short term stability for DEP by concen-
tration difference between temperatures

Table 14. Results of short term stability for DnOP by concen-
tration difference between temperatures

-10°C  25°C 50°C  Total

-10°C  25°C 50°C Total

Aver. conc. (mg/kg) 867 867 865 866
St. dev. (mg/kg) 7.6 6.7 3.9 6.2

CV (%) 0.87 0.77 0.45 0.72
Rr 1.000  1.002

ug, 0.012  0.009

(RT+uRI_) 1.012  1.011

(RT_”R,) 0.988  0.993

Aver. conc. (mg/kg) 942 937 941 940
St. dev. (mg/kg) 8.8 6.0 7.6 7.8

CV (%) 0.94 0.64 0.81 0.83
R 0.995 0.996

Ug, 0.011 0.010

R+ ”R,) 1.006  1.006

(RT_”R,.) 0.984 0.986

Table 11. Results of short term stability for DBP by concen-
tration difference between temperatures

Table 15. Results of long term stability for phthalates by
regression analysis

-10°C  25°C 50°C  Total

Aver. conc. (mg/kg) 882 878 880 880
St. dev. (mg/kg) 9.6 8.9 10.1 9.6

CV (%) 1.09 1.02 1.15 1.09
Rr 0.995  0.998

ug, 0.015  0.015

(RT+uR ) 1.010 1.013

Ry~ ”Rr) 0.980  0.983

Table 12. Results of short term stability for BBP by concen-
tration difference between temperatures

-10°C 25°C 50°C  Total
Aver. conc. (mg/kg) 878 870 878 875

St. dev. (mg/kg) 14.7 13.0 11.9 13.6
CV (%) 1.67 1.49 1.36 1.55
Rr 0.991 0.991
U, 0.022  0.020
(RT+uRT) 1.013  1.011
(RT’”RT) 0.969 0971

DEHP, DnOP E.5 A F 5 95%0)A] F-2Ao] gle
B2 (P-value>0.05) A7kl w& g ste] 7 3Fol

A= AL Feldt 5= Yk

1 Month 3 Month 6 Month
Compound Aver. conc. Aver. conc. Aver. conc. P-value
(mg/kg)  (mgkg)  (mgkg)
DMP 798 800 801 0.121
DEP 870 868 872 0.667
DBP 879 878 881 0.546
BBP 869 873 874 0.212
DEHP 928 931 931 0.333
DnOP 937 944 946 0.198

A

LHE

hthalates 7}AA] A y‘;:@'%
]_
l

—

34. o=z A "E,*
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EAE o e A= VAT S R -I% == = Ucry = A/“char+”bb+”1ts+”szs (13)
W1 e BT ()% 4719 ol o .
_ . R u CRM
§_ %QE (ult:)—‘ % oﬂ Eq"j/]‘ }\] 7L°ﬂ tq'% —;—‘—%lxlj vejf: 4 4 4 4 (14)
A2 YT, B9 A Al 7R Lol Ui Ychar Wb | Ui, Ysts
B3I oA MR 2 7S WAl )3k B3 Venar  Vbb  Viis Vsis
= Agsdem Fr1tgdel 49 @A 6 e U=kxucgy 15)
AR A AR FF AL 718
gt FrHE FAaq g o geld), 35. Algazt H|IAE #An
173 7 ix ng/\-]_Q_ ?li fﬂz]”
Y=bytbXts ® Phthalaies FA] % g8 ABS ?Eff |
o] QIF%kE vlaL - Ak S1sl 7 0 AR71ES o
" - - Aoz H|FAFL Z=alslgom Z=al o t)s W7
Z(xi_x)(yi_.V) <) |2 HE Fhstaer 3 | gk Bt
i=1
el E— ©)
_7_ Table 17. Results of inter-laboratory testing for phthalates
> (x x)Z ble 1 Its of inter-lab ing for phthal
1
- -
B i g Certified Uncertz.nnty Average Sta.nd.ard
b.=v—b.x (10) of certified value of  deviation
0= YV=0y Compound value . .
(mg/ke) value laboratoriesof laboratories
2 (mgkg)  (mgkg)  (mg/kg)
Z(y by—b,x;)
> 5 . DMP 782 22 774 14
S e an DEP 861 03 849 2
DBP 868 31 866 19
s(b)) = ———ou (12) BBP 865 37 857 18
i -2 DEHP 919 31 914 16
Z (x,—x)
pu DnOP 928 33 919 20
Table 16. Certified results and uncertainties for phthalates
DMP DEP DBP BBP DEHP DnOP
Uchar (Mg/kg) 10.09 1035 12.35 17.37 13.49 13.20
upp, (Mg/kg) 0.85 1.03 1.45 2.07 1.33 1.36
uys (mg/kg) 1.74 10.38 6.90 5.22 5.22 8.64
ugs (mg/kg) 4.42 478 5.63 425 5.33 5.18
ucrm (Mmg/kg) 11.18 15.45 15.29 18.74 15.47 16.66
Veir 28 4 15 30 25 11
k* 2 2.78 2 2 2 2
U (mg/kg) 22 43 31 37 31 33
Certified value (mg/kg) 782 861 868 865 919 928

*Coverage factor (k)

(1) DMP, DBP, BBP, DEHP, DnOP : Confidence level of approximately 95%

(2) DEP : Confidence level of 95%
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280 Jung-sul Jung et al.

Henschell mixer 220°C, 250 r/min Water bath, air wiper

ABS pellet + ABS power
+ phthalates materials

100 °C, 12h Total 5 times 3 mm size
Fig. 2. Manufacturing process of phthalates CRM in ABS.
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Fig. 3. Graph of homogeneity for phthalates.
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Fig. 4. Analysis results of inter-laboratory testing for phthalates.
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