Method Validation and Optimization (Continued)

Introduction

Phthalates are common plasticizers found in everyday items from single use plastics, PVC pipes, vinyl flooring, Phtha Iates d nd Phtha Iate Alternatlves Ana IySIS SPE e ="

medical devices, toys, and electronics. Phthalates increase the plastics flexibility, durability, and temperature o . : : : : I III III II IIIIII
Using Gas Chromatography Mass Spectrometry for | - I rerocvssoutornayesorperve - ML I laBHIERHISRRIRRnERVIRCRIES

range (1). Since they are not chemically bound to polymers, they are therefore able to leach out. Over the years, )
more phthalates have been synthesized. From 2000 to 2010, global production increased from 3.5 to 6 mil . . : . humans. ’Removal of fatty acids and other i IIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
in the ai Wristband and Environmental Passive Sampling ntorferenCas s oxplored usine solid hase =

tons/yr (2). Phthalates have been found in the air, ocean, dust, wastewater, cosmetics, and food (3, 5-15).
extraction (SPE) |||||||I|I||IIIIIIIIII||I.I
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Exposure to phthalates is associated with allergies, asthma, rhinoconjunctivitis, reduced birth weight, and .
endocrine disruptions (3, 15, 16, 17, 18). Due to increasing awareness of the environmental and health impacts Matrices + C18, florisil, and primary secondary amine (PSA) il o
. . o e\z*‘_ioq@ e stiﬁ ::ﬁ ooigj = :g;ﬁ; @;gf‘@@*;@e‘;@:ﬁ{@f@@»‘; ’;Q,Qjopo“‘@bf éi zc.i éi e
of phthalates within the last thirty years, regulations have been |mp emente acros-s the globe .or particular | 1 < 1 | ) . | 1 columns were tested with a 15 pg/pL matrix LI S g A
phthalates. In the US, for example, 8 phthalates are regulated. This has caused a shift to alterative phthalates in Kaley Adams! (she/her), Caoilinn Haggerty' (they/them), Richard Scott! (he/him), Kim Anderson? (she/her) spike. (Figure 3)
o : : 1 . . . ] . Figure 3: Comparison of the percent recoveries of C18, Florisil, and PSA SPE
the global market (3). We-developed a selective ion monlto.rm{.g (SIM) gas chhrolmatography Imass s-pectLo:\eltry FoF)d Safety and EnV|ronme.ntaI .Stewardsh.lp Laboratory, Department of Environmental and Molecular + C18 was effective for smaller MW, however the cartridges. Dicn-propyl phthalate was detected for both Florisil and PSA but 15
(GCMS) method on an Agilent 8890 5977B GCMS for quantitation of 27 phthalates and 3 alternative phthalates Toxicology, Oregon State University, Corvallis OR higher MW compounds percent recovery was ng/uL is over its calibration range of 0.25 ng/pL -10 ng/pL. It is a quadratic fit,
for passive samplers and biological matrices. See table 2 for full analyte list. N , _ A 0% and the ratio of compound to ISTD was 5.3 which is over the vertex of 4.55
Table 1. Initial verses final oven profile Q}*& .”V/ro | " 1 had £ 90% and and therefore no concentration was given by MassHunter software.
- - . - it : « * Florisil had average percent recovery o an
Method Validation and Optimization initial Oven Profile _ 0 Stat & £ 8¢ P Y °
25 °C/min, 200 °C, no hold regon datc 9 * 3 PSA had 96%
i 40 °C/min, 280 °C, no hold .E] R A A : L : e L.
Oven profile sk iuedhdin UanEI'Sl > B * PSA had the highest number of compounds within FSES detection quantitation objectives (DQQO’s) (91%
. . . 10 °C/min, 320 °C, 7 min hold o, 3
e Started with oven profile from Takeuchi et al (2014) (Table 1) “Ysp e compared to florisil (77%) and C18 (68%)
* Broad peaks for high molecular weight (MW) compounds rinsl Quen Froffe: | e PSA was selected for SPE
. . . A% = eminho 7 Table 4. Method comparison table comparing this method with 11 other phthalate method papers
* Series of oven profile experiments 10 °C/min, 100 °C, no hold
. . oy e 25 °C/min, 200 °C, hold 13 1 . . .
 Reduced hold on 3™ ramp to improve high MW compounds except ditridecyl phthalate 20°C/min. 380°C. 3 min Pold 6000000 ; L Method Comparison Method Paver  This Method Nittod G0t oo Fenget oo Gimenoet Yeetal, *""'" Donget Kartalovic *orio)"
* Fourth ramp was added to improve ditridecyl phthalate 207c/min, e 7 min hold 5 * Of the 11 phthalate method sosia 02010 p01p B g 2A20M20W g5 22020 etal 2021 g
. LN K] . . mln O 1 1 1
* 5 minute post-run added to reduce silicone passive samplers matrix carry over 5000000 2 s papers identified, the i 31 7 6 12 6 17 14 x5 10 6 13
* Final oven profile achieved Gaussian peak shape with a minimum of 15 scans across a peak . 2 number of phthalates in the o TOTM,
Alternatives ’ - - - - - DINCH, DEHA
for all compounds (Table 1 and Table 3) Table 3. Full GC/MS settings for method method ranged from 6 to 21 DEHA, DEHT DEHA,
o _ _ able 3. ru >EHNSSs Tor meho 4000000 14 with run times of 16 minutes Unique . _ _ _ _ _ ,
Table 2. Full compound list with peak number, structure, physical and chemical Description Conditions © 3 . compounds
properties, and limits of detection (LODs) and of quantitation (LOQs). Orange compounds Instrument Agilent GC/MSD 8890/5977, El mode 70eV E i ” to 40 minutes. (Table 4) Matrixes PSD (Silicone - Ham Cosmetics - Wine Medical Meter Perfumes Wastewa Honey Fish and
are alternative plasticizers —— ) = . and LDPE) Sausages devices  Dose ter Squid
- Column J&W Sicentific DB 5MS 30m x 250um x 0.25um, E 3000000 ’ N m T * ThlS methOd haS at leaSt 10 Run time 31 min 40min  19min 27 min 16 min 31 min 30min  30min  34min 31 min 20 min
Mol Wt Log Log Henry's LOD LOQ Helium 99.9% at 1.157 mL/min | '
Peak # C d CAS Struct
o ompotines FUCHTE  (@/mol) Koa Kow Law  (ppb) (ppb) Temperature Injection 290 °C more compou.nds and kept Perce"t(;;w"ery 89-130 ; 87-108  80-120 ; 70-120  78-127  86-108 89-102 84-108 88-112  70-117
1 Dimethyl Phthalate  131-11-3 : 1942 669 16 1.97E-07 200 1000 MSD 300 °C . 8 24 the total run tl.me LOD (png/mL) 50-250 42-640 0.31-0.61 100-10 162 00610 70-250  01-42  >10 3-46  0.28-1.38  0.5-5
MS Source 300 °C 2000000 )3 COmpa rable Wlth most Other LOD Calculation  sp * tvalue(n- SD *t y intercept + Etune and y intercept + response=si Not
O\ MS quadripole 180 °C 10 33 hod 1,0.99) value(n- 30 ’(3*SD ofy Atune 30 '(3*SD ofy gnal+3 or 30 discussed 30 LCL
- . . o o . 4 19 20 Ub“ShEd hthalate metho 1,0.99) intercepts) intercepts) 10*SD
2 Diethyl Phthalate 84-66-2 @i;jv 22224 744 2.65 6.10E-07 150 750 Column 40 °C (2 min hold) to 100 °C at 10 °C/min, to 16 2 34 P P
200 °C at 25 °C/min, to 280 °C at 25 °C/min (3 min methods
Py hold), to 335 °C at 20 °C/min (7 min hold). Thana 5 1000000 1630 ) . . . . L
3 Diisopropyl Phthalate 605-45-8 CiFY 25029 8.03 348 6.14E07 50 250 min post run at 340 °C. Total run time of 31.75 min ‘ b | 31 * Our method is one of 3 methods which incorporates alternatives plasticizers.
Inlet Draw Speed 300 pL/min, Eject Speed 6000 uL/min, |  This method had 9 uniqgue compounds: diamyl phthalate, bis (4-methylpentyl) phthalate, diheptyl phthalate,
4 Dialivi Phthalat 131179 N nese 816 336 117607 50 250 Pulsed Splitless mode 25psi until 0.5 min, Setpum 2 I O 0 O I : : . , . .
lallyl Phthalate 16 3.36 1. Purge 3 mL/min, Purge to Split Vent 20 mL/min at diphenyl isophthalate, dibenzyl phthalate, bis (2-propylheptyl) phthalate, didecyl phthalate, diundecyl
. 10 15 20 25 ..
o 0.45 min Retention Time phthalate, ditridecyl phthalate.
5 Di-n-propyl Phthalate 131-16-8 @i‘t 250.3 8.18 3.63 4.03E-07 50 250 Scan Mass Range 50-600 Th | th th dt . t . hth | t G t |(2014) D|NCH d t |t b t I
. R Y .
Injection Volume lul Figure 1. Full chromatogram. Target peaks are numbered. See Table 2 for targets names and structures . € only other methoa to Incorporate unique p alates was Limeno et a | and acetyl tributy
6 Diisobutyl Phthalate  84-69-5 ©¢} 27835 876 446 64307 150 750 | (~opibogion clrve Citrate.
D . . : :
7  Di-n-butyl Phthalate  84-74-2 @#x 27835 863 4.5 1.22E-06 200 1000 Multi level calibration curve Real World Samples
* 0.25ng/puL to 101 ng/uL and 2 ng/pL to 25
Table 5. Data for environmental samples to evaluate the method. Table is separated out by sample type and further delineated by sample or

mismethoyet) L o e s a0 ng/ul * Phthalates are in PVC, personal care products, medical Toble s, Dt

Phthalate e
DO/Q\ ® r2 f .
9 Diisopentyl Phthalate 605-50-5 @#W 3064 9.5 5.45 1.29E-06 50 250 Average ot 0.995 L . . -
ooy u + 30 compounds on a linear fit devises, vinyl flooring, perfumes, sanitary pads, e . o . . .,
- 0 - o N ] ™ ] 3 S J \ ~ < ~ "l
10 yethy 605549 (7 7 7 31034 105 2.1 5.11E-13 50 250 . s § + F . F F F F F S s+ & F & 0 4 £ £ & L 0F L F & O FFOF o5 3
Phthalate 5 compounds on a quadratic fit. ] . . . : : 5 F 3 F § § 0% OE F FPof FFEFEFFEFPFERFSEOFFEEOE OGO
; ' s 3 8 Ny g 3 0 iy -\ < X g N < g < g S £ <& g £ 9 g N q Q g So &
Py Q 3 N S N ~ ~ S > X b S Ny N N g N & X Q NG E o 9 g a N ~ ~ D &
11 Diamyl Phthalate 131-18-0 306.4 9.67 5.59 8.89E-07 50 250 d|a erS |nS€Ct re e”ent IaSt|C C||n f||| || etC s & 0§ £ § F 3 FgF fe¢ % Vg Y § £, f&5gs & x SFE X S84 3s s g¢gF O OZ O£
{ X 4 5 2 5§ 3 § § & [fr§ FiF ofFR & 0% Y GiFEFiF oS §5 FF 5 Fig 0§ fFif o3 % 4F 3
v S o S ! o L Ne 9 Ns § £ 4 x Ng &L &L 0 N < J L N & < o N g ! I3 <3 N
. 3 $ § & § $FE & TE 5 §f & F& FF FEF . 78 §f 7 sE § f gEf 5
J LODs and LOQs Sample Matrix__Sample n § & & &8 & 5§ &8 88§85 s 8 88§85 & &3 88 $& 5 5 5§ §8 s &8s 5 F§ 85 5 & EES
0 0 2470 0 0 102 156 236 91 0

Bis(4-methylpentyl)
2 pnalate 146509©¢Vl 3040102 043 25006 B BN, Ran 7 aliquots of the full curve the first day, 4 of o OUt Of the 7766 WriStbandS analyzed by FSES’ 5751 hits Upachaes 3 om0 237 0 0 0 637 719 0 0 0 0 0 0 131 1230 0 17 0 0 0 58

13 Di-n-hexyl Phthalate  84-75-3 @#VW 3344 104 6.57 2.576-05 150 750 those were run again on the following 2 days for o
Urban Children's .
©¢M n=15 for phtha Iate S a2 %recovery 119 109 145 186 155 757 221 197 243 225 567 295 312 1040 412 1110 156 423 O 268 O 545 52 0 0 6290 149 167 977 171 478
14  Butyl Benzyl Phthalate 85-68-7 5} 3124 106 4.83 1.26E-06 150 750 . :
* Limits of detection (LODS) were calculated by 4832:22:::;”‘ 5 ppm o 4 o0 0 0 312 7% 0 0 O 0 O 0 16 207 0 17 0 0 0 O 0 0O 1 0 0 0 0 166 124 0
Di(2-ethylhextl) o o ] R o ) . d . h h ” . d |
15 adipate 103-23-1 ~oy 37058 112 812 215805 150 750 multlplylng the standard deviation by Fhe one ® EXpOSUre aSSOC|ate Wlt aSt “'a, d ergles, dain A1 %recovery 104 0 110 189 124 562 184 135 164 179 0 159 186 902 125 274 541 O 185 O 339 0 445 O 0 0 134 15 266 O 240
Bis(2-butoxyethy) | sided student t value for the 99% confidence —
e P:thalauteoxye y 117-83.7 (L0 3664 12 406 20312 50 250 - terval end()crine disru tiOnS e 3 pm 905 736 0 0 0 14 113 0 0 0 0 O O 13 115 0 380 0 0O 0 0 O 0 30900 O 86 0 0 0 23 0
. p : rELIe S %recovery 169 310 191 193 159 1260 0 1640 417 0 19 1460 269 919 393 258 1580 O 0 273 300 471 O 13600 260 5240 354 266 499 163 521
Bis(2-ethylhexyl . -
17 P:t(hafatt: exyl) 117-81-7 Bxgr( 390.57 117 8.39 2.70E-07 200 1000 Average LOD is 83 pg/uL 3 pm 0 0737 0 0 0 0 0004 O O 0876006 0 0 018808703913 0 0 0 0 0 0O 0 0 0 0 0 0 0 0
. [ [ . [ ] L Q e
N Mm|.mum |.5 1.6 pg/uL ® ThIS ”lethOd IS A ta rgeted analyS|S fOr over 30 Tomewe 1 %eowy 0 0 41 0 0 0 998 701 497 140 174 532 149 505 644 110 0 258 198 792 0 227 282 183 162 797 0 0 985 23 695
17 Diheptyl Phthalate Q#W 362.5 11.1 7.56 3.54E-06 200 1000 e Maximumis 231 pg/IJL oackased
crregomo 8 pp 0 059 0 0 0 006 0 O O O 0 0 0 0 0189 0 019% 0 0 0 0O 0O 0 25 0070132 0 0 0083 0 0

e Limits of titation (LO lculated b ' '
'mi SO quan | a Ion( QS) Were Ca Cu a e y phthalates and phthalate alternatlves tO be used Wlth Smoked Salmon 6 % recovery 40 396 539 74 504 199 456 643 591 653 915 684 645 217 474 827 459 532 514 676 108 766 148 199 413 953 304 351 846 356 88.9

18 Dicyclohexyl Phthalate 84-61-7 @# 3304 116 6.2 1.00E-07 200 1000 . .
\O multiplying the rounded LOD value by 5 s
Fresh Smoled 0116 1.22 0.056 0.068 0.041 0.03 0.113 0.056 0.05 0.058 0.027 0.059 0.22 0.178 0.549 0.086 0.18 0.043 0.171 0.057 0.099 0.262 0.054 0.206 0 0.036 0.131 0.153 0.096 0.374 0.096

+ Average LOQ s 535 pg/L passive sampler technology as well as with biological i I

* MinimumisZSOpg/uL Fresh Trout 3 ppm o 10 0 o0 o0 O 0 O O 0 0 O O 0 O O 0 0 O O 0 0 0 ©0

19 Diphenyl Phthalate 84-62-8 @%{ 31832 10 4.1 3.06E-08 50 250
0o 0 0 0 0 0 0

[
Bis(2-ethylhexyl) L . . t
20 137-89-3 390.56 11.7 8.39 2.44E-07 50 250 l I I
Isophthalate ~oroen ¢ MaX|mum IS 1250 pg/lJ.L a rlceSo
Roofers 4 ppm 0077 036 0 0 0 0011 O 0 0 0 5 0 0 0116 099% 0 467 O 0 0 0 0 0 0752 0 0242 0 0.064 0.083 0.769 0.169
. L e Average percent recoveries for the targets: 111%
21 Di-n-octyl Phthalate  117-84-0 Q#W 3906 119 854 257806 150 750 : Roofers Ms 1 %recovery 952 751 445 787 0 389 353 74 522 645 425 575 0 319 77 181 793 384 271 111 768 287 402 357 913 112 0 108 748 191 843
 LODs and LOQs values are shown in Table 1 -
Ire les
Bis(2-ethylhexyl O,
29 T;sr(ep(:‘thzla(:;(y ) 244-45-6 *Oj;\ 318.3 10 41 3.06E-08 150 750 f;:r:tz;(;l 4 ppm 0 0 0 0 0 531 0 0 0 5 0 0 0 126 0 18 0 0 0 0 0 0 0 0 0636 458 0 0 052 0 0
oge Ire lest
e Stora ge Stabil |ty @) Chamber (Si 1 %recovery 318 211 932 155 925 12 0 146 106 132 126 114 677 326 236 174 0 494 459 187 154 431 734 517 179 759 0 0 764 556 141
6422-86- , . | Wricthand) MC
22 Diphenyl Isophthalate 390.56 11.7 8.39 1.02E-05 50 250 HH : -
pheny! Isop 2 oy  To demonstrate storage stability, 3 aliquots of the
| same full curve mix were taken 4 times at 0, 12 * To evaluate the method, we analyzed breast explants, smoked salmon stored in plastic from 6 stores, and
23 Dibenzyl Phthalate  523-31-9 % 3464 123 5.08 1.02E-11 50 250 ! ! OR ¢ ¢ ¢
| 50, 133 days. silicone wristbands from urban and rural children, pregnant people, and roofers.
Bis(2-propylheptyl 53306-54- H ' H H H H P H
20 DetzPropvineptyl) ] %gﬁf s666 132 104 155607 so 250 | ® Percent recovery (Figure 2) OR * Roofers — hits for high MW compounds seen in building material.
| * Average at 0 days: 84% * bis (2-ethylhexyl) phthalate, trimellitate, ditridecyl phthalate, and diundecyl phthalate
25 Di-n-nonyl Phthalate 84-76-4 o~ 418.6  HH#H#H# 9.52 1.41E-05 250 1250 . . . . . .
* Average at 12 days: 87% 0 * Wristbands worn for 48 hours by pregnant people had high hits for phthalates associated with personal care
: ° . 0 '
27  Didecyl Phthalate 84-77-5 (7, 446.66 133 9.05 2.81E-06 250 1250 Average at 50 days: 94% Representative phthalate structure products.
e Average at 133 days: 86% * As highas 177 ng/uL.
] 3648-20- __i . .
28 Diundecyl Phthalate  ~~ " 1) 4747 141 115 se0e-05 50 250 | ¢ All compounds are stable for at least 133 days * Rural farm children showed hits of 1000 — 30000 ng/pLL.
Tris(2-ethylhexyl) 3319-31- . References:
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Di-n-decyl Phthalate- 1276197- i
27 po e 450.66 - - - . -
- 182 Figure 2. Storage stability. Red lines are at 70% and 130% FSES DQO’s
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