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Abs trac t 

 

This  document was  prepared by the  Inte rnationa l Ins titute  of Welding, Commiss ion VIII 

Health and Safety. It cons titutes  the  cons idered judgement of this  expert group on the 

hazards  and risks  added to a rc welding by the  use  of thoria ted tungs ten electrodes  and the 

specific protective  measures  which a re  required to control the  risks  and thus  protect the 

hea lth and safety of welders  and those  working with them directly or indirectly as  in cleaning 

and maintenance. The experts  have  drawn on views  expressed in previous  Commiss ion VIII 

documents  on this  topic and information on thorium and its  compounds published in papers  

in the  scientific litera ture . 

The  experts  recommend tha t use of thoriated e lectrodes  ceases  as  soon as  is  practicable  

and that, until that change  is  comple ted, specia l care  is  taken to inform workers  of the 

hazards  and to implement a ll the other protective  measures  which are  de ta iled in the  report. 
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1. In troduction  and  s cope  of the  document 
 

This  document was  prepared by the  Inte rnationa l Ins titute  of Welding, Commiss ion VIII 

Health and Safety. It cons titutes  the  cons idered judgement of this  expert group on the 

hazards  and risks  added to tungs ten inert gas  (TIG) arc welding by the  use  of thoriated 

e lectrodes  and the  specific protective  measures  which are  required to control the  risks  and 

thus  protect the  hea lth and safety of welders  and those  working with them directly or 

indirectly as  in cleaning and maintenance. The  experts  have  drawn on views expressed in 

previous  Commiss ion VIII documents  and information reported in the  published scientific 

lite ra ture  on these and rela ted topics . These are  lis ted in the Bibliography.  

 

This  document provides  guidance, based on published mation and the  knowledge and 

experience  of experts , on the  hazards  and risks  added   welding by the  use  of thoriated 

e lectrodes  and the  specific protective  measures  wh  are  uired to control the  risks  and 

thus  protect the hea lth and safety of workers  wh  
- de liver, store  and/or is sue  such e lectrodes  

- use  TIG welding and those  working with ; 

- grind the e lectrodes; 

- a re  otherwise  loca ted in or adjacent to weld  or grindi  s ites ; 

- clean or mainta in welding or grinding s it  a a ted ventila tio  ys tems  and 

respira tors ; 

- undertake the collection and di  f spent e lect s  and contaminated filte rs . 

 

2. Ba ckground 

 
Tungs ten inert gas  ded ding (TIG)  a  p s   hich a  non-consumable  tungsten 

e lectrode  forms  o  of the  po s  of an c a rc. Tun s ten is  used because  it can 

withs tand very high mperatur  with min l melting or eros ion ie  “non-consumable”. 

Tungs ten e lectrodes a r  lso us   plasma w ding and cutting. 

TIG e lect  nta in s  t t  f meta  oxides  to improve  the ir current carrying 

capaci  reas   facilit  arc s tarti  re e  the  a rc’s  s tability, and reduce  the risk 

of w  contaminatio  One  s  additive  i  tura lly radioactive thorium dioxide  (ThO2).  
This  m rial introduce  pecifi  i ks  of adverse  effects  on hea lth which need to be 

assessed d controlled ad uate ly. e rnative  additives  a re  ava ilable  (see  la te r).  

For technica  easons  it is  n ssary f  the welding e lectrode  to have  a  fine conica l point. 

Each time it is  ouched dow   loses  some of its  sharpness . The pointed tips  a re  initia lly 

crea ted and then inta ined b  grinding in the  workplace . In genera l, plasma arc e lectrodes 
have  to be  sharpen  less  fr ently than those  used in TIG welding. 

 

3. Ha zards  
 

Thorium (Th) is  a  radioactive  e lement with a  long ha lf life . It emits  mainly a lpha  particles  but 

a lso gamma and occasiona lly beta  radia tion.  
 

3.1 Thorium in welding  elec trodes  

The  principa l radiologically re levant isotope  used in thoria ted electrodes  is  thorium-232 

(
232

Th) which has  a  ha lf-life  of 14 billion (14x10
9
) years . The  two other isotopes  which 

may be  found are  thorium-230 and thorium-228 which have  ha lf-lives  of 75,400 years 
and 1.9 years  respective ly.  

Airborne  particles  conta ining radioactive thorium may be  emitted in dust genera ted when 

thoria ted e lectrodes  are  s tored, handled, ground to sharpen the  tips  and consumed 

during welding and from was te  materia l genera ted during welding or grinding. Floors  and 

working surfaces  where  we lding or grinding are  done  a re  like ly to become contaminated 
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with such particles  and serve  as  secondary sources  of the hazard. All poss ible  sources  

should be cons idered together when assess ing the thorium intake  of workers .
 
 

 
3.2 Sources  and  health e ffec ts  of externa l radiation  

It is  unlike ly tha t s ignificant doses  of radia tion from thorium-conta ining e lectrodes or 
particles  can be  absorbed through intact skin. The  risk of harmful externa l radia tion from 

individual or small quantities  of the e lectrodes  is  like ly to be negligible . The risk increases  

with the  number of e lectrodes present so specia l a rrangements  a re  required for safe  

transport and s torage  of bulk supplies . 

 
3.3 Sources  of hea lth  effects  of in te rnal rad iation 

Thorium-conta ining particles  derived from the  e lectrod  may enter the body through 

inha la tion, inges tion (directly or indirectly from contam d food, water or other materia l 

such as  a  cigarette) and through open cuts  and es .  In the  fullness  of time the 

resulting inte rna l radia tion may cause  s ignifican  eas  including cancers , in tis sues  

where  it is  re ta ined. These  include  lungs, liv  and bone . hala tion is  the  grea tes t risk 

genera lly. This  is  re flected in regula tory osure  limits  w ch are  much lower for 

inha la tion than ingestion.  

Although much of the  research on the  e rse  hea lth effects  of ha la tion of thorium-

conta ining particles  has  been in indus trie  other tha  welding, t  adverse  effects  

identified are  re levant to risk assessment for rke  d others  expo d to dust and 

fume from thoria ted e lectrodes   hese  s tudies  in  tha t inhala tion is  a lso like ly to be  
the  more s ignificant route  of   the  we lding  cutting s itua tion. The  respirable  

fraction of the  tota l aerosol gene ed g TIG wel  and re la ted e lectrode  grinding 

is  45% and 60% respective ly.
1
 Thu  inhale  orium-co ining particles  may enter and 

re lease  alpha  particl  long the  ent  respira  t act inc u ng the  deepes t parts  of the 

lung. 
 
3.4 Staff who y be  a t r k 

Risk assessment a  control asures  sh ld cover a ll those  who may handle  thoria ted 

e lectrod   be  expo  t    fume ar g from them. This  includes  not only those  

who  d direct   welding  tting d grinding but others  including s tores , 

c ng and main nance  ff and thos  volved in dispos ing of used filters  and dus t 
an  ther was te  suc   e lect e  s tubs. 

 

4. Ris ks  f m TIG weld i  and  r ed  proc es s es  

 
4.1 Expos e  

Exposure to tho m-cont ing particles  in the  fume emitted during TIG welding with a  

thoria ted e lectrode  ill  with we lding conditions  is  genera lly negligible  or low - be low 

the  maximum permitt  radiologica l protection limits  for such radioactive  subs tances.
2-4

  

Exceptiona lly, considerable  intake has  been reported to have  occurred during AC 

we lding when LEV is  not used.
5
  

Grinding the  e lectrodes  is  respons ible  for a lmos t a ll e lectrode  consumption
1
 and usually 

produces a  notably higher concentration of particles  and leve l of potentia l exposure  than 

we lding. 
6
 This  may

5
 or may not 

2
 exceed radiological protection control leve ls . 

 
4.2 Health  effects  

Very little  research has  been conducted on TIG welders  to de termine  the  preva lence  of 

actua l adverse  health e ffects  that might be  a ttributable  to thorium exposure. This  has  not 

shown any excess  risk. A Danish s tudy of exposure  and effects  es timated a  cancer 

incidence of less  than three  cases  in a  popula tion of 1200 full time TIG welders  during a  
thirty year working life .

6
 An indus try-based s tudy in England showed intake  of thorium to 
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have  been cons iderably less  than the  current recommended limit and there  was no 

apparent evidence  of adverse effects .
7
  

This  lack of evidence  of effect should not be  taken as  a  reason for complacency or 

inactivity. The  potentia l for se rious  disease  to occur as  a  result of occupationa l exposure  

to dust and fumes  from thoria ted tungsten e lectrodes  remains . It must not be  forgotten 
tha t there  is  an overa ll excess  risk of lung cancer occurring in welders .

8
 No explanation 

for this  excess  has  been found. The  Internationa l Agency for Research in Cancer has  

cla ss ified we lding fume in genera l a s  be ing poss ibly ca rcinogenic.  

 

5. Conc lus ions  

 
It is  concluded that: 

- Thoria ted e lectrodes  present a  risk of occupatio  exposure  to harmful leve ls  of 

radioactivity. This  is  greates t when there  is  expos   rticles  generated from grinding 

the  tips  of thoria ted e lectrodes.  

- The  absence  of evidence  of resulting disea  in those  e sed to thorium-conta ining 

pa rticles  from TIG welding and re lated ac s  should not be  ken as  a reason for not 

acting to protect a ll staff a t risk of such e ure . 

These  risks  should be controlled by an ap opria te  safe  sys tem  work to e liminate  

exposure  and intake  or a t leas t to reduce  these   within na l and inte ationa lly agreed 

leve ls . 

 

6. Re commenda tions  for pro te v  eas u res  
 

The following recommendations  are  m  

- As  soon and as   as  practic le , tho  e lectro s  should be  replaced by 

“thorium-free” odes  ch as  th e  a inin  rium, lanthanum, yttrium and 
zirconium oxid   and this  uld be  re  in na tiona  and inte rnationa l regula tions  

- Na tiona l and inte iona l reg tions  for p ective  measures  rela ted to TIG welding and 

pla sma welding and tting  tungsten ctrodes should include  the requirement for 

a  s af   of work  quir   approp te ly tra ined manager or supervisor to be 

gi  the  re ibility d autho  f r the implementation and supervis ion of 
p autions  for pro tive  ac  and s teps  aken to ensure  that workers  know the  name 

of t  person and ho  e  may  contacted. 

- Until th  change  from t a ted e odes  has  been comple ted, under the  safe  sys tem of 

work the  ployer shoul   required to take the following actions . 

- Inform wor s  tha t they  using thoriated tungs ten e lectrodes  and tha t these  conta in 

radioactive  ma rial. 
- Educa te  workers   the  h rds , risks  and protective  and control measures , tra in them in 

safe  working practi   is sue  written ins tructions . Ensure  they know the  name of the 

supervisor with respo bility for implementing and monitoring the  safe  sys tem of work. 

- Se lect the  technically acceptable  e lectrode  with the  lowes t amount of the  potentia lly 

hazardous  isotope . 

- Keep records  of s tocks  and issues  to each welder. 

- Keep the number of e lectrodes  in s tore  to a  minimum. Store  e lectrodes  in s tee l cabine ts  

or boxes bearing a  prominent labe l incorpora ting the radia tion trefoil. This  will normally 

provide  adequate  shie lding aga inst externa l radiation from bundles  of e lectrodes. Those 

s toring thousands  of e lectrodes may find it more convenient to s tore  them in a  separa te  

room. The  shie lding properties  of the  wall of the  room a lone  will be  more  than adequate . 

S ince  the occupancy of the  room should be  ve ry low, meta l cabine ts  within it should not 

be  necessary. The door to the  room should bear a  warning notice  incorporating the  

radia tion trefoil.  

- Se t up safe  and effective  local ventila tion extraction and collection system to control 

exposure to and collect fumes and dusts  emitted during welding and grinding operations .  
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- Pe riodically formally ve rify the  efficiency of the  extraction sys tem to monitor its  

effectiveness  to control adequate ly personal brea thing zone a ir concentrations  and 

intakes  of individual welders . 

- Make  adequate  arrangements  for supply, use  and maintenance  of personal protective 

respira tory equipment and for education and tra ining of potentia l users  and mainta iners .  
- Provide  a  high efficiency vacuum cleaner to clean the  grinding wheels  daily. If the leve l 

of activity does  not merit this  provis ion, it may be  sufficient to dampen the  material to 

minimise dust and use  an ordinary vacuum cleaner, a  cloth or a  brush.  

- Ensure  safe  removal and disposa l of spent e lectrodes, respirator filte rs , contaminated 

fume and dust and filters  from ventila tion and vacuum sys tems.  
- Ensure  that floors  and work surfaces  are  cleaned once  in each work shift us ing a  

vacuum cleaner or by damping the  dust and then remo   by wiping or brushing into a  

conta iner.  

- Educa te  each we lder to take  care  to minimise  exp  emphas is ing the importance  of 

keeping his /her head out of the welding fume.  

- Prohibit ea ting, drinking and smoking a t the w k s ite . 

- Provide  hand washing facilities  adjacent to  work s ite . 

- Encourage  workers to wash the ir hands e  us ing the  toile t. 

- Require  workers  to wash the ir hands  and ange  from the ir overa l  efore taking breaks 

for food, refreshment or other purposes  and fore  lea g the  workp  

- Require  workers  to cover a ll cuts  and grazes  w  h ng any thoria te  materia l.  

- Monitor to check that the proc s  are  be ing c  out correctly and tha t a ll sys tems 
are  working effectively. Keep re  f these chec    

- Ensure  that welders  and other e loy  unders tand d adhere  to this  safe  sys tem of 

work and: 

� Re ta in no more th  one  day’s  pply of trodes  a  do not be  carry these  on 

the ir person   n approve  arrie  
� Adjust the ding pow  correctly  a ladjus tm t may increase emiss ions of 

radioactive  th um. 

� Reduce  bluntin  f e lect es , and th  the  frequency of the  need for grinding, by 

mini i i g touchi  do  h impro  des igns and welder skills . 

�   ive whe  uitable  fo  d m l and dedica ted to this  process .   

� se  the extrac n sys t  on the grin  machine . 
� se  an extractio  s tem en welding. 

� W r the supplied itable  p onal respira tory protective  equipment when grinding 

e lec des, and idea  when w ing.   

� Use  th  leaning equ ment supplied and procedure  prescribed by the  employer to 

clean the  inding whe  da ily.  

 

7. Previous  IIW Co on VIII documents  on  thoria ted  tungs ten  e lec trodes . 
 

Experts  of Commiss ion VIII worked extensive ly on the matter of welding with Tungsten 

Thoria ted electrodes ; the  following documents  represent discuss ion held during the  

meetings. 

VIII-1582-91 Es timated radia tion doses  from thorium and daughters  conta ined in thoria ted 

we lding e lectrodes. 

VIII-1599-91 Soudage avec e lectrodes  refracta ire s  – Electrodes  en tungsten thorie . 

VIII-1657-92 Result of the radiometric eva lua tion of materia l sample . 

VIII-1667-92 Assessment of thorium exposure  due to grinding of thoriated tungsten  

e lectrodes. 
VIII-1675-92 Radioactivity measurement of tungs ten rods  conta ining thorium. 

VIII-1702-93 Health aspects  in the  use  of thoria ted tungsten e lectrodes  

VIII-1771-95 Storage  and use  of thoria ted tungs ten e lectrodes  (by UK Health and Safe ty 

Executive).  



VIII Doc . VIII-2171-14 

6 

VIII-1800-97  Handling of thoriated, non-consumable  e lectrodes  (tungsten conta ining 

thorium oxide) in tungs ten inert gas  (TIG) welding. 
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Appendix 1 – Additio na l mate ria l 
 

The  following abs tracts  a re  not for publica tion; they a re  provided here  for the ass is tance to 

Commiss ion VIII 
 

1. J ankovic  J T, Underwood WS, Goodwin GM. Expos ures  from thorium conta ined 

in  thoriated  tungs ten  welding  elec trodes . Am Ind Hyg As s oc  J . 1999 May-

J un;60(3):384-9. 

Information provided in this  a rticle  can be  used for es timating the  radia tion dose  associa ted 

with the  use of thoriated tungsten e lectrodes in tungsten inert gas  we lding. Area and 

brea thing zone  concentra tions  of 232Th generated by welding and e lectrode  sharpening 

a long with particle  s ize  information; isotopic compos ition  ectrodes  from two domestic 

manufacturers  and one European manufacturer; and pro  variables  and estimates  on the 

number of thoria ted tungsten e lectrodes  manufactu  e  presented. Past lite rature  is  

reviewed and compared with the results  of this  s t  Iso ic ana lys is  of a  nominal 2% 

thoria ted e lectrode  found 0.6 ppm +/- 0.4 ppm 23 Th and less  n 0.1 ppm 228Th. Analys is  
of a  ce ria ted tungs ten electrode  and a  lantha  tungs ten e lec de  for 232Th found 124 

ppm and 177 ppm, respective ly. Electrode sumption during w ing was  primarily the  

result of tip sharpening. Less  than 3% of t  we ight loss  was  a ttrib ble  to the  welding 

proces s . The  in-mask concentration of resp ble  tho m particula  in the welder's  

brea thing zone  was  0.002 x 10(-12) microCi 23 h/m  he  concentra t  of respirable  

thorium particula te  from e lectrod  rpening was    10(-12) microCi 232Th/mL. The 

measured sharpening time was   per e lectrod  Estimates  of the  activity median 

aerodynamic diameters  for the  resp ble  tion of the lding and e lectrode  sharpening 

aerosols  were  3.5 and 5 microns, resp tively, n measu  in the  brea thing zone  at 0.3 

m (12 inches) from the i t of opera t  The  re ble  frac n of the total we lding and 

sharpening aerosol   45 d 60%. 

Oak Ridge  Nationa  bora tory  N 37831-  SA. 

 
2. Crim EM, Brad  TD. as urement  o f a ir concentra tions  of thorium during 

gri d i  and  we  s  us i  thoria ted tungs ten  electrodes . Health 

. 19  May;68( 9-22. 

An e a tion was  p rmed  de te rmine w her thorium was  present in concentra tions 
above  e  derived a ir c entrat  during grinding and welding opera tions  us ing thoria ted 

tungs ten ectrodes . A fe  of the dvantages  of us ing thoria ted tungsten e lectrodes  in 

indus try inc e  eas ie r are  s ting, gr r s tability, and reduced weld meta l contamination. 

The  e lectrode  sed in this  e lua tion conta ined 2% thoria  (thorium oxide) and were  either 

2.4 mm or 3.9 m  n diameter  e rsonal breathing zone  and area air samples  were  collected 
for the  experienced elders  rticipa ting in this  eva lua tion during grinding opera tions. The 

results  during the  gri i  e rations  for personal and area  a ir samples  were  genera lly 

below the  derived a ir con tration (DAC) for 232Th for solubility class  Y of 0.04 Bq m-3 (1 x 

10(-12) microCi mL-1) as  per 10 CFR 20. The  a rea  samples  collected during welding 

opera tions  were  be low the  DAC. 

Dow Elanco, Indus tria l Hygiene , Indianapolis , IN 46268, USA. 

 
3. Gafvert T, Pagels  J , Holm E. Thorium expos ure  during tungs ten inert gas  

welding  with  thoriated  tungs ten  e lectrodes . Radia t Prot Dos imetry. 

2003;103(4):349-57 

The  exposure  to 232Th from TIG welding with thoria ted e lectrodes has  been de termined a t 

five  different workshops. Welding with both a lterna ting and direct current was  inves tigated. 
The  exposure  leve ls  of 232Th were  generally be low 10 mBq m(-3) in the  breathing zone  of 

the  we lders . Two samples  from AC welding showed s ignificant higher exposure  leve ls , 

probably due  to maladjus tment of the  TIG welding power source. Samples  of the  respirable  

fraction of 232Th from grinding thoria ted e lectrodes  were  a lso collected showing exposure  

leve ls  of 5 mBq m(-3) or lower. A dose  estimate  has  been made  for two scenarios , one  
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rea lis tic and one  with conservative  assumptions , showing that the annual committed 

effective  dose  from inhala tion of 232Th, 230Th, 228Th and 228Ra, for a  full-time TIG welder, 

in the  rea lis tic case  is  be low 0.3 mSv and with conservative  assumptions  a round 1 mSv or 

lower. The  contribution from grinding e lectrodes  was  lower, 10 microSv or lower in the  

rea lis tic case and 63 microSv or lower based on conserva tive  assumptions . The  s tudy does  
not exclude  occurrence  of higher exposure leve ls  under welding conditions different from 

those  preva iling in this  s tudy. 

Dept of Radia tion Phys ics  The Jubileum Ins titute , Lund Univers ity, SE-221 85 Lund, 

Sweden. torbjorn.gafvert@radfys.lu.se  

 
4. Sa ito  H, His anaga  N, Okada  Y, Hirai S , Arito  H. Thorium-232 expos ure  during 

tungs ten  inert gas  a rc  welding  and e lectrode rpening. Ind Health. 2003 

J u l;41(3):273-8. 

To as sess  the  exposure of welders  to thorium-232 ( ) during tungsten inert gas  a rc 

(TIG) welding, a irborne concentrations  of 232Th in  br hing zone  of the  welder and 

background leve ls  were  measured. The  radioacti  concentra  were  1.11 x 10(-2) Bq/m3 

during TIG welding of a luminum (TIG/Al), 1  x 10(-4) Bq/m  during TIG welding of 

s ta inle ss  s tee l (TIG/SS), and 1.93 x 10(-1) m3 during e lectrode  harpening, with 5.82 x 

10(-5) Bq/m3 background concentration. A ugh the  annual intak  f 232Th estimated 

using these va lues  did not exceed the  ann  limit int ke  (ALI, 1.6  10(2) Bq), we  

recommend reducing 232Th exposure  by substi g t ted e lectrode  ith a  thorium-

free  e lectrodes , setting up loca l tila tion sys tem  d by us ing respiratory protective  
equipment. It is  a lso necessary to  workers  tha t ria ted tungs ten e lectrodes  conta in 

radioactive  materia l. 

Nationa l Ins titute  of Indus tria l Health, 6 1-1, N  Tama-  Kawasaki, 214-8585 Japan. 

 

5. Ludwig  T,  D Seitz G ekm   takes  of thorium while  us ing 
thoriated  t s ten e le odes  for  ding. th  Phys . 1999 Oct;77(4):462-

9. 

Thoria ted e lectrodes  a  used i  IG welding  TIG welders , a long with persons  who grind 

thoria ted e l t des  and so  d near r vant we lding and grinding s ites , might be 

a t risk   take . T  sotopes   adio ica l re levance a re  232Th, 230Th, and 

228T  he  s tudies  cribed  the  lite rat  do not provide  a  cons is tent picture  of the 
actua l zards , and ch es  in ropean and German radiologica l protection laws  have  

now mad  it necessary to e rmine   risks . To accomplish this , a  fie ld tes t was  conducted 

under rea l w rking conditio  in 26 di nt welding shops. The  a irborne  activity genera ted 

through weldi  and throug  grinding of e lectrodes , was  measured us ing personal a ir 

samplers . Statio ry sample  were  a lso used. The filte rs ' samples  were eva lua ted by 

means  of direct a p a spec metry with proportiona l counting and by means  of gamma 

spectrometry followin  ne n activa tion. The results  clearly showed that cons iderable  

intake  can occur during  a lte rnating-current we lding and e lectrode  grinding, if no suction 

sys tems  are  used. The  range  of 232Th intakes  to welders  were  estimated from 0.1 Bq y(-1) 

to 144 Bq y(-1) during welding and from 0.02 Bq y(-1) to 30.2 Bq y(-1) during grinding. In 6 of 

the  26 cases  the  recent annual limit on intake  derived from the  mos t recent ICRP 
publica tions was  exceeded--in the  wors t case  it was  exceeded by a  factor of 10--if it is  

assumed that the  persons  s tudied were  not exposed workers  (not routine ly monitored for 

radia tion exposure). When the  s ignificantly more  restrictive  German limits  a re  applied, the 

amounts  by which the limits  were  exceeded were  even grea te r. Because  many qualified 

we lders  have  very long careers , the  risks  can thus  be cons iderable . The  paper a lso 

discus ses  parameters  tha t influence  exposure , and it presents  a  ca ta logue  of recommended 
measures  for dosage  reduction. 
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