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Abstract: The production of toluene in China is large with wide application. Taking an industrial park as an exam-
ple, we adopted the inhalation risk assessment model developed by United States Environmental Protection Agency
(US EPA) to conduct the health exposure risk assessment of toluene inhalation by people around the industrial park
(non-occupational group). The results showed that if basing on the current exposure level of toluene, the single pol-
lutant with the exposure duration of 70 years, the estimated maximum harm factor of toluene will be 3.81x107°,
and the maximum allowable exposure concentration of toluene in the air will be 1.97x10° wg+-m™, which is much
higher than the measured concentration of toluene in the air at present. In addition, we provided the suggestions of
the control countermeasures for the environmental risk of toluene in the park combining with the domestic and in-

ternational control of toluene and requirements for the environmental management of the park.
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R B AL TIORE, B T A
ORI IR A 7 IR A LR RS
TURE AR5 e A YRR TR 2R
TR A R IR A5 — R 80 h A 2 ekt (B2 24
A2 BRI LIS A kL Tl #Z 2018 4, &
A= 82 730 71 t, JF T8 54.9% , #F 1k
32.8 Ji t, s, T 9 i 24 762.8 T7 t1

HOR HA — 8 1Y 16 35 1, K 0 800 42 i vl g
Xof i/ rPoR A 28 2R G 1 Sk AR AR AR 5T
T A T DX A r FE R A S I A B v L R
e FREE P4 JR (US BPA) 7 1) fekt S JXURS: T A7k A5
T (e DX 28 A5 R R0 A AR5 1) AU DA
FFE5A E AT R B B A PSR, £ 1 6 H R
FYAE X R L

1 HZEHIFEREE (The exposure of toluene)
1.1 WoRp R s M

H 2R T B IR AR , A R 07 7 S0k 0
WK A —EWRIETE, 73R EH R G KAk 27
HEATEE B T 5 R WAR A — 7 1 30 B8 AL A

Fo ME (A BRAL 2 A B8 — o3 28 T AR 2 )
(GHS), [ | H AR 8 25 [ 52R 21 2R 36 o HT 2 ik
ARG FE P RE R T R RAWASEH IRIE
Tl /R AR BRI, AL AR R 2 AR G A T A
—ESEH, A XK AR AR AT —E W S M=
PERCT AL SR PEAN G T 2R 1 R 2 R,
1.2 HORMERERE S5 5

PRBE P B AT 2 SRR, A AR IR A il
PR RRMRICREE | N AR IR AR IR R < Dk HE
TR R 2 A = i 25 . AR SR IR PR R A 32
B, 0 T HEHOUR AN AR PR T2 2

BT WU B A B & e, WY R ) ik AR
B e R RAE, D &R 3 e ATKIR Ao e L
FAE AN R, RS — 0% PR A R (lev-
el 1 fugacity based environmental equilibrium model),
99.34% [ AAFAE T2, T 7KORT - 35 i FE R
Sr31h 0.62% F10.04% , GUERW) 7K B 77 TR
A R RIS B TP B R A A AR /D ] 20 A
T, HORTERRSE v i BEROR I8 -5 5 VA B A2 18 1
NS

x1 HERMELEM

Table 1 Physicochemical properties of toluene

AL R RHIE S B e
Physical and chemical properties Features and values Source
YIELR A To i IR A 2R Y 057 7 U0k

Physical state
4l Purity
Y% 15./°C Melting point/C
il #5./°C. Boiling point/°C
AHX} % B /(g - cm ™) Relative density/(g-cm™)
%S H/Pa Saturated vapor pressure/Pa
JK M/ (mg- L") Water-solubility/(mg-L™")
1gKoy

1gK,.
= H)H¥/(Pa-m® -mol™") Henry’ s constant/(Pa-m* -mol™")
[N A5./°C Flash point/C

I #RIELEE/°C Autoignition temperature/°C

4 (MR Closed cup)

535

Transparent liquid, aromatic odor similar to benzene PoL (1552)

=99% EU RAR (2003)
-95 HSDB

1106 (1 atm) EU RAR (2003)
0.86 (20 C) EU RAR (2003)
3826 (25 C) EU RAR (2003)
5348 25 C) EU RAR (2003)

2.69 PSL (1992)
16~22 EU RAR (2003)
537 EU RAR (2003)

IUCLID (1994)
TUCLID (1994)

TE: K, FRFRE-KHREL, K, FoRNEIIK B R EL, PSL 3R IR e B SIEA i No4 , EU RAR 7 B XU PEAl i 5 , HS-
DB 71 3 [ [ 52 B 27 [ B AR A 9 Bl 74 , TUCLID KR8t — A2 i {5 B 8 I .

Note: K, represents octanol-water partition coefficient; K . represents the sediment/water partition coefficient; PSL represents Priority Substances List
Assessment Report No.4; EU RAR represents European Union risk assessment report; HSDB represents Hazardous Substances Data Bank; [IUCLID repre-

sents International Uniform Chemical Information Database.
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1.3 KRAPHZEW

3 A X P85 v P R R S A U 8 A, TR
R EBMAE R D, ARSI SR Bk AT
H1,2016 4F 75 B 5 3 fel X | 5 P Pel X ) 41 ok 4R
[ 6 ANRAFES R, H RIS 2.53 ~21.1

xR2

3B,

pg-m CEE 771 pgem™), EEXFREHFE X T
K KRR R ER TR T H 2 AU S
) BRI, R Uk R Ll 2.73 ~ 18.03 pg -
m”  RIERE N 7.70 wg-m™ | EAACK I 45 5 40 3

BFESALANPRHN(ERUERE—FLXMIREFE) (GHS) BEHLER

Table 2 Results of the classification for the Globally Harmonized System of Classification and Labeling

of Chemicals (GHS) hazard of toluene by different countries or organizations

KIHL , , ;
b N GHS f& 5% 73284551 Gy RBERAR
Number o ati GHS hazard classification results Source of classification result
rganization
W) ZRAA , 255 2 Flammable liquid, category 2
(2) Bz JHR J ot ok 8% , 2801 2 Skin corrosion/irritation, category 2
@G)AF R, 251 2 Reproductive toxicity, category 2
OFESHERRR EE: — Rk, 20 SRR ) Specific target organ toxicity: fE B Ak 2 dh H 5% (2015 J7) 3k
One exposure, category 3 (narcotic effect) Jiti 6 FE GRAT)
| h G B B U2 i, 285 2% Specific target organ toxicity: Repeated Implementation Guidelines for
China exposure, category 2* the Catalogue of Hazardous
6)W AfEE 255 1 Inhalation hazard, category 1 Chemicals (for Trial Imple-
(MIFEFEARLETSEE: ZEfa% 280 2 Hazardous to the aquatic environment: Acute mentation 2015)
hazard, category 2
®)EE KA RS KIPIfEE, 255 3 Hazardous to the aquatic environment: Long-
term hazard, category 3
W) RIAA 255 2 Flammable liquid, category 2
(2) B2 IR & b /ofil 8, 2531 2 Skin corrosion/irritation, category 2 (BRE R FR A 426 .
s @) ASEE 25 1 Inhalation hazard, category 1 FRSFEL 275 KL) (CLP ¥ 41)
@FE PR BB — W3k, 28901 3 Specific target organ toxicity: Single ex- EU Regulation on Classifica-
2 E
uropean
U p posure, category 3 tion, Labelling and Packaging
nion
G B B U2 i, 285 2% Specific target organ toxicity: Repeated of Substances and Mixtures
exposure, category 2* (CLP)
6B, 255 2 Reproductive toxicity, category 2
()G BRWAA , 251 2 Flammable liquid, category 2
(2) Bz JHR J b ok 8% , 28531 2 Skin corrosion/irritation, category 2
@)™ HR A %/MR 45145 , 2451 2B Serious eye irritation/eye damage, category 2B
DR WA (FER), 285 4 Acute toxicity: Inhalation (vapor), category 4
(T EEe: TG ), 550 Acuie toxicly (vapon). category LA RN < F A
G)HEFHFEME, 249 1A Reproductive toxicity, category 1A EH GHS 433451 2010 4
OFSHRERRRR T tEs — il S 10RO R0 KB 30T g TR
SN ) Specific target organ toxicity: Single exposure, category 1 (central nervous .
H 7 . T . Reference Manual: Physical
I system) category 3 (respiratory tract irritation, narcotic effects) Hazard d Health Hazard
apan ) R . . azards and Heal azards:
> (7Y SRR B A T2 AP, JE) | (P2 2255 B Specific target or- ¢ Heallh Ha
.. . GHS Classification Guidance
gan toxicity: Repeated exposure, category 1 (central nervous system, kidney)
- . by the Japanese Government
S ASE#E , 255 1 Inhalation hazard, category 1 (uly, 2010)
uly,
OEFEKAIR . 2MEfGE 240 2 Hazardous to the aquatic environment: Acute 4
hazard, category 2
(10)& TR 318 K311E 3 , 2801 3 Hazardous to the aquatic environment: Long-
term hazard, category 3
D)5y BRI , 25531 2 Flammable liquid, category 2 . N .
(D ARifR, Jept2 Plammable liuid, category (KA T Tl 2% 5 e
SR ()5 J ik /38 , 2551 2 Skin corrosion/irritation, category 2 P
4 . G IS B R S E Bl 2551 2 Specific target organ toxicity: Repeated
Australia Accelerated Assessment of In-

exposure, category 2
@EFEREE 285 1A Reproductive toxicity, category 1A

dustrial Chemicals in Australia
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FR 2R U
Source of toluene

IS Tl L 7

Migration in the environment

8525 5(99.34%)

Leaching Adsorption
v |
K

i i | i

! : 1 77 Ambient air (99.34%) 1 :
| SR . i

. Sk mr ! .

Natural source o ! 1
i I Volatilize | ' ‘ﬁl‘k s I
- . N

N R 1 Settlement Volatilize '

i | BRMRKCK Forest fire Cospil 1 i

| Bt Crude oil spill ! v |

| HIYIE %) Plant volatiles ; ! ';lj ' 7K(0.62%) % :

! : K Water (0.62%) %

: NI He | L ; :

i Artificial source i : H i

. 11 T 12375

I | ¥i%2X Automobile exhaust I i i Vel h 'mff '

L : : I Volatilize ! Adsorption Run-o i

U BRI Coal and oil burning S ! : | :

IS e N I I L v .

: f#4i#% Production, use and storage of | Spill : Ly FJ2 11(0.04%) ;

i | toluene and its derivatives Topsoil (0.04%) ;

|| Jmih¥kZE % Gas station evaporation T i

i | HHEAKZE Tobacco smoke o '

N =i 8% BfF i

i

|

|

i

|

Groundwater

. |

E1 REPRENEHRSEA

Fig. 1

R G 15 K, Z R NIRRT m i
PN (54114 €/ R TN = RS T A Py N S R N <R
FAXTEAG, B Bk 44 2 DR (1 W B AEDG 45 85, 3K 1T g
5 el X T 1t 550 DA R Al S o A = 1 AT — 5 A
PSEN

2 ERXBZEAEEXEE (Health risk of toluene in
industrial park)

e 2% o PP T SEPE Al AR i PR 1 ] 2 2
Fa AR POK MR SRRAE . HARA I R i

*3 REREERKSHHPERNLER
Table 3  Testing results of toluene in the atmosphere
of an industrial park in Tianjin
W H 4 F 2R MR B (g -m ™)

Test date Toluene concentration/(jug-m™>)

2020-01 £ Winter: 4.72
2020-04 % Spring: 18.03
2020-07 X Summer: 2.73
2020-10 Fk Autumn: 531

T BTN B A /N S5 L, SR T WL 7 58 1 2l S 0, MO8 5
min- Y AR/ 12 YRER , 557 SO 8 640 U8

Note: The obtained concentration value is hourly average, using electronic
nose automatic monitoring equipment, with testing frequency 5 min -time™',

grabbing 12 data per hour, and grabbing 8 640 data per month in total.

Release and circulation of toluene in environment

WA PFI A 28 T HR AR R A2 A0 F 5 i
N, WP I A R RO B 2 e 2 R = 7R
R IIAEE T REE G 1Y 10 ~ 15 min P L R
R PG i =12 R 2 T Ak WS T 2R T
TE WL, B2 R W WS R B AR, 7T 2B AN T AR BE
5% B TR ARZ T A 2R | A0 gt R XU
2.1 MR AL I 9%

H AT 275 nl S0 i A B, A58 2R 58
D DX PR R B 1) AF S (BLAE O 2 88 0 i B —
e NFEA TEAEIZ B DX B 3, 1153 A I 7E R
— V5 YY) R AR BUR G E e DL —T5 )
A2 A F R 1 bnife, OIS 2 b R A
KAVFFEEWEE, PAEBALR H US EPA & i
GBI N IEAE TR 5 —& AR T
JHHCE #53 : WARUB PFAR R 7246 F9)) (2009 4F) Hh 7Yy
MRS A FIPABAL AL .

HQup = o M)

T RfCyy
23S P B R 2 78 (mg - m ™) REC 41 ok F R IR IR
W AS W E(mg-m>),0 ~2 % H0.1 mg-m>,3 ~
15 %017 mg-m™,15 Z LI K5 mg-m™"

CA ;. XETXEFXED

@)
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2 CA gy N U RAE 28 SR VK B (mg - m ™) ET
RNBEE S R S i H ¥ 2 B8 i (h-d ") ; EF
FNFEAE S R A S A 2 B8 (d -a7'); ED
FNFE S PR 2 AP i B2 87 I K (a); AT 9 A
BESE IR T 4906 ).
2.2 BRESH

i BRI 25 b 2R AR S, AN 75 1 T Rt
8 S SRR AR R A, XA [ AF 108 B ) R T i HH
A AR B RS PG, AR DS A s DA K ]
NHERR R A, TP R Tl X 0 A AR
T 5 N B AUBG PFAl
2.3 AEITAL4S

Fr B ig S (R AR A EESL
FEEHE R, A

_HQjy e XATXRIC 3)
e ETXEFxED
A CA,,, N BRI 23 Al R AV 22 % W ¥ (mg -
m”) s HQ W —T5 Y W) Al 452 Z fEFE T, B 15 AT
S NFHESZ M R0 - ST TR] (h) 5 REC g A FH 2 I 8 12
ASFEHE(mg-m>),0~2 % H0.1 mg-m>,3 ~15

CA

ZHM17mg-m>,15 ZLLEAS mg-m™;ET I ARE
S RA S H ¥ 88 (h-d7); EF i AHBE
FES HORZS S AR 2 EE K (d-a™"); ED S ABE
FES RS S B RN 748 a,

T E 5 Y ] B2 27 fE F R (HQ) M 1, an i
HQ< 1, /R 15 Yo W) 2 8 W AR T 7 AR RN 1Y
[, 7 oF 11 A S0 A XU b 1 1T 232 KO s 2R
HQ>1 N7 % i Ve 2 1 3k 1 1, 5 >k 9 =1 00ss ik
BRI b T AT 42232 K F-, B3R 5 AT, AL T X
NFFE K R BRI ], L HQ< 1, FLIEI X HH 2k
WIE@TT pg-m™ )i/ NI R K F 52 iR
WeE(1.97x10° pg-m™), RIFE . — R B8 H fa %
K w37, (AR AR R TS S A
—FEAER  AEAE S A B (R E F R AT
o B R IR I 5 it e AP 2 S T Y vk B
2.4 AHEES T

AP FE AR R Ak T DX 120 AR 5 7 R R
P —A TP R, R R R A IREE T oA
Al 5o A4 B TT R 7= A 119 2 88 28 N AR, T
SEBRIE LR KA h S AEfE 2R b2 o, Rt

R4 ABEEXRESY

Table 4 Parameters of human exposure to toluene

Z ¥ Parameter 75 Symbol B Unit {H Value
F 2 F- )M Mean toluene concentration CAgg CAgiuene pg-m™ 77
H# 2 FE 1 Average daily exposure ET h-d! 24
TR ZREENT K Annual average exposure days EF d-a™! 350
1
FFEBTFR Years of exposure ED a 5
70
R -4 [E] Mean time of effect AT h 655 248

T : CA oy R X IR GE T HEE B ET N BCE A BF 278 (h [E AREREE S BTN s ED BE 4 1.5 1 70 a(fE A F s i LY 70 2)3

AR ; AT Jg A YIIHERAERS ] 365 d-a™' x74.8 ax24 h-d™' =655 248 h,

Note: CA is the average of regional statistical data; EF is obtained by referring to the Chinese Population Exposure Parameter Manual, ET are set du-

toluene

rations; ED is assumed to be three periods of 1 year, 5 years and 70 years (a maximum of 70 years is selected for residential land); AT is the expected age

per capita, 365 d-a”! x74.8 ax24 h-d™! =655 248 h.

x5 EXBEENABNIEREEE
Table 5 Non-carcinogenic hazards to human from toluene in the industrial park

3 REEI IR G E R IR VPR B /(g -m ™)

Hazard quotient for three exposure periods Maximum allowable exposure

INGFIES

Crowd classification

1a S5a 70 a concentration/(jg - m™)
0 ~2 % The first 2 years of life 987E-04 2.15E-03 381E-03
3~15% 3 to 15 years old 581E-05 290E-04 1.88E-03 1.97E+03
>15 % Ages >15 1.97E-05 4 94E-04 1.38E-03
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DX JT 320 N 1 i B 2 8 XU 2 L B — R R A R %
H IR T o EAh , AR U PPA SR Y 2 el XK A< 3F
B3 Hp P RS I 5 1) 14 (L (LA 5 AT
Db, AN REAT S R Bel X RS R SE PR L

3 XRS5 #1iYL( Countermeasures and suggestions)
3.1 ENEEENL

R LA 2 () SRl A T 0kt AT — 58
PR FHE R e s v, R B E A R L M
XPHHEAT TEERE, FEAHE. (fER 550 %
LA TRAR) (2013 AERRPKE HH RGN A S Al 27 it St
L BORA T A A RIS i S A ) 2
BRI S R VF AL IR ; ( B il JE k2 S i e 2R A
) (2018 Ji)r R BB A B i FE A2 i, W K 4532
ISEERTVE T (R KSR A B8 3 RO )
AR H %) (2016 4F i) 8 i, S 7E FLin ATl
R HH RIS T O A R i 7 s (R BE DR AP 25
A5 ) (2017 AERROAE T A LA A OB 3 ATl
FEAL R S 30 Ay v A RS 7 i, A ™ felFH AL
AR 10 ¢ A 4ll AZ5 T 7 5% e A8 44 XU
AR, IFHE N 2 T4 ;2020 4E 11 H P AL
SeFEHIb A i 24 5) (B L), R Al i Y 2R 7= A
IREE 5 R XU 119 T B BR T R IR A s 4 it

BEAE, SR il R B PR HE ik, TR I AE (15 7K 25
BHEBARE ) (R TS5 e 2R A HEUhR 1) (TS
IKAEFRT 5 G Wy HE AR ) A i A2 Tl 75 444
HEBAREY A B 5 G 5 Tl T3 e W HE AR 1 )
(B A B ol 75 G HE bR e ) CAnmgR il Tolk 75
SRR T ) I 22 Tk K75 G W HEROR R ) (5%
IRZEA 25 Tk /K 75 B Wy HE b M ) A Tl ¥ B
YIHERCERUE Y FCELEA Talk A5 Yo W HE HObs I ) 55

%6

ELAA P25k AR e AT HE bR R e T
2R B e W RV HE O B . TEC TARS TR E R R
WO 2 FRAE 56 1 3550 Ak FERE) PE T
FH 2 g P 422 fink B A 50 mg - m (B[] i A2
VPR | AR PC-STEL) A1 100 mg - m ™ (% i} [a] 42
il 25Tk BE | ik PC-STEL), I4M, 7E7K \ HEEFIE
P ST BRI, 0 S0 % R S A T BR A
FE L3 6 PR,
3.2 EAMEEAEN

F [ | H ARG A PR A R TR
Fifd e E R R R PR T T8, %
G2 L) P ER US EPA XHu 6 B 2EAE N Y
187 Fify 22 75 YL W (HAPS) 43 2 4B BE b A7 %
P50 1 BB LT BOR T AT, BUAR AT Ml AT S
PR T5 Ge W HE K SF, 3T 5 KT Ik 4R A
(MACT), S Jiti £k 2% i HE O 105 56 2 B Bk F
“RUBS: ™ AT s BVH D R 1 T B A R R A
Y AN FEI T S A% 1T 5 B AR A e, S it i B XL
¥, HARCKRATG Yt k) ¥ 248 Fha Bs) A
FRATTYN It ALHE 2R AR 23 Rl Seis
il 5 YLy, RO R T Ak 25 1y ST SE a5
U8 BRE XURS: PEAR | A olk 75 Y bR - i 42 i HE
157 A R I E
3.3 XPREIL

(1) F 2RI AL TR0k 2 — #0347l
AN IV K8 e s R P v L R oA Y
PR AR A A SR HE R (L4 TE A 2L 23 e A 45
IR I B AR R R R, EEBORE R GA Al [X
KA ST, TR NG X PR 2 S B R
DA, 3 el DX A5 2 /o W I SO i 2 1
T el X ] i1 F ORI 15 Y FHg R AU DA

HEXAEERR N R HRERE

Table 6 Limits of toluene concentration in different media in China

FrifE Standard FR{E Limit value

%11 Note

(HBFROK IR TR AR i)

Environmental Quality Standard for 0.7 mg-L™"
Surface Water (GB 3838—2002)
CHETR K TAE R i)
Standards for Drinking Water Quality 0.7 mg-L™!
(GB 5749—2006)

(- HESREE I bR )

) ) ) 1 200 mg-kg™'
Soil Environmental Quality (GB 36600—2018)
(ENZERERE) 3
02 mg-m

Indoor Air Quality Standard (GB/T 18883—2002)

A T 2 A T IR R K M e K TR M

Centralized surface water source for drinking water

AIE IR AR TR PORIAOK IR S UK ik
Drinking water, drinking water source, centralized
water supply, secondary water supply
B Pl P24 DXL 9 2 (LR )
Toluene risk screening value and control value for construction land
1 h i

1 h mean
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Q)P HECFNA L Se i A2 2 5w (3 A1)
it — 2 ARV SR o A S AR R R
DX HUOR A A 7 A R Al , 4TSS HETS
VFTIE i JEE MG 175 A2 7 1 A%, -4 R 3 3t A 7™ o A
FORBEATIE B AT, A ThAiolb A bl X i 4 29
RIS PR AE

BIEER N TAH0979—), ko, ML SRR, £ &
R @A B E DK R ENE RIS R R,
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