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A Study on the Total, Particle Size-Selective Mass Concentration of
Airborme Manganese, and Blood Manganese Concentration of
Welders in a Shipbuilding Yard

Jong Su Park' - Pan Gyi Kim? - Jee Yeon Jeong®

'KOSHA, 2Yong In University

ABSTRACT

Objectives: Welding is a major task in shipbuilding yards that generates welding fumes. A significant amount of welding in
shipbuilding yards is done on steel. Inevitably, manganese is present in the base metals being joined and the filler wire being used
and, consequently, in the fumes to which workers are exposed. The objective of this work was to characterize manganese
exposure associated with work area, total and particle size-selective mass concentration, and compare the mass concentrations
obtained using a three-piece cassette sampler, size-selective impactor sampler and blood manganese concentrations.

Materials: All samples were collected from the main work areas at one shipbuilding yard. We used a three piece cassette sampler

and the eight stage cascade impactor sampler for the airborne manganese mass concentration of total and all size fractions,
respectively. In addition, we used the results of health examination of workers sampled for airborne manganese.

Results: The oder of high concentration of airborne manganese in shipbuilding processes was as follows; block assembly, block
erection, outfitting installation, steel cutting, and outfitting preparation. The percentages of samples that exceeded the OES of the
ministry of employment and labor by the cassette sampling method was 12.5%, however 59.1% of sampled workers by the

impactor sampling method exceeded the TLV of the ACGIH.

Conclusions: Even though the manganese concentrations in blood of workers exposed to higher airborne manganese concentration
were higher than among those exposed to lower concentrations, there was no difference in blood manganese concentrations
among work duration. The data analyzed here by characterizing size-selective mass concentrations indicates that the inhaled
manganese of welders in shipbuilding yards could be mostly manganese-containing respirable particle sizes.

Key words: manganese, shipbuilding yard, welding fume
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Table 1. Airborne manganese(Mn) concentration by Sampling methods both three piece cassette and cascade impactor

Mn concentration by cassette Mn concentration by impactor
Process N (mg/m’) (mg/m’)
GM’ GSD' >0ES’ >TLV? GM GSD >OES >TLV
Steel cutting 10 0.0605 4.0 4 0.1095 34 5
Outfitting preparation 7 0.0250 34 1 0.0558 3.7 2
Outfitting installation 16 0.0994 49 1 8 0.1860 39 1 9
Block assembly 33 0.1715 52 22 0.2791 43 10 24
Block erection 22 0.1138 5.9 4 11 0.2198 5.0 5 12
Total 88 0.1068 5.6 11 46 0.1932 43 16 52

*: Geometric mean; ": Geometric standard deviation; *. The numbers of samples exceeding occupational exposure standard(1.0 mg/
m') by MoEL in Korea; S: The numbers of samples exceeding TLV(0.2 mg/m’) by ACGIH.

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(4): 472-481

http://www.kiha.kr/



476 BrEZ . Z1m7y| - MK

=

Table 2. Airborne manganese concentrations of three different particle sizes by processes in a shipbuilding yard

IPM(ng/m) TPM' (ng/m) RPM' (ng/m)
roses : (c?sl\]ff) 0B’ >TLV' (gé\f)) OES  >TLV gg)) >0ES  >TLV
Steel cutting 10 0('2.838)6 5 0(2632)2 5 0(.233)3 4
Outfitting preparation 7 0(.(3).582)6 2 0(2%89)4 5 (230;‘)6 )
Outfitting installation 16 0(';798)5 2 9 0&792)0 5 0 0(.; §93)5 ) .
Block assembly 33 0(‘2"635)7 10 24 0&3553)2 9 24 0(.3{15())2 9 2
Block erection 22 0(.2'10(;0 5 12 0(.?021)1 5 12 O(.;950)9 5 12
L N S

" Inhalable particulate matter; ": Thoracic particulate matter; ¥, Respirable particulate matter; %: Geometric mean; . Geometric
standard deviation; ': The numbers of samples exceeding occupational exposure standard(1.0 mg/m’) by MoEL in Korea; ': The
numbers of samples exceeding TLV(0.2 mg/m’) by ACGIH.

) EUN, FIY BEH B 5T B 2UES HolE 2 TS Holkr, &
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G FUY BTG TN BEY 949 PEE U Y Rb 554 WAR PRS0 -

7 olgA HAEAE AT Aup Table 201th E71EL 2WF A5E A 2L X & ek
U4 Q49 7ISHEE FHEE 01808 ng,

o W BEY AAe W BEE 242 0les 2 HE UL EE

ngms 01526 mgm= o, 97 FRel 1) FRE EF B =

2 BEAoll 2x e & 4 otk ol FA Table 3& AW SHAAAY BF W EE

BUY A BY F BB Ageks Ay FuUd duold
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om, 2 UMY A 41 & 5O YA F 1844 LR Choi et al(1998)°] B A% vl

BUe AAe] HTAA AR golgt Bl B of ZARE AT 170 myLoks 1|53kH 0L Moon

B USER Itk AMS USSHE Adoltt ol et al(1998)] RAFET 31yl Mrk: HNYE)

Table 3. Blood manganese concentrations of welders by processes in a shipbuilding yard

MnB'(1g/ ¢) ;
Industry N : S > BEI
GM'" (GSDY’ Range
Steel cutting 10 18.56(8.75) 73 ~ 354
Outfitting preparation 7 14.54(5.46) 11.6 ~ 26.1
Outfitting installation 16 14.65(5.09) 69 ~ 279
Block assembly 33 20.64(11.57) 11.44 ~ 52.24 2
Block erection 22 19.50(6.31) 11.3 ~ 36.0 1
Total 88 18.44(7.96) 6.9 ~52.24 3

B Manganese concentration in blood; " Biological exposure index of blood Mn in Korea(= 36 pg/L); *. Geometric mean; :

Geometric standard deviation.
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Table 4. Blood Mn concentration by working duration in a shipbuilding yard

> BEI'

Range
11.97 ~15.00

>

MnB (ug/ £)

GM' (GSD)’

Duration(yrs)

13.34(1.45)
16.76(7.35)
20.32(2.70)
20.38(7.38)

Duration<5

7.30 ~34.89
17.8~23.2
11.3 ~40.52
6.9 ~52.24
6.9 ~52.24

15

5<Duration<10

10<Duration<15

34
24
88

15<Duration <20

18.44(8.67)
18.44(7.96)

20<Duration

Total

: Geometric mean; .

¥,

: Biological exposure index of blood Mn in Korea(= 36 pgL);

¥

: Manganese concentration in blood;

Geometric standard deviation.

*
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Table 5. Correlation coefficient of blood and airborne manganese concentration by particle sizes

MnB" >21.3 14.8 9.8 6.0 3.5 1.55 0.93 0.52 0.52>
MnB 1
>21.3 03 1
(0.045)"
14.8 0.232 0.959 1
(0.029)  (0.001)
9.8 0.281 0.97 0.962 1
(0.008)  (0.001)  (0.001)
6.0 0.291 0.969 0.964 0.982 1
(0.006)  (0.001)  (0.001)  (0.001)
35 0.248 0.965 0.97 0.978 0.977 1
(0.02) (0.001)  (0.001)  (0.001)  (0.001)
1.55 0.3 0.975 0.931 0.961 0.965 0.969 1
0.004)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
0.93 0.247 0.816 0.787 0.865 0.837 0.871 0.893 1
0.02)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
0.52 0.23 0.813 0.784 0.86 0.831 0.868 0.895 0.972 1
0.03)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
<0.52 0.258 0.808 0.739 0.815 0.807 0.816 0.883 0.897 0.95 1

(0.015)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)

* .. B
: Manganese concentration in blood; : p value.

Table 6. Correlation coefficients between blood manganese concentrations and related factors

MnB’ MnA' AMC IPM° TPM’ RPM’ Age Dr'

MnB 1
0
MnA 0.252 1
(0.018) |

AMC 0.274 0.968 1

(0.01) (0.0001)
IPM 0.272 0.967 0.999 1

(0.01) (0.0001) (0.0001)
TPM 0.268 0.962 0.995 0.998 1

(0.012) (0.0001) (0.0001) (0.0001)
RPM 0.263 0.954 0.988 0.993 0.998 1

(0.013) (0.0001) (0.0001) (0.0001) (0.0001)
Age 0.184 0.343 0.372 0.374 0.377 0.381 1

(0.086) (0.001) (0.0001) (0.0001) (0.0001) (0.0001)

Dr 0.227 0.423 0.427 0.429 0.431 0.433 0.813 1

(0.034) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

Manganese concentration in blood; ". Airborne manganese concentration by cassette sampling; . Airborne manganese
concentration by impactor sampling; % Inhalable particulate matter; '+ Thoracic particulate matter; k. Respirable particulate matter; 5
Duration; ': p value.
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Table 7. Multiple linear regression of Log10 Mn in blood by model
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N
3
0

Unstandardized regression

Independent coefficient

Standardized regression
coefficient

Model . t value p value
variable
B standard error B
Constant 1.325 0.026 51.024 0
logl0 Mn 0.063 0.021 0.303 2.953 0.004
Model 1
R square 0.082
F value 8.722
UE A2 T Aol EE gl olef 2 W2 ste] & HaelHRdE AASI 2714
A= 249 A A7I7t €5 Grbel 24 IF o9 =Y g HF xdgskes 2d Folle F
= WAA et A Uite AeR osd & Aoz oIzt mdo] gl 1719 =3 Wit
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F7F ot @SRt TRt =& Aolal, wEtA ¢ o3t oA SAH LR Surt gl B T
el A7V Heas € WA skehe o A dYe SHHSR e BY2 dido] 53] wot
ol =& Aolgte I didne ve 2y AN A, 371 5 W dd REST o
£ Holil glrf. meEpA o] B2 o FrbHQl gl olee] A¥Y 9 FFE 52 Wl FA
A7F dadt FEos wkdnh A =, 371 T4 G FeE FENCE Bt
g ol 9Fe viA= 8fle dAdEHE <l s, U4, Y, 18 SR FHEsty
A & 37 5 R sEGY THER AHE S BrretoE @5 Wi = AWshe A9E2 v
sE AHEHE AHE FUHeE FAEEE & T ARl en, o= SR 81 & HiF
), A%, 22 e SR 5 2ol IFA WA A sigEh] mEel Aoz
of HAAE FHT AHIME, AFE ALl = b Table 72 M ER AFHL 7] 5 F 8
< Aol A gho] 0.227 ~ 02742 HA= L EEE 5Y MR oe BdS AdER Ayl
AT o7t Fe] e EK(Table 6). o, A79(0.082)0] H7]= shA|EE 3T T ER
o, o Aol A T Wk AR ake] A He 571 T YR s @9 A ginie 25
Tho] frolgel gle AR U, SA4EIE sl 0.0639] FFE vA= AR e
A Er 30t)7E 200 40t T12)ar S0 w)s] I FAHCRE Foote HAFH.
3 W sEUF okt 28 W vE e 3 %
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A v = Qv whebd ARy @ g3kke] A ZA oA g2 Bt=A] a3t 2Hgjo| x| ut
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