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Exposure characteristics and health risk assessment of volatile benzene
homologues in recycled plastic pellets
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of Safety Engineering, China University of Labor Relations, Beijing, 100048, China)

Abstract During the processing of recycled plastic pellets, the exposure level of volatile benzene
homologues is one of the main factors affecting the health risks faced by workers. Aiming at the
specific exposure source of recycled plastic pellets, this paper first studies its risk impact on the
occupational health environment of workers and builds a health risk assessment model based on the
exposure scenario assessment method. The volatile concentrations of 8 benzene homologues
compounds in 25 recycled plastic pellets samples were determined by HS-GC-MS. The overall
detection concentration range of volatile benzene homologues is between 9.26x107°* mg-kg™ and
8.68x107' mg-kg'; Then this study constructs a “two-step” risk assessment model, and use the model
to assess the health risk levels of four types of exposed groups. The evaluation results show that
ethylbenzene is the main source of carcinogenic risk (74.16%), and toluene is the main source of non-

carcinogenic risk (39.78%). The main health risk to workers during the processing of recycled plastic
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is the combined carcinogenic risk of benzene and ethylbenzene; the level of carcinogenic risk in
heavy manual workers exceeds acceptable levels (107°). In the end, this study concludes that the
volatile benzene homologues produced during the processing of recycled plastic particles may cause
certain carcinogenic risks to workers, especially the health risks to heavy manual workers that cannot
be ignored.

Keywords volatile benzene homologues, pellets of recycled plastic, exposure characteristics,

health risk assessment.

A 2 S5 G iy EEAE REA LS b, DR HOR O8RS N E R R Y R H
o VB, W B 45 A, HLEA R A B ) B0 AN AR SO 16 F 14552 TR, MR A OR R Y F 24
T A BB PRL BRRHER . SRR FE A, TENAR N RIS BT RS R RS
PRS2 RGN, KN BURY R | R R S FEU™ELMN, PKEIE . s sEe ol HA
FRHIURL LA 2 04 SEDRH & A JEORIN 0, PROHAEZR 5% L BORMEREE AU b i a AT 9, A A
11328 204 P2 SRR S 2 2809 0 T IOkt HAE P R b B9 R R T gy, F 8 T &2 950 | fH
IRFNERPLERC AR R YT ARG E, CA=E TG TR 2R RYEZE NI . K2
T RATT Y BRI R 5 55 T T A i R XU 12— 1o, e S A ] it m S I 0% A AR 4 e B S il AT — B
FEU AR B R R TE AR 2 88 T T RE A AE it B RSS20, DR T AR R £ 4 2R AR M N B )
JSRE JRUISSE 2% 27 150 Ay G T A 21 0, A 2 2 O B i RN Tl ™= S itE AT T S T R R S S R A R R R TR
R ZR A R XSS DA AF 5 2, T A PR R, SRR SDRHTURE I TR AR N SROX SR RSURE 1 —
E 2 BR IR ) LA O T e A, JF B — MM BROE, TR REBEVE ML 518 AN O R S Y o 7, PR,
e 2 T DAF AR SRR BURE R4 e A 2R R R b N 53 A R R XL

ARCRETHE L 25 M LR A (polypropylene, PP) | 5 % & I £, 4% (high density polyethylene,
HDPE) ., WHliE-T & -K 2L (acrylonitrile butadiene styrene, ABS) | =3t i 58 K 2.4 (high
impact polystyrene, HIPS) . ZWEZ (polyamide, PA) Ay 3= %2 il 43 1) 548 SR RURL, A5 5170 B 8 Fh R £
PIOR, HIZR, C2R R ZHIZE M ZHZR AWK RO . SR IR W B . AR 52 EI AR (R 4
2 (United States Environmental Protection Agency, USEPA ) #fE 77 i) %% T A AU, 44 P9 25 3 XU F Ak A
AU, F 5w TR XU SRR A, - T 2 88 5 B0 A 1 A SDRHIUR I T 2 (] 2 8 PR 45
VPR T e MR 2R W XA ol N B 1% it 5 5 e IS 7K F-

1 #MBL5 )7 (Materials and methods)

1.1 FESRE
51 %t PP, HDPE. ABS. HIPS, PA %5 5 Ffr iy WL A= S0RHBORE, SR 25 B A 6] FH 1 ) 1A 38R0k
H PRI AR R 4% K e B, HOREAR TR PR an 3% 1 i . A SCRT 5T 00 75 A= 30 R 0RERE S 27 4 i TRk i 88
RHBURL, B EE Bl 25 kg, FEA SERMBURL BN RE B RSN 1 emx ] emx ] em,
1 LIRS E

Table 1 Basic properties of experimental samples

FER S s BN Hftos b i
Sample number Material Colour Other features Application
1 PP R NE. KM, iR HAM
2 PP RliES) NE. SR E SRHECAT  AUBE . et 6 P 2 A ™
3 HDPE H NE. FHERE, AL 3 AR
4 HDPE LR NE. WA AT ) o

5 HDPE HiE NE. HH & s
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gk 1
FEf G Ly e FHoft Rt Fi
Sample number Material Colour Other features Application
6 HDPE W NE. IBRER
7 HDPE i) [ Ak PR | BEUE %
8 HDPE i) NE. FHTFBEROE ) A6 5 Al S i 2528
9 HDPE Fifa-1 NE. E PR, FEAE Y, e ) 46
10 HDPE Fifa-2 NE. CiReY I
11 HDPE Bifa-3 NE. A
12 HDPE P-4 NE. Hmdidie, AR LHA
13 ABS -1 NE. o 28 AL TH
14 ABS -2 NE. BT i 3DHR
15 ABS -3 IR K FHAMTE NG, I
16 ABS -4 IRABT K R R SE AL T A
17 ABS -5 B KR FRAR HIESMFE M ANR L Bl A
18 ABS -6 REABI K HLERAIE . MIMERLAMSE . FHLSME
19 ABS KA -1 NE. ML &4
20 ABS K -2 NE. FEM. R T I
21 ABS F-3 FRBT K 208
22 ABS H -4 IRAHOCK VAT L P8
23 HIPS K NE. FHLIRER
24 HIPS L) NE. KEE
25 PA S EN NE. LT HL#RAhE

NE., NEFEHALFF:. NE., no other features

1.2 R R W D

FRIBUOE, 2K, 228 W “HZR ] H 2R 48 HOK | ZEOM . IR ERE S (4l >99%, [H 5
P e 5 {5 B ) 45 0.2000 g i A 2145 /0 5 D3 R A W (46 B >99 %, [ 245 48 A Ak 2= i A R 7D 1)
100 mL Z¥ 5, 2510 G 5 A DIV TR 2 2%, A5 B Bk 2 gL' BRI 45 9. P FH VR T Y A
AL 0.1, 0.05, 0.02, 0.01 g-L™" (% RFUFRAEA W, HCA VKA TP ORAE& . SE00 R il 8 28 (I, BRAR
TN it 136 SR 5 R A0 A [] B R, O HLZE SR LA I 45 5/ T 5 B b T P A S80RH UL A i 1)
REEEI/NF 1 emx1 emx1 om, P FHTRAR B, B H2R AR S ARTRYA VR Ja TV A RIS HIL b, RIS )5 4 .

Kt 2K R WA R PR AT 50T, R FH TS A 1 X6k 20 40 047 <R 835 - 573 ( Gas Chromatography-
Mass Spectrometry, GC-MS) 73 B Bif B9 2508 R 4527, B+ KPR AL A U AE & 0.1000 g B T 20 mL 10 %5 3
P, A TIZS [ Bl R . T02S SRR 28 25 1 AR 140 °C, E 3 150 °C, 144k 160 °C, GC T
1] 60 min, &£ & ATE ] 45 min. @35 BT 4508 W38 2. FEBOE SRR, 43001 543 0.1000 g 25
FETTATZS A MAR 0.1, 0.2 . 0.5, 1.0, 2.0 pg BIRAFRER W, SEAT RN 23 B I 2 il A5 o i 2. B
FEMEE i 0.1000 g B FIAS P, B 35 LRSS, BOATZS H b REe &, 78 140°C -k i~ T 45
min, 28J5F A GC-MS(Agilent 7697A, 20 mL 15 %5 HEFEI, LHER A ], SEED) X 0l ¥ 2 MR R Y & ik
AT 43T

FA SRR 5L T DL B R, FAE 3 R, SEI e IR AR I M ST R R T AR A
Kotk 2 4 0.992—0.995.
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x2 OIEFELAM
Table 2 GC-MS conditions

GC-MSZH BEE S
GC-MS parameter Conditions
i DB-5MSH: (30 mx0.25 mmx0.25 pm)
HHRE 230 ©C
FEA WIGHIREE3S °C, PAHT ]S min, 24 1EIREE250 °C, FHRE#E20 °C-min™, SRIEATHE 10 min, Hf i1 mL-min™
(N2 s u| 280 C
BFIR T8 TR (ELR) I 230 °C
PURRAT HREE150 C
BT bhE 70 eV
;R He’S, #/£>99.999%
JBT A SCAN(29—400 m/z)
HERE T SYTERE, ST 10:1
A AER ] 4.5 min

1.3 P20 i R AU TP At 152 28

HR 4G USEPA 1Y % 58 DAl 28 20128 20 b W A5 vk (e o IXURS: PPAS A A6 55— 25l ZR R i T B,
FE Tl A= v, W A2 fl v 44 & R R EE R ER A R, 55— A A R Uk,
I AR e, AT R MR R WD N D I I 5 5 D R XU SRAE ALY, TP 28 R X
b N B3 25 I 2 68 114 R B IR K-
1.3.1 ZEFEIHEAR

FR P2 BORHBURL N T PR 28 R PR A [F) 2 88 BEAR 02 R[], 25— Tl s i i, i
TR AR SRR N T R 500 52T A 500 m?, & B R 6 m, [ IX Pl KUIRZAS— B, 7Rk A
DUSEAT BRI, K TAE 8 h. IFARME 57 2o B, B AE b A B3R 43 kg v BE AR 0 557 3 55 M (o) A e B
1K F197 sh 55 Pk (Lot ) JL U k.

TREE TR AN D3 T i 22 A 380 1 AT 45 R R YR Cyy (mgrm™) L AR Ly, (mg) K
WP 7% 78 18 Exqy, [mg-kg™-d'] =34, HatBEAXS (D) . (2). (3). BRI & S50 L3k 3, 2
SR EES TN, R ITAL 5™ 07 A B, RIS S e RS i S 80U

M
Cip=CX —— XF,xD (D
Iinh:thXAIRXETXED (2)
o = [op X = (3
Xinh = Linh BWXAT
£ 3 RERIFHEAIZSHRE
Table 3 Parameter values of exposure assessment model
HERT)  EEWRD) ERT PEERD
W Y FEIAE Sisiatt SiEhHEeE Sishictk
ZH o B ik Men with  Women with Men with Women with £ SCiik
Physical . L
Parameter . Unit Description heavy heavy moderately moderately Reference
meaning . . . .
physical physical physical physical
labor labor labor labor
¢ TERIEFIEIE mekg T AR i s SRR TR A SR
- | A PH LB
M PEIRUUR kg ME iWTﬁgUﬁiiﬂrﬁﬁ 2400 2400 2400 2400 ABFE

B iz B 25 .
Vioom [N 2=EpIN m R ﬁaw@&\}ﬁm@ il 3000 3000 3000 3000 ENTIE
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Zi3k3
HERS  EERDD ERS PEER)
PR SEAYE  SiEh et SYEiAME SiEh Atk
28 P o ) A ik Men with  Women with Men with Women with 2% 3k
Parameter y51'ca Unit Description heavy heavy moderately moderately Reference
meaning . . . .
physical physical physical physical
labor labor labor labor
RRYI LB P RS
F, R ZEL T ARSI RRY SR 1 1 1 1 BT
Lt
AR R R R E) 2 R
D gy T PR TANRSRESE TS 0 0.1 0.1 0.1 B
PRI
AIR I i m*h NRXS 28 SRR AR 2.85 2.13 1.90 1.42 [32]
ET FRFEINR] hed! AHEERH AR SR R 8 8 8 8 AT
X S I ] BN AR5 FEAE SR
2k ol X X X X
ED T FRAFLL T[] d T 350%25 350%25 350%25 350%25 [33]
BW Wk kg NGNS 64.07 64.07 55.86 55.86 [34]
. L 2
R 2 MEERHBRETERY s s s s 3
AT oty %@E e FA) S50 R ] (R0 XU T3 s
(EuhiE) a IR By BEGRIN 8] 70 70 70 70 [30]

1.3.2 KU FAE A

PEAG MY N D3 At B JRURS: BsF, 7T 442 4 2R 2R ) e R L ] B 5 B0 AN [ il 52 e 58 A0z 4k 3800 Al B
s DRI P IS0, DA T XSS 3 FIEABE 75 53 oAy 1 35 g IS RS 78 AR 350 g XU SRAE AR A . X (4) Sy AR 300 K
B R AT, 2005 M BUERE: RO AT, 26 KU R R 27, WX (6), Hr i #555 i Fh
WG, jHRAE j M B, AN, BUE TS W R R T SFAEAESBUE W M S5 i RD YR A
USEPA 254 K5 B R G50 SRR Bk, W3 4. 20Hr1 x 10752 fa BRE XU DAk 0 7T 22 JXURS: 7K SF, kA
VAR LA J5 8 AU 14 7T 422 52 I 3L 15 17,

ne __ E.X —6
R _RfDxlo 4
R =1-exp(-SFX Ex) (5

R=) >R, (6

R4 FAERUEOR R R W) PR R (Y RED A1 SF

Table 4 RfD and SF of benzene homologues in regenerated plastic particles through respiratory exposure

Benzenz:lin#?ologues RID/(mg kg d™) SF/(kg-d'mg™!)
ES 4.00x107 5.50x107
iF S 8.00x107 —
Yo% 3 1.00x10™" 1.10x107
popt i S 2.00x107"! —
[I) — 2.00x10™! —
R HIZE 2.00x10™! —
RN 2.00x107 —
ISPS 1.00x10™ —

—AN¥B I not involved.

2 R 5308 (Results and discussion)

2.1 FRAESRERURIN T By N Al HE A PR R Wk B K
K P A= SERLURE b 8 bl $2  PEA LA 2R W ORI B 1 BT B e i, WLER . T R MR R W
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25 Ff P A SR ORE AR A A K R RIS TR B RG: HR B i (92%) . AT % K 1 28 28 W %) S A A T
WL FBITE 9.26x10° —8.68x107 mg-kg !, BRI Rk AL, Hoh, ROIGHIE R B %, FI W E
iK% 0.198 mg-kg !, [M] HI KRR Z, HRAY4E K it fe/ ).

RS HARNEOR TR 2RI K S 4

Table 5 Detection and analysis results of benzene homologues in recycled plastic particles

HRY) RN (mg- kg™ PIE, KBER% PRz AREREEE
. o . P2.5—P97.5/ P50/
Benzene Concentration (mg-kg™") Detection (mg-ke ) (mg-ke ) Standard Standard
homologues range Average ratio metke meke deviation  robustness
ES 3.78x10*—8.43x107 2.26x107° 64 3.78x10—8.43x10°° 1.61x107°  2.11x107  1.41x107°
1FN 7.42x107°—1.07x10"" 2.27x107 92 5.04x10°—1.07x10"" 7.08x107°  3.34x107  1.05x107
V¥ 3 3.85x10*—1.05%x10"" 2.86x1072 88 3.91x10*—1.05%10"" 4.62x107°  3.77x107  6.20x107°
X ZHOR 7.98%10*—3.02x10* 5.59x10°° 88 8.01x10*—2.93x10"? 3.33x10°  6.74x10°  3.53x10°°
] R 9.26x10°—7.83x10°  3.10x10° 24 0—7.83x10° 2.66x10°  3.08x10°  3.92x10°
B 3.17%10%—5.32x10"" 7.62x107 84 3.17%10%—5.30x10"" 2.12x107°  1.63x10"  2.67x10°°
WM 7.13x10*—8.68x10™" 1.98x10™" 88 7.30%x10*—8.62x10"" 4.34x107°  2.83x10"  5.01x107°
EISES 2.20%10°—4.02x107* 7.88x10°° 92 4.28x10°—3.88x107 9.42x10*  1.05x107%  4.77x10™*

2455 Uik (inter quartile range, IQR) 3 B AG £ 4, Bila] — HI KA, Higy 7 R R
PR I SCHRE o o 25 08 K T AR MERR A B, 16 TQR 76 5 (E A 1 A9 SR A0S 1 W I o TAZ 48 3 i O vk B,
() F Rl TR RIS, SRR G2 o I VR RO BB 4y PRI, ] — W O3 PR A (B A Ry A 2R ep
AR D A R ) ) R 0 8 D BT, A I e 2 90 R SR VMl N 53 R B Ml 1 ] 4 i PR A R W R R S
Bl X HAY 7 AR W), B PS5O VRS GV B OCHE(EL, P2.5—P97.5 M ik FE Y.

A (DIHET BNTERERRZRYIRE Coy, R 6. FEREMBRET ST, TN 8 MARY
W B2 K- HE Y s RS> 2R SO 2 0 >xt — H 2R >[a] Z H 2R SQF = RSOSSN O VR BE (R
2.71x10* mg-m>, B IRAC IR R Wik i /K F-45 J [R] El-Hashemy 555 Wi ENRI ). Singh 25100 W i it 49 v
Ly N R 2R P BE KO- 25 s A7 25 57, H — 308 20 1 FE R MR B R OR R ) v ok B e s I — 4598, DR
) R s A 18 I, AT ORIIE T 5 Z20P N &5 R 0 TS ) B 2R Rk B KF R A E S e
A PR R WO fih BRAE ) B AEHEAT LT, 45 SRR B 8 Fhop R Wik By Bl L PR 39K TARHEFR (1 4—5 4>
BEI, JE TG G KF.

R 6 W AHERMER R KT

Table 6 Concentration levels of volatile benzene homologues in the plant

% s 2 MWK W MTRE R BWE
Cipp /(mg-m™) 1.29x10™* 5.66x107* 3.70x10™* 2.66x107* 2.48x10™ 1.70x10™* 3.47x107* 7.54x107
VB R (meem ) 3.02x107°—  4.04x10°—  3.13x107°— 6.41x10°— 7.41x10°— 2.54x10°— 5.84x10°— 3.42x10°—
it & 6.74x10™* 8.54x107 8.38x107 2.34x107° 6.26x10* 4.24x107 6.90x107 3.11x107°
TWA/(mg'm™) 6 50 100 50 50 50 50 268

TWA: 8 hib U IACE R BEVEHe s Ol PR (5 [41], Horb s AR 25 [42).
TWA: 8 h time-weighted average allowable concentration; Occupational exposure and the cumene limit value references[41-42].

22 FgERIT

P S ARHIORL h B AR BURS W A R Y AE HR . X R OR AR R LR
NS, BA B ) B dE A . OO, i T 8us Y BUe B A m, HARBUm R S E R 25 |,
56 21— ) THE AT HE A M 28 2R 0T DU 286 2% 8 R A 0 R B 1, 45 R L3R 7 s

8 T AT R M R W AR BUR R E 2 W R D TR > 28> CMf>xk RS (] Z 2R =48 —
ARSHSFEN AR, Forh R 0 B e 7 v (AR T7 97 8 D54 ) =1.9328x107 mg-kg™"-d ™', o AR EUE
SR SR E T 39.78 %, LORIRZ, i 25.96 %. 2 R HATEUE S ) B rh S ORI R R e TR, b
B SR EE Y 74.16 %.
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RIS N S K NPARAESILIN R C L (NI R SUIE S A T iiny N e/ e M P NTTE 233 2 35
N Exinh( FIR S 578 k) >Exinh( FmIR S 57 tk) >Exinh( R g 5 Bl ) >Exinh( TR 5 sh L
PE). BeAb, T 8 Bl AR W B HAT AR B0 2 55 5 0, DRI AT R AR AR 0 S [ R B i e Y 2 BOR
PRI AR SO 2 i) R s
RT AR AR R
Table 7 Exposure of different exposure groups

P/ (mg (kg-d)™)
X Exposure

fﬁ Benzene ﬁ%ﬁ%ﬁ%ﬁ ﬁ%ﬁ%ﬁﬁﬁ *E%ﬁ%ﬁ%ﬁ ¢§Wﬁ¥ﬁﬁﬁ
homologues Men with heavy Women with heavy Men with moderately Women with moderately
physical labor physical labor physical labor physical labor
S 4.3951x107° 3.7676x107 2.9301x107° 2.5117x10°°
P S 1.9328x107™ 1.6568x107 1.2885x10™ 1.1045%10°*
%S 1.2612x10° 1.0811x10°* 8.4081x10° 7.2075%10°°
X 9.0769x10° 7.7808x107 6.0513x10° 5.1872x10°°
egoggm W R 8.4627x10° 7.2543%10°° 5.6418x10° 4.8362x107
P HIZR 5.7874x107 4.9610x107 3.8582x107 3.3073x10°8
KN 1.1848x10°* 1.0156x10°* 7.8985x10° 6.7707x10°°
LIPS 2.5716x107° 2.2044x107° 1.7144x107° 1.4696x107
syl 7.2880x107* 6.2474x107 4.8587x10 4.1649x10°*
S 1.5697x107 1.3456x107 1.0465x107° 8.9704x10°
x| A 4.5043%10°° 3.8612x10°° 3.0029x107° 2.5741x107°
syl 6.0740x10°° 5.2067x10°° 4.0493%10°° 3.4711x107°

2.3 ARk B R XU DAL
231 BUERE K

A B AR DU 2K 5k R R 1 S0 U AT HE ST A ReCER BEAAR ) 55 8 BB 1 ) >Re (L BEAR 1 55 8 &
PE) >R AR T 55 s B M) >Re (P BEAR 195 sl 4otk ), DLIET 1. 850 RS K F-22 5 55 B il e 22 SR AH O, 55
By R B R B A R Y R R R, S ORI ) B XU KT

107
Bk S 553 B
1075 Men with heavy physical labor
O &k H1 53
Women with heavy physical labor
% 10% BE= o i 1 55 30 B ik
Men with moderately physical labor
rp B AAH B gl Lok
107 Women with moderately physical labor
—— REBo MW R
1078 L R . L1 | L L
Benzene Ethylbenzene
Substance

B 1 PR B SO AR T B AT
Fig.1 Carcinogenic risk level and risk level range of the four exposed groups

AR VU 25 7 % A A 1) 5008 XU 7K P 117N F USEPA 82 1 9 7] 2200 JRU: 7K 7 107, 1B S0 XURS: K
LR BR R ARIK Ky 4.5204%107, 3.8749x10°°, 3.0136x107°, 2.5833x10°°, A T FE XU K -1l 10—
107, BEH X AR ELAT A KUK

RN U 28 2 5 AR 1) B0 AU 7K P S84 F 1070, H L3008 KURS: /K-35 LAY BR ¥4 8 107° £
G, i T ARG T 20 7K F 1076, 33X ] B2 1A BURHBORL A9 S 5 2, BB RHIURL I P 2R R
OIS BT, S B0 KU 7K P58 Bl e/ IME S B R AEAR 22 3 N ECR 2, DR, Al o ™ A S 4 124 2
BHTURL I i, B CORIR BERRAIR 28 107 B 2%, Rl 08 KU KPR T 107
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232 AREUE XK

11 2 Fr7R, 8 Foft nl 44 12 28 W A AR B0 XUSE K- HEFF 28> 1 28> OR8> 24>t — 2R >[H]

TS TSR NE, LR N HA BUEE WY R,

FAR SO KBS KR T 2K, JE il T L 2RR

TN 8 2 AR T PR, DRI AR B0 XU KPR e 4h, 8 bk 28 W1 i IRURS: 7K 1 B2 XU 7K -
Fil 1 BR ¥/ T USEPA 42t ) i] 220 /K ~F- 107, AT LLIA A 8 ok R Wy xRk A B3N AE W] A8 A A 20

R XU
()E KT 552 Tk (D)E A S 55 Lk .
Men with heavy physical labor Women with heavy physical labor
1075 — 1075
——R" R™ range —=— R [ R range
107 T ety
R™=107°
1077
© 1078
&
107
10710
10*11 -
]0—12 1 L 1 1 1 1 [ |
5 ) )
& & & § 2 0 49 3
g N g
. I (d)k B fR 1y 953 Lt _
( )E§§£ﬁ$§aﬁly physical labor Women with moderately physical labor
1051 1057
—— R E= R range
106~ "7 "TTTTTToToToSToTomomoeeee 1076
10771 1077
o -8 H ¢ 108
& 10 R 10
107 — 107
10710 — 10710
o7 — 107!
10712 g g _é")_ 10712
s 5 3
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