JRAETEATBHEE R A SRR e (LW E) O IH5E )
SRR

BN 22 RER BTG YA W E DR R BRE O [E RS
Hr— RRERFANGEE TRy s 2R

JEAETHBE Dy 7Ny A (BRZERIGYL) BRI 2 a2 03BfE S v, fadtiE
DRE LR, Fl- BB RE RSB SN TW5D, 7o, 7 XNV X7 VIRIZD
W CHIEFRSHIE IS 6 IS FTRE 2 B HERR BRI MR R S, B AR ATE  fER B - &
fift 2015 : 1B 2019 I[Z CEANKEIEL, EERFKICOIHE L LTHRESN TS, K
SSHBFZECIE, ENICEB L S 7 Z AR 2T VEOBIE « ST FIEICRTT 5
BRABUEALR0, ERNIZIR T DT 2RIG Y E O IR ORBE DT D ~ A 7 o F v N
—Z WAL ETH 60 SVOC WE O BEEE 2 E L, ENO T Z LT X
T NVADORNE « 5oh71 71k % E R T 5 72 D12 ISO/TC146/SC6 O [E| Bk DRI
ARG LTc, 72V AT OVEORIE & i 7L WG20 12343553, 2019 4
FEIX WG20 DEFENTE SN oT2720, SC6 DB THARD 7 X NVEET AT )V
FOWE - ST HIEEFRI LTz, ZORER. FEREEHEL WG20 @ Document &+ & L
TRGRES Nz, F£72, 2019 12 ARE CTEANO 7 Z VR 27 VEHORIE « o8
J7 1% 180-16000-33(7 & M= AT VT FIE)DBIER & L TR L. WG £H
R Lz, SBEIZERBSREFT ST\ D, B0 50D SVOC s F 4 H
E Lo, PERTGEMIT, BEA] S FREA, IRA 4 FE, KMo > b 3 FE, BEK 2
¥ CdH -7, DBP, DOA, DEHP, TXIB (X3 X CTOEMMOME SN, KM
D IIHFIZ 2E1H & DEHP ORBOREE D mi < . £72. AKPE~A » 22513 2EH, DEHP,
TEXANOL, TXIB D HHGHEE 2 < JIE S4viz, 5%, KA > FOFEHBZ N
FRAOWBEIZ I 1T 2 EREP AL, EREIERIC L 2 HCHE & K IRE & oF BT
FEETOIMLERD D LB LND,

A. BFZERI

BT, BAEE DY v 7T ARG
S TIXIEHERR & - SUEEMME KT
LEREFGEBHRFE I, F L
(200[ug/m’]) . DBP(17[pg/m?]) . DEHP
(100[pg/m’]) DFFEHENKIE STz, Ln
L., FWE L LCE 222 F )b-1-~F
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J JVQ2EIH), 2,2,4- 8 U A F)1-1,3-_ ¥
YVUF-NVE AT F - (B
4 :Texanol), 2,2,4- h U A F/L-13-X %
YUK VT A YT F - b (B4 TXIB)
DIRE SN, BHFR 2B Y 2 7
PN, ERDHMENNETHDL Z LT
fREHEIC B S e o T,



% 7-. DBP. DEHP 358 O iriiti &

FAZPURMED m R BRI S B E S s

A AR A aBRys - FEfE 2015 ¢
IBAf 2019 I CEINHUSIL S LD TETH
Do ZORBREZ EEBEICE T Z LR
BEfS T g,
ASHEFETIZ, ~ A7 aF v 3 —
ZHWTEM NS O SVOC i B %
ETHZET, BFEORGMETH D
DBP, DEHP DA TlE72 < | Friz Tt s
LTV D SVOC WE DTG YR 208+ 2
el Fle HRNO T 2R AT
JVERDORE - 78T FilE% ISO/TCL46( KA
D'E)/SCO6(EMNZEX), 1SO 16000-33 : 2017
[ Determination of phthalates with gas
(GC/
MS) | IZHTHRIRET 5 72D OMEHE 2 W
HT D,

chromatography/mass spectrometry

B. W91k

B-1 Abt S DSVOCH BHE B &
1) E A

HIE XTSI 1T, BEA 5 HH, IR 4
FEXE, JKMEASA > b 3 FREH, BEME 2 FEH
Thbd, ZNOLOEMITIF—LEF—
IZTHALZELDOTHY, —RICEfE
HAEnTwnb, £ 1 ICHERSRER OfE
eV o4 %, K1 IR O
BRAZRT, HEER S FEIC OV T,
T =7 AR 2 BB T-1%, WEEE
HIEDFEM F-42018)2 855 L. 1 #HELL
PRI ETHLHEEZIT o7z, HEEA
OFEFEIT AF4-1 N7 7 U AfflE=~ Ly
a >R, AF4-2 37 7 U VIR &, AF4-3
DSHERR B = VIR IS AITE . AF4-4 78 7 = 1
7L v A LRAIE,AF4-5 3= kU LI A

157

REHITE Tl Do KA 4 FIHIZ DOV TUL,
TARTHLE =V ZH L TW\W5 PVC &
MThd, KiE~ag b 3 FEIZONT
I, TAI =T MRIZ2 BB - 721%, 1
WL B ST bllEEIT- 72, K
PESA N OFEEIT, P-1 23KMET 7 U v
Ty g VBN P2 NKMEV ) 3T
7 V< va R, P-3 23 EtERE Y
Var7 7 VAR CH D, o, R
DAL, P-1 A3 11~14nd (1[E8Y),
P2 23 11~15m (1 BE&Y), P38 11~
15m (1[E®Y) Tho, B 2 I
ODOWNWTIE W-1 1R B=/L 7 va—)b
W-2 B L E = VBIIETH 5,

2)HIE 1k

Bic~A 7 v F v o —HNEERT,
K3~ A 7 uF v o N"—JEHEDT
BRERT, 47 0T v R — DKM
1%630ml (+5%) TH Y, AOERIZNY
NIALEFRITDHDIEIZIVHFELEMOD
BRE D DA TF ¥ o X—DHIZ AL 7R
WEkolzarg IxRe L Tnsn, JlE
BRAARIIC~A 7 0T ¥ L X—DfE R L,
A uF ¥ U N—FKTHEHF LT, £
D%, T v o NN—WNIZFERGFT D E
TR S A - OITnEEEE &2 VT, 1
E[E]220°C THIEVILER 217 - 7=, INEILER
%, w4 70T ¥ o N\—%FEETHE
SH 7z,

B E~A 78Ty o N—DHE LR
FROMICEeA T, BB AR5 DSVOC
W EZ T o T2, ~ A4 7 uF v
A= Ak (& L 7 i R C G
BROBEIMGIZ 72 %, JoaaBR1328°C DEIR
T C2ARFMAT o 7o KGR TR (2 1IN 2,



i RBR A AT o 7o, BOHGRBRICAE A L 72
B2 TF v o N— B HD A LTt
IME AR E I~ A 7 aF v N — gk
L, Ty —AREIMELTND
SVOC % INEMILAE L 7=, INEVBEAE 13220°C,
LIRFEIAT o 72, B AE S 7-SVOCH'E
X Tenax TAHSEE 2 W ClEIN L7, &
F 5> B D SVOC HOE FE VX A i 46 & N
B AHEORER L GR L CRfiER &
7o, FTHBHERBR O N E S % |
FNTIMBYLA IR OWNE S 2T,

)t i ik

N SBME 1L, 2EHQ-T F /L~
=), D6( KT AF N7 m~Fi
Xt ), BHT(V 7 F /e Rafxv b
)L ), DEP(Z Z WY = F 1), C16(~~
XY h ), TBP(U VBN 7 F ),
TCEP(V g~ U RQ2-7 v xF L),
DBA(7 Y VY 7 F V), DBP(7 # v
fig > -n-7 F /L), C20(n-+ =24 >), TPP(V
VEE R U 7 ==V DOA(T VB UET A
27 F V), DEHP(7 Z JLfE-2-=F JL~F o
JV). 2EHAQ-=FIL~FI LT 7 U L—
k). TEXANOL( 7 % # / — )b ),
TXIBQ22,4- b U A F)L-13-20 & PF
—/)v AV TFZ7— 1K), DNOP(7 ¥ /L
fg>-n-4 27 F V), DINP(Z X IVERY A
J =JV), DIDP(7 ZIVEET A VT 2 L)D
20 FEHOW'E Th %5, 32 4 |Z Tenax TA 1
B DINBAIAE S, £ 512 GC/MS D5y
Wraetbz =,

B-2 7 XN AT VO EEEEAL
7 B VR AT )VEH O FEUERER L & T
T2ICBEFE U, BRI ki Al RE 2R A2
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MERBRIEZRE LT, ZORBRILITAAR
SRR WIS - TERR 2015 - GE4H

2019 I CHEIABIR LSz, £Z2 T, H

WD 7 Z Nl 27 VEDORE « 554877

5% ISO/TC146( K5 D'E)/SCOH(ENZER).
ISO 16000-33 : 2017 [ Determination of
phthalates with gas chromatography/mass

spectrometry  (GC/MS)]) (ZHTHRET 5

Z L% B L. ISO/TC146/SC6 DIEBEE 5

TARMZFEI LTz, AFEOEBE R

W LTz,

C. WFFufER

C-1 EHD> 5 D SVOC s FE Dk 5
B LWEBI OGS & 72> T B2 E
ZEte 19 RO TWEEZREL, 2D
PRURSCHIOHE S A3 T U b 0D & BEAE FE OO I 7E Al
FREEGOETH ALK IR T, b
DS FCHOHR FE . AR 23 ) E ot R AL 2R L
TWD, Fio, EEE & AFE ORI ERSH
LTV 5,

1) 2EIH

4 \Z 2B1H Do BERE RS R 2R
T 2019 FREIZHIE L7 b O H Tk
WENR L EN- DX, B F2 Th
D EGEEE T 39.46 pg/(nd +h) TH - 7=,
BEAEA AF4-1 & A4F-2 O Jcinsm < e
ENTZH, BM F-4 ORERER L0 | ik
HEOREMMN FEI-> TR, HFEEAI)
HTIEARL, A=y h®D F-4 O
LD TWD EEZ LIS, £z, KI
F-1 ™ 17.36 pg/(m * h), KIMESA >k P-2
& P-3 D 15.00 pg/(mi - h), BERK W-2 @
28.41 pg/(m « h)23F DO I, &
UWITHBOREE 2 7R LTz,

IA]



2) DBP
X 51z
2019 FFEIZHIE L 7= A O CHOBGEE
N b ED-> - DL, BEK W-1 D 0.87 ug
[(nd +h)yTod o7z, BEHA| AF4-2, AF4-4,
AF4-5 1% 0.51~0.53 pg/(mi * h)TH D03,
2018 4 JE DM F-4 OREREFRD 0.61 ug
(i = h)yThH D=, HEEFD O OHHT
T2 FABM DL DO TH D Z &N
EBEZbND, —J7. HEAEH AF4-1 1% 0.69
pg/(nd + h), AF4-3 1% 0.66 pg/(nf « h)y TH
0 KM F-4 DA TIEL | EEMNLOD
b B2 bND, £i2, KM F-1 @ 0.35
pg/(mt + h), KMESNA K P2 @ 030 ug
/(i ~h) BEDORMOBERI LR, FVVET
HoTm,

3) C20

[ 6 12 C20 O HHCHE BRI E ARG R A2 T,
2019 FEIZHIE L 7= O T GO E
Db T2DIE, 012 pg/(m' * h) & 7
BERK W-1 Th 5, HEEANIM O
ICHAREWEE & 72 > TV D28, 2018 4E
FE DRI F-4 OREREFAS 0.55 ug/(m + h)
ThHIO, BEEMDOBTIE AW
EFEZbND, £lo. KM F-1 & F4 O
0.11 pg/(nf « h). AKPE~A > b+ P-3 D 0.11
pg/(m + h), BEHE W-2 @ 0.11 ug/(m + h) T
HoTm,

7=

4) DOA

B4 7 12 DOA Do FE Ml E#E R 4
Fo 2019 FEREIZHIE L 72k 0 Tl
WEE N b @ o= DlE, AME~A b

DBP O iR LI ERE B A2 T,
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P-2 TH Y . FBOHEEIZ 0.87 ug/(nd » h) T
HoTz, Flo. KMEXA K P-1 @ 0.46
pg/(nd + h), BEHE W-2 @ 0.54 pg/(nf « h)73
Z OO, & <HE ST,

5) DEHP

4 8 |Z DEHP O it i B i il R 2 7
T, 2019 AEFEIZHIE U= b o Tl
WENRLEN- DX, B F3 Th
0| R FE 1T 30.78 pg/(nd +h) Td o 7=,
F72. KM F-2 @ 22.10 pg/(nd + h), KA
F-4 @ 19.73 ug/(nd + h)2NHIE S iz,

6) 224-FURAFARH L 13-TF
—/VE /A Y 7F 77—k (TEXANOL)
[X] 9 |2 TEXANOL 0D it i is B 1) & ik 5
ZoRd, 2019 AEFEICHIE L7z @ o T
HCEEN i b i T= DIk, Atk Aa
Y hP2 & P3ThHY, MBOHED 47.4
ug/(md WL EE 7r otz F7m. AKiEA
> b P-1 OHBORETT 14.2 pug/(nd = h) TH
0. EDOMOBEMITIHA, BVMETH -7,

7 224U AFNN3-R_H L DF
— VA TFL—F (TXIB)

[ 10 12 TXIB i s B E 7t 5 & o
o, JE U7 EEA oot CRHOEFE 03 b
BN TZDIX KA R P-1 THY
HCHOHREE DS 47.4 pug/(m - hPL ETH o 7=,
Th D, 7o 855 AF-3 O 18.15 pg/(nd *
h), KMEA~A > K P-3 @ 11.1 pg/(m * )
ZDOMOEFITIER, VAL 72> T
D

8) DINP

%] 11 |Z DINP O o B 7 E s 5 2w



o 2019 FEFEIZHIE L 72 R 0 Tl

WE N b - 7201%, 10.3 pg/(nd + h)
IR TEBER W2 Th D, T DOMOEELS
BITMH S iznoT,

C2 7HANRT 2T VEOEEML
ISO/TC146/SC6 @ Working Group Tif
it oTo, EFRRERIT 2019 4 10 A 7
H~11 HET, R4y -H#F 27 T o7

AT 4 THTDIIZ, SC6 DH, 7 H Lk

T 27 VO 53T )7 151 Working Group

20 [ZR%HE 505, AL WG20 DREED

%%ém&woktﬁJuﬂnH@sm

BETERNDO 7 Z Ll 25 VEOR
< T B AR LT,

%@ﬁ%\ SC6 THFE L7= ppt EEHZE
Working Group 20 @ Document & L Tl &
SNiz, £l BT IE DR XbH
WG20 (22925 Z LIz L7, L EDORE
IZOWTIE WG20 D= B —F—Th D
Wensing & 47 & THE 21572, JeaEam3L D
& W ILLL FIZ7/~rd, Tanaka-Kagawa T.,
Saito I., Onuki A., Tahara M., Kawakami T.,
Sakai S., Ikarashi Y., Oizumi S., Chiba M.,
Uemura H., Miura N., Kawamura 1., Hanioka

N., Jinno H. Method validation for the

=5 2A
A A

determination of phthalates in indoor air by
GC-MS with solid-phase adsorption/solvent
extraction using octadecyl silica filter and
styrene—divinylbenzene copolymer cartridge.
BPB Reports. 2019, 2 pp. 8690
SC6 Di#4>C Resolution 456 & LT,

T OBER D -T2, ENO T X fzr
AT IVEDORE « 531715 % 18O 16000-
33 : 2017 [Determination of phthalates with
chromatography/mass

gas spectrometry
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(GC/MS)] ([ZIBINT 25 Z &2 ME L, Wik
REERC L, 2019 4 12 ARIZ WG EH&
ICWIERZIRH LT,

D. &%

D-1 A5 0O SVOC o B o H &

A IZ K DAL E O ik A R L

BUERYER T LTV WMEEE IS

DONTH LWEEELZHET 5720, £0D

BIUWED L LT, v~/ 7 aTF v \—k
(2 &0 MERRIE MG LB O HOBOER E O

ﬂm%ﬁoto
DBP. DOA, DEHP, TXIB (I3 <T®D
MO S iz, —J7, DEP, TBP,

TCEP. DNOP, DIDP (%4 T DOz
THRHBEBRMELL T Th o Tz, KM 5
B2 2E1H & DEHP O JBOEE R < |
KM DN LN FERe A7 4 A E LIS
BIFLEERENLETHDL EEZ LN
%o F12 kML R D25 1T 2EH, DEHP,
TEXANOL, TXIB OJHEE R E <, K
PEAA v b O R ERCIRBE IS B
B EEHENSMNETH D,

D-2 7 Z VT AT VR DE BRI

ISO 16000-33 :
phthalates with gas chromatography/mass
spectrometry  (GC/MS)] (Z1%, 225, ™V
AL AN, REDOT ZNVEET AT VEER
FEDORETTIER. o7k ST
W5, FFRIT, BRI T X VERT AT VEED
HE T INENIAE 7 1k & i 51573 e
WINLTnD

EAND 7 Z VR 2T VEORE - 47
W FIEDO RIS TR BRI TIETH 5728
ISO 16000-33 #it& D 1 4 Sampling methods

2017 [Determination of



and analytical apparatus, 4.3 Sampling by

adsorption and subsequent solvent extraction
DEHEZHANWT, 44 L LT, RO 7 ¥
R AT VAADRNTE « 5347 715 A BN
THZLENEZOND, LT, iR ER
72 ENMBEIRGAETT, Amnex X ZERKT D
ZEBMETHD, UEDELENS AR
D7 Z N X T VHAORIE « Tk
% 1SO 16000-33 : 2017 [Determination of
phthalates with gas chromatography/mass
spectrometry (GC/MS)J (ZiBJI L, SIEZE
wAER LTz, SEZR Z T8I 5,

E. f&im
E-1 &9 5 D SVOC Fom FE o &
BERNTHEH L TWAEMD 20 O

LW 2 BRNE 21T > 7=,

2EIH X2 COEM MM S h-, £z,

TXIB. TEXANOL [E/KME~~A > k., PVC
R, Ty BT N B B S A,
SBENOIBYE & L TREDMLET
H5, FFlZ, TXIB, TEXANOL [FAKME~
A2 IO IBORE RGN -T2, —
BAEEL O AKESRS U F 2 LLSFERALT
WADEERFE, A7 4 A EBEiER e & D
FREFENMLETHDH Z L0, K=
BR 70 8T X D OO FE & SR EE & O
BMEZ RS A Z N KETHDL EE X
Lo,

E-2 7 XNV AT VO ERSEL
V\j@7§?/l/ﬁ§n‘_x?ﬂ/*ﬁ0)?ﬁu/ﬁ§ o3
BT 5 1 % E B AL D 7= O I EBRS 1C
MU, ENO T Z LT 2T )VIHD
WIE « 34T k% 1SO 16000-33 : 2017
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[ Determination of phthalates with gas
chromatography/mass spectrometry
(GC/MS) | (ZIBINT 572, HEREE1ER
LTW5%, 2020 FEEERTHC WG20 DOEEL
ELTIRHSNDTETH D, Lo, Fikk
WA DOHETR & Resolution (Z-DV T, 2020
ERE 9 ARICT T VA - XY Tt
ISO/TC146/SC6 THEFET %,

F. bFgesek
1w SCHER

L
2FRPER
1) Hyuntae Kim, Shin-ichi TANABE, Makoto
Koganei, The emission rate of newly regulated
chemical substances from building materials,
TAQVEC 2019,10th INT. conference on
Indoor Air Quality, Ventilation and
Energy conservation in building, Bair
Italy USB #120., 2019.9
2) INRERE, & KA. BiH—. ek
T\EH#6%$¢6$E%% DIk
HOR IR oA, BRSSP
[ESCERRETE R 2 2020.3(%/33)

G. FNEYHTA HED BRI
IREEREE

7L
PREIPCE SR
7L
3. Z D
7L



x 1 BEXSREM

R P T4 VI ]
7y Rv—b AF4-1
Ry Ra—r&RUA b AF4-2
A Al AR K K120 AF4-3
R R Gl0Z AF4-4
A K G103 AF4-5
U /;*‘Vw k F.1
SRl
R WEZ vvaryrary F-2
7w 3a v 7a7T KF504-S F-3
7 v a7 a7y KF528-S F-4
KA T IVT HT— P-1
KPR IR PR p-2
KMEANY =2 —a— b P-3
B 7T ATy TR W-1
HHER 1 ~#& HK-16 W-2

722 BB FER O RIE S F(MSTD-258M)

I A 30T O )
ke A7 A i &2 (He) 90 ml/min
D GIREA 60 ml/min
T TR 60 min
s Tanex TA(60/80 mesh)

3 s R ORI E S
F v N 630ml
REfH 24h
W 5 | i i 30ml/sx24h=42.3L
RN 15ml/s
MC A5 it i 15ml/s
it Tenax TA (60/80mesh) F&IH
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4 NEABAE O SF(GERSTEL TDS A)

TN S 280 °C (10 min)
k7w IRE -60 °C
HENIRE 325 °C (5 min)

#£5 GC/MS OHHTEA:

i AR (GC/MS) Agilent 6890N / 5973 inert
VRN Inert Cap IMS  30mx0.25mmx0.25umdf

GC F—7 R 50°C(2min)—10°C/min—320°C(5min)
AU v K RYREE - splitless, @R/ : 50 : 1
HWEE—F SCAN
SCAN /XT A —X m/z 29(Low)~550(High)
e el B 230°C
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[f8%]
Meeting of ISO/TC 146/SC 6
"Indoor air"

Sankt Augustin (Germany)
11 October 2019

Resolutions

Resolution 456

ISO/TC 146/SC 6 agrees that the Japanese delegation should prepare the
documents on "Determination of phthalates with gas chromatography/mass
spectrometry (GC/MS)" for further discussion and send them to the secretariat by
the end of this year. The secretariat will distribute it to WG 20.

DRAFT Ver. 1.1
ISO
16000-33
Indoor air —
Part 33:

Determination of phthalates with gas chromatography/mass
spectrometry (GC/MS)

Air intérieur —
Partie 33: Détermination des phtalates par chromatographie en phase gazeuse/spectrométrie de

masse (CPG/SM)
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with ISO, also take part
in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all

matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the

editorial rules of the ISO/IEC Directives, Part 2 (see www .iso .org/ directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or

on the ISO list of patent declarations received (see www .iso .org/ patents).

Any trade name used in this document is information given for the convenience of users and does not

constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the

following URL: www .iso .org/ iso/ foreword .html.

This document was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 6,

Indoor air.

A list of all parts in the ISO 16000 series can be found on the ISO website.
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Introduction

The different parts of ISO 16000 describe general requirements relating to the measurement of indoor
air pollutants and the important conditions to be observed before or during the sampling of individual

pollutants or groups of pollutants, as well as the measurement procedures themselves (see Foreword).

The definition of indoor environment is given by ISO 16000-1. Dwellings [living rooms, bedrooms,
do-it-yourself (DIY) rooms, sports rooms and cellars, kitchens and bathrooms], workrooms or
workplaces in buildings which are not subject to health and safety inspections with respect to air
pollutants (e.g. offices, salesrooms), public buildings (e.g. restaurants, theatres, cinemas and other
meeting rooms) and passenger cabins of motor vehicles and public transport are among the most

important types of indoor environment.

Phthalates, the diesters of the ortho-phthalic acid (1,2-benzene dicarbon acid), are emitted into the
indoor air primarily from articles of daily use made of soft polyvinyl chloride (PVC). Typically,
phthalates are used as plasticizers in soft PVC. The five most frequently used phthalates are
diisodecylphthalate (DiDP), diisononylphthalate (DiNP), di(2-ethylhexyl)-phthalate (DEHP), di-n-
butyl-phthalate (DBP), and benzyl-n-butyl-phthalate (BBP). An overview of the most important
phthalates, their acronyms and several relevant substance properties can be found in Table A.1. These
phthalates can be determined in indoor environments by means of the analytical methods incorporating

gas chromatography/mass spectrometry specified in this document.
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Indoor air —

Part 33:
Determination of phthalates with gas chromatography/mass
spectrometry (GC/MS)

1 Scope

This document specifies the sampling and analysis of phthalates in indoor air and describes the
sampling and analysis of phthalates in house dust and in solvent wipe samples of surfaces by means

of gas chromatography/mass spectrometry.

Two alternative sampling and processing methods, whose comparability has been proven in a round
robin test, are specified for indoor air®l. Sampling can take place using sorbent tubes with subsequent
thermal desorption and GC-MS analysis. Alternatively, sampling can take on other types of sorbent

tubes that are subsequently analysed by solvent extraction with GC-MS.

Depending on the sampling method, the compounds dimethyl phthalate to diisoundecylphthalate can
be analysed in house dust as described in Annex CP. The investigation of house dust samples is only
appropriate as a screening method. This investigation only results in indicative values and is not

acceptable for a final assessment of a potential need for action.

Dimethyl phthalate to diisoundecylphthalate can be analysed in solvent wipe samples as described in

Annex B. Solvent wipe samples are suitable for non-quantitative source identification.
NOTE In principle, the method is also suitable for the analysis of other phthalates, adipates and
cyclohexane dicarboxylic acid esters, but this is confirmed by determination of the performance

characteristics in each case.

General information on phthalates are given in Annex A.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments) applies.
ISO 16000-6:2011, Indoor air — Part 6: Determination of volatile organic compounds in indoor and

test chamber air by active sampling on Tenax TA sorbent, thermal desorption and gas chromatography

using MS or MS-FID
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3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http:// www .electropedia .org/

— ISO Online browsing platform: available at http:// www .iso .org/ obp
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4 Sampling methods and analytical apparatus

4.1 General

Sampling of indoor air takes place either by adsorption on a thermal desorption tube filled with quartz
wool and Tenax® TAD on adsorbents such as Florisil®?, octadecyl silica (ODS), and styrene—
divinylbenzene copolymer (SDB) with subsequent solvent extraction!3!l81X], The quantity of solvent
used for solvent extraction procedures should be minimized in order to minimize blank values. All
apparatus and reagents used should be clean, i.e. without detectable quantities of the compounds of

interest.

The experiences from the round robin test have indicated that significant blank value differences can
also be introduced by the solvent. Each new bottle of solvent shall therefore be tested for phthalate

contamination before usel2.

NOTE The experiences from the round robin test have indicated that rinsing with clean solvent (no
detectable phthalates) is sufficient to remove contamination from the apparatus and that a sterilization

by heating with subsequent deactivation of the heated glass apparatus is not mandatory.

The ubiquitous distribution of phthalates shall be considered during sampling of indoor air in order to
avoid contamination of the sample. The measures to be considered for blank value minimization, as
well as the advantages and disadvantages of the individual methods, are described in detail in the
respective clauses. Further hints to quality assurance and problems related to blank values that shall

be considered are listed in Clause 10.

4.2 Sampling by adsorption with subsequent thermal desorption

Use the apparatus, reagents and materials described in ISO 16000-6 (including the informative annex

on semi-volatile compounds) with the following additional specific requirements:

4.2.1 Apparatus, operating materials and chemicals

4.2.1.1 Thermal desorption tube, stainless steel, inert-coated steel or glass tube filled with a 1 cm
loosely packed plug of non-friable quartz wool backed up by at least 200 mg of adsorbent, e.g. Tenax®

TAD 20/35 (see ISO 16000-6:2011, Annex D).
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4.2.1.2 Sampling system, according to Figure 1.

4.2.1.3 Pump, suitable for a volume flow in the range 50 ml/min to 200 ml/min under the sampling

conditions; recommended sampling volume of approximately 20 I to approximately 70 1.

4.2.1.4 Gas volume meter, the maximal measurement inaccuracy shall not exceed 5 %.

4.2.1.5 Laboratory sampling facilities, hygrometer, thermometer, barometer.

4.2.1.6 Internal standards, required as quality control measure of the whole analytical process
including sampling; suitable examples include: the ring-deuterated compounds D4-DMP, D4-DEP,

D4-DBP, D4-BBP, D4-DEHP, D4-DOP as well as the non-deuterated diallyl phthalate (DAIP), see
Clause 5 and Table 3. Standards shall be prepared in phtalate-free methanol, as described in ISO

16000-6, at a level such that a maximum 1 pl injection introduces approximately the same mass of

analyte onto the sampling end of the tubes as is expected to be collected during sampling.

1) Tenax® TA is the trade name of a product supplied by Buchem. This information is given for the
convenience of the users of this document and does not constitute an endorsement by ISO of the

product named. Equivalent products may be used if they can be shown to lead to the same results.

2) Florisil® is the trade name of product supplied by U.S. Silica. This information is given for the
convenience of the users of this document and does not constitute an endorsement by ISO of the

product named. Equivalent products may be used if they can be shown to lead to the same results.

4.2.1.7 Thermal desorption unit, coupled to GC-MS for the two-stage thermal desorption of the
sorbent tubes and transfer of desorbed vapours via an inert gas flow into a gas chromatographic (GC)

system, fitted with a mass spectrometric (MS) detector.

NOTE Deactivated (silanised) glass wool or quartz wool can also be used as adsorbent after an

appropriate method validation.

4.2.2 Preparation of the thermal desorption tube
The use of a tube packed with quartz wool and Tenax® TAY presupposes knowledge of ISO 16000-6.
Prepacked and preconditioned sorbent tubes are available commercially or can be prepared in the

laboratory as follows:
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A plug of non-friable quartz wool, usually supported by a stainless steel mesh, is inserted at the
sampling end of the tube. The required mass of sorbent is poured into the tube behind the quartz wool
plug. The far end of the sorbent bed is typically supported by a second plug of quartz wool or a stainless

steel mesh.

A minimum of 200 mg sorbent shall be used per tube in order to guarantee the sorption capacity.

NOTE  Determination of the breakthrough volume is described in ISO 16017-1:2000, Annex B. The
breakthrough volumes are proportional to the dimensions and masses of the sorbents. The rule of the
thumb is that the guaranteed sample volume doubles itself when the sorbent bed length is doubled

(while retaining the tube diameter).

After filling of the thermal desorption tubes (e.g. with Tenax® TAD), the tubes are conditioned for
approximately 8 h at 280 °C followed by approximately 30 min at 300 °C in an inert gas flow (100
ml/min). The purified sorption tubes are closed and stored at room temperature and in the dark in a

container that prevents sample contamination.

Analyse a representative number of conditioned tubes for blank value, using routine analytical

parameters, to ensure that thermal desorption blank is sufficiently small (see ISO 16000-6:2011, 7.1).

Sampling should take place as soon as possible after conditioning. If sampling is not possible within
approximately 14 days after conditioning, then the tube shall be reconditioned for 15 min at
approximately 300 °C before sampling. In order to avoid contamination, the thermal desorption tubes

should be touched only with cotton gloves. In addition, labelling shall be omitted.

The thermal desorption device should ensure that any contamination from external tube surfaces is
excluded from the analytical sample flow path. If the selected analytical system does not do this, tubes
shall only be handled using clean cotton gloves, in the field and laboratory, to minimize contamination.
Tubes should be indelibly and individually labelled but without attaching adhesive labels which might
jam or discolour during thermal desorption.

4.2.3 Sampling
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Prior to sampling, the conditioned tubes are spiked with maximal 1 pl internal standard solution in
methanol (e.g. 20 ng/pl for a sampling volume of 50 1; the absolute mass of the additionally spiked
standard depends on the sampling volume and the operating range of the method). The standard

solution is usually applied on the sampling end of the sorbent tube.

The sampling equipment is assembled according to Figure 1 and shall be free of leaks. The pump is
connected to the non-sampling end of the sorbent tube by means of polyethylene or
polytetrafluoroethylene (PTFE) connectors and is switched on. If the breakthrough volume of the
analysed phthalates is unknown, then two sorption tubes shall be connected in series. The tubes shall
be connected with a phthalate-free coupling.

The volume flow, as well as the temperature, the absolute air pressure and the relative air humidity,
shall be recorded. The suitable sampling volume flows are within the range of 50 ml/min to 200 ml/min.
This corresponds to a recommended sampling volume of approximately 20 1 to 70 1 for a sampling
duration of approximately 2 h to 24 h. After sampling, the sorption tube is removed from the sampling
equipment; both ends of the sorption tube shall be closed.

A doubled sampling of the indoor air is recommended.

Sampled tubes shall be transported to the laboratory and analysed as soon as possible.

4.3 Sampling by adsorption with Florisil®? and subsequent solvent extraction
4.3.1 Apparatus, operating materials and chemicals
4.3.1.1 Sampling system, according to Figure 1.

4.3.1.2 Pump, suitable for a volume flow of approximately 2 I/min under the conditions of the

sampling, recommended sampling volume of approximately 1 m* to 3 m* in 8 h to 24 h.
4.3.1.3 Gas volume meter, the maximal measurement inaccuracy shall not exceed 5 %.
4.3.1.4 Muffle furnace.

4.3.1.5 Flat, heat resistant evaporating dish, for heating Florisil®?.
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4.3.1.6 Florisil®?, 60 to 100 mesh.
4.3.1.7 Glass wool, silanized.
4.3.1.8 Glass flask, with screw-cap and polytetrafluoroethylene (PTFE) sealing, 50 ml.

4.3.1.9 Adsorption tubes, glass tube, approximately 200 mm long, internal diameter approximately

10 mm to 12 mm.
4.3.1.10 Laboratory sampling facilities, hygrometer, thermometer, barometer.

4.3.1.11 Solvent, e.g. tertiary butyl methyl ether (TBME) or toluene, free of blank values (solvent
shall be tested for the absence of phthalate blank values).

4.3.1.12 Internal standards, suitable are, e.g. the ring-deuterated compounds D4-DMP, D4-DEP, D4-
DBP, D4-BBP, D4-DEHP, D4-DOP as well as the non-deuterated diallyl phthalate (DAIP); see Clause

5 and Table 3.

4.3.1.13 GC-MS, gas chromatographic (GC) system, fitted with a mass spectrometric (MS) detector.
[Figure 1 is omitted]

1 sampling tube
membrane vacuum pump

timer switch (optional)

2
3
4  anti-abrasion filter
5  volume measuring device or mass flow controller
6

protective housing

Figure 1 — Schematic diagram of the sampling equipment

[Figure 2 is omitted]
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Figure 2 — Filling of the glass tube

Key
1  Florisil®?

2 glass wool

4.3.2 Preparation of Florisil®? and the adsorption tubes

Florisil®? is brought out in a thin layer (approximately 3 cm to 4 ¢cm) on an evaporation dish and
heated at 800 °C for 6 h. After cooling down in the desiccator it is deactivated with bi-distilled water
(3 % proportion by mass). To this end, 5 g Florisil®? and 150 ul water are given to a 50 ml glass flask
with a screw-cap and polytetrafluoroethylene (PTFE) sealing. After closing the flask, Florisil®? shall
be mixed for approximately 45 min until a uniformly flowing powder has formed again. The
deactivated Florisil®? is then filled into an adsorption tube (see Figure 2). The filling height should
be approximately 10 ¢cm to 13 cm. The ends of the Florisil®? filling are closed with silanised glass

wool. The filled tubes are stored in the desiccator over silica gel until air sampling.

NOTE  The geometry of the tube is based on the DFG method 1],

4.3.3 Hints to the application of Florisil®?
Each charge of Florisil®? newly heated and deactivated according to 4.3.2 shall be examined for blank
values. Charges where high phthalate blank values are still measured after such treatment shall be

heated and deactivated anew.

As long as the prepared tubes are stored in the desiccator, they are suitable for storage and use within
up to six months. After expiration of this period, unused tubes shall be emptied and the Florisil®?
shall be treated again according to 4.3.2.

Other adsorbents such as Chromosorb 106 or comparable carrier materials can be utilized as

adsorption agents. Absorbent preparation and sampling shall then be modified accordingly, and the

suitability shall be proven by a determination of the performance characteristics.

4.3.4 Sampling
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A defined volume (e.g. 10 pul) of the internal standard solution (e.g. 100 mg/l, this corresponds to an
absolute mass of the internal standard of 1 ug) shall be added prior to sampling. The preparation of
the solutions of the internal standards is described in Annex D (for thermal desorption method) and in

Annex E (for solvent extraction method using Florisil®?).

The internal standard is added, e.g. by means of a microlitre syringe. The standard solution is usually
placed on the adsorbent on the side oriented towards the flow. The amount to be added for the
anticipated operating ranges from 0,05 pg/m?® to 10 pg/m? is listed in Table 1. The compounds listed

in Clause 5 are suitable as internal standards.

Table 1 — Operating range for determination of phthalates with contents from 0,05

png/m3 to 10 pg/m? in an air sample

[Table 1 is omitted]

The sampling equipment is assembled according to Figure 1 and a leak test is performed. The volume
flow, as well as the temperature, the absolute air pressure and the relative air humidity, shall be
recorded. Sampling takes place by means of a pump, and the sampling volume amounts to 1 m? to 3
m?. For a volume flow of 2 I/min to 3 I/min, the sampling duration shall be approximately 8 h to 24 h

depending on the sampling strategy.

The loaded tubes shall be transported to the laboratory promptly, and processing of the tubes shall take

place as soon as possible after sampling.

4.3.5 Sample conditioning

The Florisil®? and the glass wool from the adsorption tube are transferred completely to a 50 ml glass
flask with screw and mixed with 25 ml solvent. The flask is closed by a screw-cap with a
polytetrafluoroethylene (PTFE)-coated seal, effectually shacked up for thorough wetting and placed

for 15 min in the ultrasonic bath.
TBME and toluene have been proven successful as solvents. The use of another slightly polar solvent

is possible. Non-polar solvents (e.g. hexane) are not suitable. However, it shall be guaranteed that the

same solvent is used for calibration and gas chromatographic determination of the sampling solution.
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5 ml of the supernatant are then extracted by a dropper and reduced to 0,2 ml. Reduction to dryness
leads to considerable substance loss, especially of the volatile phthalates. 100 pl of this concentrated
extract is transferred to the auto sampler vials and used for the CG/MS analysis (Clause 6). Under
application of the specifications described in 4.3.4, the concentration of the internal standard in the

concentrated extract amounts to 1 mg/l.

4.4 Sampling by adsorption with ODS solid phase disk or SDB copolymer cartridge

and subsequent solvent extraction

4.4.1 Apparatus, operating materials and chemicals

4.4.1.1 Sampling system, according to Figure 1.

4.4.1.2 Pump, suitable for a volume flow of approximately 2 I/min or 10 1/min under the conditions

of the sampling, recommended sampling volume of approximately 2.88 m? to 14.4 m? in 24 h.

4.4.1.3 Gas volume meter, the maximal measurement inaccuracy shall not exceed 5 %.

4.4.1.4 ODS solid phase disk, 47 mm in diameter.

4.4.1.5 SDB copolymer cartridge.

4.4.1.6 Sampler holder, parts of the holder for the solid phase disk or cartridge that contact the sampler

should comprise Teflon®.

4.4.1.7 Glass centrifuge tube, 10 ml.

4.4.1.8 Laboratory sampling facilities, hygrometer, thermometer, barometer.

4.4.1.9 Solvent, acetone for residual agricultural chemical test, free of blank values (solvent shall be

tested for the absence of phthalate blank values).

4.4.1.10 Internal standards, suitable are, e.g. the ring-deuterated compounds D4-DMP, D4-DEP, D4-
DBP, D4-BBP, D4-DEHP, D4-DOP as well as the non-deuterated diallyl phthalate (DAIP); see Clause
5 and Table 3.
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4.4.1.13 GC-MS, @ Cm gas
chromatographic \ (GC) system, fitted
1 2 3 4 5 6

with a  mass spectrometric (MS)
detector.

1 2 3 4 5 6 7
Key

1 Pump side cap (made of aluminium)
Screen holder (made of Teflon®)

Support screen (made of Teflon®)

Solid phase disc

O-ring (made of Teflon®)

Solid phase disc retainer (made of Teflon®)

N N AW

Air sampling side cap (made of aluminium)

Figure X — Scheme of holder for solid phase disk

Key
1 Pump side cap (made of aluminium)

2 Cartridge holder (made of Teflon®)
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O-ring
SDB copolymer cartridge
Cartridge retainer (made of Teflon®)

AN W B~ W

Air sampling side cap (made of aluminium)

Figure X — Scheme of cartridge holder

4.4.2 Sampling

After installing the solid phase disc or cartridge in the sampler holder, wrap the entire holder assembly
with aluminium foil, put in a closed metal container and carry to the measurement site. Then, prepare
two identical holders separately, one for the operation blank (to be kept in the analysis facilities until

sampling is completed), the other for transport to the measurement site and intended as the travel blank.

For sampling, place the holder 1.2 to 1.5 m above the measurement site and connect it to the suction
pump. Run the suction pump and collect the sample air at a flow rate of 2 I/min to 10 I/min for 8 to 24
h.

After sampling, detach the holder from the suction pump, wrap in aluminium foil, store in a closed
metal container and transport back to the analysis facilities. The holder for the travel blank test should

be handled in the same manner as the sampling holders, minus the air sampling procedure.

Furthermore, record the weather conditions at the time of measurement (such as air temperature,
humidity and pressure) and the sampling details (such as start and end time of air sampling and volume

of air sampled).

NOTE For the solid phase disc holder, disassemble the parts into pieces, place them in a metal
bucket or glass beaker before use, perform ultrasonic cleaning in acetone for 10 min, air dry and
assemble the cleaned solid-phase disc. At that time, use a pincette that has been ultrasonically cleaned
in acetone for 10 min. Cartridge holders do not require cleaning before use. When mounting the
cartridge in the holder, wash your hands with soap and be careful not to directly touch the air sampling

side of the cartridge.

The operation blank test is performed to confirm the extent of contamination from the environment in

the preparation of the test solution.
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The purpose of the travel blank test is to confirm the extent of contamination during the time from
sampling to sample solution analysis. In the case the travel blank value is equal to or lower than the
operation blank value, it is confirmed that there is no contamination during transfer. If the travel blank
value is larger than the operation blank value, contamination occurred during transport and the origin
of contamination should be pursued. Measures should be taken to prevent contamination during the
retest. In calculating the concentration in air, the travel blank value is subtracted from the measured

value.

4.4.3 Test solution preparation

Remove the solid phase disc from the holder and fold it into a glass centrifuge tube. Remove the
cartridge from the holder and transfer the internal SDB copolymer resin to a glass centrifuge tube. Add
5 ml of acetone and 5 pl of internal standard solution to the centrifuge tube extract ultrasonically for

20 min and centrifuge at 2,500 rpm for 10 min; then, use the supernatant as the test solution.
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5 Calibration

5.1 General

Phthalates present in indoor environments tend to undergo gas-particle-partitioning which is mainly
characterized by the vapour pressure of the individual compound. Phtalates exhibiting high vapour
pressures are most likely found in the gas phase whereas phthalates with low pressures tend to
condense and are predominantly found in the particle phase. Therefore, some phthalates like DPhP,
DiNP, DiDP, and DiUP are not normally present at detectable concentrations in indoor air. Those
compounds will be found in solvent wipe samples and house dust samples. Methods for screening

phthalates in solvent wipe tests and house dust are described in Annex B and Annex C, respectively.

Table 2 gives an overview for a range of phthalates and their occurrence in air samples or in house

dust as well as wipe samples.

Table 2 — Ascertainable phthalates in the various media

[Table 2 is omitted]

A calibration shall be performed in order to specify the concentration and working range to be
determined, respectively. A multiple calibration (at least a 5-point calibration) is required for the
establishment of the basic calibration. It shall be repeated regularly, at the latest after substantial
changes of the measurement system. A multiple calibration (at least a 3-point calibration) shall be

performed for the validation of the calibration function.

The ring-deuterated compounds listed in 4.2.2 as well as the non-deuterated diallyl phthalate (DAIP)
are suitable as internal standards (based on ISO 18856).

5.2 Calibration of the thermal desorption method

A minimum 5-point thermal desorption GC-MS calibration shall be performed by desorbing a blank

tube and preparing standard tubes at 4 or more different levels covering the work range. Methanol is

used as solvent. A detailed example for a calibration procedure is given in Annex D.
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5.3 Calibration of the solvent extraction method

A minimum 5-point solvent extraction GC-MS calibration shall be performed by desorbing a blank
tube and preparing standard tubes at 4 or more different levels covering the work range. More
calibration points can be added if an extended calibration range is required. Either toluene or TBME

is used as solvent. A detailed example for a calibration procedure is given in Annex E.
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6 Identification and quantification
6.1 Mass spectrometric analysis

During phthalate breakup through electron ionization, the anhydride fragment with a mass to charge

ratio (m/z) of 149 forms the base peak. The masses usually used in SIM mode are listed in Table 3.

Specific problems arise during quantification of the isomer mixtures, e.g. nonyl, decyl and undecyl
phthalates. Since isomeric phthalates fragment stronger than their n-compounds, the determination of
phthalates using the ion m/z = 149 and the response factor of the corresponding n-compound leads to
a result that lies lower than the actual value. Thus, e.g. DEHP and DiBP show an approximately 20 %
lower detection sensitivity towards their n-compounds upon quantification by means of m/z = 149.

The lower results for components with longer chains can amount to 50 %.

Table 3 — Mass traces (SIM masses)

[Table 3 is omitted]

When DAIP is used as internal standard, it is necessary to confirm that the retention times of DAIP

and 4-NP are not identical.

In addition, numerous peaks in the chromatogram are obtained in the case of the isomeric nonyl, decyl
and undecyl phthalates (especially in house dust samples or solvent wipe samples) L8119 (see Figure
3). Thus, for the same concentration, the height and the area of the individual peaks within a peak
pattern of this type are smaller than for the phthalates consisting of only one isomer, e.g. DEHP.
Smaller concentrations of the isomeric nonyl and decyl phthalates can present difficulties with
conforming identities compared with the same concentrations of phthalates consisting of a single
isomer. Hence, the achievable quantification limits for isomer mixtures are higher than for the common

phthalates.
If several different isomer mixtures are present in a single sample (e.g. nonyl and decyl phthalates),

then an exact quantification of the single isomer mixture is no longer possible 7. Two different

approaches can be attempted to identify the mixtures and to quantify them by approximation:
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[Figure 3 is omitted]

a) Mass trace m/z = 149

b) Mass trace m/z = 307

Key
X  retention time

Y  strength of the signal

NOTE  Source: personal communication R. Nagorka.

Figure 3 — Superimposed GC-MS chromatograms of a DiNP standard and a DiDP

standard

The identification and quantification takes place using the specific masses m/z = 293; 307; 321
according to Table 3. This is, however, related to a sensitivity loss. Furthermore, the specific masses

of the isomer mixtures cannot be clearly allocated (Figure 3).

The identification and determination of the integration times takes place using the specific masses m/z

=293;307; 321 according to Table 3.

Quantification takes place using the mass m/z = 149. The integration limits are determined within the
overlapping range of both peaks (see Figure 3). This inaccurate determination of the integration

window can lead to substantial uncertainties.

The selected quantification method shall be recorded in the test report. Yet, another problem is that the
suppliers of analytical standards are far from covering the band width of the commercially used
semivolatile phthalates. More importantly, these analytical standards can have a substantially different
composition as exemplified in Figure 4. It shows the substantial mass trace m/z = 149 of two different
commercially available DINP mixtures. Both DiINP mixtures show different peak patterns with a

different retention range. Also, standards with the same CAS number can reveal different compositions.
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[Figure 4 is omitted]

a) Producer A

b) Producer B

NOTE  Source: personal communication R. Nagorka.

Figure 4 — GC-MS chromatograms (m/z = 149) of two different DiNP standards

Figure 5 shows a typical chromatogram of an air sample with a laboratory blank value and calibration

exemplified by a Florisil®? processing.

[Figure 5 is omitted]

a) Chromatogram of a laboratory blank value from a Florisil®2) tube spiked with the IS and
concentrated. IS (DAIP): 17,02 min, DiBP: 19,22 min, DBP: 20,85 min, DEHP: 29,65 min

b) Chromatogram of a calibration standard of 1 mg/l DMP: 11,20 min, DEP: 14,04 min, IS
(DAIP): 17,02 min, DiBP: 19,22 min, DBP: 20,85 min, BBP: 26,93 min, DEHP: 29,63 min,

DOP: 31,99 min

¢) Chromatogram of a processed air sample. IS (DAIP): 17,04 min, DiBP: 19,22 min, DBP:
20,85 min, BBP: 26,95 min, DEHP: 29,66 min

Figure 5 — Typical chromatograms of an air sample
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7 Establishment of calibration curves and calculation of the analyte
mass

7.1 Establishment of calibration curves

A calibration curve is established by using calibration solutions. The calibration procedure is described
in Annex D for the thermal desorption method and in Annex E for the solvent extraction method. To
establish the calibration function, the ratio of the peak area of the fragment ion trace of the analyte to

the peak area of the fragment ion trace of the internal standard is calculated. The calibration function

is given by Formula (1):
vea=bm+a (1)
where

vpa 1s the peak area ratio (ratio of the peak area of the analyte to the peak area of the internal
standard);
a is the intercept;
b s the slope in pug™;

m is the analyte mass in pg.

A linear regression analysis using the known analyte masses, m, and the corresponding peak area ratios,
vpa, 18 performed. In addition to the intercept, a, and the slope, b, mentioned above, the regression

analysis also gives the parameters sa, sv, 7, and syx
where

sa 1s the standard deviation of the intercept;

sy 1s the standard deviation of the slope;

r  1is the linear correlation coefficient;

syx 1 the standard deviation of the regression (standard deviation of the estimate);

n  denotes the number of measurement points.
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7.2 Calculation of the analyte mass
First of all, the ratio of the peak area of the analyte to the peak area of the internal standard is
established (vpa). The analyte mass, m, in pg is calculated using the peak area ratio and the regression
coefficients (slope and intercept). Assuming m = msol, i.€. the analyte mass refers to the mass of analyte
in the measurement solution, the rearrangement of Formula (2) gives:

Msol = (vpa —a) / b (2)

Misol is the analyte mass in the measurement solution in pg.

Assuming m = mube, 1.€. the analyte mass refers to the mass of analyte in the thermal desorption tube,

the rearrangement of Formula (1) gives Formula (3):

Mtube = (VPA - a) /b (3)

Miube is the analyte mass in the thermal desorption tube in pg.

If the value for intercept is not significantly different from zero, mso and mupe can also be calculated

by using Formula (4):

Msol = VPA /b (4)
or Formula (5):

Mube = Vpa / b (5)
A t-test with zero hypothesis Ho: a=-o (with = 0) is used to prove if the intercept, a, deviates
significantly from zero. The test parameter, ¢, is calculated here according to the algorithm 2% in
Formula 6:

“t=lal/ sq (6)

The calculated “t-value is then compared with the tabulated z-value: tap = to5 %,n-2 (see Table 4).
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If the calculated “t-value exceeds the tabulated 7-value, the zero hypothesis (intercept is equal to zero)

shall be rejected; that is, the intercept shall be considered by the concentration calculated based on the

peak area ratio, vpa [see Formulae (2) and (3)].

Table 4 — Values of the t-distribution

[Table 4 is omitted]
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8 Calculation of indoor air concentrations

The indoor air concentrations are determined from measurement solutions according to Formula (7):

where

CcA=Msol/ Va (7)

ca is the analyte concentration in the indoor air in pg/m?;

msol 1S the analyte mass in the measurement solution in pg;

Va is the sampling volume in m?.

The indoor air concentrations are determined from thermal desorption tubes according to Formula (8):

where

CA = Mtube / VA (8)

ca is the analyte concentration in the indoor air in pg/m?;

Mube 18 the analyte mass in the thermal desorption tube in pg;

Va is the sampling volume in m? under sampling conditions.
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9 Performance characteristics

9.1 Detection limit

The analytical detection limit (LOD) is usually defined as a signal-to-noise ratio of 3:1, where the
noise of the baseline of the native mass trace used for quantification is measured in a signal-free
window corresponding to the 10-fold signal width at half signal height before the anticipated signal.
Due to the potential significance of matrix interferences, samples, not standards, shall be used to
determine detection limits.

9.2 Quantification limit and problems related to the blank values

The analytical quantification limit (LOQ) is calculated as a signal-to-noise ratio of 9:1 here. The user

shall determine the quantification limit based on validation measurements.

LOD and LOQ are generally dependent on:

— sampled air volume,

— general level of air contamination in the laboratory,

detection limit of the apparatus under the given analytical conditions (including detector sensitivity,

selectivity and split ratio)

final volume of the analysis solution (specific to the determination of detection limits for solvent

extraction methods),

— injection volume (specific to the determination of detection limits for solvent extraction methods),

system blank levels including sorbent and solvent background.

During the phthalate analysis, the quantification limit is dominated by the occurrence and the
fluctuations of the field blank value (see Table 5). It is therefore inappropriate to determine the
quantification limits based on calibration and declare them as quantification limits of the method. For

blank values exceeding the ninefold of the noise, the quantification limit of the method is defined as
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the double of the field blank value of the sample series (see 10.1). Measured values below the
respective quantification limit are indicated as “< LOQ”. As a matter of principle, the numeric value

of the quantification limit shall be recorded.

The field blank values shall be calculated on the analogy to Clause 7 and Clause 8 and shall be referred

to the respective sampling volume. The results of the field blank values shall be documented
individually for all analytes. They are not used as correction of the results but only for a better

interpretation of the measured values.

Table 5 — Example for average laboratory blank value and background value

(ambient air) during indoor air sampling by means of Tenax® TAY tubes

[Table 5 is omitted]

In the blank test with ODS solid phase disk and SDB copolymer cartridge, DEP, DBP, and DEHP were
detected from all adsorbents (Table X), while the two other target phthalates — DiBP and BBP — were

not detectedX!.

Table X — Blank values of phthalates in each adsorbent (n=3; ng + s.d.)

Analyte ODS disk A ODS disk B SDB cartridge
DEP 2.0+0.10 2.6 +0.20 1.3+0.20
DiBP <0.2 <0.2 <0.2
DBP 23.6+3.0 30.1+4.5 10.1+1.5
BBP <1.0 <1.0 <1.0
DEHP 23.0+5.6 32.7+44 13.7+2.8
Internal standards: D4-DBP, D4-BBP, D4-DEHP

9.3 Reproducibility standard deviation and repeatability standard deviation
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A round robin test was performed for validation of the two analytical methods for indoor air described

in this document 1. The samples for the round robin test consisted of:

a) a solution containing four phthalates for spiking the Tenax®" thermal desorption tubes, and/or

b) a Florisil®? adsorption tube spiked with four phthalates.

The thermal desorption tube was analysed according to 4.2 and the Florisil®? adsorption tube was
analysed according to 4.3. The results are compiled in Table 6. The results prove the comparability of
the two methods. Although one of the methods was always applied by the laboratories for the first
time, the comparison of the reference values demonstrates the practicability of both methods and the

correctness of the results within an acceptable variance.

Table 6 — Results of the analysis of the round robin test with the respective
reference value, average value, relative standard deviation and median
[Table 6 is omitted]

A round robin test for phthalate analysis was performed in 2005 by the State Health Office of Baden-

Wiirttemberg, Germany, where a phthalate solution of unknown concentration was forwarded.

The 28 participants analysed the samples according to the respective internal methods; the results are
shown in Table 7. In addition, a mixed dust sample of different house dusts sieved to <63 pm was
analysed by 26 participants. These results are shown in Table C.2.

Table 7 — Results from a round robin test for phthalate analysis in a solution 2!

[Table 7 is omitted]
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10 Quality assurance
10.1 Method verification and determination of blanks

Due to the ubiquitous distribution especially of the plasticizers DiBP, DBP and DEHP and since the
measured values are frequently in the range of the quantification limit, the blank values play a
significant role for phthalates analysis. It is therefore recommended to measure the results of the field
blank values continuously and to make a record by, e.g. a control chart in order to identify blank value

changes. Problems to determine blank values are discussed in Annex H.

10.1.1 Field blank value of the indoor air

The entire method shall be verified regularly and with each sample series by the determination of field
blank values. A field blank sample of the indoor air is a sample that is obtained in an identical manner
as the actual sample, however, without sucking air through the sampling equipment. The adsorbent
agents shall not be exposed to the ambient air for a longer time than the exchange of the sampling
head requires. In this way, the field blank value enables, among other things, also statements with
regard to contaminations during transport, to the sampling set-up and to the entire course of the

analysis. Field blank values are not subtracted from the sample result.

10.1.2 Analytical laboratory blank value

In addition, a laboratory blank value of all analytes shall be determined after larger changes of the
analytical method by means of a blank value sample that covers the entire analytical method including
extraction, cleaning and quantification. This procedure is also recommended following the analysis of
a sample with values that exceed the previous concentration levels by a factor of 10.

10.2 Measures for blank value minimization

The following measures have been proven successful for minimization of the blank values that

significantly influence the quantification limit:

— sealing (e.g. aluminium foil) the operating materials after heating to minimize dust intrusion,
— blank value verification of chemicals and operating materials, especially solvents,

— fitting and airtight sealing of the sampling media in the laboratory,
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— transportation and storage of the samples and sampling media in phthalate-free containers

(aluminium foil, glass bottles with grinded glass plugs, screw-cap flasks without synthetic seals),

— avoidance of plastic gloves, labels, hand creams, paper containers especially of waste paper, etc.,

— use of phthalate-free equipment and materials, e.g. cotton gloves, polytetrafluoroethylene (PTFE)

droppers (e.g. Burky Multipette), storage of the injection needles in solvents free of blank values,

septum-free injection (e.g. Merlin Microseal).

10.3 Documents

The questionnaire in ISO 16000-1 should be used for indoor air studies. An example of a sampling

protocol is shown in Annex I as additional sampling documentation.
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11 Interferences

During sampling, transport and analysis of phthalates, it shall be borne in mind that numerous
materials and operating materials are equipped with the investigated analytes and can thus lead to a
significant contribution to the blank values. The measures for minimization of blank values are

described in Clause 10.
The varying composition of the commercially available reference materials of the isomer mixtures

constitutes a specific problem. The uncertainties during identification and quantification of isomer

mixtures are described in 6.1.
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Annex A

(informative)

General information on phthalates

A.1 Properties and occurrence

Phthalates are various, predominantly aliphatic diesters of the ortho-phthalic acid (1,2-benzene
dicarbon acid; see Figure A.1). A recent overview of production, application, substance properties and
legal regulations can be found in Reference [10]. Approximately one million tons of phthalates are
produced annually in Western Europe. More than 90 % are used as plasticizers of soft PVC. In 2004,
the market share of phthalate-free plasticizers in Western Europe was 7 %. Soft PVC consists on
average of 30 % to 35 % of plasticizers. Products of or with soft PVC are found in almost all
households: floorings, artificial leather, wallpaper, shower curtains, electric cables, baby articles,
children’s toys, wrapping materials, shoes, sports and leisure articles as well as interior panelling of
motor vehicles can thus contain phthalates. Numerous medical products such as blood bags and hoses

also consist of soft PVC.

The five most frequently used phthalates are DiDP, DiNP, DEHP, DBP and BBP. An overview of the
most important phthalates, their acronyms and several relevant substance properties can be found in
Table A.1. These phthalates can be determined in indoor air, solvent wipe test or in house dust by

means of the analytical methods specified by this document.

DEHP has been the most frequently used phthalate for a long time. Consumption in Western Europe
was approximately 460 000 t in 1999; corresponding to nearly 42 % of the total plasticizer
consumption. This share dropped to 22 % in 2004 at an almost steady overall plasticizer consumption.
DEHP is utilized to approximately 97 % as plasticizer in PVC. Impacts on fertility, reproduction and
offspring development have been proven for DEHP, and for BBP and DBP as well in experimental
studies on animals with the result that these three phthalates have been classified according to EU
Directive 67/548/EEC as reproduction toxic (reproduction endangering) and hence as hazardous

substances.

DiNP and DiDP are isomer mixtures, potentially also containing common isomers. DiNP is a mixture
from esters of the o-phthalic acid with Cg-Cio- alcohols (Co-rich). Owing to different production
procedures, two DiNP mixtures differing in their isomer content are commercially available. In the

case of DiDP, the isomer mixture contains esters of the o-phthalic acid with Co-Cj;-alcohols (Cio-rich).
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The exact content of the mixtures is known neither for DINP nor for DiDP. DiNP and DiDP are by
now the most utilized phthalates in Europe. Their common share of the plasticizer consumption

amounted to 58 % in 2004. This corresponds to 580 000 t.

Both phthalates are predominantly utilized in PVC applications and have partially substituted DEHP

in recent years.

In 2004, the BBP consumption in Europe was almost 195 00 t. Almost 60 % are used as plasticizers
of PVC. About 40 % are utilized in other polymers, e.g. in sealants on polysulfide, polyamide and

acryl base, as well as in adhesives, dyes and varnishes.

Almost 260 00 t DBP were produced in Europe in 1998. Approximately 30 % of DBP goes into the
production of dyes, dispersions, varnishes and adhesives. In addition, DBP as well as DEP is contained

in some medicine capsules. Cosmetics continue to contain both DMP and DEP.

The phthalates DBP, DiBP, DEHP are contained in garbage and recycling products, especially in waste
paper in the ppm range. The pollution of waste paper and the contamination risk related shall be
considered during sampling and analysis.

Table A.2 provides examples for phthalate contents in indoor air samples from an exposure survey

with no reference to a particular occasion 12, Processing took place by thermal desorption according

t0 4.2.

Table A.1 — The most important phthalates and selected physical properties

[Table A.1 is omitted]

[Figure A.1 is omitted]
Key
R1 aliphatic substituents

R2 aromatic substituents

Figure A.1 — Basic structure of phthalates
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A.2 Release and environmental behavior

Table A.2 — Phthalate contents in indoor air samples in pg/m? (n = 34); limit of
quantification LOQ always 0,01 pg/m?3, LOQ for DEHP 0,06 png/m?

[Table A.2 is omitted]

Phthalates and other plasticizers are distributed only physically within the polymer matrix, and are not
chemically bound. Hence, phthalates can slowly but steadily diffuse out of the products during
application and can volatilize in ambient air. With the exception of the volatile DMP, phthalates belong
to the semivolatile organic compounds (SVOC). Hence,they possess a specific potential to adsorb on
particles in the air. Phthalates can therefore be found in interior spaces not only in indoor air
(OIZNEIIZIIINIA] Byt also in house dust DB Moreover, during the production, processing, and
packing of food, the fat-soluble phthalates can get directly into the food chain. The exposure of the
European population to eight phthalates is described in detail in Reference [15]. The main exposure
of the general population to phthalates takes place via foodstuffs and inhalation. For DEP and DBP,
the exposure of teenagers and adults to phthalates is dominated by dermal reception via body care
products and cosmetics. With nurslings and infants reception of DEHP and DiNP takes place
predominantly orally because plasticizers from toys and baby articles can be solved by the saliva.
Furthermore, oral reception of house dust plays a not negligible role. Phthalates arrive directly into

the blood stream during application of medical products like hoses, probes and blood bags.

In addition to a direct spreading (e.g. of pesticides), the outdoor release of phthalates takes place also
from materials by evaporation, washout and wear. Phthalates can be transported over long distances
by air; hence, these substances are globally distributed. In the waters, phthalates adsorb on floating
matter. DEHP and other phthalates are persistent under anaerobic conditions and are therefore

intensely accumulated in sediments.

A.3 Regulatory background

The phthalates DEHP, BBP and DBP in toys and baby articles are by now forbidden throughout the
European Union (Directive 2005/84/EU dated 14.12.2005). Furthermore, the application of DiNP,
DiDP and DOP is prohibited in toys and baby articles that can be taken in the mouth. In preparations
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like dyes and varnishes, which are passed to private end users, as well as in cosmetic products, DEHP,
BBP and DBP are by now also prohibited throughout the EU. Plasticizer-free material alternatives
already exist for most of the soft PVC products. Plastics on the basis of polyolefines such as

polyethylene (PE) or polypropylene (PP) are generally free of plasticizers.
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Annex B

(informative)
Screening phthalates in solvent wipe tests
B.1 Measurement strategy
The reason for investigations by solvent wipe samples can be, e.g.:
— screening examinations towards localization and identification of sources (see Figure B.1),
— detection of possible surface contaminations,
— fogging problems (“black dust*).
The phthalate concentrations in the solvent wipe samples from surfaces of inert phthalate-free
materials frequently range from approximately 1 pg/m? to 1000 pg/m?. With fogging samples,
concentrations higher by an order of magnitude can occur (especially for DEHP partially > 10 mg/m?).
Due to this extensive concentration range, the following processing instruction and the practical
example are purely indicative (see Table B.1).
[Figure B.1 is omitted]
Key
X  retention time
Y strength of the signal
Figure B.1 — Ion trace chromatogram (m/z = 149) of a wipe sample of a phthalate
containing wall coating (screening analysis without IS)

B.2 Selection of a surface for sampling

The selection of the sampled surface shall be accurately justified and documented. Solvent wipe

samples should preferably be performed on non-absorptive surfaces (glass, metal, ceramics, plastics,
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etc.) The sampled surface is dependent on the measurement task and the anticipated concentration. It

should be approximately 10 cm % 10 cm.

It is recommended to test the surface selected for the examination for solvent resistance prior to

sampling.

B.3 Sampling and conditioning of the wipe sample of solvents

B.3.1 Sampling

Sampling shall take place using phthalate-free substrates. Aluminium oxide wool sterilized by heating
or pre-extracted wiping cloths have been proven suitable. The substrate is moistened with a suitable
solvent (TBME, toluene, ethanol) depending on the solvent resistance of the surface. The selected
surface is wiped with the moistened material three times forming slightly overlapping courses by the
use of cleaned tweezers or metal pliers (see Figure B.2). The process is repeated on the same surface,
if necessary, with a second solvent. Likewise, unloaded substrates that have been moistened in the
same way are taken as blank value samples. The samples are securely packed (e.g. in aluminium foil

or glass bottles) in order to avoid contamination.

[Figure B.2 is omitted]

Figure B.2 — Sampling of solvent wipe samples

Table B.1 — Phthalate contents in pg/m2 in solvent wipe samples form a
windowpane (450 cm?) during a measurement with no reference to a particular

occasion

[Table B.1 is omitted]

B.3.2 Extraction and analysis (Practical example)
If the substrates have been packed after sampling in glass bottles, it is recommended to perform the
extraction directly in these bottles and not to transfer the substrates to any other vessels. Alternatively,

the samples are transferred to the laboratory to glass flasks or glass bottles (volume 50 ml) and mixed
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with 20 ml solvent and with 10 pl of the internal standard solution with concentration of 100 mg/l.
The flasks or bottles are closed, effectually shaken and treated in a ultrasonic bath for 30 min. 10 ml
of the supernatant is reduced to 0,5 ml under vacuum control. Attention should be paid in this process
not to reduce to dryness. The concentration of the internal standard in the concentrated extract amounts

here to 1,0 mg/l. The concentrated extracts are analysed.

The practical example described here is suitable for a concentration range from 5 pug/m? to 1000 pg/m?
for a sampled surface of 10 cm x 10 cm. If even higher concentrations are found or anticipated in the
wipe samples, then the amount of the internal standard and the solvent as well as the supernatant

thickening shall be adjusted.
If very high phthalate concentrations are expected in the wipe samples, as it can be the case with, e.g.
the “fogging* problems, then the substrates can initially also be extracted with (e.g., 20 ml) solvent
without addition of an internal standard. Subsequently, a small sample of the supernatant (maximally
100 pl) is then taken for the analysis and the approximate concentration is calculated. The required
quantity of the internal standard and the solvent, as well as the concentration factor, can then be
determined based on this information. However, after addition of the internal standard, the sample
shall again be effectually shaken and treated for 30 min in the ultrasonic bath. This procedure is
particularly advisable in case of anticipated very high concentrations in wipe samples; the volume
error occurring thereby is negligible.
B.4 Computation of the result
Provided the intercept is not significantly different from zero, then Formula (B.1) is valid:

m=vpalb (B.1)
where

m is the analyte mass in the sample extract in pg;

vpa is the calculated peak area ratio;

b  is the slope of the calibration function in ug—1.
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The final result, the concentration ca of the investigated compound on the sampled surface, are

calculated by Formula (B.2):
ca=m/A (B.2)

where

ca is the concentration of the investigated compound on the sampled surface in pg/m?;

m is the analyte mass in the sample extract in ug;

A is the sampled surface in m?.
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Annex C

(informative)

Screening phthalates in house dust

C.1 Definition and characterization of house dust

Dust originates from a number of natural and anthropogenic sources and therefore, varies considerably
in chemical and biological composition. In addition, the physical properties of dust are of importance,
of which the size of the individual particles is by far the most important. Particles up to an aerodynamic
diameter of about 30 um are mainly encountered as suspended particulate matter in air, whereas larger

particles are generally sedimented in the form of dust precipitation.

In the context of this document, the term “house dust” is intended to mean all types of particles which
are encountered indoors in deposited form in order to delimit this term from “suspended particulate
matter”. The dust may be solids of the most varied inorganic or organic materials which can be of
natural or synthetic origin. The term includes not only fractions which originate indoors themselves,

but also those which are introduced from the outside.

The finer constituents consist, inter alia, of skin flakes and hairs of animals and humans, the abrasion
of textiles and fittings (for example, fibres from clothing and carpets), inorganic materials such as sand,
loam and clay, food crumbs and soot particles and dusts from combustion processes (smoke) and
microorganisms, fungal spores and pollen are also present. Coarser constituents consist, inter alia, of
plant parts such as leaves and needles, hairs, stones and sand. House dust thus includes equally
particles having diameters in the sub-millimetre range and in the range of several millimetres having

round, polygonal or fibrous shape.

In addition to the size distribution of the particles, the content of the organic and inorganic material in
house dust also varies. The house dust from kindergartens frequently consists almost completely of
inorganic materials such as sand, loam and clay from sand pits. House dust from the residences of
animal owners having at the same time heavy abrasion of carpets can consist virtually solely of organic
material. Thus, the content of organic matter (measured using the loss on ignition) in house dust can
be between <5 % and >95 % [211. With regard to the analyses of phthalates in house dust, special
attention shall be paid to the fact that plastic particles within the dust sample can lead to increased

phthalate contents (false-positive results).
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Particularly, the “age” of the house dust, that is the time for which the dust has laid on the ground,
affects the contents level of substances, since the substances originating from the most varied sources
accumulate with time in the dust. In this document, a distinction is made between old dust and fresh
dust. Old dust is dust of unknown age as may frequently be found on surfaces of fittings (cupboards
etc.). Fresh dust is defined here as dust whose age is determined by the measurement planning and is

known exactly (usually one week).

Also, employing differing sampling methods influences the results of the study of house dust and its
constituents. With respect to a later study of constituents in the collected house dust, it should be taken
into account, for example, that during sampling of a surface by vacuuming, losses can occur for
substances which have a sufficiently high vapour pressure due to vaporization from the matrix during

sampling.

C.2 Measurement strategy

The reason for the investigation of house dust samples can be, e.g.:

— screening examinations for the pre-assessment of the contamination,

— orienting measurements for qualitative determination of the phthalate spectrum.

Dust sampling serves in particular the determination of semivolatile compounds, which are
preferentially accumulated in dust. It serves as a screening method for the definition of the phthalate
spectrum and can indicate the existence of sources. During the investigation of old dust, it shall be
taken into account that the pollution might be caused by sources that are no longer existing.

During sampling of house dust, the ubiquitous distribution of phthalates shall be considered in order
to avoid contamination of the sample. The hints in Clause 10 shall thereby be particularly observed.

For these reasons, the following preparation specification and the practical example are purely

indicative (see Table C.1). Table C.1 provides examples for typical phthalate concentrations in

unsieved dust samples 14l The primary sources of DEHP, DBP and BBP can be identified by means
of solvent wipe samples. The measured dust concentrations prove that source identification by means

of dust analysis is hardly possible.
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At least one internal standard compound is required for air samples; at least two internal standard

compounds are required for house dust samples and solvent wipe samples.

C.3 Apparatus, operating materials and chemicals for sampling and analyses

C.3.1 Filter, glass fibre filter, diameter 50 mm to 80 mm (adapted to the sampling system), free of
binder, conditioned as follows: heating to 500 °C for 2 h, cooling in the transport vessel, weighing

(accuracy + 0,1 mg), storing in the transport vessel.

C.3.2 Transport container for filters, suitable vessel, free of phthalates, for example, petri dish made

of glass with suitable diameter.

C.3.3 Ground glass tubes, for dust sample intake for further extraction.

C.3.4 Solvent, e.g. tertiary butyl methyl ether (TBME) or toluene, free of blank values, for residue

analysis.

C.3.5 Ultrasonic bath.

C.3.6 Centrifuge.

C.4 Preparation of the room for sampling

Before fresh dust is sampled, at a defined time interval (e.g. one week) all of the area to be sampled
later is cleaned thoroughly by wet wiping off. This thorough cleaning serves to produce a reproducible
initial state. In the time between the thorough cleaning and sampling, the area to be sampled should
not be cleaned further by the occupants. If analytical results relevant to a decision are required, the
thorough cleaning shall be performed by the measurement institute. The selection of the area to be
sampled should be made carefully on site with respect to the greatest possible representativeness
taking into account the particular problem, and the selection made shall be documented. The material

obtained is stored as a reference sample for any control purposes.

Alternatively, a sampling area free of contamination can be prepared by carpeting of aluminium foil

that can be examined after a defined time interval (e.g. one week).
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C.5 Sampling

Sampling can take place by dust suction using a suitable sampling attachment on vacuum cleaners (e.g.

modified sampling heads equipped with 5 cm to 8 cm glass fibre filters) or using flat filter systems.

The sampling area should at least be 2 m2 and is slowly vacuumed in a lamellar way. Only smooth
floorings and surfaces free of phthalates are suitable for sampling. When house dust is sampled from
floorings, depending on the condition of the floor covering, during the vacuuming process not only
particles from the surface of the floor covering, but also particles from any open joints and intermediate
spaces of the floor can also be taken up. This is of importance particularly if the material of the floor
foundation contains substances which are to be determined in the house dust. Indication of the
sampling location as well as material and condition of the sampling surface is essential for the test

report (see Annex I).

The minimal weighted sample of the dust quantity used for extraction should amount to approximately

50 mg. Typical foreign matter such as paper clips, foil rests or similar are sorted out with tweezers.

The possibility of contamination by the used vacuum cleaner and/or the material of the vacuum cleaner
bag cannot be avoided for the analysis of sent vacuum cleaner bags. Even if the unused material of the
vacuum cleaner bags is examined, in parallel, an additional blind value caused e.g. by the vacuum
cleaner is possible. For this reason, the examination of sent vacuum cleaner bags regarding phthalates

and other plasticizers is not reasonable.

C.6 Apparatus blank value for sampling of house dust

For the house dust sampling, field blank values are in a strict sense hardly realizable due to the high
fluctuation width. The establishment of an apparatus blank value is, however, required for validation
of the sampling system in case of a new application or change of a system component (e.g. also for
vacuum cleaner bags). Such apparatus blank value is gained in an identical manner as the actual sample.
A suitable amount of a phthalate-free powder (e.g. silica gel or bentonite) from an inert surface is

sucked instead of house dust.
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C.7 Sample preparation

The exposed glass fibre filter is re-weighted (accuracy + 0,1 mg). Afterwards, the glass fibre filter and
the dust are transferred completely to the extraction vessel. The sample is spiked with a suitable
quantity of internal standard and mixed with sufficient solvent [J%). Further, the sample is effectually
shaken for thorough wetting, extracted for 15 min in an ultrasonic bath and subsequently centrifuged
(if required). An aliquot of the extract is transferred to an auto sampler vial and used for the GC-MS

analysis (Clause 6). A typical concentration of the internal standard in the extract is, e.g. 1 mg/l.

The phthalates of lower concentration are determined from this raw extract by means of GC-MS

analyses according to Clause 6. For example, DEPH generally requires an additional dilution.

TBME and toluene have been proven as suitable extraction solvents. The use of another slightly polar
solvent is possible. Non-polar solvents (e.g. hexane) are not suitable. However, it shall be guaranteed
that the same solvent is used for calibration and gas chromatographic determination of the sampling

solution.

The use of automatic extractors (e.g. ASE) is possible. The advantage consists in the limited solvent
volumes and the repeatable blank value. A precondition is the incorporation of phthalate-free
connections and hoses. During the analysis of house dust, it shall be taken into account that plastic

particles found in the house dust can be solved by the solvents and can irreversibly clog the transfer

capillaries.

NOTE The extraction in Soxhlet is not advisable due to the problems related to blank values.

Table C.1 — Phthalate concentration in unsieved dust samples in mg/kg

[Table C.1 is omitted]

C.8 Presentation of results

The contents of the dust constituents are usually reported on a mass basis in mg/kg of dust, but report
on an area basis in mg/m? is also possible if the area is precisely defined. Furthermore, the result may

also be presented related to the deposition rate in mg/(m? d).
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Table C.2 — Results from a round robin test for phthalate analysis in a non-spiked

<63 pm-mixed dust sample

[Table C.2 is omitted]
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Annex D

(informative)

Practical example for the calibration of the thermal desorption method

D.1 Solutions of the internal standard

The solution is prepared as follows:

10 mg of one or more internal standards are solved in methanol and filled up to 10 ml. Afterwards, a
further 1:50 dilution takes place. This procedure results in a solution with concentration 20 mg/I (= 20

pg/ml = 20 ng/ul). Commercially available solutions with the same concentration can be used as an

alternative.

D.2 Stock solutions

The single compounds for preparation of stock solutions I recommended for air samples are shown in
Table 2.

D.2.1 Stock solution I of the phthalates

The stock solutions I of the phthalates are prepared as follows:

50 mg of each of the above-mentioned phthalates (200 0 ng/ul) are solved in 25 ml methanol.
D.2.2 Stock solution II of the phthalates

Stock solution I is diluted with methanol by the factor of 8 (250 ng/ul).

1 ul of stock solution II and of the internal standard solution, respectively, are injected into a Tenax®

TAD tube for determination of the phthalate response factors.

D.3 Calibration solutions

The calibration solutions are prepared according to the scheme in Table D.1.
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Methanol has been proven successful as solvent. The use of other solvents is possible. As long as other
volatile organic compounds are determined with the same measurement system, possible

contaminations by the used solvent (e.g. toluene, acetone) shall be considered.

Table D.1 — Scheme for preparation of the calibration solutions for the thermal

desorption method

[Table D.1 is omitted]
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Annex E

(informative)

Practical example for the calibration of the solvent extraction method using
Florisil®?

E.1 Solutions of the internal standard

The solution is prepared as follows:
10 mg of one or more internal standards are solved in TBME or toluene and are filled up to 100 ml.
The result is a solution with concentration 100 mg/l (= 100 pg/ml = 100 ng/ul). Commercially

available solutions with the same concentration can be used as alternative.

E.2 Stock solutions
The single compounds for preparation of stock solutions I recommended for the various media are

shown in Table 2.

E.2.1 Stock solution I of the phthalates
The stock solutions I of the phthalates are prepared as follows:
50 mg of each of the above-mentioned phthalates are solved and filled up to 100 ml. The resulting

solutions are each with concentrations of 500 mg/I.

E.2.2 Stock solution II of the phthalates
2 ml of each of the stock solutions I are pipetted together in a 100 ml graduated flask and filled up to

100 ml. The result is a solution with concentrations of the respective phthalates of 10 mg/1.
Due to the chromatographic overlapping of the peaks of the isomer mixtures of DiNP, DiDP and DiUP
(see Clause 6) for the analysis of house dust and wipe samples, it is recommended not to add the

solutions of these phthalates to the combined standard solution II, but to prepare for each of these three

phthalates a separate stock solution Ila (DiNP), stock solution IIb (DiDP), stock solution IIc (DiUP).

E.3 Calibration solutions

219



The calibration solutions are prepared according to the scheme in Table E.1.
TBME and toluene have been proven successful as solvents. The use of another slightly polar solvent

is possible. Non-polar solvents (e.g. hexane) are not suitable. However, it shall be guaranteed that the

same solvent is used for calibration and gas chromatographic determination of the sampling solution.

Table E.1 — Scheme for preparation of calibration solutions for the solvent

extraction method

[Table E.1 is omitted]

220



Annex F

(informative)

Practical example for the gas chromatography with thermal desorption

The settings and parameters of the thermal desorption unit and the temperature of the cryofocusing
unit shall be adjusted in such manner as to enable determination of the relatively semivolatile DEPH
in addition to the analytics of the volatile phthalates. Within the entire sample injection system
(transfer line, connecting lines, etc.), it shall be guaranteed by means of inertness of the sampling path,
sufficiently high temperature and linear velocity that the phthalates subject to examination (especially
the higher boiling phthalates) are entirely transferred to the GC column and memory effects are
avoided. The usual adjustments of the analytics of volatile organic compounds are not suitable for this
purpose. Technical details are given in Annex F for the gas chromatography with thermal desorption

and in Annex G for the gas chromatography following solvent extraction.

Thermal desorption unit with back flush circuit

Injector with an empty deactivated glass insert

Temperature programme TDS furnace 35 °C - 60 °C/min — 280 °C (10 min)
Injector (cryofocusing) 40 °C — 12 °C/s — 340 °C (10 min)

NOTE A reversal of the flow direction of the carrier gas is achieved with the optional back flush
function of the thermal desorption unit during the opening of the TDS furnace for the tube exchange,
which prevents penetration of ambient air containing phthalates into the injector system. The blank

values originating during sample injection can thus be reduced.
Gas chromatograph (GC) High resolution gas chromatographic system
Capillary column DB-5MS, length 30 m, internal diameter 0,25 mm,
film thickness 0,25 um or another suitable capillary
column of limited polarity, e.g. DB 5, HP5 MS, DB

170 3
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Carrier gas Helium 5.0

Temperature programme (GC) 35 °C (1 min) — 20 °C/min — 200 °C — 5 °C/min —
260 °C 20 °C/min — 340 °C (4 min), total time: 29
min

Mass spectrometer (MS) quadrupole mass spectrometer

Transferline (MS) 320 °C
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Annex G

(informative)

Practical example for the gas chromatography following solvent extraction

Gas chromatograph High resolution gas chromatographic system

Capillary column DB-5MS, length 30 m, internal diameter 0,25 mm,
film thickness 0,25 um or another suitable capillary
column with low polarity, e.g. DB 5, HP5S MS, DB

1703
Injector Split/splitless injector with septum-free injection head
Temperature 280°C
Injection volume 1 pl, splitless injection

Temperature programme 90 °C (1 min) — 6 °C/min — 280 °C (7 min); total time: 40 min

Carrier gas Helium 5,0
Mass spectrometer (MS) Transmission quadrupole mass spectrometer
Transferline (MS) 290 °C
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Annex H

(informative)

Problems related to the blank values

H.1 Practical example for the Tenax® TAD method

Table 5 shows both the mean values of laboratory blank values as well as background values. If no
blank values have been measurable, Table 5 will always indicate the quantification limit (signal-to-

noise ratio 9:1 for the mass trace used for quantification) (<LOQ).

For determination of the laboratory blank values, eight conditioned Tenax® TAY tubes were spiked
with 1 pl internal standard solution each and subsequently analysed. For determination of the
background value during a 24-h sampling session of indoor air (sampling volume 70 1), the ambient
air was sucked one time simultaneously and at equal volumetric flow (50 ml/min) through two Tenax®

TAD tubes connected together in series.

H.2 Practical example for the Florisil®? method

Due to the heated Florisil®? used for sampling (see 4.3.2), the adsorption tubes filled with Florisil®2)
are to a large extent phthalate-free if an elaborate operation method is employed. Special attention is
thus assigned to the purity of the solvent used for extraction with this method. It should be taken into
account that during sample processing an increase of the concentration of the sample extracts by a
factor of 25 takes place. Hence, it is essential prior to application to examine the solvent provided for
the extraction of Florisil®? with regard to its phthalate content. Since the lower limit of the working
range is 0,05 mg/l (see 4.3.4), the content of the investigated phthalates in the solvent, whose
concentration is increased by the factor of 25, shall be at least smaller than this concentration. That is,
the concentration of the individual investigated phthalates in the not yet concentrated solvent shall not

exceed approximately 1 pg/l to 2 pg/l.

Based on experience, the phthalates content in the currently commercially available solvents is often
significantly higher. Solvent cleaning by means of multiple (if required) distillation is a good aid.
Hence, if an elaborate operation method is applied, it is possible to achieve blank value concentrations

that are clearly below the concentrations of 0,05 mg/I in the concentrated extract. For a comparison,
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reference should be made to the chromatogram of the laboratory blank value in Figure 5 a). The signals
of DiBP, DBP and DEHP identifiable in addition to the peak of the internal standard correspond here

to a concentration of approximately 0,02 mg/l in the concentrated extract. For a sampling volume of

1 m3, a laboratory blank value of 0,02 mg/l DEHP would correspond to 0,04 ug/m?>.
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Annex X

(informative)

Interlaboratory validation study for ODS filter method and SDB cartridge method

To establish the method performance characteristics, an interlaboratory validation study was carried

out!Xl,

Accuracy, which was determined by the recovery study, was evaluated by preparing two kinds of
adsorbents (ODS filters and SDB cartridges) spiked with 4 ug of DBP and DEHP. Table X.1 shows

the results of intra- (within) and inter- (between) reproducibility in the recovery test.

In the case of DBP, the recoveries were between 85.3 and 107.9% (ODS filters), and 92.1 and 105.0%
(SDB cartridges). In the case of DEHP, the recoveries were between 84.5 and 107.3% (ODS filters),
and 73.3 and 103.3% (SDB cartridge).

The within-laboratory reproducibility, relative standard deviations (RSD;), of DBP were 2.1-13.6%
for ODS filters and 2.0-7.5% for SDB cartridges. RSD; of DEHP were 4.0-20.7% for ODS filters and
0.8-8.1% for SDB cartridge. On the other hand, the interlaboratory reproducibility, relative standard
deviation (RSDg), of DBP was 8.6% for ODS filters and 5.1% for SDB cartridges, while RSDr of
DEHP was 9.7% for ODS filters and 13.1% for SDB cartridges.

The interlaboratory reproducibility (RSDr) values were compared with the predicted levels of
precision obtained from the Horwitz equation. The predicted RSDr was calculated to be 16.55%,
according to the Horwitz equation. The HorRat value—the ratio of RSDr (measured) to the predicted
RSDr (Horwitz)—gives a comparison between the actual precision and the precision predicted by the

Horwitz equation. The HorRat values ranged from 0.31 to 0.79 (Table X.1).

226



Table X.1. Recovery, repeatability, and reproducibility of the method calculated
using two adsorbents spiked with DBP and DEHP (n = 5)

LabA | LabB | LabC | LabD | LabE
Recovery (%) 103.5| 1011 | 107.9 85.3 | 101.6
oDs | Repeatability (within-lab) RSD; (%) 3.0 2.1 2.8 84| 136
filter Reproducibility (between-lab) RSDr 8.6
(%)
Horwitz ratio (HorRat) value 0.52
DBP
Recovery (%) 96.3| 102.0| 100.1 92.1| 105.0
SDB | Repeatability (within-lab) RSD; (%) 69 20, 75| 45| 23
cartri "Reproducibility (between-lab) RSDr 51
0 :
dge | (%)
Horwitz ratio (HorRat) value 0.31
Recovery (%) 107.3 | 1048 95.0 91.7| 845
oDs | Repeatability (within-lab) RSD: (%) 4.2 4.0 4.8 6.7 20.7
filter Reproducibility (between-lab) RSDr 9.7
(%)
DEH Horwitz ratio (HorRat) value 0.59
P Recovery (%) 96.6 | 103.3 85.4 97.9| 733
SDB | Repeatability (within-lab) RSD; (%) 6.6 1.9 8.1 23| 08
cartrl "Reproducibility (between-lab) RSDg 131
0 .
dge | (%)
Horwitz ratio (HorRat) value 0.79
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Annex I

(informative)

Example of a sampling protocol
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