Determination of Phthalate Esters Iin Child Care Products and Children’s Toys by Gas

Chromatography / Mass Spectrometry (GCMS) SHIMADZU

Richard Whitney, Ph.D. GC/GCMS Senior Product Specialist; Zhuangzhi “Max” Wang, Ph.D. GC/GCMS Product Specialist;
Clifford M. Taylor, GC/GCMS Product Manager; Shimadzu Scientific Instruments, Columbia, MD, USA

Introduction Quantitation lons for the Phthalate Esters Method Performance Real-World Sample Results (Sample 1)

The Consumer Product Safety Improvement Act of 2008 (CPSIA) requires testing of Unique quantitation ions are e TR Ll ————— « Fundamental method performance is satisfactory: When an RXI-5MS column is used, When an RXI-17Sil MS column is used, Diethylhexyl phthalate
child care products and toys for phthalate esters by GCMS. The CPSC test method specified in the CPSC method ~ ~ Divocty Phihalas — Good chromatography, with excellent linearity and precision detection of di-n-octyl phthalate (DNOP) there is no interference in detection of o "siaDev . Graphical representation of the results show
specifies GCMS analysis in the SIM mode to monitor for low-intensity ions that are for unequivocal identification of .| m miz 223 () miz2rs _ Excellent sensitivity with FASST (Scan/SIM) iIs masked by high concentration of di-n-octyl phthalate (DNOP) by instrument precision (Std Dev, shown by the amber
. o o o Luii (15, Beo Y 305, = 341 429 451 1 14, 194 167297 279 . . ’
unique to specific phthalate esters. However, full scan mass spectra are extremely the regulated phthalate esters. T T T A o A bis(2-ethylhexyl) terephthalate bis(2-ethylhexyl) terephthalate (expected RT 200 < Diethyihex bars in the graphic) is considerably better than
valuable in making unequivocal qualitative identification of specific isomers or homologs. In several cases, the relative o] T S — (g S—— * |ssues with method implementation: (expected RT of DNOP is indicated of DNOP is indicated by arrow — trace-level , B . 7 Phihalolo orecision between aliquots
Operation of the mass spectrometer in the FASST Scan/SIM mode allows concurrent abundance of the specified Butyl Benzyl Phthalate — Background contamination with phthalate esters from various sources — method by arrow). peak does not correspond to DNOP). ' Aiquet (mg/Kg) | |
acquisition of full-scan and SIM mass spectral data. quantitation ion is relatively low. - - blanks are very critical — D Diisononyl phthalate * Results for dibutyl phthalate and butyl benzyl
. . The low relative abundance P g | | i i e e i - pa B e s . hthalate are very low (single-digit precision), so
Two of the regulated analytes, di-isononyl phthalate (DINP) and di-isodecyl! phthalate quantitation ion is particularly N R M T — — Interferences from non-regulated phthalate esters and related compounds — 00 S Dey o fesults for these g’nalytgs agre no% er\)own heré
(D|DP), are mixtures of isomers (despite their isomer-speciﬁc nomendature), and . g . B L S [ T 5 Chromatographlc and mass Spectral mterfe_rences with detection and quantitation of o G 600 '
g : : : : S|gn|flcant for dusononyl : Dlethylhexyl Phthalate Diisodecyl Phthalate reaulated phthalate esters (exam le followin ) A L ] : , [ e e 400 :
quantitation ions for these compounds are of very low relative intensity. So trace ohthalate and diisodecyl i 9 P P 9) | - S S S S e e 200 ' ] " Disonony « The sample preparation for these analyses was
detection for these two substances is significantly more challenging than for the other ohthalate, which show multiple .1 [i |+ e R e — Variable homogeneity of solid samples gives rise to questions of method reliability A an e e sop iz o , | Concentrator conducted simultaneously by the same analyst, so
regulated compounds. chromatographic peaks. L | P Hx e LT (example following) o e s e e 1 T e s liquot more sample preparation is not assumed to be the source
- L N NG MM MR D 13 A — LA e om0 0 @ T ) of disparity of the results
Terephthalate esters (non-regulated compounds with similar structures) are frequently 7 S S L R Diisodecyl phthalate
present at high concentrations in real-world samples; terephthalates interfere with = = MethOd PerfOl'mance |Ssues (InterfereHCES)  I'TINw Peuw s e s S IR B /T P P S N B o " oncaniralion) « These results indicate that disparity in results of
identification and quantitation of DNOP, DINP and DIDP. An alternate chromatographic Quantltatlan IO“S fOr the Phthalate ESters | e s i - 2000 replicate sample analysis are related to sampling
: . : . : : * Interference from non-regulated phthalate esters and related compounds masks trace ] L o€ ] L, w000 ) . o
column has been investigated in an effort to provide chromatographic resolution of _ _ Lo detection of the reaqulated phthalate esters W\ A4 )\ 000 ' " Diisodecy (sample homogeneity), not poor precision and
interferences from the regulated phthalate esters. * When ions of low relative abundance are used as quantitation ions, large abundance 9 P - e 1 T By 00 == Concentatn accuracy in the instrumental analysis.
Analyses were conducted using a Shimadzu GCMS-QP2010S operated in the FASST ratios result for the major peaks in the mass spectrum. * Noteworthy Is interterence ot bis(2-ethylhexyl) terephthalate (a commonly-used, - Alquot
(Sca)r/vSII\/I) mode. Two Chromaqto anhic columns were emploved: RXI-5MS and * Discrepancies between abundance ratios can easily result in misidentification of target non-regulated plasticizer) with detection of di-n-octyl phthalate; these compounds MethOd Pel‘fOI’mance Issues (Dlspal'ate RES“ItS)
RX|-17Sil MS (Réstek Corporatio%) P ployed. compounds because abundance ratios do not match method values. co-elute on the RXI-5MS column and have key mass spectral fragment ions in common s I t- f M th d P I’f I
. A software feature that S TR T S T e W (m/z 149, 167, 279). Disparate results have been reported for multiple analyses of the same samples by Oo1uUtions 10r e O eriormance issues
_ _ displays method and actual o O SR 2 o I different laboratories. These results have given rise to concerns about laboratory
Analytlcal Conditions jon abundances is a e NN A | s Example of chromatography / \\ Full-scan mass spectralare g:gggarlmltlte% Igesltcgl\jvn;ce)ptar\?ilgllméilrrﬁ 22% mgtgr?glyzeergogy?r?feeé sEé(sgr]g’:g Iraegct)jgst c?rrigs Method Performance Issue Solution
- . 50 100 150 200 250 0 350 400 450 500 = D::zodec,'.ll':,:tia:;té i i i . I . . . . . . g . .
GC Conditions convenient way to monitor = 3T ﬁqg(il foﬂfﬁar}gg“gﬂz of AN %)g;etirEceeI\i/igr?eSuI:\/Iln dgltjaa glacl)t;lveewoul ; . Difficulties in qualitative identification of ~ « Conduct analyses using Scan/SIM
_ _ _ relative abundance ratios o R e e S R I R . yip ! A o O P Compound Lab 1 Lab 2 Lab 3 regulated phthalate esters with SIM data. function (FASST) for unequivocal
Y O s ] The GC is operated in the splitless mode, and make method I 12 foroct phinaise bis(2-ethylhexyl) terephthalate. — 11— make qualitative identification P qualitative identification
C:il:::@eﬂeﬂju 150.0 - Hea!'zm c 30:1 e : USIng a RXI-5MS 3OM X 025mm X025IJ adJUStmentS If necessary G:'j? e 11:5::1”?1 EIEE 253 ' '2;12?"360' EEITY view Ratln-ln#ﬁzni-n-niﬁrh miz  125.10 Abs_ Inten 818 R / dlﬁ!CUIt n these Cases DIbUtyI Phthalate 5 ’ 3 19 " TaiVT I | " I
e R e Cr?plcu;?:% é:olumhn (R’eA\stelk),_as spemf%jxl?y . Example shown below for s o e o1 T = T ® o » A B TR Butyl Benzyl Phthalate ND 10 ND o E%W-|e|€/del dettelctlon c?f ts_omebanacujlytes f . Excel/lgn\t/l sfens[[t.lwty ISA g%h_ll_eved usllcng
oo h.ﬂﬂi—mm I m," t e . met Od Nna yS|S US|ng a . = d|_n_0cty| phtha|ate o ;;.1 I;.—, I|i I 6] [RationT | w el g : ?5_; :)lethylhexyl Phthalate 34 2/ 5 725 I |CU Ue O OWw reila |Ve daobunaance O can UnC IOn ( ), even Or
A 17Sil MS 30M x 0.25mm x 0.25u capillary | e l e 0N 0 . vl Phihalat ND ND ND guantitation ions and multiple analytes with multiple chromatographic
e I S column (Restek) is conducted using the b y " : i i H wr EEE D!_—n-OC y o ha ? ? 500 2o% 17900 chromatographic peaks. peaks (DINP,DIDP).
Total Flow 215 mL/min 1| 3000 ' 2500 o - "y O T T100 SeaP2s | 1150 o] o+ s a1 sl 058 P : 5?‘ 104 H67 207 279 1. 90 499 47 AL 5 18 g IISOnOny daidale ] ] . .
commrt: [0 e [0 aw same chromatographic conditions. & Ba T3 ey JESCalbrte J O D e st st v | e e e Tl e G i ) » Monitoring of low abundance ions for  Use of a convenient software feature to
PR i U e ——— | | Diisodecyl Phthalate 609 354 543 it . e to lar ation Tonitor ion abundance rat f
i =l [ . di-n-octyl phthalate bis(2-ethylhexyl) terephthalate _quar? It'a |onbg|vzs IS€ ot_a ge variations Onito 'g.f. a ty af ce tﬂ '33 allows t
I MS Conditions Callbl’atlon Cu rves fOI’ ReglIIatEd To further define the problem of disparate results, four aliquots of the vinyl film sample N relative abundance ratios. €asy moditication of method parameters.
- - § st g . O 5 | escigin —_ _ e - M 'th d P rf I (I t rf ) were prepared and analyzed SIX tlm_es_each. Resul’gs are sum_marlzed in the _table beIO\_/v, « Chromatographic and spectral «  One major interfering compound is easily
The MS is operated in the El - FC ) | Dibutyl Phtnalate 7| oinoctyPhtrate etno € ormance Ssues nterrerences and are also presented graphically in figures following; sampling/analysis is illustrated in interferences are encountered from resolved by using an RXI-17Sil MS
SCan/S”\/' ( FASST ) mOde tO lon Source Temp. : 1255 C : — _ } th f ” . h .
orovide optimum sensitivit ity B e # . . . : * Examples of “real-world” e 1103 St 1T e Z;;;Z 8§ E € 1ollowing grapnic. non-regulated phthalate esters and chromatographic column (Restek).
_ _ o y SobmCuTme: [ mn W Calibration curves are linear from : o = sample data — samples Siti 537 83 T& terephthalate esters.
while still providing fuII-s_can eS8 Lo : 0.25-20ug/ml (corresponding to el = _____} contain bis(2-ethylhexyl) = . . . e re
mass spectra for unequivocal = detection of the analytes well _ terephthalate (DOTP) Analytlcal — T l - Disparate results are frequently obtained * Results indicate that difficulties are
qualitative identification. S Time | EndTime | Aea | Evem | Sean | San | Ew | Gn | Gw | G below the regulatory limit) for | Butyl Benzyl Phthalate ' -] Diisononyl Phthatate == | hich ks th ’ l l s > for analysis of replicate analyses of solid related to sampling rather than analysis.
: ( 72{1 | ( 9.)50 2 | (0.15) 93333 t‘fﬂ,uu | E{JJ'U_[}E i/ . fz h fth r I t d hth I t - 5 . W IC maS S .e - > Aliqunt1 Alil:ll.lﬂtz . A'IQLIDtS Aliqunt4 Sample homogenization and analysis Of
IS S e esters, oo 1 L1 chromatograpie sonel T Dot hsampez  DCNEME FOr e g L e g replicate sample aliquots is highly
' 4' 12%3 ' 1%233 EE: g;é E' VD-IUD UG-UU T 149.00 261.00 279.00 R o - ¢ ¢ ‘L i
[ oemymespprvaate || ] pisodecyiphname oReR) g . l cevorely sawrated) — Analysis of ——— L. 2 Summary
Ch t hy of Phthalat 1 R Vinyl Fil T S
I’Oma O I'a O a a es On e = el 1 ln I m . The CPSC test method has been demonstrated using a Shimadzu GCMS-QP2010S operated
PSS SRV TS | | e a— - . . s ] l l 261 ] 2 3 . . g p
ST T ﬂ;ﬂ[ﬁnt Lan b2 oomon s LU | | BN T i g in the FASST (Scan/SIM) mode. Excellent basic method performance was demonstrated;
RXI-SMS COI u m n T L I P = = f R I t d Sample ey Analyze B Aixalyze 6 Aalira e specifically, excellent sensitivity, linearity, and precision at low levels was demonstrated. Two of
I’ace- eve I’ECISIOI‘I OI' egll a e ﬂ"les ""1‘-‘5 “TS “Ts the regulated compounds, di-isononyl phthalate (DINP) and di-isodecyl phthalate (DIDP), are
RXI-5MS Column 30M x 0.25mm x 0.25u (Restek Corp) Ch rOmatOg raphy Of Phthalates on o 1 . mixtures of isomers (despite their isomer-specific nomenclature), and quantitation ions for these
Phthalate ESters - |J] i 1-1'[-','[1[ ‘l| || |_|j",=|,1' compounds have very low relative intensity. So, trace detection for these two substances is
Diisonony! phth_alate and dllsodecyl phthalate - | - | | RXI-1 7S|I MS c0|umn "I\ i 'J|'I|'| I || | 'm‘”_‘h more difficult than for the other regulated compounds, but adequate sensitivity is attained using
appear as multiple chromatographic peaks The precision of the GCMS analytical method was evaluated by injecting eight aliquots the FASST Scan/SIM technique.
of the lowest-level analytical standard. Results are tabulated below: is(2- “ ") | - L
y Bis(2-ethylhexyl) terephthalate (‘DOTP") is well resolv_ed from the regulated pht_halate Run Interferences from terephthalate esters (non-regulated compounds with similar structures) have
~ esters on a RXI|-17Sil MS 30M x 0.25mm x 0.25pu capillary column (Restek), using the t 2 3 4 5 6 Mean StDev - - o PEY
ST gEREn T T 1-Benzyi Benzoate () Compound  Mode Run1 Run2 Run3 Rund Run5 Run® Run7 Ring Mean (%) hromatographic conditions as with the RXI-5MS col | oot s 2 B ar wa 03 been encountered in real-world samples; terephthalates interfere with identification anc
] TR b e ode Run un u % x iquo . . . : . . . . - - -
35° R 2 - Dibutyl Phthalate e sdame chromatographic conditions as wi © coiamn. Sample RES“ItS - Aotz 89 89 89 89 59 89 84 12 quantitation of DINP and DIDP. An alternate chromatographic column was employed to
_ 5 3 - Butyl Benzyl Phthalate Dibutyl Phthalate Scan 030 029 031 028 025 030 030 027 029 6.9 ; . 1 - Benzyl Benzoate (IS) _ N4 29 £9 5o 89 29 S99 12 resolve the interferences from terephthalate esters.
30_ N ‘ 4 2 - Dibutyl Phthalate R I t _ Butyl Benzyl Phthalate _ _ _
_ 4 4 - Diethylhexyl Phthalate Butyl Benzyl Phthalate  Scan  0.26 026 024 024 025 023 025 025 025 42 ; (DOTP) 3 - Diethylhexyl Phthalate ep iCateé Mawi2 118 89 89 89 18 115 104 16 Disparate results have been observed for replicate analyses of real-world solid samples. To cast
25 g' B!,’”'OCty' IP:;T:'th Diethylhexyl Phthalate - Scan  0.24 ~ 0.27° 0.28 025 027 025 025 031 027 86 ; 4 - Butyl Benzyl Phthalate i::ggﬂfﬁ 8 89 89 89 M1 89 94 12 light on this issue, replicate aliquots of a vinyl film sample were prepared and analyzed six
: - ISOnonyl Finaate Di-n-octyl Phthalate  Scan 025 022 023 024 024 024 025 025 024 45 i 4 5 — Bis(2-ethylhexyl) Terephthalate Analyses ‘ ® 7 binOctyl Phinalate N times each. Replicate analyses of each aliquot showed good statistical agreement, but variable
201 7 - Diisodecyl Phthalate Diisononyl Phthalate  Scan 021 022 020 020 021 021 0418 019 020 6.3 : 6 - Di-n-octyl Phthalate Aiuotz 121 M8 115 118 124 112 118 42 results were obtained for each of the sample aliquots. The results suggest that disparity in the
k Diisodecyl Phthalate ~ Scan  0.27 022 021 028 022 027 021 023 024 124 ] 1 5 g 4 B::zggzg: v f v' I F'I Aluots 47T 503 488 0 dM w0 gm0 results can be attributed to homogeneity of solid samples. Sample homogenization and analysis
i Dibutyl Phthalate SIM 030 029 029 028 028 032 030 030 030 44 : 3 o Iny Im iuot1 25 240 me Talae 6 sae 241 8 of replicate aliquots is recommended to obtain representative analytical results.
' 0—: Butyl Benzyl Phthalate SIM 025 025 024 023 024 024 023 024 0.24 3.1 ; i::gﬂgtg ;?g }?3 ;g? ;ig ;gi ?rg; ;gg 2‘4332
] Diethylhexyl Phthalate = SIM 027 027 027 025 025 026 027 026 0.26 3.4 Il Sample Aliquot 4 278 290 290 281 287 269 283 8.1 Ac k“ OWIedgement
A Diisodecyl Phthalate
0.57 Eoal Di-n-octyl Phthalate SIM 024 024 023 022 023 024 023 023 0.23 3.0 3 i:!quoftt; mig mig migy mg :::g mg mg mi
1 i £l —~— iquo . . . .
L e e ——. Diisononyl Phthalate ~ SIM 020 020 020 020 025 020 020 019 021 9.0 T sl et =asS ﬁ:@guotg 394 400 76 408 334 408 ST 283 * The authors wish to thank Gary Stidsen, Restek Corporation for supplying columns for
LS A S DI Disodecyl Phthalate ~ SIM 020 022 021 020 020 022 020 023 021 57 B0 H 10 i e By o |

this investigation.



