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INTRODUCTION

APPARENT EXCESSIVE COncENTRAroNS Or ATMOSPMERIC CONTAMINATION unecu UERE

REPORTED TO BE ASSOCIATED ws TM AN IMERT-GAS-SMIELDED COMSUABLE ELECTRODE ARC

WELDING OPERATON UERE STUDIED TO EVALUATE THE POTENTIAL MEALTH MAZARDS. A STUDY

WAS MADE or TME CONCENTRAT IONS or HETAL FUME ANO GASEOUS PRODUCTS OF TML OPERATON

AS UELL AS THE SPECTRU or ULTRAVIOLET RADIAToN. Rs COMMEND AT I OKS FOR MECESSARY

COMTROLS MERE MADE.

TYPE OF OPERATIC*

This investigation was COnCERMED with an IMERT-GAS-SMIELDED ARC UELDIG

OPERATo usno A O.045" DIAMETER, TTPE 347 STAIMLESS STEEL CONSUABLE ELECTRODE

FEO THROuGM THE TOUCH AT A BATE OF 266 INCHES PER MIMUTE. This ELECTRODE CONTAINED 

17 - 19% CIIAOHI UM, 9 - 125 NICKEL, 0.85 NIOBIUM (CoLusu) ANO 0.085 CAHOON.

TuE IMEer GAS MIXTURE, CouPosEo OF 95 - 1005 ARGON WITH 5 TO 0% OxrGen, WAS

SUPPLIED TO THE tonch at a bate or 50 cubic FEET PER MOUR. PovER was SUPPLIED

FRO A utDinG MACMINE OPERATED AT 210 AMPERES uw:cu PRODUCED A CURRENT DENSITY 

or ABOUT 166,000 AMPERES MCA SQUARE inch or WELDinG WIRE.

TME UELDG BOOM WAS APPROXIMATELY 15 FT. BY 20 FT. Br 10 FT. HIGH, WITH A

6 FT. DOOR 1O FT. HIGH opEuINC INTO THE MAIN BA* OF THE euiLDiNG. A CANVAS

CURTAIM WAS HUNG OVEN THE ooon OBEMING. TuE MAIN BUILOING WAS APPROXIMATELY 200 FT.

LONG BY 100 FT. MIDE, WITH MOST OF TME eustDimG OPEn TO TME MO FT. PEAK BOOT

WITH TME EXCEPTIOn or AM OFFICE AREA, A GLASS SHOT AnD TME “EtDinG BOOM, WHICH MAO 

10 FT. CEILinaS ANO VERE tK'.MCO.

Two FLEKIDLE ExMAUST DUCrS VERE SUsPENDED FRO TME CEiLinG or TME UELDIuG

BOOM IN SUCH A MAMMER THAT «K» COULD BE PLACED AT THE WELDING OPERAroN. THE

DUCTS UERE COmECTED TO A cmaon BLOWEB. OuE EXMAUST DUCT OBE MI NG WAS EMLARGED

AMO MAO AH AKA OF 0.5 SO. FT. WITH A FACE VELOCITY OF 1350 FP; THE OTHER

EXMAUST DUCT oPEnuG had an AREA or APPROXIMATELY 0.2 so. FT. with a FACE VELOCITY
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or 2200 FPM. A TOTAL AID VOLUME OT 1090 cFs WAS REMOVED FRO TME ROOM ST

TME TWO DUCTS.

A TBICMLORETMTLENE DEGREASER WAS LOCATED ABOUT 100 ft. FROM TME MELD:mG

DOOM ON THE SAME SIDE OT TME BUILDING. An OVERMEAD SUPPLY VENTILATION SYSTEM WAS

OBSERVED BLOWING DIRECTLT AT TME TOP OY TME DEGREASER AnD, uuEN TME DEGREASER

COvER WAS OPEM, MEATY concEMTRATONS or SOLVENT VAPOR ESCAPED INTO TME *00

ATMOSPMERE. Some or this vAPOP was REPORTED CARRIED to TME welding operations

MMERE IT COULD NAVE BEEN DECOMPOSED BY TME NEAT OF TME ARC TO PRODUCE PMOSGEME-

SAMPLINGMETHODS

OZONE WAS COLLECTED IN THE BREATMInG ZONE OF TME WELDER WITH FRITTED GLASS

eubeLEes CONTAINING 05 POTASSIUM IODIDE SOLUTION. TuE OZONE WAS DETERMIMED

r-nArion or ruE LIBERATED noonE with 0.01 N sooun TMTOSULFATE soLurow(1).

AOOI TIONALLY, OZOME SAMPLES WERE OBTAINED BY SUSPENDING GROuPS OF 3, 4 AMO 5

AR-FILLED POLTETMYLENE BAGS AT DISTANCES OT 19* 34, AND 44 INCHES* RESPECTIVELT,

now TME ARC, DURIwG A 1O minute welding PERIOD. TMESE eags, wMIcw MERE 0.002"

TMICK, conraMCD AN AVERAGE VOLUME or 28 Li teas or aim each. TME OZONE was

SUBHEQUENTLY COLLECTED BY PassnG TME AIR FROM TME PLASTIC BAGS runOUGM TME

POTASSIUM IODIDE SOLUTION AT A MEASURED RATE, AHO DETERMINED AS STATED ABOVE. TME

PURPOSE IN USING TME PLASTIC BAGS WAS TO DEMOMSTRATE MMETMER TME OzOME, NOTICED

SUBJECTIVELT TMROUGMOUT THE nOD IMMEDIATELT AFTER STRIKING TME AB:, WAS PRODUCED

BY TME ULTRAVIOLET RADiATiON AT DISTAHCES or SEVERAL FEET FROM TME «LDanG ARC.

Total metal FUME was DETERMINED GRAVIMETRICALLr. Tamed Mo. Mi WuATMAN FILTER

PAPERS WE NE USED TO COLLECT TME FUME, SAMPLING AT A MATE OT 1 .5 CEM. ADDITIONAL

ME AL FUME SAMPLES FOR CMEMICAL ANALYSIS WERE COLLECTED ON TrPE S, MSA PLEATED

FILTERS WI TN A Ml VOLUME SAMPLER.

OxDEs Or MITROGEM SAMPLES ERE COLLECTED by means or EVACUATED GAS BALLO"NS,

— r-r Ac,n ..0(2)
ANO DETERMIMED BY TME PMEMOLDI SULF ONI C ACID METMOD* *.

t. E. Ymonp.* Imo. and Eng. CMEu. Amal. Ed. 12, 209 (1910)- 
(2) Beatty, Benge* , ano SCMRENK U.S.B.M. R. I. 3687.

t
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FINDINCS

OzonE COncEMTRATIONS FouD IM THE vELDinG RoOM ARE SHOWN IN TABLE 1.

TABLE I

OZOHE

OxroencomTcMT
Or INtttT GAS 

%____

Tyreor
Ain SAMPLE

SAMPLiNG 
DISTANCE 
(mom awe)

Or
Ppu

1
2
3
4
5
6*•
7
8
9

1O

5 
5 
5
2 
0 
0 
0 
0 
0 
0

RooM AIR 
Room AIM 
RoO AIM 
•OOM AIR 
•OOM AIR
PLASTIC GAG 
•LAST IC MO 
PLASTIC BAG 
•OOM AIR 
•OOM AIR

18" 
18" 
18* 
18" 
18" 
19" 
34" 
H44" 
18" 
96"

1.6 
0.6 
1.1 
0.6 
0.4
1.1

- 0.3 
0.1 
2.4 
0.3

# MXd row ox owe * 0.1 mit ntn million hants or Ain. 
e• SAMPLES 6 runouaM 1O went COLLtCTtO couceTRENTLT.

SAMPLES I ANO 2 UERE COLLECTED IN TME BREATMinG zOnE or TME MELDER, usiNu 

55 oxraEn in TME IMERr gas SuPPLr. Both SAMPLES went will ABOVE TuE MAC t 0.1 

ppu TOM ozon=. SasPLEs 3, 4 ANU b WERE COLLtCTtO consEcut I VELT , USING 55, 25

AMO 0% OxrGEu, RESPECTIVELY, IN THE IMEeT GAS SuPPLT. TuE concEWTRATIONS went

IN TME SAME RAMGE AS SHOWN ST TME FIRST TWO SAMPLES OUT TMET SHOW A DEFIMITE

RELArIONSWIP TO THE oxren COuCEMTRArIo IK TME IMERT GAS SUPPLT. VENTILATiOn

WAS FOuD VO MAVE no DEMOMSTRABLE EFFECT on ozonE concENrMATONS IM SAMPLES

COLLtCTtO AT 18 IMCMtS FRoM TME ATC. TME OxrGEw IN TME IMERT GAS SUPPLY WAS

NOT TME only SOURCE or ozonE, AC SHOWN or SAMPLE No. 5, wmicm was REPRESENTAT: VE

or COHOt TIONS WITH HO oxraEw SUPPL I EL WITH TuE IMERT GAS. SAMPLES 46, 7 AMO 8,

TAKEN FRo PLASTIC OAGS EXPOSED TO TK ULTRAVIOLET RADIArION or TME WCLOINO

TOUCH FOR A PER1OD or 10 MI Hurts SMOvED OZOME COMCEMTRAT 1 ones THAT MERE

APOROXIMATELT IMVERSELY PROPORTIOMAL TO TME SQUaRE or TME DISTANCE Fa0 TME ARC-

This IMDICATEs A DIMECT RELATICHSMIP BETVEEn TME IMTEMSITY or TME ULTRAVIOLET

RADIATIoN AHO THE OX OHC COMcENTRATion, ANO SUGGESTS THAT TME ULTRAVIOLET RADIATIO"

GE«ERArEs OX owe rMROUGMOUT TME nooM. SAMPLES 9 ANO IO WERE COLLtCTtO DIRECTLT

copr)
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FROl THE ROON AIS AT TME SAME TIME THE PLASTIC BAG SAMPLES •ERE COLLECTED.

SAMPLE HO. 9, COLLECTED 18 INCHES FRO THE ARC, SHOWED A COMCEMTRATon NOSE THAN

TWICE THAT FOUND IN A BLASTIC BAG PLACED AT APPROXIMATELY THE SAME BI STANCE

FRoM THE SCuecE. SAMPLE NO. 10 COLLECTED THOM THE ROOM AIS B FT. AWAY FRom THE

TORCM showed a COnCEHTHAr:On or 0.3 rew.

TuE PRODUCrIoN or OZONE er ULTRAVIOLET MAOIAT:ON WAS ASSESSED FURTMER Br

MEANS or A MEDIU QUARTZ SPECTROGRAPH THAT WAS SET UP AT THE WELDING OPERATON-

By UTILIZING PMOTOGRAPHIC EMULSIONS ESPECIALLY SENSITIVE TO THE NED END or THE

SPECTRU AS WELL AS TMOSE SEMSITIVE TO THE LOW ULTRAVIOLET RcGON, IT WAS

POSSIBLE TO INVESTIGATE THE WAVELENGTM RANGE BETWEEN 2000 A AHO 9000 A,

Due to the high CURREMT DENSITY, the RELATIVE IMTEMSITY «r the emission

ULTRAVIOLET RADlArO BY THIS IMERT-GAS, COSUMABLE ELECTRODE PROCESS WAS

SEVERAL TIMES GREATER THAN THAT PRODUCED BY HELIARC UELDINa WITH A TUNGSTEN

ELEC re OOE OR ST CONVENT I ONAL ARC WELDING AT ALL AVELEnarMS OCTVEEN 2000 A AND 

5000 A. The ADDIroN or 5% oxracu to the ARaow was tomb was rouwo to IMCREASE

THE INTENSITY IN THE ULTRAVIOLET RAMGE BY ABOUT 50%.

The PRODUCr:OM or OZONE Sv ULTRAVIOLET RADIATIon occuns mainly in the

SEGIOH 1400 A - 1900 A(3). CowvERSELY, OZONE IS oEcoMPOSED BY ULTRAVIOLET

RADIAroN BETVEEN 2000 AHO 3000 A. ALruouGN THE SPECTAOGRAPWIC EQUIPMENT EMPLOrEO

PERMITTED analyses down to only 2000 A it is conjectured that in view or the

RELATIVELr high intensity in the 2000 - 3000 A REGION ano the high ozone

CONCEHTSATIOHS EMCOUMTERED, THE INTENSITY IN THE 1400 - 1900 A RAMGE WAS

CORRESPONDINGLY HIGH.

(3) Mellon, J. W., Ihonganic AND TMEORETICAL Chemistry, 1, 880 - 881, (1922).
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METAL FUE COucENrRAT • ons ARE suoun Im TABLE II.

tabu: ii

METAl, RM

VENTTLATTON TOTAL TOITma/u3

MO 
MO
MO 
MO
rEs

50
70
17
38
15

AvERAGE 38

• MAC • 15 wea/u3

Total rum comcEurRArios UEeE AT OR ABOVE TME MAC or 15 F i vE

sanptes mAmaEo Fnov 15 to 70 ma/u3. AnALrss or tuE ruc suowco IT TO OK

8.4% enom OxI0c, 6.4$ MICKEL oxDc, 9.15 IMSOLUBLE cunOMIC OxIDE, AMO OMLr

0.0035 or TME SOLU@LE MEXAVALENT cunOmiu rw» ox ioc.

TABLE III

OXIDCS OF NITROGEN

5am*LC 
No. pp

SAMPLE 
No. MOW No. ppw

SamolC 
No. Ppu

1
2
3 
N

0 
2 
3 
N

5
6
7
8

5 
2 
O
5

9
1O 
11 
12

5
2
5

1O

13
14
15
16

1
2
44
2

Omiocs or MITNOGEN COncEuTRAToS VERE RELATIVELY LOw, AERAGIMG 3.2 PPM,

with OnLT O~E out or 16 SaMPLES AbOvE TME MAC or 5 PPM roe NQ2- ExmAuST vEwTILArom 

vas OPERArNG OMLr ouAima TME COLLECTION or SAMPLE mo. 5. TuE owe

CLtVA^CO conccurmATlOm MAO 10 ppu. Accomouc TO Eukns(H) ruc or IOC pnooucED

AT THE ARC DURInG WELDIWG 10 Ml rote OxIDC, MWICM I* ox1DzED VRY SLOMLT, AT TME

(UJ ttAiMC, H. 3. J. Imo. Hra. AnD To*., 28, 37, (1946)
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LOW COncENTRAToS FOUMO MERE, TO HITSOUS DIOXIDE. Ox IDCS or MITROGEN DO NOT

COusTITUTE A MEALTM MAZARD UMDER TME comDIroNS STUDIED-

CONCLUSIONS AMD RECOSCIOATI OHS

OzouE AND METAL FuE PRODUCED IS THIS OPERATIon REQUIRE COMTROL- Exhaust

VENTILArION AT TME ARC CAr PROVIDE ADEQUATE CONTROL or TME METAL FUME, BUT

ADDITIONAL COuTMOL WILL OC MECESsARr TO ELIMIMATE THE ozonE PROBLEM. Ir HAS

SEEN SHOWN THAT TMC ULTRAVIOLET RADIAT:oN PRODUCES OZOE AT DISTAMCES AS FAR

AS SEVERAL FEEr fnom TMC SOURCE. This indicates that TME orcsat ion should BE

SMIELDED IN SUCH A MAMMER TMAT TMC •OLUME OT IRRADIATED AIS IS M:MIMZED.

It IS SUCGEsTED TMAT AM EXHAUST SOOTH sc PROVIDED TMAT WILL EMCLOSE TME 

vEtDinG TAOLC ano M SurriCICNTLT LARGE THAT TME WELDER CAN MORK INSIOC. TME

MINIMUM COKTROLL IM AIR VELOCITY AT TME EMCLOSURE’s opcwnGS SMOULD BE 150 FPM.

Sucu A COwTROL SMOULD REMOVE MOST or TME AIR EXPOSED TO ULTRAVIOLET RADIATOM

BEFORE IT CAN OC BREATMED ST TMC VELDER AMO PREVENT IT FROM ESCAPiMG INTO

TME ROOM. Actual TRIAL ano ain SAMPLING will sc MECESSARY to ASSURE ADQUACY

or AIN FLOus AMD SUITABILITY or MSIM or TME EXMAUST BOOTM.

It IS UMDERSTOOD THAT TME DEOREASER VENTLLArIon WILL BE CORRECTCD, so that

NO ORAFTS WILL REMOVE SOLvEWT VAPOR FRo TMC DEGRCASER. This should ELIMIMATE

TME POSSIBILITY or PRODuCMG PMOSGEME IN TME MELDiMG AREA.

/s/F.E.ADLEY
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