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[ 7574 ] 2014—2018 5, RFA=MER D B AHEIA X 62 Rl 3t 228 FIRIEIEL TS
HEAMFTITR, KA MERENEE, RAESXNE TIEHFrEBRMAA 8 h B E I F
IRE (TWA) . REIIZAERE, WEMS T RERMEENE R,

[ R] AR HEKT 28 BIZIMAME TR, 8h TWAR LI 1.76 mg/m?, BBIRE AR
17.54%. 5 FEBIFRLCBIIRERBRITFERX (1*=17.46, P<0.01), 2TEH FEBE
(P<0.01) o TAIRE TS AV EIRFIRADIBITE (30.19%) F18h TWA (2.40mg/m*) &,
AETIEIBEALBITEM8h TWAEZRERITFENX (¥*=10.66, P<0.05 ; H=15.78, P<
0.01) ELEWBITER (23.08%) F18h TWA (2.10mg/m?) BT a8 {EVL (x*=4.05, P<0.05 ;
7=-3.17, P<0.01) » CO, SIRRIPIZAIBATE (22.09%) 2 T RIMEF IR EHBEINE (4*=6.19,
P<0.05 ; P<0.05) ; CO, SIKIRIFIZAI 8 h TWA (1.92 mg/m?) BB F RIMIE (2=-3.84, P<
0.01) , WX RIREN(ENIFH R EBIZADEBATE (34.29%) F18h TWA (3.63mg/m*) & F
BRI ERGFHIELIAFR (=8.70, P<0.05 ; H=44.73, P<0.01),
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Exposure level of welding fumes and influencing factors in sentinel enterprises in Songjiang
District, Shanghai, 2014-2018 JIANG Song, JIANG Yuan-giang, YU Yan-tao, SUN Zhong-xing,
SHENG Feng-song, WANG Yan-mei (Department of Sanitary Monitoring, Songjiang District Center
for Disease Control and Prevention, Shanghai 201620, China)

Abstract:

[Background] Songjiang District is an industrial cluster in suburb Shanghai, where many workers
are exposed to occupational factors, and pneumoconiosis caused by long-term exposure to
productive dust is the most important occupational disease, especially welder’s pneumoconiosis.
Therefore, how to effectively control the concentration of welding dust becomes the focus of
workers, enterprises, and occupational health supervision departments.

[Objective] This study aims to investigate the exposure level of welding fumes and analyze the
influencing factors in monitoring enterprise in Songjiang District of Shanghai from 2014 to 2018.

[Methods] A total of 228 welders from 62 enterprises in Songjiang District were recruited by
three-phase stratified sampling method from 2014 to 2018. The 8h time weighted average
concentration (TWA) of welding fumes in workplace was determined by individual sampling
and gravimetric method. A questionnaire survey was conducted to collect and analyze potential
impact factors of the welding fume exposure.

[Results] A total of 228 samples of welding fumes were obtained in this study. The median
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8h TWA of welding fumes was 1.76 mg/m? and the total exceeding-standard rate was 17.54%. The annual exceeding-standard rates
of welding fumes of the five years had significant difference (y’=17.46, P<0.01) and decreasing trend (Pycns<0.01). The 8 h TWA levels
and exceeding-standard rates had significant difference between different industries (x*=10.66, P<0.05; H=15.78, P<0.01), and special
equipment manufacturing enterprises showed the highest values (2.40 mg/m?, 30.19%). The exceeding-standard rate and 8 h TWA of
welding fumes in continuous operation workplaces (23.08%, 2.10 mg/m?®) were significantly higher than those in intermittent operation
workplaces (x*=4.05, P<0.05; Z=-3.17, P<0.01). The 8 h TWA level (1.92 mg/m°®) of welding fumes by CO, gas welding was significantly
higher than that by argon arc welding (Z=-3.84, P<0.01), and exceeding-standard rate of welding fumes by CO, gas welding (22.09%) was
significantly higher than that by argon arc welding and shielded metal arc welding (x’=6.19, P<0.05; P<0.05). The exceeding-standard
rate and 8h TWA level of welding fumes in workplaces with poor ventilation (34.29%, 3.63 mg/m®) were higher than those in workplaces
with good ventilation (y*=8.70, P<0.05; H=44.73, P<0.01).

[Conclusion] There is a decreasing trend in workplace welding fume exposure level and exceeding-standard rate in Songjiang District of
Shanghai from 2014 to 2018. Ventilation, welding technology, and operation mode are the major factors affecting welding fume exposure
level. In the future, it is still necessary to prevent and control welding fume exposure in workplaces with poor ventilation, continuous
operation, and CO, gas welding.
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GBZ 159—2004 { T{EZFR= S HB EE YRI5 MBI K
BEFLSE) B 1R A RE B M5 M ZE (BRI E 55 s & E I IMA
RIEN R, 2014 FIRB D BIME R AN REF SN
NI, M ik 21 5K (FEVIIRIE 8 K, IREM
BANI3IR), 2005 FHR B XFALR, Eﬁmﬂﬁ,m
A 20K (FEVHE 8K, REMAAAN12 5&)
WHIES R KB 15K (5.00%), FE
= (25.00%) , /NEU AL 14 R (70.00%) ,I;ﬁjc’_-*éﬁ
R IEERER IR (40.00%), FAE R I 6K
(30.00%) , 7&. H. uﬁ&;’fﬁﬂs?& (25.00%) ,
Btk 15 (5.00%) ; TTWRE DA BALES
Bk 4 =R (20.00%) , T AIEESIE W 45 (20.00%) 5
EFEHIGRI 3K (15.00%) , AEFS I, ERE&. AEAE.
fnEfmAMEMmEEIgEESE L, T8N, BENH
e F & &, BRI FFENEE L, REF
BRI G, RE. ER. HERES GG,
B RN HIEELE A, SRS @, R
RIKES 15K (5.00%) - 2016 EXFFEX 1 IV FHi#
TERAE, REMNEEEE B, FHEHESE
8% ; 2017FEHN6FK ;2018 F RN7R, WM ENS T
79 R 35K (42.86%) , NEUTRMY 4 R (57.14%) ;
TWEESHEN: EEH ML 2K (28.57%), B
BEFNEW 25K (28.57%), EAIGEHE L 2R
(28.57%) , R EH&E I 1 5 (14.29%) o 2014—2018
FEHHE 62 Rtk F 228 FIREEUFZHHEFEND
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NEFEEEEUVERER (T KR/ FFKRY
EAVAIR) . FFonECRAAFIE (Frsk/ [B]8R) « IR 1Rl
s (BR=E/ZERN /=N IREIZXEMNG
BXRE, W EEHBTXERTRBA O
=3 D NAE M
1.3 REf AMFEM

¥ B2 GBZ 159—2004( LIEFFR= SR E EM:R
WMBYSRAERE) B T REE, R MERTREN
(Gillian, £EF) , ¥RIFXEETEFHERIFRTAL,
HEOFEMRS, REN1.0L/min, TER LT
FERIE2h, IR GBZ/T 192—2007 { TEHFRIE SR
FRSATTE ) 1 TI M, EFRREN 0.01 mg IO
RN KT FRURERHAITNE, RIBIRRIIEE
MR[E, HETSHEIFA LA BN EERE
(time weighted average concentration, TWA) o & 45
RIZR GBZ 2.1—2007 ( TIEZFR A EERIR UL IZARIR
B 189 . LFEERR) " HERTET.
1.4 FREEH

BIERCHRENBEERZRNET L ARTR,
KM E EEm I KRB IESI R OSERER
1T, REMKENMANLREREESEAERR, RIEFEM
KM{Y 88154230 L it &M BT it &4k,
REFFREN MERFECCHITRERAE, (RIENZBE
BEA.
1.5 RitESH

BEMNEIEZ R SPSS 19.0 #HITEIE D K
FAEBARAAZE 8 h TWA BYFRLEL (M)« Pase Prs FIFBARER
(%) HITHR M, FTREABFREMLLRRARA
KLY Fisher FYIRIRIE, FRIEMHBITRTHES
FREBHEHNE, FRAPUIL IR AIES K
347 (Kruskal-Wallis 1 Mann-Whitney 12 3%) ; 2[RI &
DIIRIGBI AT BEfE PRI ZR B #1T logistic [B1Y3 D o 1
I07K/E =0.05,

) 7R
2.1 HIALRBEKERIBIFE
208 1 MMER LR S B IRIA L AT B 2 34 E

B (W=0.99, P=0.83) , EBARIAL TWA BYFRAI A M
79 1.76 mg/m?*, Py F Pss 53 51 79 0.90. 3.40mg/m*, H
A 40 I mBHIREMIRE (4mg/m?) , BBIR
E ) 17.54%, S FRIBIFRLBIIERERBERITER
X (y?=17.46, P<0.01) , 2015 FFBITE (30.88%) =&
H2IZFH TEHED (Prx<0.01), 5 FBIZFL TWA
ESBSHITFENX (H=25.25, P<0.01), 2018 £ TWA
(0.96 mg/m?) Ex1fo TR 1o

&1 2014—2018 & LigHHNT K BRIBE AN

FRJRIRA TWA

EH(E) BEAKN) BRI (N BIFE (%) [V (Prsy )] (mg/m?)

2014 65 11 16.92 2.00 (1.20, 3.63)
2015 68 21 30.882b 1.90 (0.80, 4.65)
2016 34 6 17.65 2.30 (1.53, 3.58)
2017 29 2 6.90 1.50 (0.65, 2.40)
2018 32 0 0.00 0.96 (0.68, 1.30) «de

[E]a: 52017 %485, P<0.01; b : 52018 F48LL, P<0.01;c: 5
2014 FEARLE, P<0.01; d 1 52015 FE 8L, P<0.05; e : 52016
8L, P<0.010

2.2 REATUSERFEWFEBRIE T BIRRLREK
R BARER

28 M MERE R, REITIL(E) B IFIR
LEBIREMTWAEZEERBRITFEERE X (¥’=10.66, P<
0.05 ; H=15.78, P<0.01) , EHE A& & HE k1
LB IRIR AR EBIRE (30.19%) &=, @A
EHEWBIRE (14.49%) R ; SEAREHIE
MEMITI BB, TRIREHISIEILEBIFEA
AL TWA (2.40mg/m?) Exise NEIMEIAFIERIE T A,
EEAE B BIRADBAREN TWA S TRl ER1EL &
(x*=4.05, P<0.05 ; Z=-3.17, P<0.01), AEIEET
2R, co, IR RIPIEMNBIRFALBIREPES
FINEF IR K EBINIE (¥*=6.19, P<0.05 ; P<0.05) ;
CO, SAERIFIENBIERETWALEE ST RINIE
(z=-3.84, P<0.01) . 51BN RIFHVIEIZIEAVIFIRAE
b, @XM R EREIE (L IFE P EIRR L TWA AR
RIS (4’=8.70, P<0.05 ; H=44.73, P<0.01) o /A
MBS > B IR AL TWA B REREE &It
FE N (x*=0.80, P=0.67 ; H=4.37, P=0.11) , JAERIIZ
BEVSRETEAERNRN, SEIIERIEZEIBIFEA
LTWATIBIRENEREERITFRX (P>0.05) ;
BEMMohIZZEUVHNBEBKEMBREERDE
BHITFEENX (P>0.05), &K 2
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&2 20142018 F EEHMNIRFRAREERRN
IR ERIFREREIRTN

&3 20142018 F LisHINIKIZEZFIEBIZRNERE

KFERIMEZR logistic ElY3 534

WEAE  BirE BiRE EBARIE L TWA

A= R N 8 M, P (mg/m?)

Al FE

KRE 48 10 20.83 2.20 (1.39, 3.81)

==l 87 13 14.94 1.60 (0.90, 3.40)

JNEY 93 17 18.27 1.70 (0.81, 3.35)
(it

BRI E S 69 10 14.49 1.60 (0.90, 3.00)

ZRIREHEHEL 53 16 30.19% 2.40 (1.00, 4.52)

EREH ML 43 9 20.93 2.00 (1.30, 3.40)

HfhfT b AR 63 5 7.94 1.10 (0.65, 2.25)
JREEEL I

EINER 3 1 33.33 0.90 (0.80, 2.85)

k= 225 39 17.33 1.80 (0.90, 3.40)
PRV

ELAE 104 24 23.08" 2.10 (1.20, 3.88) **

[B1 8RR 124 16 12.90 1.50 (0.70, 3.00)
YRV SHFAE

EEVEL 207 36 17.39 1.70 (0.90, 3.40)

manfEl 21 4 19.05 2.00 (0.80, 3.30)
BEIZ

Co, SURMRIPIZ 172 38 22.09%¢ 1.92 (1.00, 3.86) #

FOME (B 1EiR) 40 2 5.00 0.85 (0.48, 1.03)

JREZ IR 16 0 0.00 1.75 (0.78, 2.85)
BRHR

¥ 55 6 10.91 1.30 (0.50, 2.90)

th 138 22 15.94 1.50 (0.91, 2.20)

= 35 12 34.294 3.63 (3.30, 4.46) ¢

GEla: 5@A&&EHE AL, P<0.05; b SEMITIEL, P<
0.01;*: S5iE8itEIABLE, P<0.05 ; ** : 518t ELARLL, P<
0.01 ;# : SEIMIE (JBAR) 4BEL, P<0.05 ;## : 5SRIMIE (BKIR)
#8LE, P<0.01; ¢ : SIRKEINIEAELL, P<0.05;d ! SBRKE
W¥HALL, P<0.01,

2.3 BRI RBEKTERH logistic BlY35Hr

BERRSMAENABERZKREZE (P<0.05)
BT RE EAAFE. IR T2 BRMEAN
logistic[EYARE, TEMERRUW T 1T KR :
1- ERIREHIEN, 2- BEREH)E, 3-EEHH
Ak, 4- TV REY 5 FEAVAFAE © 1-ZE 4, 2- 18]
BENL ; 12T 2 © 1- CO, RIRRIPIR, 2- TR (J5
AR) , 3- IR EBINE ; BXUR © 1-8F, 2-4, 3- %,
SRR TAHIREFE . ELEL. co, RIERRF
FIEMBEX MR ECBIFFALREKFENRILER
FSESNE. N

TE OR (95%C/) Waldy>  SE b P
Gy Eit]
HethiT 288 1.00
ERIEEHHS 5.81 (1.63~20.62) 7.40 065 175 0.007
BAGEIEL 1.09 (0.33~3.60) 002 061 0.09 0.889
SEH Gl 3.39 (0.97~11.80) 367 064 122 0.055
PEALHHE
[BIER1ELL 1.00
EEAEL 3.71 (1.46~9.47) 18.40 0.85 131 0.006
IRETE
1R ERIIE 1.00
Co, SERIPIR 6.82 (1.42~32.82) 573 080 192 0.017
SR (BE1AR) 1.26 (0.92~1.88) 0.17 046 177 0.452
BRIR
= 1.00
53 0.23 (0.08~0.68) 7.10 0.55 -1.46 0.008
h 0.40 (0.11~1.52) 1.81 0.68 -1.92 0.178
3 I1ie

AARETFT LEHEARIFEERER B NI
B, EEAFERNNTIXER B FIREELE BT
LEBKEFABEEN, REAZMES BHEFERN
FAMERE &, BERERM R BN T X IRl &
IR RTEKF B, 2014—2018 EERHISNER
BN, MIIKIEREIEBIERECREEKFEHBIRE
PRA 1.76 mg/m? F1 17.54%, KF LB TEIYKFE L
MEBFHX W, RIX W EIYKFE, TR
M 2015 EFF A, PT X EBBRECBIRERZE TR,
2018 FEEEIAEF] 100%, I IXKBIRIREBE
BEH I, XEMTIKIAERBIF TAMAREZS
TR, BIRALBIRETBRNEREEEGUT
JLs : (1) 2016 £V IXHTFHRRBEREA A,
G60 T QI FEER 2R B AN 7= WL 5 M FRIAEE, & =R BETR
MIFR B E AN Z T, P E1E 2014 FH
2015 R AR BRACEER™ENDI ; (2)
HAFASTIXEFSA REBIEREL EIEN, eassik
NEEXTFTMNES, FohENABIFERERERGER
e, R IZPmE X MR (R IRIR BB IR AL S
EERERANE ; Q) BEXAIHDBIFRLES
ERWRFRITESTZH08, B ERNBABLE
IBERBFITIRE, BEBREHELZEEKTE,

AR RER KR, (EAFABIFAERE KT
ZEFFMBRME. 1B T 2 X MEIFHIES
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FREPE, SREACUERFEHIETS I,
SENMATHEXRERNERN, MEREREFH
REFERN—EMMLELENY ; (2) ARRKEERFZHE
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