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Real-time TVOC Monitoring System and Measurement Analysis in
Workplaces of Root Industry
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ABSTRACT

Objectives: This study analyzes TVOC concentrations in root industry workplaces in order to prevent probable

occupational disease among workers. Root industry includes all the infrastructure of manufacturing, such as
casting and molding.

Methods: Real-time TVOC sensors were deployed in three root industry workplaces. We measured TVOC

concentrations with these sensors and analyzed the results using a data—analysis tool developed with Python
3.9.

Results: During the study period, the mean of the TVOC concentrations remained in an acceptable range,
0.30, 2.15, and 1.63 ppm across three workplaces. However, TVOC concentrations increased significantly at
specific times, with respective maximum values of 4.98, 28.35, and 26.65 ppm for the three workplaces.
Moreover, the analysis of hourly TVOC concentrations showed that during working hours or night shifts TVOC
concentrations increased significantly to higher than twice the daily mean values. These results were
scrutinized through classical decomposition results and autocorrelation indices, where seasonal graphs of the
corresponding classical decomposition results showed that TVOC concentrations increased at a specific time.
Trend graphs showed that TVOC concentrations vary by day.

Conclusions: Deploying a real-time TVOC sensor should be considered to reflect irregularly high TVOC
concentrations in workplaces in the root industry. It is expected that the real-time TVOC sensor with the
presented data analysis methodology can eradicate probable occupational diseases caused by detrimental

gases.
Key words: Air condition, occupational disease, total volatile organic compounds, internet of things, root
industry
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SVM307F EX& & Q= 7FAES TVOC, CO2eq

% % 7HXel, TVOC 7152 53l 574 7Hs3t VOC
7PAEE n-SAL oEHlAl 52 Esto] FAolA T
B % 9lE VOC 7hA5S i &gtttk TVOC
FAE 0 ~ 60 ppm7HA] F70] 7Hs5HH AllA 9] ot

= +15%°]t. Edle2 2.008 ppmZHA] 0.001ppm
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Z7o] 71s3s)t). AllA ] B go]A(calibration) HA
= SVM30 1411,:1_01] A2 2 g 285t AP
ol kA7 gl A 7IE AeEgoldS AA|
SHAch.

[oT AIAEE 4517 A8l $2= d%% 100] A
A|H AFEO| SVM30L= 4H HEE FH& |2
2](universal serial bus, USB)Z A5t} o]g€
TE 10T Al&EE 7t AdAnit IAEA HX&
6—]_011]'_‘,]- qu]x]-/\l* &‘ﬂﬂ‘-ﬂ 11-0‘111-0] 5’—1‘]0]14— %%
W=o] upe} ZAo] T2 1 7tA HRAVE dEF &5
o oj#fgo] = LS IHst FFHoE EUE
oAl 5~ 10 m Bojzl F+A%I 3o ”7‘]* Shal, 5
9 347 A= 5 ~ 10 mE &, E4, VOCs7F 5

1__

Sensor name Sensor type Available gases

TVOC

. TVOC detection resolution
detection range

Metal—-oxide—semic

SVM30 onductor

TVOC, CO2eq

0-2.008ppm: 0.001ppm resolution:;
2.008-11.110ppm: 0.006ppm
resolution; 11.110ppm-60.000ppm:
0.032ppm resolution

0~60ppm

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 425-434

www.kiha.kr



-4

ol

428 Wz

o

. A . S . SIA
Yes - PRS- 3

r
lon
FHA

2 ot Fas Aot AZeRE A A
M= Z=2E A% A" T4 10 m Gojzl
Fol AAJetoltt. B A= dd 7HEE7golA
g 8 m Hojzl Xof AAstelth. C ZAFA oAM= =
P IHE o] 8347 df=F 5 m ozl 3o
Aoty 54 A AR Eol= 1.5 ~ 2.0 mE A
gato] AA| ZAREC] TVOCE &Y 7Hsst &4
Bt} shdet. E3E 2GR S8 GojF=
S 85t HFEA g2 TVOC 55 &7t
of ZAAY] ¢Fd HES it HFF g motsta
2 et 247172 3092 AFgsto] HlojgE
A, EAst. dloly 3 {5 AlA= 10x00
H TVOCEEE F33t o] 10% &9 HlolHEYy
Lo]=2E AASH| sl Al 182 B ol 4
Z13Ysteiet. o] A2 384 89 1AA Eaff, A
7V&BAS & F 3R F40] HH o] AL nF
Python(H14 3.9)8 &dll IP= At} 254 89k
Z2A4717F B9t 4= TVOC 7ol BHzt, T2,
23 MRS Sk Aotk 134 Bl ASwt
< F71H0E REELE H, d¥HoE 45 52
stk H, = 5 7MY I Z=E Esffste] &
T U= ot oo R A AYHEAL dA Al
9] dlojget LA AZF A AH Holg 9] AHHAE
Asto] it AEFEC] 71482 THAEA TEd
QA= AEZA &g Hr) o] 2714 BAELS oA
e oz SRIPA E4 Al7to TVOC s&=7t H

d #= AAE Hlolg BE4S Bl o Wds] A

%

o

g > 4> fr o

1. TVOC sk £8ay

AE717E B2t Al 1Y BEjake] ZHdAellA S
AAZF TVOC =55 Figures 1(a.i), 1(b.ii), 1(c.iii)
2 Uit 374717 52%te TVOC %9 B4,
HFWA, 183 HYE Table 29 2t A7 5
QFe] TVOC sk B2 A ARReIA= 0.30
ppm, B AFFAOA 2.15 ppm, 183l C AFAAOIA
+ 1.63 ppmoE IZESIE 181, #5H TVOC
e BEHARE A AFYOlA 0.24 ppm, B AFYA
Al 3.46 ppm, C AF4IA 2.41 ppmO=E tha =
2 Fbo] BEEUH. 7 ARRollA BEE TVOC &

www.kiha.kr

THAE A ARAYAE 0.01~4.98 ppmlE W2
ol == UA N B Aol A= 0.07~28.35 ppm
a3 C AFARIAE 0.01~26.65 ppmlZE &2
TVOC o] #== ]t

Table 32 TVOC &%=9] AZHE Hghs Uehdtt.
A AGFoNME ZEAZHRQD 10:00~14:0000 X%k
(0.33 ppmel4)el B#3H0.30 ppm)S 435kt
I8, B AARolAE ok ARSI 18:00~20:00
of] +=213(4.68 ppm)°] 7F &4 o= Y A%
9] TVOC Hw4k2.15 ppm)2] F & A3]ok= Fhol
o}, B o 2 C A ARoAE ok, A 5 A7
1 19:00~06:00°] BHgkS | F viE A3]stct.
o] Aulg Zultt TVOC B&7}t =4 HAEEE A
27t frejulstAl EAscHE Ag Trelst 4= 9tk

2. 5 M

Figure 13 Tables 2, 32 574 ZAAIH 9
TVOC?] Hite] TVOC & BHtEt F2ulsHA

= AZ HojEr} o] AFZAAE 2 t AU
As}7] fste] f-g= 11 H Eof(Figure 1) A7
TEA(Figures 3)E AAloH3tt. WA, Figure 12 9
717 B9 #=H TVOC 59 14 Bl A=
yehdict AFoE #H=H TVOC Fx(actual)=
3 37HA dgo g EofEt. F7|Ho R HHEE= of
H(seasonal), AR A5 Z2 stFcl= dd
(trend), 28]1 *o|= W€ (residual). ©] Al 7FA]
HE XA Y Iz E vhsojzith F7Ho=®
Rl = g (Figure 2)& AWEE o, o229 23t
£ ¥5T & UJS Figure 2a) A ZARFOIM=
09:00~11:002} 13:00~15:000] TVOC %ol A53it,
Figure 2b) B ZrA4&o4+= 19:00~22:009] TVOC %
o] A53tth, Figure 2¢) C &FgolAl= 20:00~06:00
o] TVOCHo| Asgtt. ol A i #=Zzket
YA B4 AAAIRH Ol feu|gt TVOC 5xE9
&0l A%t= AS Yuigty. E3L Figure 1904
dHA o 5 &2 stEches HES B2 o, IA
HE 529 AV HES & & AUtk olE EW A
H TVOC 5=9] di4do] E2hd 4= &< vettt.

1)1, Figure 32 Figure 1914 T4 TVOC &=
Tof gt A7 VFEASE vERde A7V AeTE 1
o 77 71482 7M1= A& Qulsk=dl A, B, C
A E BF 52 APTASE THER 3y =2

o AL Hr

it

o

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 425-434



&
u
>
1154
Bt
114
0z
=
OB

SUMRVISRIER(TVOC) AR “EZANA 50 s B4 429

4 >
A
D] 2 =
o ~ . | . - E
0.6 w
i 0.4 2
0.2~ g
o 2
- v . : . v
0.6 _
i)y 0.4 o
2
021 -
- : - - v v
o
2- i a
iv) E
0- — 2 PoRpre— c
- Y ——y ~rt o —T Ty =

(@) A workplace

lenpy

|euoseas

ii) 54
0

iii)

v o] —J\-f = . iR, il

(b) B workplace

~N £
puaip

|enpisay

|enpy

o n
n iy
puail |euoseas

iv)

s
|enpisay

(c) C workplace

Figure 1. Classical decomposition results at each monitoring site. The X—axis denotes day. The Y-axis denotes ppm of TVOC.
The actual graph represents real-time TVOC values in ppm over the measurement period. The seasonal graph denotes
the extracted periodic pattern from the actual TVOC value. The trend graph shows the long term rise and fall observed
in the actual TVOC value. The residual graph means residual noise excluded from the seasonal and trend graphs.

Table 2. Mean, standard deviation, and range of TVOC concentrations by industrial classification

(Unit : ppm)
Workplace A Workplace B Workplace C
Mean 0.30 2.15 1.63
Standard deviation 0.24 3.46 2.41
Range (min.-max.) 0.01~4.98 0.07~28.35 0.01~26.65

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 425-434 www.kiha.kr



-4

430 4=

o

. A . o .
s - YXIR

ro
ok
A

A
T

Table 3. Hourly averaged TVOC concentrations during the measurement period by industrial classification

(Unit : ppm)
Time Workplace A Workplace B Workplace C
00:00 0.30 2.21 2.64
01:00 0.29 1.74 2.59
02:00 0.30 1.88 2.33
03:00 0.31 2.19 2.47
04:00 0.30 2.30 2.40
05:00 0.29 1.89 2.19
06:00 0.28 1.58 1.37
07:00 0.31 1.16 1.15
08:00 0.31 1.06 0.81
09:00 0.30 0.74 0.70
10:00 0.36 0.69 0.66
11:00 0.43 1.11 0.70
12:00 0.33 1.71 0.66
13:00 0.37 1.73 0.60
14:00 0.36 0.88 1.14
15:00 0.30 0.99 1.16
16:00 0.25 1.22 1.37
17:00 0.28 3.1 1.14
18:00 0.30 5.94 1.21
19:00 0.34 5.88 2.04
20:00 0.33 4.68 1.86
21:00 0.33 2.80 2.27
22:00 0.32 2.06 3.49
23:00 0.32 2.72 2.42
Daily Max 0.43 5.94 3.49

-Y-X-
oNBbo
P
BUOSEaS

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

(@) A workplace

T -r ™

00:00 03:00 06:00 09.00 12:00 15:00 18:00 21:00 00:00

(b) B workplace

T T = T

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
(c) C workplace

Figure 2. 1-Day pattern of season graph at each of monitoring sites. X-axis denotes hour. Y-axis represents the seasonal TVOC
values of ppm.
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Figure 3. Autocorrelation factor of actual TVOC values. X denotes lags of data. Y represents an autocorrelation factor ranged
from O to 1. The blue shaded region means 95% confidence intervals. If the autocorrelation factor is inside the shaded
region, the autocorrelation factor are not considered to be statistically significant and noisy. Otherwise, the
autocorrelation factor is thought to be significant and auto—correlated.
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