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Human Exposure of Hazardous Substances from Recycled Activated
Charcoal of Waste Wood
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The increasing use of recycling products results in the need for assessing the risk to human health. At this
research institute, a risk assessment has been carried out in order to investigate the effect of combusting com-
monly used activated charcoal in barbecue restaurants on the human respiratory organ. In more detail, 13
domestically distributed activated charcoals from recycled waste wood have been analyzed for following sub-
stances: eight heavy metals (As, Cd, Cr, Cu, Hg, Pb, Sb, Se), two aldehydes (acetaldehyde, formaldehyde), and
four VOCs (benzene, toluene, ethylbenzene, xylene). An exposure algorithm has been developed to calculate
the human risk for a closed tent (2x2x2 m) and a place equipped with a ventilation system. Prior to this, sam-
ples were collected from the indoor air of a closed tent and from the place with a ventilation system and its
surroundings. The human risk, expressed as hazard quotient (HQ), for Cadmium and Benzene has been cal-
culated to be higher than 1 for the closed tent. However, since the previous scenario was limited to a closed
tent, the risk assessment was also conducted at a place provided with a ventilation system. The results show
that the exposure was low (0.00002~0.01%). Hence, if facilities are equipped with ventilation, there will not
be any harm to the human respiratory system by combusting charcoal indoors.
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Table 1. Established exposure algorithm
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Exposure algorithm

Metastasis amount Contact

(mg/m*/kg)

Respiratory

N “ “ Frequency of “
quotient (m*hr) ~ duration (hr) ~ contact (event/day)

Number of product
used (ea/event)

Product weight
(kg/ea)

Average weight (kg)
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Fig. 1. Exposure level of the human body to the inhalation of emissions from charcoal combustion(Benzene :

n=4,

SD=0.00437, Toluene : n=10, SD=0.00437, Ethyl benzene : n=6, SD=0.00042, m,p-xylene : n=7, SD=0.00038,
o-xylene : n=7, SD=0.00028, Form-A : n=10, SD=0.00003, Pb : n=5, SD=0.00046, Cd : n=4, SD=0.00006, Ba :

n=10, SD=0.00258).
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(Unit : mg/kg/day)

Group Material Agency Class Value Reference
Formaldehyde ATSDR MRLY 0.2 Tilt et al.”
Aldehyde Acetaldehyde - - - -
Benzene ATSDR MRL 0.0005  Lan et al¥
VOCs Toluene US EPA RfD? 0.08 NTP?
Ethylbenzene US EPA RfD 0.1 Worf et al.'¥
Xylene ATSDR MRL 0.2 NTP(11)
Lead RIVM TDP® 0.0036  FAO/WHO!?
Cadmium ATSDR MRL 0.0001 Buchet et al.'®, Jarup et al.}?,
Suwazono et al.'®
Chromium ATSDR MRL 0.001  NTP¥®
Heavy metal  Barium ATSDR MRL 0.2 NTP”
Antimony US EPA RfD 0.0004  Schroeder et al.'®
Arsenic ATSDR MRL 0.0003  Tseng et al.l%?0
Selenium ATSDR MRL 0.005  Yang and Zhou et al.?V
Mercury - - - -

1) Minimal risk Level, 2) Reference Dose, 3) Tolerable daily intake

Table 3. Concentration of toxic substances in the ventilation system and its surroundings

In the ventilation system

In the surrounding of the

Substance ventilation system HQ
mg/m® % mg/m® %
Benzene 2.984 99.99997 0.031 0.00003 0
Toluene 4.492 99.99998 0.039 0.00002 0
VOCs Ethylbenzene 2.461 99.99997 0.032 0.00003 0
m,p-xylene 3.116 99.99997 0.036 0.00003 0
o-xylene 1.886 99.99995 0.039 0.00005 0
Aldehyde Form-A 247.670 99.999 2.440 0.001 0
Heavy metal Barium 1835.880 99.9 39.603 0.01 0
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