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Abstracts: Polycyclic aromatic hydrocarbons (PAHs) that are carcinogenic and persistent will be restricted in
consumer products from December 27, 2015 by EU REACH regulation. Pretreatment using Soxhlet extraction
and quantitative analysis by GC-MS were studied to develop the method for analyzing 18 PAHs in consumer
products as well as to detect the amounts and the kinds of PAHs in consumer products such as grips of a
bag and a hammer, a cable and a plastic sandal. Linearity and precisions were evaluated by analyses of the
standard PAH solutions ranging from 0.3125 mg/L to 5.00 mg of each of 18 PAHs. Linearity of resulting standard
curves for all 18 PAHs were obtained with R* above 0.999. Precisions of the retention times and the peak
areas were found to be 0.00%~0.05% and 1.16%~3.69% of relative standard deviations, respectively. The
recoveries for spiked samples were all around 95%~105% after Soxhlet extration using three different solvents
such as dichloromethane, hexane and toluene. The limits of quantitation for 18 PAHs in solutions and polymer
samples by GC-MS were evaluated to be 0.327 mg/L (Benzo[ghi]perylene)~0.464 mg/L (Acenaphthylene) and
1.635 mg/kg (Benzo[ghi]perylene)~2.32 mg/kg (Acenaphthylene) based upon dilution factor of 5, respectively.
Under the developed analytical method, only trace amounts of phenanthrene were detected in three samples
while 15 kinds of PAHs including phenanthrene were detected in a grip of hammer with concentrations of
maximum 83.4 mg/kg of Phenanthrene and minimum 8.5 mg/kg of Acenaphthylene. Further studies are needed
to decrease the quantitation limit and to check the feasibility of decreasing Soxhlet time as well as to demonstrate
cases that the clean up is required.
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Table 1. Summary of the listed PAHs in REACH, US EPA, and German GS mark
Substance name CAS No Chemical structure  Classificationy REACH US EPA GGSe rr]\;[];{lk
1 Acenaphthene 83-32-9 3 @) O
2 Acenaphthylene 208-96-8 - O O
3
3 Anthracene 120-12-7 (2010) O O
Benzo[a]anthracene 2B
4 (BaA) 36-55-3 (2010) O O O
Benzo[b]fluoranthene 2B
> (BbFA) 205-99-2 (2010) O O O
Benzo[j]fluoranthene 2B
6 (BiFA) 205-82-3 2010) O 0)
Benzo[k]fluoranthene 2B
7 (BKFA) 207-08-9 (2010) O O O
Benzo[ghi]perylene 3
8 (BeP) 191-24-2 2010) O 0)
Benzo[a]pyrene 1
% (BaP) 50-32-8 (2012) O O O
Benzo[e]pyrene 3
10 (BeP) 192-97-2 (2010) O O
Chrysen 2B
11 (CHR) 218-01-9 (2010) O O O
Dibenzol[a,h]anthracene 2A
12 DBAhA) 53-70-3 (2010) O O O
3
13 Fluoranthene 206-44-0 (2010) O O
14 Fluorene 86-73-7 (2031 0) O O
2B
15 Indeno[1,2,3-cd]pyrene 193-39-5 (2010) O O
2B
16  Naphthalene 91-20-3 (2002) O O
17  Phenanthrene 85-01-8 (2031 0) O O
3
18 Pyrene 129-00-0 (2010) O O

dGroup 1 : Carcinogenic to humans, Group 2A (2B) : Probably (Possibily) carcinogenic to humans

Group 3 : Not classifiable as to its carcinogenicity to humans
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Table 2. Current prohibitions on use of PAHs in consumer products

Regulation or PAHS Limits for PAH content Updated
Certification (mg/kg) date
Mouthable materials or Materials ~ Materials with
materials of toys for ~ with long-term  short-term
1 German GS mark® Voluntary children under 36 months  skin contact®  skin contact? ~ Nov.
2011
Benzo[a]pyrene not detectable (< 0.2) 1 20
Sum of 18 PAHs  not detectable (< 0.2) 10 200
Textile products for baby Other textile products
Oeko-Tex Standard 100 Jun.
2 mark? Voluntary ~ Benzo[a]pyrene 0.5 1 2013
Sum of 24 PAHs? 5 10
Extender oils Tyres and treads for retreading
Compulsory Dec
(Jan. 1. 2010) Benzo[a]pyrene 1 do not contain extended oils (06
REACH regulation Sum of 8 PAHs 10 exceeding the limits in left column
3
(Annex XVII, No.50) Rubber or plastic components in articles”
Dec.
(DCeZTnf;l,lszc:)?S\ General toys or childcare articles 2Oelc3
Any of 8 PAHs 1 0.5

9GS : Safety Tested
YWorld-recognized textile ecolabel
9Longer than 30 sec / up to 30 sec

d)Cyclopenta[c,d]pyrene, Dibenzola,e]pyrene, Dibenzo[a,h]pyrene, Dibenzo[a,i]pyrene, Dibenzo[a,l]pyrene, 1-Methylpyrene in addition to

18 PAHSs in Table 1

9Direct as well as prolonged or short-term repetitive contact with the human skin or the oral cavity
9Sport equipment such as bicycles, golf clubs, racquets/household utensils, trolleys, walking frames/tools for domestic use/clothing, foot-
wear, gloves and sportswear/watch-straps, wrist-bands, masks, head-bands
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Table 3. Comparison of existing standards on testing of PAHs in rubber and plastic materials

ZEK 01.4-08?
(2011)

Standard
(Latest Rev.)

KS M 6956
(2010)

Title of standard

Scope Polymers (e.g. plastic or rubber material)

18 PAHsY
Particles of max 2-3 mm

PAHs tested
Size of sample
Sample weight 05¢g

Extraction method

Clean-up column (ca. 220 x 15 mm) with 4 g silica
gel and 1 cm sodium sulphate / elution with 50 mL

Clean-up
petroleum ether

Final volume
toluene

Ultrasonic extraction with toluene (20 mL), 1 h, 60 °C

Concentrated to @ 1 mL / to a defined volumn with

Harmonized method for determination of Polycyclic Test method for estimating the toxicity of recy-
Aromatic Hydrocarbons (PAHs) in polymer

cled rubber powder

recycled rubber powder

18 PAHs

As recycled powder without further grinding
1.0g

Soxhlet extraction with hexane or dichloromethane
(100 mL), 16 h

Cartridge column with min. 0.5 g silica/elution
with 3 mL of mixed solvent (DCM:hexane=1:1)

1 mL using a rotary evaporator -->

further to 200~250 pL using flow of nitrogen -->
to a defined volumn with acetonitrile, for ex.
Not mentioned (Standard solution : 10 mg/L using

Calibration Calibration solutions of 2.5 to 250 pg/L

solutions to cover the range of the samples from 0.1 to 10 mg/kg acetonitrile, for ex.)
Internal standards :
Standard 1: naphthalene-d8

Remarks Standard 2: pyrene-d10 or anthracene-d10 or phenan-

threne-d10

ESTD

Standard 3: benzo(a)pyrene-d12 or perylene-d12 or

triphenylbenzene
Analytical equipment GC-MS with SIM

Column HT8 25 m

GC-MS with scan mode
30 m, not specified

9German method for certification of GS mark /®Still contain the chromatogram of 16 PAHs in ZEK 01.1-08(2008)

26. GC-MS &4

26.1. GC-MS 24 =/

AZFF S 98 viEE 239 FFEY H
259 AAZ vl AEEHE VA IR0 E e
j_]g]_ xlaklﬂ/ﬂmg_i T,li_/g}tg— u]] /\]._9_5] GC 742—1 i
= =24, acquisition mode 52 F2 GC-MS
B Z7AE Table 4] A 2151 Table 49 A 2E
7zt PAH®| m/z& ©]&3te] Mol AEWH(SIM,
selected ion monitoring) &2 413} 37, PAHs €] ¢]
TMHEAS gRIE7] 93] & o]/ AZHEAY

(;ﬁ ‘l‘/\]']ig )’% tg ;g O]'M

262. GC-MS &AM AlMY, MIUT ZHESH %
HESH| AES

PAHs®] GC-MS &A1 AAAL 2300 vlE
570 B=¢] 18 % PAHs¥F €S 7z ¥5EE 33
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Aate] A& AP 7)2(Y =aX +b)e] FTA ¢ R?
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9 v & Al Zh(retention time)oll T¥F ol EFHA}
(relative standard deviation, ©]3} RSD)E -3l 18 %
PAHs®] GC-MS 249 AH=g ArEsoint. 244
2 AAEE 9% v 5 Atoldl ¥E-E 9 (blank
solution) 1 3] #4439 QC &gl & 3tk GC-MS
2% o] 7 Z&3A(LOD, limit of detection) & % %
A (LOQ, limit of quantitation)= A4 FAle] 433
712(Y = aX + b)& o]-&3te] ot 2]} Zdo] ALtat
AL, A FE Fate] A Al ek 8 ZFEHAl

& AEsior

R

N

0_1.4

LOD =323 x s/S (1)
LOQ =3 x LOD Q)

c : A¥F7|A e y A (b)Y BFHA
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Table 4. GC-MS chromatographic

conditions for 18 PAHs

Parameters

Conditions

Column

Carrier gas
Injection mode
Injector temperature
Injection volumn

Oven temp. program

DB-EUPAH

(60 m x 0.25 mm x 0.25 um)
Helium with flow rate of 1.0 mL/min
Splitless

280 °C

1 pL

— Initial : 100 °C for 2 min

— 10 °C/min up to 200 °C for 0 min
— 7 °C/min up to 250 °C for 2 min

— 3 °C/min up to 300 °C for 15 min

Aquisiti d Scan 50~550 amu
quisttion mode SIM Selected ions, m/z
1 Naphthalene 128 10 Chrysen 228
2 Acenaphthylene 152 11 Benzo[b]fluoranthene 252
3 Acenaphthene 154 12 Benzol[j]fluoranthene 252
4 Fluorene 166 13 Benzo[k]fluoranthene 252
5 Phenanthrene 178 14 Benzo[a]pyrene 252
6 Anthracene 178 15 Benzo[e]pyrene 252
7 Fluoranthene 202 16 Indeno[1,2,3-cd]pyrene 276
8 Pyrene 202 17 Dibenzo[a,h]anthracene 278
9 Benzo[a]anthracene 228 18 Benzo[ghi]perylene 276
263. Al20| &RE PAHs SFREF A4t o] 2.5 w} MA st GC-MSE A B4 F,
A& F] PAHs 18 & TF&-2, 18 F PAHs®] 78 &£337F F 24 $%8 o|8FER Urel 7 PAH
AT 3ol AP S Z9@ Aol I 9] 58 AV ol & FEE spikingd 2
<F(dilution factor)& & Tha 4ol whel AlLkesiT PAH®| oll, 2F3 7} Mo ANgE Tt dA =
: sjo] 243 7t PAHS| %3 TIF RO FHROH, |
A& 7 PAH 8% (make) = XY 3) oA P ° j s o >,
w Hel Al gl EHSM A HE 717124744 3 3]
C : AYZH o5 SHE A= §) 9| 7} PAH W RAsle] 858 Bk BRUAE AS )
% (mg/L)
V AR gele] HF 3 (mL) 3. ¥ o nE
W A& FA(g)
ofst s =2
2} A e e AAe e 77 RA A 38wk 3.1. GC-Msoll < 18 PAHs |
Dy ste] 916 Wael EEAL A2 FALENA FFAIEISL JE 18 F PAHsE Table 19]
Rl | wITr o “o AL AT D AT :,{_,Z__]]H—‘I'—ZFN ]‘ﬂi ]27H7]—23]—]Ur
, . } ZYgdRE 6 717} =3H¥ Benzo[ghi]peryleneZ
27. ABHIHspkng)dl St PAHs 48 e 677 5 Lehilpery
T Ee] A o] & 18 % PAHs7} “-§ DB-EUPAH

240 4F ANE F AFRA(ERC] B ARE
st 1 g FAE BEs] S35t A48T AHA
(thimble filter)ol] 22, EA )4 222l PAHs 18 %

L9500 mgL)—o‘ 1 mL &7}k spikingol]l €]k
N7 Zt PAH &3] 500 mgkge] == st
FZ& 87 DCM, hexane, toluene 7+ 3 £HFE o] &3}

AHS A8-3F] Table 42 GC-MS 4] Z 794

T EdEAd@Fig 1(b). ZF PAHY HEE A

(retention time)S Z=3rd WA 127} SIS

7bsl e, ol WAl 387} 2, 2.5, 3, 3.5, 4, 4.

5,55 622 SU/IEFE Ao Jszg ¢

Aol F7te Aol AthEFTE 27t oAl
TAEH

TXE W 055 FAIF.

i
e VA N o

o

iy,
]
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Abundance (x 10°)
6.0 10 13

8
50 3 4 56 7 9| 1] 15 1718
a0 2 16
3.0
1
2.0
10 ] |
15 20 2! 3b 35 4b
Retention time (min)
(@) 16 PAHs using HP-5MS column
Abundance (= 106) 11,1213 :
a5 not separated
3.0 17
25 22 a 5. 910 5 ) 18
2.0
15 1
10
05 |
s 1 15 2o 2 30 ES 40
Retention time (min)
(b) 18 PAHs using HP-5MS column
Abundance (x 10%)
.04 4 s
25 > 6 910
20 12
) 11,1314
15 15
10 4 1617 18
05 |
X 20 25 30 35 4do 45 S0 5 60 65

Retention time (min)

(c) 18 PAHs using DB-EUPAH column

Naphthalene (2)*
Acenaphthylene (2.5)
Acenaphthene (2.5)
Fluorene (2.5)

1 10 Chrysen (4)
2

3

4

5 Phenanthrene (3)

6

7

8

9

11 Benzo[blfluoranthene (4.5)
12 Benzo[jlfluoranthene (4.5)
13 Benzo[K]fluoranthene (4.5)
14 Benzolalpyrene (5)
Anthracene (3)
Fluoranthene (3.5)
Pyrene (4)

15 Benzolelpyrene (5)

16 Indeno[1,2,3-cd]pyrene (5.5)
17 Dibenzola hjanthracene (5)
Benzo[a]anthracene (4) 18 Benzo[ghi]perylene (6)

* : numbers of aromatic rings

Fig. 1. GC-MS total ion chromatograms of standard solution
of 18 PAHs with different columns.

18 % PAHsE EPASIA] #A1351= 16 % PAHS(EPA-
PAHs)¢} H] 28 w] Benzo[j]fluoranthene¥} Benzo[e]
pyrene®] B XFE=d|, o] F /N B4 wFEE AL
2 dolo] #E] 5o 2= Benzolblfluoranthene (4.5),
Benzol[j]fluoranthene (4.5), Benzo[k]fluoranthene (4.5),
Benzo[a]pyrene (5), Benzo[e]pyrene(5) 57l =& 5 2
WA s wA o] 91X gl EPA-16 PAHs &2 A&
99 A2 AT A9, WA 2257} 2 Benzolb]
fluoranthene(4.5), Benzo[j]fluoranthene(4.5), Benzo[k]fluo-
ranthene(4.5)¢] 370 E#&o] E7t HA &L
(Fig. 1(b)) wWax DB-EUPAH ZH<S o] &35
18 F PAHs7} BF ®E|=e B4 2718 43t
E%-l 51)\].1 o] Zo] GS- Markoﬂ /\]——Q-E]E /\]z}j}mg
= 7N 2l ZEK 01.4-08(Table 3)°l= &4 4
2 18% PAHsSIU, PAH 16 £¢ GC A2rlEDL
A7 9l Agolrks

o g B
O oy

32. 18 & PAHs GC-MS 49| &MM Ul MAUT
H A7 GC-MS Al2H¥S o] &&te] zF PAH2
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0.06 - 0.3125 mg/kg
271 0.625

0.05 = 125 moo”
=3 2.5 m;
S oos SRR
2 0.03
E 0.02

0.01 L

0.00 Lmpm B e —1 e - —r-—v

1 2 3 4 5 6 7 8 9 13 14 15 16
is PAHS
(@) RSD (%) of retention times
- .3125 marka

g 5
a 4
8
Z 3
g
s 2
=

1
&

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
18 PAHs

(b) RSD (%) of peak areas

Fig. 2. Precision of retention times and peak areas (n = 7)
of each PAH in the concentration range of 0.3125
to 5.00 mg/L using the GC-MS system in this study.
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Table 5. LOD and LOQ in GC-MS analysis of 18 PAHs in consumer products

_ Measurement Measurement
Y=aX+b . . . . .
Conc. range 5 in solution in solid material
Substance R
(mg/L) Standard LOD LOQ LOQY
8, slope 4 iation of b (mgl)  (mglL) (mg/ke)
1 Acenaphthene 1,718,601 73,106 0.999 0.140 0.425 2.125
2 Acenaphthylene 2,796,323 129,640 0.999 0.153 0.464 2.320
3 Anthracene 2,350,326 101,332 0.999 0.142 0.431 2.155
4 Benzo[a]anthracene 2,415,367 91,758 0.999 0.125 0.380 1.900
5 Benzo[b]fluoranthene 2,562,022 99,279 0.999 0.128 0.388 1.940
6  Benzolj]fluoranthene 2,842,522 110,221 0.999 0.126 0.337 1.685
7  Benzo[k]fluoranthene 2,997,125 100,436 0.999 0.111 0.335 1.675
8  Benzo[ghi]perylene 2,910,086 95,037 0.999 0.108 0.327 1.635
9  Benzo[a]pyrene 03125 ~ 5.0 2,472,437 89,864 0.999 0.122 0.365 1.825
10 Benzo[e|pyrene 2,512,332 90,998 0.999 0.120 0.363 1.815
11 Chrysen 2,508,058 90,151 0.999 0.121 0.398 1.990
12 Dibenzo[a,h]anthracene 2,371,181 90,828 0.999 0.126 0.383 1.915
13 Fluoranthene 2,735,589 115,247 0.999 0.139 0.421 2.105
14 Fluorene 1,812,223 79,118 0.999 0.144 0.437 2.185
15 Indeno[1,2,3-cd]pyrene 2,354,462 99,469 0.999 0.139 0.422 2.110
16 Naphthalene 3,290,212 130,800 0.999 0.131 0.398 1.990
17 Phenanthrene 2,449,372 113,979 0.999 0.154 0.465 2.325
18 Pyrene 2,740,969 105,134 0.999 0.127 0.384 1.920
3In case of dilution factor = 5 (sample : 2 g, final volume 10 mL (DCM, hexane)
MEZ 445t FAAS dnind W Fud oo OM e mm Tokene
& 9 Aol Hie 37} 277k skt g w0l rad r okl i
o 964kl i i il ol o el
34. ATO|ZEH MBo| £EEUY PAHs 3I+8 E 92; Iﬂ m ﬂ ﬂl ﬂlﬂl n
PAHs 18 o & 9] AFEEEZACRM, 5 807
certified reference material) S-2 35532 (RM, reference § 601
material) S8} o129 EEAIN A 2% A+ T
(spiking) B & o] &3B! 2Ly FZHgLufy 0 : A :
- = - 123456738 9101112131415161718
(DCM, n-hexane, Toluene)Z 3582 A3t 18 PAHs
U 4T AR T FE PAHs T W ARG Fig. 3. Recovery ratios of 18 PAHs from the spiked sample
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mg/kg, 6% FHE 25400 mg/kge] H) PAH T3
o= %@El‘iil”‘ o) Fx=, Avo|Yste ¥
500 mgkgl & ATt &£&8 F23 43 18F 4
PAHEE DCM2| 7% 95. 2%~104 9%, A o] S
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(The sample is hammer grip made of polyethylene
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(c) Spiked sample with scan mode (the spiked amount : 500 mg/kg of each PAH)

Fig. 4. GC-MS chromatograms of toluene extract from the
sample No. 4 (hammer grip) with different acquisition
mode.

Table 6. Samples and their contents of PAHs as measured in
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B olatE AEEUTE T
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MS SIM ZEUEITHLS Fig 4@ 2o 15%F
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=
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this study

Amount measured” (mg/kg)

Sample Samples Major component PAHs Extraction Extraction Extraction
No. of matrix® detected with DCM  with hexane with toluene
(DF=5) (DF=5) (DF=50)
1 Bag grip ﬁ Polyamide Phenanthrene 3.9+0.12 3.2%£0.11 ND
2 Cable _t Polyhexyl methacrylate Phenanthrene 0.99+0.14 0.82+0.03 ND
) ) . Phenanthrene 2.49£0.09 2.2940.05 ND
3 Sandal -W Polyvinyl chloride Naphthalene 0.69+0.03 0.89+0.03 ND
Acenaphthylene 10.0£0.72  8.5+0.56 9.9£0.69
Fluorene 15.0£1.06 14.5£1.04 14.4£0.89
Phenanthrene 82.5+1.08 80.9+1.93 74.6+1.69
Anthracene 2751096 255+1.08 254+1.12
Fluoranthene 83.5+1.59 83.4+2.09 71.1£1.88
Pyrene 72.0+2.09 7141233 60.7£1.74
Benzo[a]anthracene  37.0+1.68 38.9+1.72 40.3+1.96
4 Hampler il Polyethylene Chrysene 38.5+1.06 39.9+1.53 383%1.09
grip H Benzo[b]fluoranthene 59.5+1.53 64.4+1.92 65.2+2.26
Benzo[J]fluoranthene 61.7+1.84 60.6+2.32 63.8+£2.01
Benzo[k]fluoranthene 56.5+2.07 61.4+2.11 62.2+1.84
Benzo[a]pyrene 33.0£1.17 37.4+1.48 39.8+1.49
Benzo[e]pyrene 359+2.03 38.7+£1.38 342+1.71
Indeno
[1,2,3-cd]pyrenc 31.5+1.36 33.5£1.51 289+1.73
Benzo[ghiJperylene  29.0+1.09 31.0+1.66 29.3+1.85

9Confirmed by FT-IR library match (sample No.1, 2, 3, 4 : 78, 86, 82, 81 % library match, respectively) / Standard deviation (n=3)
9Detected as trace with LOQ (Phenanthrene) = 2.325 mg/kg and LOQ (Naphthalene) = 1.990 mg/kg in case of dilution factor=5
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