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Research progress on exposure assessment of chemical risk substances
in consumer products

ZONG Yijing' LI Tao' GUO Xingzhou' LIU Xia*** LYV Qing' ™

(1. Key Laboratory of Consumer Product Quality Safety Inspection and Risk Assessment, State Administration for Market
Regulation, Chinese Academy of Inspection and Quarantine, Beijing, 100176, China; 2. Quality Research Branch, China
National Institute of Standardization, Beijing, 100191, China)

Abstract Consumer products represent a significant source of exposure to chemical pollutants for
the general population. The potential for harm from these pollutants is heightened by the fact that
humans may be exposed to them directly or indirectly during the course of consumer use. In
comparison to other sources of environmental pollutants, such as air, water, soil and diet, consumer
products are of diverse types. Furthermore, consumer exposure to consumer products is characterised
by individual variability and uncertainty. Additionally, the transfer and intake process of chemical
substances originating from consumer products is more complex. This paper provides a summary of
the development of consumer product exposure assessment research and reviews the development of
domestic and international research. It focuses on the consumer characteristics, consumer product
characteristics and exposure scenarios that affect the exposure assessment of consumer products from

the perspective of "human-object-field", and presents eight major exposure patterns of consumer
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products, which are useful for the study of exposure assessment of chemical risk sources in consumer
products and their impacts on human health.
Keywords Consumer product safety, Exposure assessment, Exposure scenario, Consumer

behavior, Chemical risk substances.
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SO HLZRE, SRUET I bl o 005 e e #e L A R SO S 2% TH Bl b B Al i e ) R IR
TR e A I T A IR S ARSI, anBe R mh R | I A SR AR B
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1 HH B BRBIEMI R X B IR (Development of consumer product exposure assessment
researches)
1.1 A 2% 2 B8 PR AT 9T K AR DL

7 % PEAG IR L L0 BRAE 20 2090, I T iAo . 97 80 AR 7 DL R AR ey B~ i, 3 20 2
70 FEAGE, B2 AR TS G ) R AR OCAIFFED. 1980 ARHK G [ I PR Ak 2y it 2 4 FL0) 2 iy, H 32
BT 55 M IT AL o AR % S P58 110 AU TRA 1. 1983 413 [ [ SRRk B 41t 1 Rl XU 1Ay
ik fEE YT | R - TN e R VAL L BB VEAE MUK RAE. Z )5, 2 EIARE (EPA) kAR T iH & 1f
FHIH 2% i 5 A7 W I 2 g A T AR HE S S AEAG O ik, JFBL S kA T K 82T 1 ) (BRESHT
W) XU PEAL 1 B )Y S5H AR SCHER, FF7E 90 AEARA B SCHHE T ol 18 2 i S s A R 88 S 80m A
Horp,

20 22 90 44X, 17 22 [ R A4 T AE S IREEWEE T (RIVM) | RO A= 25 85 B2 AL 2 s Bl vhogs
(ECETOC) . Wk Wi fat 5 59 2% i AR 4P WF 52 BT (THCP) | A T AE 4 41 (WHO) 458 LA AL U s #E 3 3%
vt Z i VPAL U R IE AR, JF R AT T — ZRGIH 2 & 22 8 PEAS B9 e 0 0 5 2 SCES 7, FE e B ai |-,
iU E A Exopfacts 11 HE N7 170 T2 68 S HOM ORI BEE 2. 2000 4F 2 5, BR3E 4 &3k [ T &
T A 0 A5 T % i B R AL RTRE O TH SR AR, ORI SE . A, RIVM #58 hiUAS Y ConsExpo
Web G4 125 S L T AR VR AR 7 R B R R G RORIBTRL, ST T 2R KRR | 5 A
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fli T H WG 1 46 R SR S 2L, O XS AN [F) 2 B iR AR SR A [A] 53322, EPA 1 ExpoBox M #2 it 1
FE MR IPAGTOR IR, Gk B, BEEE . PR UOMEHY | A Bern AHE, L R Ak
SR 6 T HA, N REIVHE AN AL T S T HARY. 1A, Huang S50 PRARSS TIH T 7E 1LY
27 TR B AR S 22 b AR 2 FE A, A AL 27 ) o 1 % 366 4 Sl D it B30 3925 ) RO 3 3728 ) 3N
PRSP BE, 43500 B TS IR | AN [ 2 2 v A 0 ARy 12, g T 2 it R R PP A SR AL T R
48 HoRS AL 9B A
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s BRI, IF T AR R S A S, A Re i 18 Y MBI AL SR B e . E SR B VPAG R O T, RS R
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T 1 7E T B i B S VT A O TS A5 e, R APk BT ik . e 0 Wi a), RS ORI 4L T
L | 7 /D0 MBI R B B BT Mo, kA TR E AR E ST, Kbl T
FHL R A5 7 (8 FH A SC A Bsf ] -0 AR S 80, ol B AR ABEAE F 2B 35 O F R 4 S ) 2 5 B[]
SRR, 2021 4, GB/T 41005-2021 (71 3% i 28 4 fh2F & 3 B P-4 38 0] ) A1 GB/T 41007-2021 €74
B 4 AL fE RO AR TR VPAL T8 7 ) KA, SR AL T B X H 2% Ak 2 16 3 2 R VAN 1Y 2 B AN vk AR
3, Z 8 THCP. RIVM GHLI I & (1) R 2 BRI 55 6 Fh ISR 9 5 2 /5 o 1o,

e 2o v A R 8 T80 A (CNIKID X 3R 1 3T 5 4F (2020 4F 1 H 2 2024 4F 9 7)) IF R A9 571 2% i 2%
FEVPAN B AH ST BEAT b i) R GG 2R, 0t W 0 B 104 20 o B SR EAT L T 05 1, 300459 A G STk
72 G, SR WA 1R,

(a) B 5T AL Bk Research paper O 2554 B Sk Reivew paper
.
-
2020 2021 2022 2023 2024
Year

®) JL# i fChildren's products
£ Ml = S Food contact products

Abf& Sh A0 A4~ A 3B f Cosetics and personal care products
A1 HBuilding materials and furniture

YR ZEM 5% 7= Fh Automotive relatied products

AR2EFn 2548 FiClothing and textiles

BT HL S 7 f Electronic and electrical products

1) FiPlastic products

WTER T Fireworks and firetackers

HAthOthers

AP B Bk 7= 25 51| Non-specific product type

(c) HER MR VOCs
428 Tt % Heavy metal elements
4B — FI B B§Phthalates
FEAAF|Flame retardants
R Microplastics
B 2&/k & #Phenolic compounds
i 84551 % Other elements(Boron, aluminum, etc.)
[ & %] Preservatives
HAthOthers
i B Bk AL % 257 Non-specific type of chemicals
*I} Note: :
1. — 55 SCBRTTAE T B 2 Fh 7™ Bl 25 % An article may cover multiple product types.
2 “Hpt A FE AR EALA 1 Gk ALK B R N-IRRE B AR 2B FAEY.

“Others” include short-chain chlorinated paraffins, nano-titanium dioxide, polycyclic aromatic

hydrocarbons, N-nitrosamines, azo dyes, perfluorinated and polyfluorinated compounds.

1 S TCARFREA 9 bl R B8R WAL BIF TR B
(a)TH 3% 5h 2 R VAR BTt . (b) T 2% A BE R VP K= S A AT KL (o)1 2 it 2 8 DA 7 e A2 AU Wy o 431 1€
Fig.1 Research status of consumer product exposure assessment in the past five years
(a)Research trends of exposure assessment of consumer products. (b) Types of consumer products in exposure assessment researches. (c)

Types of chemical risk substances in exposure assessment researches.

2020 4FLIK, T 9 dh 2 52 PEAS A SIS B0 B AR Y I, B I U AR A5 AP A5 B S T A AL
Forp, SRR RISCHR 17 1 (23.3%), ERRIHAFN 7 £538 1 [ AN BLA (19 2 B BT 2 RO B F TS L
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S ST 3 P R I T 2 5l AT D i B 20 o B AR A 5 S 2R A1 TV Bl i R B AT A e Bl R B
AT % 8 Z XU BT 07 1 SR T IR BEAT 1 20 PP ad s 2R 5500 X He 1 IR % 5 T ) £ 5 i
Al BRE DA IVl v R o 1Al 05 7%, it 0 T ) 3 B P A s B B IR R . MT R R R, L
BT R A A A B Ak i RIS AP BT A TSR R 2 MBS TS IR E, &
BYWRERR . LA S Y AR T IREESE. IXLenI T o 3 [ 1 21 i 2% 8 DAl ARG 4 B 4
I R FH AN S B SO

AT AR R, g 1 AR ) O Ay B R 5 B BR VAL R 25 S RIS R B 24T O 1], Sd 5 0 HE 2T 2
HR AT R R SRS Ay S AT O A, SRR A T T R 2R R B, R — 2P T R R R A X
B DAl I XRS5 Ak T Al 52 7K IR SN PR BR TR s | 8K —HTRMR | KR Y FT o
BN A A B, X S B B R B A S ) T R B A AR B AR R . v A B G e B~ 0T
FEREAE L TT T T R 1 R HR: A, ] 0 i 25 00 5 2 J L 2 ™ iy mp 2200 B 1B 1 28 i pIG S 42 ol
PG YT RE T W A B JEk 2 R e A2 14 5 e ARG AV 3 18I0 53 2501 X B2 4l LA I 7™ il v 20 oAy 3 40 o
PEATO A, FEXE 3—12 A 12—24 4~ A PIAAFRE A LT e T 2% 87 KU PEA.

TEBRYS BT FET7 1H, F 15 PRI 9% it 28 B VA T S8 30 RIS 25 Pl = i RS S 5 EA T RS AT A, T e 2
e VAL I 3225 | ) SM S RY , So9H 2% b A AT D A S B2 BR 2 MR T e i MU £, [H g ik A F
F I OV B AN S B R A AE 2 B VPG O 15 SR D7 i, [ RS R ER R L AL '
sty 2 7 o SR R T 21 )RR E AL 2 ) BT R R R DA . BN P SO B Tl P R B AN 1 A
PR Ao o A R XU 14 75 06 R T B, 64 450 10 2 B A Y, 3l i A i 2 R S A S
TE AW 5T ) 2 S ), ATS AR Bk Z X B B B AT O R GENE | AT O B AR

2 %@ﬁzﬁ'j o (75 2% 45 4E (Consumer characteristics in exposure assessment)

T 25 2 (00T 2t 1) F2AK, 2 A2 ) o B i e AR 1) 2 A 50 Hr T 2 ot 22 R A7 AU, R
B D B A BRRAE, 0 B TR 2 AT M RRE.

2.1 {HE AR

30 A AHEAR F, LB A A TR R 3k R R ) A, — MR 2 s Sl 2. LA 2R
REAGEA, [FRE 28 1) 5 1Y 4027 & T 7T BE 3k 0 B ™ Eh A {g R XU, I B s . IR AR D R 22 S 2 4h,
JUEEAR R T SR HE 2 R T RN A 8w 1Y FE Al A R A B I AR KB a4 i Rm i, B
1% pH 8 . 8 WS % Pt 5 A i 22 552, AN [R] 7 B B i ik 5 2 58 T RIS T2 A IR
FAGS G, JE 1 )L T A2 403 KU 1 5 AN [6] T AR N, an 224 LI TG 3l e 1A 23 38 245 fik
23 SRR B i R T A AR S o, T 23 A7 kS 15 Sy R 9Ok, e e b Do B 422 figh mT 6 B
15 Y ) 2 1T A B [ B 2 92D 4 AE N B B T BB SR AR AR SRR L LA R RN = T O, i A
WG, B AE N BB T Bl A A A58 R ™ d Pt B 22 3G, T X IXURS: () DA RN R BE O T o, (4
N AT RE T I B A ) JXURS:

22 IHORHREEAT NI

TE 55 At BRE XU PPAN v, AR AT SRy LA [ -3 S AU B, 5 UL S 80 45 2 N AME B | Dk FE T
o A= S fuh g () 25 (H oy 308 2 S AR AT S S S 2, b ad i ) - TG SR S B0 T 2 i R BR AT A Y
T A BR. FRATAT LRI 2 0 T 2 i A B BR AT o3 D =28 UM AT O . R B A9 5 B AT
HRPFIEAT A (18 2).

PR, BR80T A, S 4 IR it ol i i S B4R DL R, B A e s~ 1 0 L IS 7 i
it FH 5 A PO, TSR BIETE I, 5 27 RSN [R]3H 21 5 4 AN 42 i 7 X0 1) Z2 R0 U 8 I 00, dnss
DAL A 55 700 1 it 24 5 i 24 ) T S e i ), SR ISR 1 O 4% 7 e IR o % i ),

AP UL B SR T T ) 3 AR HERE Y AR PE T, SO 3k 7 A 4 R A o, (H SO T
RERZ AR I O, A DL IR ERAE | A2 o8 Rl P SO LB OB IR E) | Bk . TRER . mE IS, DLBcH i, [
FAMIEZORZZ BT . L7 hidy . il A5 w30 0L i & B F G 0007, Ay 273 G ) LEE 1 5 )
PRIZRAT R, S A2k 1) 100 i 2 B3R 2 B S R A T 100,
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Characteristics of consumer behavior

[ 2 1 A ]

=

| P,
O O I A EEE
FAEIF ] Intended use Reasonably foreseeable abuse Bl 154 Preventive behavior
\_ AN

© RIRHDA BRI ER B ERA - RIR(EMisoperation - AR B

Follow the operating instructions - A 7 B To wear protective gear

provided by the manufacturer To use in a unrecommended usage o REFERETE R
RESTR IR BRI A ERE  JLEREIREN B RRE s To keep the environment ventilated

To use in a traditional or customary, Children deliberately disassemble, - BB

obvious methods fall, lick ,chew, etc. To clean in time after use

B2 TS %
Fig.2 Classification of consumer behavior characteristics
B AT A 2 0 AR B i PR R AT REAE AR A R, 3 B R MR YA R A AT . LRI B AT
FH 3k AR P R 7 5 B DR A PR X, A S B IE e A5, T2 T LA RO 1 27 ) o 2 B 2 2 11
ARTIEAT A A0S I —SE R i A NIRRT S DR AR D, S R R TR H T A
el 7 1 KA A T O A P A,

3 RBRIEE P HIE RS FHME (Consumer product characteristics in exposure assessment )

BT IH 2% R 55 A R, T R S AT A B 32, BEAT Bl T A i T AL 1) k2 AU R N
TH Bl AT Sy 22 TR S A 2, 0 BR A T 4 Sz ke 5590 2% it 2 58 7 oA G iy LA R 3R
3.0 H AR Y B 1

TH P A B 2, Sl Wy B M mT L3 SRy AR B IR B (AN 5528 )« YR B CAn i it ) i e
S5) L2 AT (kY A | B e 55 ) R 4] A AR I 2% i (3R 1) 12 AN [w] 4 38 i M T 2 b A 2 0 Jo vy e A
FETE2E 5, S HAE A1) 2R g rh B AT R . R 55 A () 40 38 M T 2 ot ) 4 e O St AN [, an UK <
VA TS B B ity T S A W TR R 5 WA BT B ot WU ok B K R R R 2R R W AR R [AACEL T 9%
DA k2 58 A - 1 4 fih . BEAMBEA AR IR B TR R N E.

=1 HBESYEE M IORG]

Table 1 Examples of physical attributes of consumer products

JRPES A TR TE el
Attribute type Attribute Definition
ks LB P e S 8, AIVBF R AR S P
e TEHE A — P 2 PR AT P v e B A B T A 1 EL A8 i 2 /I
l ERHE L, I FLITAEHE5) TR
LTI 7 P P e P BB AR
ik Wik P A TE R R 2 U SRR A
l Witk 7 AL 55 A L LT L (RO 7 s o 2 LB,
BERE PR FIOREBRROI, R 5 M B k. b i ML, AT L5 A 2 — R A,
sl WERY S RATIROMREC E, ASAE 5 MO PR HUBRIR A 10 SR Gl K L [ 4L
l B b 7 B R R A 4 A B, ).
Wk AR B 1 HEE, th /NSRS [ P U
RS il A 7 i FAT T TR

3.2 JHPR RS A
MEEFEAT AR, T 2 A 1 FH 75 ot S B 8 KURG AR S i DR R 22— 3B FH 54, T8 28 mT o0 it
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F AR RIS FE LT 2% 5. 275 202 B SR 1) 5 S, T PR 2% b S8 P s[RI — A DL L, Rk d
PR 25 i RO A Y, B SR | 5 A JETR T 9% SR B TR ) AR — AR LU, (E P SRR
Sx it i FH YR/ (&, Bl EE e | 2R, 60 A AR RN 2% AR R BB T — Rk 2k T
THFERY YIS, BNy | ACPRAE . PRI . K 2. XRp s SR I IR 45 R Ak FH A i FFT 30 2% S AN AR it P 3 9%
s, T 5 58 VA B 2 8 56 e 7 {52 P TR R PS03, 6 1 AR 1 2 i, D) 2 2 56 e e e i )
FE AT

4 Yﬁﬁﬁﬁﬁ%ﬁ(Exposure scenario of consumer product)

T2 B A T 2 i 5 T 2 Z IR A R ol B, R S R PR BE A B SE . AR K 2 R R DA v, IR
TE A | A T 0 AR IR fioh = o i o L ) 8 B A, AR AT RS | R S D K ) R R
BEAE.
4.1 ZIFNGE REEY R

ST T R R st T L2 SR B S W AR 2 A I AR AR R R . — R
st (o P IS W AT, SR AE AR Y — B [B] P, T 2% 0 b i A7 1 B o ¥ . 28 S T SRR = R
Hhy, AT X5 5 b 43 BECCE T 2% it AT 2 5 L W] P 7E i GO e vh . TR 5 b, — % I PR B A By
BRIV Ay P (AR BRI /N9 L DA 018 2 A 2 0 % vt (00 P e M A, — P 7 2% ot A P o 8 b sl 1)
S AR5 I 18] P B MR A . BB, 5 35 6 T 2l il FH I, S0 A 23 b R B 2 T B TR H
L B B . — SRR PR DAk 58 55 280 9% it 1) B2 0 N, B 55 S A A0 A g — AN 1 m, HAR
0.5 m AYHEIR, ARFRITRUERIAE D 0.0625 m® 17,
42 ZIHACEREY

TE S 2 @8 VPAG b, 20 0H A IE B2 g 278 R (B . ORL) AR IR (4338 L IR B HA) R
MTETH 2% 5t 2% 8 DAl v, 28 A0 E R R A 5 B T il i IR A Z Ah, FEAR IR A AT 4 43 - 11
Hefih . F- DAl EAMEA SRR R

RETRAG S FE SR GRS (IR R 5 BAE) h ik 2= W) BrE K 5 B i B )
YOBHE i B2 v 25 5 K A i RS, R ABVERE A B, P AN, 3 Xt 4 o o 194 28 F2 B
Jor Ak, 71 R TR PR SR AR, T 5 AR AR 5 Ak £ 18 L G DA R 4 fh (e 2841
%) | FERIEEA (G BB W i 25 ) o J 300 sl e Bt 22 ke 0 o fon e i ] )45 26 707 55 1, )5 B 1 43 26
75 SN EE VAL Y F1 3 B HA (R 4

Y- 10 3 b 5 R B B R o (A L SO, B WRAE L W SE) FEAT TIN5 0 R AR B e
fil. oAb, JLEEAE K ok B b B W A ik S 1R L R EGEOA T, AT W L LR i S SR AT R
JEIBL L L2 HT VW W 4 . ZETH B 5 0 e Ak 0 e R v, O 9% o b B9 Ak 2 ) 5T R BB AT S B e
WP IR AR, 2256 =5 4508 BT B N AN LY - AT R Ao, TR AT T LEE 35 Bt LAY
PFZ b RRSEF(R] | SRR DOy BE L I RT | MR R 4345 S0 JLEE RIS 4L, B4 T LE
- VR AT R AR, SRy - 0 i 2 i XU DA o o ARG DN ik e b o AR B

F-H g s, -0 5 Y- O3 MAE L, W LERE KT gz —, JLESKT
TR WE T SEA TS . WO . LI B I S5 A7 DA 0 T 2 it v A A 2 o AR Bl 5 B I =X, 2 5
BN 0T, PR AGIE . 0 55 AR FEVEASG B E K S8 P L 2 A R R XURS B, B XK A e R
SPRY . BA — & FVESER AL A LB AE DU B oK A S RETE T |, sk B TR TP Ak, 7
JUEE - DM, 228 A, PRIHORE - 1 45 il 2 B8 AR 280 AL 1B 2R R 1Y £ R HR iR AR

BEAMEA G T LB -1 F- AT, A 0T BE — 28/ MR R T 2 it B iR S A
H, IR S ECESMEA. TEIG IR b, JLEE WA I A E Y R R T . A REvE S . R
BRI AW H i N AMIE 5T T 2 O L . REYE ) A e O R, R 2 A
T MY 5 G F AR D, (H A ME AR AN A Z 00T e B0H 2 i ik = Y B e F i iR 2 —.
43 BRI EE

FRXS T 22 08 108 % i PN 28 T A0 2 5%, B RMOGE R 2 0%, B IR A2, 45K &1 iR
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JE | B R THAR S (I R A B2 2 S A5 A5 1 B0 ) . BER A4 J v 22 57 AN [ 306 K IR e 3 [l ) | HG
bt A& AR AR B W) B BRI | BRI W 0, I IR] 500 45 22 b DR 3R 5 S M . T 3
FAL AL TS AR, X7 b R B AL S B B AR 2 B R R i el RS R, n] BE A AR TR AN [R) BR AT B £1Y
Frohid s, ALK (el Peilk, YEACSE) . HAR™ i SR AR A A BT | T (A B R e fih | 289Uk
UURE | PR BRI TR AR, (e Ah, 77 il 42 fid B2 JOR A AR RIS B2, LA A 2100 T ™ il o R T4 175 0 #
SR SRR ERAF L.

5 B455RE (Summary and prospect)

F 9 Bl i A2 22 S R, AT O A 2 S LA I T B R ER VA BIF Y J2 AR b T R 7 2
Sl 2 i PEAL, B2 X T 2T R R AT O R G L A TP I A AR . AR SO N -W-397 AR BE 2R T H
B it B AT A LURVRAAE. AE < N B 7 T, F8 53 A58 G L BE 7R AR BRARAE FNA T S R AE Uy T 1) 2 S 1, 12
DA VIS TE B WU FHAT A AT I %A S T A T A DL R B AT Ry A R B VA T A S AR
M7 I, 98 2 AR T ELR P, 5 BT AR TR B0 I 28 5l 2 85 VA B 48 5 8 ik B R A 7
I3, AT TR — USRS TT I RGeS AR TR W D7 T, B N A9 © 8 AR 2R,
TR IR N AP GE | T A A IR AR B, =R R ER IR AR A S AN R T A B K

AR X T8 2 T 2 L M R R 37 SRR Y 20T, AR T 2 R R AT AR CHE AR (8 3) . T 2
SEHUFNIH B ity v (9 A 2 B R [V T, 52 9 2% ot 2 R A A S DA M R R R AR, 2 A A I G A
B . AL IE B 5 T B IR 2 85 3 Mg A, — Ay 2 WA B TIIRA  AREREA . W- . -1 4%
fith . BRI | WA T B TR o A0 ] 2857 o B Jik 4 i 8 AL, AR WIFSE AT L T GV 9% i B ERAT A
BEACHESE, 722 WL )2 10 T e K 9% i B i RGEMEAILE RS2 ma IR R | BRER BB i | i S HF 0 O 1%
575 T BB 5, EOUL 2 TR ASZ HE A [R]98 9% o A TRk 25 0 55 W 08 o e B B AT o S BURY fd R 5
e AT, AT oI 7 2% ot 22 i XU VPR BIF 58 K1, Ay il B k2 A R T 9t it Jo 22 A B SR 4 i
.

AR (i RES T

£ 4% Volatilization Medium Behavior Exposure interface

7% %Evaporation (1) =R iny 3 N
e - > Breath Respiratory tra
uﬁ.gspray (2) Air P! ry

Al ge |®
v Diet

ﬁﬁMigraﬁ:on ’“””
il N Nz B
Consumer Chemicals in

products consumer Loyl mEE |
products ' Saliva |

WikE N\ -
Gastrointestinal
tract

2B Dust 3 FOEM

[T Hand-mouthing Mk

: : : Human body
iﬁﬁ" ! | I 7
Small parts| o 2EAN |6

: ¥ Accidental
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