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Abstract: The research is carried out potential health assessment of benzene homologues exposure
in correction fluids to primary and secondary students. 10 brands of correction fluids including two
hundreds representative and typical samples were collected in Hebei province of China for
detecting contents of toluene and xylene (3 isomers). And then, it was established risk assessment
model on the basis of the contents of benzene homologues and physiological characteristic of
primary and secondary students. The results is indicated that it was checked out xylene isomers
residual solvents from 3 brands of samples, the average detection rate is 30%, and the target hazard
quotients (THQ) is greater than 1. Because correction fluids was caused exposure health risk by
respiration and ingestion, it suggested that relevant departments was needed to formulate and revise
the national compulsory standards for defining limited values of toluene and xylene in correction
fluids.

Correction fluids was one of the most commonly used stationery by primary and secondary
students, if there were some improper behaviors in use, it was increased the potential health risk as
students’ behavior was not completely controllable. At present, there were 3 kinds of solvents in
correction fluids production process — trichloroethane, hexahydrotoluene and hexamethylene, but a
few illegal businessmen use benzene homologues for costs reduction which had better dissolving
property™. And these correction fluids producers were tend to use toluene and xylene instead of
benzene, because there was strict limited for content of benzene in China national and industry
standards such as GB 21027-2007?, QB/T 2655"! and QB/T 4154 etc. The organic solvents
vaporization in correction fluids was caused eye, mucosa and skin stimulation, and even worse, it
would cause organ damage. The study was detected contents of benzene homologues in correction
fluids samples by Gas chromatography (GC), and carried out exposure risk assessment to benefit
effective supervision by providing scientific basis.

1. Experiment
1.1 Instruments and materials

Instrument: Agilent 7890B Gas chromatography (GC) with liquid injector and FID detector.

GC condition: Chromatographic column was HP-Innowax (60mx0.25mx0.5um). Injection port
temperature was 230 Celsius degrees. Carrier gases was nitrogen (Purity >99.999%). Column flow
rate was ImL/min. Injection valve was 1mL. Sample injection method was split stream (split ratio:
10:1).

Chromatographic column heating procedure: initial temperature was 60 Celsius degrees and hold
5 min, heating up to 120 Celsius degrees by 5 Celsius degrees per minutes and then heated up to
150 Celsius degrees by 15 Celsius degrees per minutes. Finally, it heated up to 240 Celsius degrees
by 20 Celsius degrees per minutes and hold 2 min.

Standard substance and preparation: take a given volume of toluene, o-xylene, m-xylene,
p-xylene (Purity >99.0%) diluting with ethyl acetate to 1000mL standard stock solution,
respectively. And then, dilute standard stock solution to standard solution series in turn.

Samples: 10 brands of correction fluids including 200 representative and typical samples which
collected in Hebei province of China.
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1.2 Method

According to GB 21027-2007 <Request in common use of security for student’s articles>
appendix C (determination of toluene and xylene in adhesive gas chromatography), the study is
detected content of toluene and xylene.

2. Results and discussion
2.1 Test results

The research was detected the content of toluene and xylene of 10 brands of 200 samples,
respectively. In the 200 samples, 3 brands of correction fluids were detected xylene (3 isomers), the
average detection rate of o-xylene, m-xylene and p-xylene was 30%. All of samples was not
detected out toluene. In GB 21027-2007, the content of benzene of correction fluids production was
not to exceed 10 mg/kg, but there was not stipulated content of toluene and xylene. However, in GB
21027-201X exposure draft, the limited content of toluene + xylene was 40 mg/kg, it indicated the
xylene content of 3 brands correction fluids were exceed limits. The result was shown in Tab.1.

Tab.1 The results of benzene homologues in correction fluids
Brands  Toluene (g/kg)  o-xylene (g/kg)  m-xylene (g/kg)  p-xylene (g/kg)

1 ND 4.37 9.10 4.94
2 ND 4.24 9.98 6.03
3 ND 11.8 23.69 12.48
4 ND <0.02 <0.02 <0.02
5 ND <0.02 <0.02 <0.02
6 ND ND ND ND
7 ND ND ND ND
8 ND ND ND ND
9 ND ND ND ND
10 ND ND ND ND
11 ND ND ND ND
ND-Not Detected; Method Detection Limit of toluene and xylene was
Remarks 0.02 glkg:

Because the main users of correction fluids were students, there was some improper behaviors in
daily use, unavoidable. Thus, it increased the safety risk in the use of correction fluids, the research
was carried out the health risk assessment by exposure risk assessment model.

2.2 Risk assessment model
2.2.1 The calculation of exposure does

Toluene and xylene were aromatic organic compounds which was most common of organic
solvent. These volatile organic solvent was entered human body mainly through respiration
exposure. According to <Exposure Factor Handbook of Chinese Population (Children)>"!, the
exposure does of human body exposure by respiratory tract was calculated by Eq.1.

ADD = SXIRXEFXED (1)
BW X AT

Where:

ADD is average daily exposure dose of hazardous substances, mg/(kg-d) ;
C is concentration of hazardous substances, mg/m?;

IR is respiration rate per unit time, m*/d;

EF is exposure frequency, d/a;

ED is exposure duration, a;

BW is body weight, kg;

AT is average exposure time (Non-cancerogen is 30*365=10905), d.
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From the point of view of the sample quality risk assessment, there was more valuable for daily
limit intake of sample hazardous substances. Therefore, average exposure time EF:TED in Eq.1 was
developed to average daily exposure time (t), moreover, the mass concentration was calculated with
C; (mg/kg), production usage mass m (kg) and volume of compounds V (m®) by Cl% That is,

the Eq.1 was converted to Eq.2 to calculation.

CiXmXIR;Xt
VXBW (2)

ADD =

Where:

ADD is average daily exposure dose of hazardous substances, mg/(kg-d) ;

C; is mass concentration of hazardous substances, mg/kg;

IR is respiration rate per unit time, m*h;

t is exposure time, h/d,;

V is volume of hazardous substances, m®;

BW is body weight, kg;

The reference dose of xylene ngD) was as Tab.2 which was consult in the data of integrated risk
information system in U.S. EPAL!,

Tab.2 Reference dose of xylene
reference dose of xylene (RfD)

Compounds (mg/(kg-d))
o-xylene 0.2
m-xylene 0.2
p-xylene 0.2

The health risk of non-cancerogen was evaluated by Target hazard quotients (THQ). In general,
the health risk was unacceptable when THQ was greater than 1, as below Eq.3.

ADD
THQ = -5 ©)
Where:
ADD is average daily exposure dose of hazardous substances, mg/(kg-d) ;

RfD is reference dose in one exposure route of hazardous substances, mg/(kg-d).
2.2.2 Risk assessment

1) Usage mass (m)

Through questionnaire survey in 300 primary and secondary students, it take about 1~4 weeks to
run out of 1 bottle of correction fluids in 35.2% students. And it take about 1~3 months to run out of
1 bottle of correction fluids, hence, average usage time was supposed to 1 month. The common
specification of correction fluid was 15¢g per bottle, that is, the usage mass m = 15/30 = 0.5 g/d =
0.0005 kg/d.

2) Volume of compounds (V)

The concentration distribution of xylene was not even, when it was released from correction
fluids, and the concentration of xylene was decreased by distance increased. The distance of
student’s nose to correction fluids outlet was 15~25 cm. The volume of diffusion and response was
set the hemisphere space within double distance radius (30~50 cm, set 40 cm), and it was supposed
that the concentration of xylene was even, that is, the volume is 0.13m® (V=2/3*1*0.4°=0.13m>).

3) Daily exposure time (t)

Through questionnaire survey in 300 primary and secondary students, 25.2% of students spent
30 min to do homework, 39.8% of students spent 1 hour, 25.4% of students spent 2 hours and the
other spent 3 hours. The exposure time was set to 2h in this research, that is, t = 2 h/d.

4) Body weight (BW) and Respiration rate (IR)

According to <Exposure Factor Handbook of Chinese Population (Children)>, it was calculated
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short term respiratory volume of 0~18-year-old children. The respiration rate of 6~9, 9~12, 12~15,
and 16~18 years old was 0.294 m*/h, 0.384 m%h, 0.386 m*/h, and 0.432 m%h, respectively. In
addition, the Chinese children body weight was as Tab.3.

Tab.3 Recommended value of Chinese children respiration rate and body weight

Age(year) Respiration rate (m*/h) Average body weight (kg)
6~<9 0.294 26.5
9~<12 0.348 36.8
12~<15 0.396 47.3
15~<18 0.432 54.8

According to Eq.2 and Eq.3, it was calculated daily exposure dose (ADD) and target hazard
quotients (THQ) of xylene exposure from correction fluids as below Tab.4 and Tab.5, respectively.

Tab.4 Daily exposure time (ADD) of xylene in all age of students
Daily exposure time (ADD) of xylene (mg/(kg-d))

Brands o0-xylene m-xylene p-xylene
6~9 9-12 12~15 15-18 | 6~9 9~12 12~15 15-18 | 6~9 9~12 12~15 15~18
#1 037 032 028 026 | 078 066 059 055 | 042 036 032 030
#2 036 031 027 02 | 085 073 064 061 | 051 044 039 037
#3 100 086 076 072 | 202 172 153 144 | 107 091 080 076

Tab.5 Target hazard quotients (THQ) of xylene in all age of students
Target hazard quotients (THQ) of xylene

Brands 0-xylene m-xylene p-xylene
6~9 9~12 12~15 15~18 | 6~9  9~12 12~15 15~18 | 6~9  9~12 12~15 15~18
# 185 160 140 130 | 390 330 295 275 | 210 180 160 150
#2 180 155 135 130 | 425 365 320 305 | 255 220 195 185
#3 505 430 380 360 | 101 860 765 720 | 535 455 400 380

It indicated that correction fluids production had potential health risk, because the target hazard
quotients (THQ) of o-xylene, m-xylene and p-xylene in 3 brands of correction fluids were greater
than 1 as shown in Tab.5. In the scene of same exposure duration, different ages’ daily exposure
dose had some difference due to the difference of respiration rate and body weight, that is, the
exposure dose was decrease with age. Therefore, it indicated that the hazardous substances had a far
greater impact on the low aged students.

3. Conclusion

The research was detected 10 brands of 200 samples, and the result was indicated that xylene
content in 3 of brands of correction fluids were exceed reference limits. To established risk
assessment model of 3 brands of correction fluids, it was evaluated risk exposure dose of xylene (3
isomers) in correction by respiration exposure and calculated target hazard quotients (THQ). The
result was indicated that the correction fluids production had potential health risk to students, as the
target hazard quotients (THQ) of xylene (3 isomers) in 3 brands of correction fluids were greater
than 1.

The results was suggested that relevant production enterprises improved the quality of products,
and selected other less harmful solvent to guarantee the quality of chemical safety in scope of
correction fluids usage. Moreover, relevant government department should formulate limit
standards, and strengthened random inspection of product quality.
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