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Evaluation of Hazardous Substance Exposure Levels
among Chemical Transport Workers

Hae Dong Park” *+ Se-Dong Kim
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ABSTRACT

Objectives: To evaluate the levels of exposure to organic compounds during tank lorry loading/unloading
operations, and identify the causes of exposure.

Methods: Personal sample evaluations were conducted for workers transporting tar and light oil at a coking plant
of a steel mill in 2021 and 2023 using activated carbon tubes and GC/FID analysis. VOC monitoring was also
performed using direct-reading equipment for transporting light oil.

Results: The median concentrations that were collected in 2021 for about 30 min for loading operations were 0.327
ppm and 0.035 ppm for benzene and toluene. The geomean concentrations that were collected for a full time work
were 0.101 ppm and 0.034 ppm for benzene and toluene in 2023. Exposure levels were significantly higher for
transporters compared to safety managers. Light oil operations showed higher exposure levels than tar operations.
The peaks of VOCs were detected during pipe connection and disconnection by direct-reading monitor. The
amount of exposure during unloading was approximately four times higher than during loading. However, there
was no significant correlation between workload and exposure levels.

Conclusions: This study highlights the need for exposure management for transport workers, who often fall
outside the scope of traditional workplace-level management. Potential improvement measures include
upgrading vapor recovery equipment, ensuring adherence to safe work procedures, and considering work
environment factors such as wind direction.
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Table 1. Samples and working conditions
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275 SIS e R A =54] AH|(MultiRAE
Pro, Honeywell, USA)E ©]&3dlo{(Table 2), 234

: Sampling
N Job Workload " , _ ,
Time (min) Flow (md/min)

12 Light oil transport 0.5 26-44 0.2
2021 11 Tar transport 0.5 23-30 0.2

5 Safety manager 0.5-3 29-405 0.1

6 Light oil transport 0.5-4 143-434 0.1
2023 15 Tar transport 2-7 330-421 0.1

9 Safety manager 1-4 358-434 0.1

"N: number of samples, TWorkload: the number of loading and unloading tasks performed with the chemical tank lorry

(each loading or unloading =0.5)

Table 2. Main specifications or settings of direct-reading instrument (MultiRAE pro)

Variables Specifications or settings
Size 193 x 96.5 x 66 mm
Weight 880 g (pumped model)

PID (10.6eV)
Sensor Range 10 ppb - 2,000 ppm

Resolution 10 ppb

Sampling flow rate

250 cc/min

Data logging

1 min interval

-20C - 50T

Operating temperature humidity

0%-95%(RH, non condensing)
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Table 3. Analytical conditions for GC/FID

Variables Conditions

Instrument Agilent 8890

Column DB-624 (30 mx0.25 mmx1.4 um)
Injection volume 1 ud, split ratio 10:1
Carrier gas Na, constant flow 1 md/min
Oven temp. initial 40°C(3 min), rate 10°C/min,

200C

Benzene 5.09, Toluene 6.61,
Xylene 8.13&8.44

Retention time (min)
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Table 4. Exposure levels for benzene and toluene by occupational category (unit: ppm)

Chem. Job N’ Median GM' GSDT AME sD' Min Max
Total 28 0.327 0.157 14,183 0.707 0.845 NDT 2.896
Benzene LT 12 0.606 0.382 9.892 1.100 1.047 ND 2.896
T M 0.435 0.152 13.942 0.550 0.569 ND 1.752
SM™T 5 0.046 0.020 16.570 0.112 0.139 ND 0.313
Total 28 0.035 0.017 8.254 0.066 0.100 ND 0.426
Toluene LT 12 0.040 0.015 7.782 0.045 0.047 ND 0.153
11 0.064 0.028 9.838 0.109 0.144 ND 0.426
SM 5 0.013 0.007 6.882 0.023 0.033 ND 0.080

"N: number of samples, TGM: geometric mean, TGSD: geometric standard deviation, $AM : arithmetic mean, 'SD: standard

deviation, IND: not detected, “LT: Light oil transport, “TT: tar transport, TTSM: safety manager,

to SM (by Kruskal-Wallis)

Al BAFOCR Fost Aol 12K (p=0.050), Z
s E H|W AlolE 2R &3} IR kERE0]
kAT Ao HlgiA RISl =AU THp=0.046). EF
o] AA FY4 =&54E2 0.035 ppmoloH, 3
A AE v Al fogt 2ol §1%1a(p=0.302), Z+
s HZ2% ot xfo|7}t gloirt.

AL 197(68%)°] 2dEE BAHNeH, A&

R

?: p-value(0.05 compared

5113, +784)(Equation 1) ¥ 7HgH

ot gyt

2742 of

C;X T+ C. XT,
T;+ 1,

estimated 8 — hr TWA (ppm)

(Equation 1)

%}1\.0 0.009~0.123 ppm Z:Zo|9it}. ZAdlo] ?, ; Cf)nce;'ztratm{? o{ lljjef(zzejn)e for active job (ppm)
- ;- time for active jo, min,
7Rbe 27%0] B, F 712100 ppm)e] H13) . e »
M wEszo| 19 wlukoz Lol Ho| Z|ABHAL G, - concentration of benzene for rest or drive (0 ppm)
0 TIe—= x — T, . time for rest or drive (480-T})
st
S0 AL HE 2R i Aol o] SRS 5 A oF 308 24 ghe] 715
=™, &5t 7|AF 1780] 5FF0] 4~63] &5t A< & AL A} A BY 2zo= FHY
she slos sfersigich. W7k GAlols oF 3080 o1 ool : 4e63] (4 - o1} §314 : 8-123)
RIS o2 S oH, SRS o E SAF - BRF Al AL A7 7 308, 19 LI A|7E
S|4 o] Foj A A BIFEA] FSHinh. A EAE 8A|7F
FARRE Aog metEo] 7S Foto] U4 kEHE - ;- B1aF 2] Qo= L-Zo] Qi Aoz 71H
Table 5. Estimated TWA levels of benzene exposure by job category
Job N’ Exposure time’ Concentration Non-exposure time™ 8-hr TWAS
(min) (GM, ppm) (min) (ppm)
4 240 240 0.191
Light oil transport 5 300 0.382 180 0.239
6 360 120 0.287
4 240 240 0.076
Tar transport 5 300 0.152 180 0.095
6 360 120 0.114
N: number of transport cycles, Texposure time=Nx2x30, Tnon-exposure time=480-exposure time, 8-hr TWA:
estimated 8-hour time weighted average concentration
Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1): 12-18 www.kiha.kr



49 TWA =252 Table 59 29t} 19 %
FHREE 3]0l webA, 2| St ZGolA] HAl
9] &4 0.191~0.287 ppmO& FHIt &
2 &0t A2 0.076~0.114 ppm 2] #Flo]| =
&2 708 FHEHUL

(2) 234 HotAL

WA E5A2 217 37 AlmollA] HEE A e
o LEeE2 Table 63 A9 7|6t Ew2 #HAl}
E3249l0] 27} 0.101 ppm ¥ 0.034 ppme]3ict. =l
Aol k& 7|50.5 ppm)S 2IoR= 2 37190,
277 &5t 7IAlA 3.416, 3.438 ppme] SHE AU
a1, B2 &5} 7|AelA 0.535 ppme] 3=t &
2] $F(action level) ©A1 0.25 ppmolAl 0.5
ppm Ate]9] FH2 571%loH K% E5} 7|AA 57
H ol

ZAGEEE AmEE QR Ake] WAl =& 7|5t
Bt 5= 0.021 ppme|R e, &35t 7|A= 0.197
ppmO| Ut &3} 7|AFY k=EpEo] PAX| o Hrt &
OI5HA| E=UTHP0.001). E&AANA HFEED &
of wEtA WiAle] e A HENT 2 &5
AA] eEeE9] 71582 0.590 ppm °|eH, Ef
2 YA =225 75w 0.127 ppmO] Sl
275 EcMo] B2 S5 ET E35E0] F
SHA| =S8 H(p=0.045).
Z 30709] AR F IAAL 6719 AlRoA HEE
Fom, dEH AR 5% He= 0.08~1.98 ppmO]
At g 37 AlBoA AEEUL, s HY
+= 0.03~0.08 ppm 0|t EFZ &5} 2FoA

o

10

g ]
[
~N
< 1
o o] o
5 — o ° o °
s} o o
S 501 o 3 8
= 2 e
—_— o [+]
ol o 8 °
=
c
o 001
c
8 8
0.001
0.0 2.0 4.0 6.0 8.0
Work load

Figure 1. Correlation between the workload and the benzene
exposure in 2023
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Table 6. Exposure levels for benzene and toluene by occupational category (unit: ppm)

*

Compound  Job N Median oMt GSDT AME sp! Min Max
Total 30 0.110 0.101 5.195 0.365 0.844 NDY 3.438
LT 6 0.383 0.590 4.148 1.324 1.633 0.159 3.438

Benzene
T 15 0.111 0.127 2.211 0.172 0.148 0.038 0.535
sMtt 9 0.033 0.021 4.688 0.046 0.049 ND 0.144
Total 30 0.029 0.034 2.884 0.060 0.075 ND 0.330
Toluene LT 6 0.040 0.063 3.165 0.111 0.128 0.019 0.330
15 0.033 0.037 2.295 0.052 0.049 0.013 0.185
SM 9 0.015 0.019 3.272 0.040 0.059 ND 0.179

N: number of samples, TGM: geometric mean, TGSD: geometric standard deviation, SAM
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. arithmetic mean, 'SD:
standard deviation, IND: not detected, “LT: light oil transport, “"TT: tar transport, TTSM: safety manager

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1): 12-18



(Day 2, worker A)

[ [

Concentratin of YOG (ppm)
[ B

R

Figure 2. Graphs of real-time VOCs exposure (C: charging

i | i L.l]

=
&

o w

LD m—— | |
I

11:30 h—— |

12:00

=] @ =] = -]
-] - ] & il
"] [ S o &

=
m
&

10:00
10:30

Table 7. Exposure levels of VOCs by job category (ppm)

SIER 2EAYAe RAlEE E4F /L AR 17

el

{Day 2, worker B)

~

&

w

()

Comcentratin of VOCs (ppm)
= & W

2

=]
T

G000 +
F00
&30
a
o0
10:00
10:30
1100
11:30
12:00
1230

, Dc: discharging)

Category N Median GMT Gsp? AMS sp' Min Max Prop™ (%)
Charging 305 NDF 0013 4774 0084  0.274 ND 2.230 182 £ 1.9
Discharging 317 0040 0045 7613 0327  0.829 ND 5950 809+ 1.0
Driving and other 459 ND 0.005 1175  0.005  0.002 ND 0.040 1.2 £1.7

N: number of samples, TGM: geometric mean, TGSD: geometric standard deviation, SAM : arithmetic mean, 'SD:
standard deviation, IND: not detected, “Prop: proportion of exposure
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