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Quantitative Exposure Assessment of Welding Fumes in Workplaces of Shanghai in 2012 L/U Mei-xia,
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Abstract: [ Objective ] To quantify the exposure levels of welding fumes in Shanghai’s workplaces in 2012 and to explore
the factors that impact the exposure levels. [ Methods | An occupational hazard active surveillance program was conducted
among 534 welders recruited from 204 workshops in 178 enterprises through three-stage sampling strategy. Personal sampling
and gravimetric measurement were applied for total dust concentration of welding fumes. A questionnaire on site was used to
collect the information about potential determinants for the welders. Descriptive statistics, mixed effect models, and probabilities
of overexposure were utilized for quantitative exposure assessment. | Results | Totally 534 air samples were collected and the
concentrations fit lognormal distribution. The geometric mean of dust concentration was (1.6 = 3.9)mg/m>. The percentage of the
samples exceeding occupational exposure limit (OEL) reached 23.2%. The estimated arithmetic mean of the welding fumes samples
was 4.0 mg/m’. The probability of overexposure reached up to 0.273. The results of mixed effect model showed that the exposure
levels were significantly higher (P <0.05) in shipbuilding, metal production enterprises, and large-medium sized factories, as well as
factories with indoor welding, than the others in the same category, while the exposure levels in worksites using argon arc welding
and with good ventilation were significantly lower (P <0.05). The exposure levels in workplaces with good ventilation were decreased
by 34% compared to those with bad ventilation in the same work conditions. [ Conclusion ] The exposure level of welding
fumes in Shanghai’s workplaces is very high, which might lead to increased risks of developing welder pneumoconiosis. It should
set priority to formulate and implement effective interventions for workers exposed to welding fumes. Industry type, enterprise size,
type of welding, location of welding activities, and effectiveness of ventilation are main determinants. This study also confirms the
effectiveness of ventilation for welding fumes control.
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Table 1 Exposure levels and percentages of samples exceeding occupational exposure limits of welding fumes in Shanghai’s workplaces, 2012

eS
Classification

AEBREL (4 I (DU JUMTIEL LR ) FRAE (Frifi2e )
m>0EL(% )  M( Pys~Pss (mg/m®)  GM(GSD )(mg/m*)  AM(SD )( mg/m*)

4117 (Total ) — 534
Al AR /IN( Small-sized ) 300
Enterprise size

1 ( Medium-sized ) 162

K (Large-sized ) 72
Frall = @il il ( Metal production ) 169
Industry

JEAHI( Shipbuilding ) 44

HAb I 7 ( Other manufacturing ) 200

HAb(Else ) 121
TR ZhhiEE K (Outdoor ) 29
Location of welding activities

ZE[a] N (Indoor ) 480

A FR=2 1] ( Confined spaces ) 24
P4 HBEAE . ( Continuous ) 188
Task characteristics

M EIAEL ( Intermittent ) 345
Vel s AR AE 4 [E V5 ( Fixed workplace ) 350
Workplace characteristics

i sl s ( Unfixed workplace ) 183

124(23.2) 1.5(0.6~4.0) 1.6(3.9) 3.8(6.7)
54(18.0) 1.0(0.4~3.2) 1.1(42) 3.1(6.1)
46(28.4) 2.2(1.0~4.6) 2.2(3.2) 3.2(45)
24(33.3) 3.1(1.4~6.7) 3.1(2.7) 2.7(5.1)
45(26.6) 2.0(0.7~5.2) 1.9(3.9) 3.9(4.6)
25(56.8) 43(1.7~7.3) 3.6(2.9) 2.9(5.5)
36(18.0) 1.2(0.6~3.6) 1.3(4.0) 4.0(29)
18(14.9) 1.2(0.4~2.8) 1.2(3.8) 3.4(7.7)

3(10.3) 1.1(0.3~1.9) 0.7(5.5) 55(1.6)

105(21.9) 1.4(0.6~3.9) 1.6(3.8) 3.8(3.9)
16(66.7) 4.9(3.5~6.7) 4.6(1.6) 1.6(5.1)
56(29.8) 2.0(0.6~4.8) 1.8(3.5) 3.5(35)
68(19.7) 1.4(0.6~3.7) 1.5(4.2) 3.9(7.6)
70(20.0) 1.3(0.5~3.4) 1.4(3.8) 3.6(7.3)
54(29.5) 2.1(0.9~5.6) 1.9(4.1) 4.1(42)
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g1
3% o BRELCE) PRI () LSRR OURRIERE ) SR (brifi2e )
Classification n>0EL(% )  M( Pys~Prs (mg/m*)  GM( GSD )(mg/m*)  AM(SD )( mg/m® )
TR 4 ( Good ) 209 32(15.3) 1.3(0.5~.4) 1.3(4.1) 4.1(3.3)
Effectiveness of ventilation y (ye i ) 282 81(28.7) 1.7€0.7-4.8) 1.7(3.7) 37(38)
#(Bad) 43 11(25.6) 1.8(0.6~0.0) 2.0(4.1) 4.1(62)
TREE T2 A T T4 ( Manual metal arc welding, MMA ) 191 42(220) 1.0(0.4~4.0) 1.1(4.7) 3.6(7.1)
REcRieline COu KSR Gas shielded arc welding, GSAW) 306 82(268)  2.1(1.0~5.1) 22(33) 43(67)
AR ( Argon arc welding, AAW ) 24 0(0.0) 0.5(0.2~0.8) 0.4(2.6) 0.6(0.7)
SRR ( Explosive welding, EW ) 5 000.0) 0.6(0.4~0.6 ) 0.5(2.2) 0.7(0.5)
HEHIE ( Submerged arc welding, SAW ) 6 0(0.0) 1.6(1.2~1.7) 1.6(1.4) 1.7(0.7)
HiAt ( Other welding ) 1 0(0.0) 0.6 0.6 0.6

[ ] 80 2 i BR L B IR B ( OEL ) 5 PC-TWA=4 mg/m®, — il f e AR L 1B L 1B BAFAE B E T E M RANTE, R R

WBF B 4B HBAR R, +: P<0.05; sx: P<0.01, 5300 5 B Bl 4095 L4k, #: P<0.05; ##: P<0.01, BRI %3 <300 A, # /A 4

Ak 300~1999 A, A A, =2000 A, HAAA, BERHRYE: ARERNARALEE; IHMERNFEZRLETE, HFREMER

KB IE AR BT R, 1 b3 BT i 80 4R ‘K%ﬁ«‘%ﬂéﬁfﬁ mﬁz%#ﬂ HARE R SR A AR AT, REEHAE R,

%mgfu%ﬁmm&ﬁ%f&%uﬁﬁt ol 377 fr v R W AR SR UL T A AR, BRI RZ . AREN AR AL T AIE; S R F i
E, FIREMELABAF BAFRITER, 1'ﬁjki%ﬁ)’rﬁﬁmgfﬁ/§iﬁz‘v\ﬂéﬁ>&o

[ Note J The Occupational exposure limit( OEL )of welding fumes is PC-TWA of 4mg/m3. One record is missing in the covariates including location of welding

23

ATLAE ), [ HAb R E IR 5, A7k, BURE f54%

activities, task characteristic, workplace characteristic and type of welding. Chi-square tests and nonparametric tests were performed to compare the
percentages of measurements exceeding OEL and the median of concentration, separately, between or among groups, with *: P<0.05, #*x: P<0.01
in Chi-square tests and #: P<0.05, ##: P<0.0l in nonparametric tests. An entity with <300 employees is classified as a Small-Sized enterprise;

= 300 and <2000 employers as Medium-Sized enterprise; = 2000 employers as large-Sized enterprise. Natural ventilation with reasonable air distribution
or mechanical ventilation with completed facilities, good compliance with the design requirements of fresh air volume and air change rate, and welding fume
concentration less than OEL is regarded as good ventilation. Natural ventilation with general air distribution or mechanical ventilation with basic facilities,
the compliance with the design requirements of fresh air volume and air change rate, and welding fume concentration closed to the OEL is regarded as good
ventilation. Natural ventilation with unreasonable air distribution or mechanical ventilation with incomplete facilities, the noncompliance with the design

requirements of fresh air volume and air change rate, and welding fume concentration over the OEL is regarded as poor ventilation.

AL P Hon BT B E %2 RAMCEEGHENLELERNYINES
R RO A Y P [ L A BAEL LG 20 IR 2 ( ElERA )

Table 2 Factors influencing the levels of exposure to welding

fumes in mixed effect model ( fixed effects )

TSR SRR R 526 5 725 f 2 B8 — pre— —
TEI A B R 3 il ( P=0.027 2 ) Fil 4 & il dll HREE ( Intercept ) — ~1.0841 0.0025
(P=0.010 1 ) F*) HL JEL R 2 % 50 o i I =8 sy 1 LAt ol i 47k (Industry ) SR (Metal production)  0.5723  0.0101
o REI(P=0.0116). T HI(P<0.0001 ) 4> H F5 4 TRV ( Shipbuilding ) 1.0082 0.0272

HAtAT Ml ( Else ) 03476 0.1217

RRRFEURE RS T/ 5T AR, R
S0 FLRR AT R R FR R AR ( P=0.0007 )5 HL.CO, R

HoAth 35l ( Other manufacturing ) — —
FIAE ( Size ) KIAl ( Large-sized ) 1.0109 0.0116

ﬁf)hﬂ(ﬂﬁ ,\ﬁﬁ}#ﬁ '3?]:}:317@ 25 Lﬂxﬁl%‘iﬁ? P ( Medium-sized ) 0.9091 <0.0001
F14) P 2 2 0 A AP T XU 22 19 ( P=0.025'1 ), AV ( Small-sized ) - =

AN S TR CO ML A5
5 DNl A R LR 0 2 R U R v T R AN ER R AR Y Kt o Gas shielded are welding, Gsaw 1346 03869
(P=0.0103 ), SRR ( Argon arc welding, AAW ) -1.0781 0.0007
[ Bk 1 VR A 280 A A S AS [ T 00 2544 1 oA ( Other ) ~0.2407 04435

PR ARG UL (K 3). WK I ATLIE R i - =

i,

Manual metal arc welding, MMA

EIEJ*%H:—F’ EEM%#F%%*HH@ Sy FRipG] R S XEF( Good ) 04177 0.0251

AT KA 2 SR SO B (VR AE 3406, IR, FIeoensss o entlaion e -
SRR, FOMEAR T AR PR PRRBA ) 08133 00103

Location of welding activities

1&%@[‘%1& 52% o 2 A& K ( Outdoor ) — _
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Table 3 Predicted mean exposure levels for various combinations of covariates using mixed effect model

T 24414 ( Combination of covariates )

FE A ( Shipbuilding )

HAb i35l ( Other manufacturing )

HgsE TR T 2R SRl JHAEF(mg/m*) iR (mg/m®) RGP (mg/m?® ) iERZE (mg/m®)
Size Type of welding Location of welding activities Good ventilation Bad ventilation Good ventilation Bad ventilation
KA CO AR %M (Indoor ) 5.1 8.3 37 6.0
Large-sized Gas Shielded Arc Welding, GSAW 2HME R (Outdoor ) 24 40 17 28
FTUE %N (Indoor ) 44 7.2 32 52
Manual metal arc welding 4R K (Outdoor ) 2.1 34 1.5 25
TR %N (Indoor ) 1.5 2.4 1.1 1.7
Argon are welding Z4MNEE K (Outdoor ) 0.7 12 0.5 0.8
izl CO RGP AR % N (Indoor ) 4.4 72 32 52
Medium-sized Gas Shielded Arc Welding, GSAW HMER (Outdoor ) 21 34 15 25
F IR % N (Indoor ) 3.8 6.2 2.8 4.5
Manual metal are welding ZE4ME K (Outdoor ) 18 3.0 13 2.1
TR %N (Indoor ) 1.3 2.1 0.9 1.5
Argon are welding 2 HMgEK (Outdoor ) 0.6 1.0 0.4 0.7
INH CO ARG AR % P (Indoor ) 1.8 2.9 13 2.1
Small-sized Gas Shielded Arc Welding, GSAW SHMER (Outdoor ) 0.9 14 06 1.0
TR % (Indoor ) 1.6 2.5 1.1 1.8
Manual metal ar welding %K (Outdoor ) 0.7 12 0.5 0.9
SR % M (Indoor ) 0.5 0.9 0.4 0.6
Argon arc welding 2 4h % (Outdoor ) 02 0.4 0.2 03

24 B4 kw2 eyt TR EME
TR AN [ Al RS LR 22 R A
HER A e 2R AR AN 4 Fr s, AT L b 3 T e A
P Eﬁf*T’f%%%ﬂLg%&ﬁ’f%%ﬁﬁﬂﬁ 0.238 #10.273.,
WATA Al |l FRRAR, 3 i 2R A R R Ao A

WA rA T, %ﬁA&ﬂ&mLi% 2 ESOPN
F0.10 i, 3247k 5325 DLk il o 1 2 5 5 0

Lﬂwiﬁﬂ&%%Ukﬁﬁﬂﬁ§%§M$ﬁ
=, 150.438,

&4 2012 F EEHELAATBRSESBRERNTEREFME

Table 4 The exceeding rates and probability of overexposure to welding fumes in Shanghai’s workplaces, 2012

b bt VAR X EAE TG A1V S AR P 4852 AN B SuRTe ST RS
o Group mean Group mean Between-group Within-group Probability of
Covariates i Exceedance

(logged data ) (' natural scale data ) variance component  variance component overexposure
417 (Total ) 0.452 4.019 1.539 0.573 0.238 0.273
Al 4@ il ( Metal production ) 0.263 3.683 1.510 0.571 0.218 0.248
Industry 4511 ( Shipbuilding ) 0.741 5.941 1.510 0.571 0.327 0.385
il il ( Other manufacturing ) -0.214 2.286 1.510 0.571 0.134 0.142
HAth ( Other industry ) 0.010 2.859 1.510 0.571 0.170 0.187
Al K (Large-sized ) 0.917 6.686 1.394 0.573 0.369 0.438
Size 1 ( Medium-sized ) 0.598 4.859 1.394 0.573 0.287 0.335
/IN( Small-sized ) -0.204 2.181 1.394 0.573 0.128 0.135

2. 5 D S
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FARAN 157 3 PR AR B K, AT RE T E Rk
PRSI S AR A S A IR R B0 , T AMASRAE AR TE
AP, SR AR 2 R TR

ABIFTE R LATR 45 RN ABE R S A% 00 9 7 ik 2
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(8] 7 228952 ot T2 Ny 25 4R B 7 2289 0 B B
TelcE AR R Al 2 0] 43, A BTl A R e
P AW, T T AS ) i ONE S () 2R BE AKF, iR AT
TR R REMR, FHIL, RA R BR 7L S5
VA E A W | B EEVEA ) EREEAG
B S B A o 2 AR A B ORI Y
W o AWFFEAUESE , iz TR A ROW AR AT 2341 H 7
TR TR R R 2R, FF OIS [R] T80 4544 H R AR
R RFRKT, AR S FARAE R AR, RE T A
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