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Exposure to Ozone and TVOCs during Shipyard Welding
and the Adequacy of RPE
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ABSTRACT

Objectives: The purpose of this study is to assess the exposure to ozone and total volatile organic compounds(TVOCs) generated
during welding work at a shipyard and recommend respiratory protective equipment(RPE) adequate against these hazards.
Method: Ozone was collected for about 30 minutes at two-minutes intervals using a direct reading instrument, specifically an ozone
analyzer(Serinus 10, Ecotech, Australia). TVOCs were collected for about 30 minutes at three-minute intervals using a portable GC
(Alpha 115, Synspec BV, the Netherlands), and were determined simultaneously by area sampling at the welding plume closest to
the welder’s breathing zone. The total measurements were 162 for ozone(CO, welding 47, TIG 60, stick 55), and 136 for TVOCs(CO,
65, TIG 50, stick 21). Based on these measurements, a literature survey was conducted to assess the adequacy of RPE.

Results: Relative to Korean OEL, measurements above STEL 0.2 ppm were 23.4% for CO», 63.3% for TIG and 14.5% for stick
welding. There were significant differences(p=<0.0001) among welding types. Compared with ACGIH peak exposure of 0.4 ppm for
ozone, which is not applied in Korea, CO, welding exceeded it by 10.6%, TIG by 40.0% and stick by 7.3%. Although it was not feasible
to compare them directly since there are no Korean OEL, TVOCs had very high levels similar to the concentrations before moving
into a new apartment and about 10-20 times the indoor air quality recommendations for some individual measurements.
Conclusions: As ozone removal RPE has been recommended in welding environments for a long time(Lunau, 1967), this fact was
demonstrated based on the results of the on-site work environment measurements(ozone and TVOCs). In conclusion, for all welding
at a shipyard, gas/vapor and particulate combination RPE are recommended. If this is not possible, it should at least be present for TIG
welding.

38X 5 J(Respiratory Protective Equipment, RPE)
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Figure 1. Sampling positions of probe during welding
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CO, Welding TIG Welding
Figure 2. Photograph of sampling on the spot
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Table 1. Concentrations of ozone

(Unit: ppm)
Welding Type N GM GSD Min Max p-value

Blank” 22 0.003 1.793 0.001 0.008
P1* 10 0.06 227 0.03 0.23
P2 11 0.13 2.37 0.05 0.40
CO, P3 11 0.46 2.36 0.18 1.13
P4 15 0.11 3.01 0.03 0.70
All 47 0.13 3.25 0.03 1.13
P5 11 0.37 1.82 0.10 0.93
P7 11 0.44 1.76 0.12 0.88

TIG P8 11 0.30 2.11 0.10 0.66 p=<0.0001
P9 14 0.18 3.70 0.04 0.80
P10 13 0.13 3.10 0.02 0.72
All 60 0.24 2.85 0.02 0.93
P11 11 0.05 2.27 0.02 0.47
P12 16 0.03 3.28 0.01 0.32
Stick P13 16 0.05 1.48 0.03 0.10
P14 12 0.12 3.84 0.01 0.71
All 55 0.07 2.52 0.01 0.71

"Before measuring, the blank tests were performed in the ambient far from the subject shipyard in the morning. P means

process sampled in the study.
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Table 2. Multiple comparisons of LN _tranformed ozone concentration between welding types

Multiple Comparisons(Welding Type)

Difference Between Means

Simultaneous 95% Confidence Limits

Figure 3. Distribution of LN_transformed ozone concentrations

CO,-TIG -0.6190" -1.1597 -0.0782
CO,-Stick 0.6375" 0.0902 1.1848
TIG-CO, 0.6190" 0.0782 1.1597
TIG-Stick 1.2565" 0.8022 1.7108
Stick-CO, -0.6375" -1.1848 -0.0902
Stick-TIG -1.2565" -1.7108 -0.8022
"Comparisons significant at the 0.05 level
Distribution of LN_Ozone
0 —_— F 21.46
 — Prob > F <.0001

o
E o
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3w -] - — e e — ==~
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The numbers of determinants that exceeded Korean OEL(STEL 0.2 ppm) were 11 out of 47(23.4%) in CO,, 38 out of 60

(63.3%) in TIG and 8 out of 55(14.5%) in stick welding.
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Table 3. Concentrations of TVOCs

e sFoldth

TVOCsE= 23t E =74 diido] ozt 34+
A7 A (KME, 2016)0)A4 th&aL 317
Fof| AL U T2 AL SHZAA vl
o] & TVOCso| #3t 7]& =EEo] 23] =&
A7 HaAE 2P 7o R e
o HARE ZFIAFe] TVOCso|| tjgh 7]&o] glon=z
2ol AZFAQl HHE st AUgr|d d1
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Table 32 ZHXE T4 £ 20|11 Figure 4=
LNo g2 w3t AR SHAE Z=AskeE Aot
TVOCso| thgt Algg71d A= 500 pgm’2ld]
2 Ao AHEE S| 7E ppbR FEAEQLY] o
of A HIAE EFAY Huowhe] HixE

HeksFIE Y 132 ppbo] §lth(Figure 4).

SR24d T gk 500 moly Wolxl PHE A

ox £ (o

[

|
l

X

(Unit: ppb)
Welding Type N GM GSD Min Max p-value
Blank™ 5 0.674 2.093 0.34 2.08
Blank 10 32 1.52 10 34
P1 10 407 1.33 249 605
P2 8 451 1.57 257 761
P3 11 74 2.93 9 376
P4 11 113 2.63 44 820
CO,
P5 8 74 1.74 39 225
P6 11 66 1.40 31 112
P7 6 78 2.01 32 225
All 65 120 2.72 9 820
p=0.0001
P8 10 128 1.48 65 304
P9 11 127 1.36 65 189
P10 11 116 2.24 46 189
TIG
P11 10 227 1.74 74 512
P13 8 3892 3.72 829 23676
All 50 227 3.95 46 23676
P14 3 2226 4.24 712 11295
P15 8 337 1.75 118 613
Stick
P16 10 297 3.52 10 1012
All 21 416 3.44 10 11295

" Before measuring the blank tests were measured in the ambient air far from the subject shipyard around 7 a.m. on February

28, 2018.

TThese measurements were taken in the ambient air of the safety and health education center, approximately 500 m from the

welding workshop.
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Table 4. Multiple comparisons of LN _transformed TVOCs between welding types

Multiple comparisons(Welding type) Difference between means Simultaneous 95% confidence limits
CO,-TIG -0.6380° -1.1799 -0.0961
CO,-Stick -1.2417° -1.9564 -0.5271
TIG-CO, 0.6380" 0.0961 1.1799
TIG-Stick -0.6037 -1.3404 0.1330
Stick-CO, 1.2417" 0.5271 1.9564
Stick-TIG 0.6037 -0.1330 1.3404

*Comparisons significant at the 0.05 level

Distribution of LN_TVOCs

1m0 F 9.60 e}
Prob > F 0.0001
o o
- e}
Z o
—
s 8
]
2N
e I o
3
CD ———
Q
S 5
3
® <
= R R _KME Indoor Air  _— __ _ _ _ _
o < Standard 132 ppb o
S
(%] 4 —}—
i)
o
c
© Mean
R — — Median o
2
CO, TIG Stick

Figure 4. Distribution of LN_transformed TVOCs concentrations

Korea Ministry of Environment(KME) indoor air recommended standard, 132 ppb, was converted TVOCs 500 pg/m’ to toluene
(MW 92.1) ppb unit.

4 W7l 5= 32 ppboldrk. SAHA 65719 Aoz YA O(p<0.05), TIGS} Stick-§3 Zholl=
CO 873 GM-2 120 ppb, Max 820 ppb, =4 =] 507} 2] £-2J3F z}o]7} LrEFLEA] 9FQktH(Table 4). o] Stick-&
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20 ppm HlolW) T A 21749 Stck§HS  ZhHct.
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3.95, Stick &% GSD 3.44). WAUS BA ) FAAE )5 o] wxt e}
Al 4A) G EE TVOCsS] WAIHS ANOVA H  of] SQIEL ©(Oilolth. o] BAS0] §74374

~E 27 EAHR Be Folstrip=0000). T oA BaE S gon mxgdo) e Fusl]
Pt Y 7 EURE B AT COHS TIG & YTHAGA, 2018). TVOCsS] A4S Fol7] Sl8)A
U Stick§ AT TVOCsS] MHARpo] RofakAl e & 84 Ao o5 B Aol s i A
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Al (thinner) 2 218} t}gFe] TVOCse| W= %1 7] o
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2015). 2 ATAT} 157 BA 2 770 A 46.7%)l| A
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EN(European Standards, 2005)¥} <J=1(HSE, 2013)]|
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FHe Ul A% 17.1%0] Balsto] EFHET A
A Al 7V 7|12 A Q] AdMAuEA] R AR A Gdha
A A5G THKOSHA, 2007).

B 5 WA LdEdS 889 SRl o
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(Saito et al., 2000; Spear, 2004; DGUV, 2009; Golbabaei
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259k

aglE Brokn SAAeNA WAvkaz A
Q_—a—}g = tﬂaﬂ

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(2): 200-210



kA
[
B
00
ikt
1
ik

op

M =
Nz
FORE)

fr e lo

27} o

Jerls s
97t 23.4%9]
13 Wol ARES FHA] AU TIGEH 9] -9 STEL
Z3pet A9t 633%018lck S-eluelol Al &g
a4 eiAmh mE ACGIHO|M: gig(Peak
Exposure)2 o= ZHQo|x= TLV-TWAE 58] oA} %
T A o Frha sFEtHACGIH, 2017). ©%9] 1
Z7|& TWAZ} 0.08 ppmo| 2 &2 Z3HFO0 & 0.4 ppm
o Agsitty AR CO,88 10.6%, TIGEH
40.0%, Stick874 7.3%7} =35 Hojytt) H|E o]
Aol A ACGIHS] =3k A4 vlue= ofgrlet

=] -
.

KN
=
KX

= &2 Thesith vhAl T, Al B2 400
A ACGIH =317 JolAd Aoz o=t uaba
ojZet Stk s Al FHAY A BE
Sl Agutaas gk o] uigast
A vl gt 1§ BN 5 meldittA Hol
% TIGEgwolehe Agntaa 243 Bt}

V. o172 HEHy

9 Z3} TVOCsQ| ThAZF &3} e 4]
9l ZJM & o8 ARz A
WEHE f710KE AR
A ol el §7)sheEo
=71 gl ofd 4 glel f715t
719180 TVOCsS =4a Zlolh
o] H 01?-4 ;(1]6}240]3}1 [y /\
A7E PehMe oz Py
t‘gg TWA B o g =X3 o}
st Aol o ukgAe Zojh

A=Y
-

glomz q

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(2): 200-210

to
It

H TVOCs2| =£F7I9 A8 52579 Hetd 209
7 AGAAE B B ATE SRS A%
4 2471718 olg@ AGARE ZHsg o0 2
FASHAY YEopaa A o] BAG £F 0F
S} TVOCs7h A&k o aRe A
QEAAG vhaaE Amstal ol AYTAZS
4 A7 AR FYAPANA o AL BHlske
th TVOCst: AAe5% thEdel o ws
71%ol gong Augs)a BuslEe] vusgt
Y 2EA AgAel ZHe nelsige o g 3
Aol Soiaast dag Aow ASes. o
A NG W 2L SHACIAE F 7}
~80% S0 AAS] fste] GuiAT} Ba
shuj mE $Ho) AgukAI} Hgo ok
ofm 9ol gol Lot FH(l, TIGEH)wolete

HEA] AniAaE 28T AL R

ZAte| 2

B oL TGVS; 9] AR Lol 93] o] 2o A
olof A=Y} FAIAEE ddal 4 ounqq
st FASY FH=d w7 42 AE EEYh

References

American Gas Association(AGA). Fume and gases, The Linde
Group. [cited 2018 March 27]. Available from: URL:
http://www.linde.com/en/index.html

American Conference of Governmental Industrial Hygienists
(ACGIH). 2017 Threshold Limit Values(TLV®) for
Chemical Substances and Physical Agents & Biological
Exposure Indices(BEI®), ACGIH. p5, 2017

Blunt J, Balchin NC. Health and Safety in Welding and Allied
Process, CRC Press. p106-110, 2002

Choi KE. Exposure Assessment of Arc Welders to Welding
Fumes and Ozone, Department of Public Administration
Graduate School, Korea National Open University. 2014

Deutsche Gesetzliche Unfallversicherung(DGUV). Exposure
to Ozone during Welding and Allied Processes, Expert
Committee Information Sheet No. 041. 2009

European Standards(EN 529:2005). Respiratory Protective
Devices -Recommendations for Selection, Use, Care and
Maintenance-Guidance Document, British Standards
(BSi). 2005

Golbabaei F, Hassani H, Ghahri A, Arefian S, Khadem M,
Hosseini M, Dinari B. Risk assessment of exposure to

http://www.kiha.kr/



210 st=

ok

- uss

gasses released by welding processes in Iranian National
Gas Transmission Piplines Industry, Inter J Occup Hyg
2012;4:6-9

Health and Safety Executive(HSE). Respiratory Protective
Equipment at Work -A Practical Guide-. 2013

Health & Safety Laboratory(HSL). Analysis of Weld-
Through Primers -Arc Welding Tests-, HSL Report/
2007/15. [cited 2018 March 28]. Available from: URL:
www.hsl.gov.uk

Kim HM. A study of composition to improve weld ability of
Inorganic Zinc Shop Primer, Department of Industrial
Chemistry, Graduate school, Pukyong National University.
2008

Kim KW, Park JC. A field survey of HCHO, VOCs and
TVOCs concentration levels in the newly unoccupied
apartment units, J Kor Soc Indoor Environ 2008;5(2):
158-169

Kim SD, Kim JH, Park JS, Lee JJ. Characteristics of TVOCs
emissions in new apartment buildings, J Kor Soc Indoor
Environ 2006;3(2):97-109

Korea Ministry of Environment(KME). Indoor Air Quality
Management Law. 2016

Korea Ministry of Employment and Labor(KMEL).
Occupational Exposure Limit for Chemical and Physical
Hazards, Revised 2018.3.20 (KMEL Notice No. 208-24).
2018

Korea Occupational Safety and Health Agency(KOSHA): A
Survey of Respirators Usage and Efficient Management
System of Respirators for Expose to Chemicals,

http://www.kiha.kr

Occupational Safety & Health Research Institute.
p60-37.2007

Korea Occupational Safety and Health Agency(KOSHA):
Technical Guidelines for Selecting Respiratory Protection
System for Chemical Handling Workers(KOSHA
GUIDE H-150-2014), KOSHA. 2014

Lee ME, Park EO, Chung JW: Concentration Distribution of
Volatile Organic Compounds in the Ambient Air of an
Industrial Shipbuilding Complex- A Case Study-, J
Korean Soc Environ Eng 2015;37(6):380-386

Lunau FW: Ozone in arc welding, Ann Occup Hyg 1967;
10:175-188

National Institute for Occupational Safety and Health
(NIOSH). Guide to Industrial Respiratory Protection
(DHHS/NIOSH Pub. No. 87-116), Government Printing
Office. p3-123, 1987

OSHA regulation. CFR(Code of Federal Regulations) -
“Respiratory Protection” Title 29, Part 1910.134. 2016

Park MK, Kang JK, Park HJ, Shin JS, Jang KB, et al.
Concentration distribution and health risk assessment of
HCHO, TVOC s in day care center in the Chungnam area,
J Odor Indoor Environ 2015;14(3):208-215

Saito H, Ojima J, Takaya M, Iwasaki T, Hisanaga N, et al.
Laboratory measurement of hazardous fumes and gases
at a point corresponding to breathing zone od welder
during a CO, arc welding, Industrial Health 2000;38:
69-78

Spear JE. Welding Fume and Gas Exposure, J.E. Spear
Consulting, LLC. 2004

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(2): 200-210



