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CONTROL OF AIRBORNE NICKEL WELDING FUMES BY MEANS OF A VERTICAL 
LAMINAR AIR FLOW SYSTEM 

a- @- 

For the pas t  few years a t  the Oak Ridge, Paducah, and Portsmouth 
Gaseous Diffusion Plants, there has been considerable in te res t  in 
the exploration o f  various types o f  engineering methods t o  control 
airborne nickel and other metallic oxides i n  welding fumes. The 
purpose o f  th i s  study was t o  evaluate the effectiveness of a clean 
room f a c i l i t y  w i t h  laminar a i r  flow i n  the control of  nickel fumes 
released from metal inert gas (MIG) and shielded metal arc  (SMA) 
welding operations performed on mi ld  s teel  u s i n g  nickel f i l l e r  mater- 
i a l s .  T h i s  study i s  the second phase of a report fo r  a f eas ib i l i t y  
study of a proposed FY 1982 Line Item Project ent i t led "Reduction of 
Airborne Metals, Phase I"  submitted t o  DOE i n  1979 and subsequently 
tabled f o r  further research. The Phase I study has focused on con- 
t ro l l ing  airborne nickel levels t o  0.100 mg/m3, which was considered 
t o  be the lowest practical level achievable us ing  conventional local 
exhaust ventilation systems. Based on the possibi l i ty  t ha t  the f inal  
promulgated OSHA nickel standard may l imit  airborne exposures t o  as 
low as  0.015 mg/m3, i t  was necessary t o  explore nonconventional con- 
t ro l  methods, such as a Vertical laminar a i r  flow clean room t o  meet these 
requirements. In order for such a system t o  be successful, i t  would 
not  only have t o  meet the c r i t e r i a  for  fume capture and removal, b u t  
i t s  design should avoid d i s rup t ion  of the protective shielding gases 
which could resu l t  i n  poor weld quali ty.  Fortunately fo r  this study, 
the services of an existing clean room f a c i l i t y ,  which had most of the 
desired character is t ics ,  was obtained for  a per iod  of about four weeks 
f o r  sampling purposes. The clean room i s  located i n  Building 9202 a t  
Y-12 and was formerly used i n  conjunction w i t h  the NASA space program. 
The f a c i l i t y  was designed t o  control airborne extraneous d u s t  par t ic les  
o r  bacteria by means o f  a laminar a i r  flow system which operated a t  
about  60 f ee t  per minute. 
l a t e  a i r  or HEPA f i l t e rs  provided the necessary removal of unwanted 
airborne substances from entering the clean room atmosphere. 

A double panel of high efficiency particu- 

Based on preliminary smoke generation studies and ventilation measure- 
ments, along w i t h  some actual welding tests, i t  was found tha t  the 
maximum airflow of the original design was insufficient t o  control 
welding fumes sat isfactor i ly .  
20 by 20 feet square and about 10 feet  high. Welding curtains were 
instal led from f loor  t o  cei l ing t o  create an area approximately 8 f e e t  
by 8 f ee t  square and about 10 f ee t  h i g h  i n  order to  narrow the area 

The dimensions of the room were about 
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of the room and increase a i r  velocity. 
over the remaining f loor  area and an additional barr ier  was placed 
over the cei l ing o f  the room such t h a t  the total  airflow was channeled 
into the area bordered by the welding curtains.  Change i n  the a i r -  
flow velocity was accomplished by e i ther  closing or opening baffles 
located i n  the duct work leading t o  the HEPA f i l t e r  system prior t o  
i t s  entrance into the reduced clean room area.  Two types of  sampling 
pumps, the DuPont  constant flow Model P-2400 calibrated a t  2.0 l i t e r s  
per minute and the Radeco Model HD-28 h i g h  volume "gooseneck" pump 
calibrated a t  6.0 l i t e r s  per minute were connected t o  37 millimeter 
and 47 millimeter f i l t e r  casset tes ,  respectively, w i t h  0.8 micron 
pore s ize  f i l t e r s .  Two of the DuPont pumps were worn by the welder 
for  sampling both inside and outside the welding helmet. 
of the low f l o w  pumps were used as area samples placed i n  and around 
the welding s i t e .  The two h i g h  volume "gooseneck" pumps were posi- 
t ioned a t  e i ther  end o f  the welding t a b l e  a t  approximately the height 
of the breathing zone o f  the welder. 
primarily used t o  obtain adequate sampling volume so tha t  detection 
of low airborne concentrations of nickel could be assured. 

Sheet metal was instal led 

The remainder 

The h i g h  volume pumps were 

Sample analysis was conducted by the ORGDP Analytical Technology Department 
through means of atomi'c absorption spectroscopy. 
or flameless atomic absorp t ion  method was used for  samples expected 
to  contain less  than 1.0 mic$ogram total  while conventional flame 
atomic absorption spectroscopy was used i n  analysl's o f  samples which 
were expected to  be greater than 1 .O microgram total  for  nickel. 
t o  submission of  the f i e ld  samples, four levels of spiked nickel samples 
of 10, 1 ,  0.3, and 0.03 total  micrograms of  nickel were prepared and 
submit ted to  the laboratory personnel t o  evaluate the lower detectable 
l imits  fo r  the flame and flameless atomic absorption methods. 
the glassware used was washed i n  50 percent n i t r i c  acid and then rinsed 
a t  least  three times w i t h  d i s t i l l ed  deionized water, Upon the collec- 
t i o n  of samples and submission t o  t h e  laboratory, b l a n k  f i l t e r  cassettes 
and sp iked  nickel samples were submitted along w i t h  f i e ld  samples f o r  
comparison o f  resul ts .  
flameless atomic absorp t ion  u n i t  theoretically had a minimum detectable 
level o f  0.03 total  micrograms of nickel on the f i l t e r  paper. In order 
t o  compute a min imum sampling dura t ion  a t  a flow rate of 2.0 l i t e r s  per 
minute, the following formula was used: 

The graphite furnace 

Prior 

All of 

I t  was found tha t  the graphite furnace or 

MINIMUM DURATION - - 10 x analytical  sensitivity - - 0.03 pq N i  x 10 loOo = PER SAMPLE TLV x Flowrate 0.015 mg/mj x 2 lpm 

A sampling time of a t  l ea s t  10 minutes was theoretically needed to  de- 
t ec t  one-tenth of the proposed 0.015 m g / d  TLV. 
times were extended to  approximately 25 minutes per session t o  assure 
quantit ies of sample equal t o  or beyond the m i n i m u m  detectable l imi t s .  

However, actual sampling 
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Approximately 15 minutes of setup t me was allowed between samples 
i n  order t o  change f i l t e r s ,  prepare welding materials for  the next 
sampling sequence, and to  readjust he ventilation of tfie room to 
obtain the proper a i r  flow. 
daily for a period of four weeks or approximately 20 sampling periods 
w i t h  approximately three sampling periods per day. Breathing zone 
samples were collected inside a modified welder's helmet such tha t  
the f i l t e r  cassette was d i rec t ly  a t  the breathing zone of the welder. 
The shielded metal arc welding was conducted primarily using a nickel 
141 f i l t e r  rod w i t h  welding being conducted i n  a 36 o r  vertical  po- 
sition for  welding on fou r  i n c h  by eight inch plates  or tack 
welded together i n  the center. The metal i ne r t  gas welding was con- 
ducted in a similar manner using ,045-inch diameter nickel f i l l e r  wire 
w i t h  a current ranging from 275 t o  325 amperes and about 25 t o  30 volts.  
In addition to  f l a t  plate  welding, two large geometric models, designed 
to  simulate fie1 d welding conditions, were studied t o  evaluate we1 d i n g  
fume control under conditions of interrupted laminar airflow patterns.  
These geometric shapes included a large " t i n  can" shaped cylinder 
sealed a t  one end 30 inches i n  diameter and 4 fee t  i n  length. SMA 
welding was performed approximately 18 inches inside the cylinder, 
while MIG welding was conducted about 6 inches inside the cylinder. 
Another geometric shape, designed t o  simulate flange welding on a 
large converter u n i t ,  consisted of a large "doughnut" shaped f l a t  c i r -  
cular  plate w i t h  a hole i n  the center t o  which was attached a 12-inch 
fl ange. 

The clean room f a c i l i t y  was visited 

Sample results have been summarized and are l i s t ed  i n  Tables 1 ,  2 ,  3, 
and 4. The data generally indicate a decrease i n  airborne nickel 
levels w i t h  an increase i n  a i r  velocity. 
welding i n  Table 2 showed that  outside the welder's helmet, mg/rn3 levels 
ranged from 2.409, 0.654, 0.373, 0.060, 0.011 and 0.001 f o r  a i r  flows 
of 20, 75, 95, 160, 170, and 240 fee t  per minute, respectively. With 
the exception of  an occasional unexpected data p o i n t ,  the overall 
pattern of 1 ower airborne concentrations for  h i  gher a i r  vel oci t i e s  was 
consistent. 
presented i n  Tables 3 and 4. Personnel sampling da ta  have been graphed 
w i t h  airborne concentrations plotted versus a i r  f low i n  fee t  per minute 
(Fi gures 7 -6). 

For example, MIG pla te  

This  trend was also apparent i n  the area sampling data 

Prior t o  graphing, the personne'l data were examined t o  determine the 
correlation, i f  any, between a i r  flow and milligrams per cubic meter of 
nickel. T h i s  was accomplished by us ing  a Hewlett-Packard Model 67 pro- 
grammable calculator p l u s  a prerec rded magnetic card fo r  curve f i t t i n g .  
The coefficient of determination 2, which indicates the quali ty of f i t  
a hieved by the regression, was used as c r i te r ion .  
- r close t o  1.00 (perfect correlat ion)  indicate a bet ter  f i t  t h a n  values 
close t o  zero (no correlation).  
each welding category, i t  was found t h a t  an exponential curve w i t h  

T h a t  i s ,  values of 

Following the i n p u t  of data pairs for 
5 



4 

mathematical formula y = aebx, (a.0) , best described the da ta .  The 
regression coeff c ients ,  ''a" and "b" define the curve generated2 A 
summary of the r valves i s  l i s t ed  i n  Table 5 .  Results show r values 
greater t h a n  0.586 for  a l l  categories with the exception of  SMK geo- 
metric d o n u t  shape welding outside the helmet. In f ac t ,  a l l  b u t  one 
of the MIG welding types exceeded 0.918, indicating a very close curve 
f i t .  Although the values for  SMA welding types were acceptable, one 
possible explanation may account for the less than expected closeness 
of f i t .  In general, SMA welding procedures resulted i n  l esser  amounts 
of fume generated and collected, w h i c h  required labora tory  analyses a t  
level s approaching lower detectable 1 imi t s  . Consequently, any smal 1 
error in analytical technique could resul t  i n  a s ignif icant  change 
i n  r2 values. 
in Figure 1 for  SMA plate welding. 
and outside the helmet are  0.015 mg/ o r  l ess .  Any vari  t i o n  i n  

these low concentrations. 
i s  t h a t  i t  enables the prediction o f  airflow levels necessary t o  con- 
t rol  t o  0.015 mg/m3 by simply f i n d i n g  the p o i n t  of  intersection with 
the corresponding airflow on the g r a p h .  

i 

An example o f  such possible case can be i l lus t ra ted  
T n of the da ta  points for inside 

sample resu l t s  can s ignif icant ly  affect  3 curve slope and r h values a t  
One a t t rac t ive  feature o f  thecurve  g r a p h i n g  

As i s  seen i n  Table 5, theoretical airflows ranged from 120 fpm for 
SMA plate  welding inside the helmet t o  a maximum of 270 fpm for the 
SMA Geometric Donu t  Shape outside the helmet. Values for MIG ranged 
from a low of 165 fpm f o r - p l a t e  welding inside the helmet t o  an o f f -  
scale reading for geometric d o n u t  shapes outside the helmet. 
graphs indicate that  a minimum of 120 t o  165 feet  per minute a i r  velo- 
c i t y  i s  needed t o  control nickel oxide fumes t o  a level of 0,015 mg/m3 
inside the helmet d u r i n g  tabletop plate welding operations. 
these airflow levels may n o t  be suff ic ient  for  welding on geometric 
shapes, where flows approaching 200 f ee t  per minute may be required. 

The 

However, 

From data observed i n  these experiments, i t  appears t h a t  the laminar 
flow clean room approach t o  controll ing welding fumes can be successful 
in certain small table t o p  welding operations. However, almost any 
interferences that  obstruct the downward airflow can resu l t  in eddy 
currents and subsequent build-up of fumes by entrapment. 

Thus ,  airflow patterns d i f f e r  s ignif icant ly  when comparing table t o p  
operations t o  we1 ding on large cy1 indrical and/or doughnut  shaped 
items. W i t h  a doughnut shaped prototype, which was positioned paral- 
lel  t o  and approximately 40 inches above the f loor ,  airflow was forced 
around the circumference of the shape as well as direct ly  th rough  the 
center opening of  the flange o r  "doughnut"  hole, The airflow patterns 
differed dramatically from those encountered w i t h  the 30-inch diameter, 
large cylindrical shapes i n  which the airflow had l i t t l e  e f fec t  upon 
fumes which accumulated within the cylinder i t s e l f .  Fumes entrapped 
inside the cylinder would tend t o  build up t o  a level a t  w h i c h  overflow 
into the downward a i r  current would eventually occur, b u t  only a f t e r  
traveling a b o u t  2 fee t  from the outer edge of the cylinder i t s e l f .  
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This study i l l u s t r a t e s  some of the problems encountered i n  weldinq 
fume sampling. Any number of variables can dramatically e f fec t  nickel 
conditions inside and ou t s ide  the helmet, including such things as 
welder pos i t i on ,  the amount o f  current used and speed of welding, the 
amount of preparation performed i n  between welds, and o f  course the 
airflow currents themselves. Generally, i t  was found that  as long 
as the weldl’ng plume could be kept from the breathing zone o f  the 
welder, co centrations l’nsl’de the welding helmet di’d no t  exceed the 

breathing zone of the welder, such encounters would almost alw ys re- 

additional experiment was conducted to  t e s t  the effectiveness of  a 
Bernard attachment t o  a shielded welding g u n .  
system indicated tha t  such a system 6y i t s e l f  was not egfective i n  re- 
ducing airborne nickel concentrations t o  the 0.015 mg/m level .  For 
example, laminar airflow levels of 180 fee t  per3minute, w i t h  the 
Bernard system30perating, resulted in 0.050 mg/m inside the helmet 
and  0.021 mg/m outside the helmet. W i t h  the atrflow turned o f f ,  the 
nickel concentrations insid the helmet were 0.387 mg/m3 outside the 

250 fee t  per minute were concentrations achieved below 0.015 mg/m . 
These resu l t s  seem t o  indicate t h a t  the Bernard system alone i s  n o t  
effect ive in reducing airborne nickel levels t o  the 0.015 mg/m3 stage. 

0.015 mg/m s level .  
s u l t  i n  airborne nickel concentrations i n  excess of  0.015 mg/m 3 . One 

If  the plume a t  any time was able to reach the 

Results from the Bernard 

helmet they were 0.563 mg/m 5 . Only when airflow levels approacheg the 

In conclusion, i t  was found tha t  the use of a laminar flow clean room 
method for welding fume control i s  certainly a very specialized method 
which could be very expensive and may a t  times be impractical t o  imple- 
ment in an actual f ie ld  s i tuat ion.  As stated a t  the beginning, the 
purpose of the clean room w i t h  the laminar flow was to look a t  what 
would be considered to  be, theoret ical ly ,  the ultimate technology 
available to control airborne nickel t o  meet a 15 micrograms per cubic 
meter standard, should such a level be adopted in the f u t u r e  by OSHA. 
One of t h e  b igges t  problems encountered w i t h  t h e  laminar airflow system 
was the reduced efficiency of the airflow due t o  the clogging of the 
h i g h  efficiency par t iculate  a i r  f i l t e r  w i t h  the welding fume par t ic les  
and d u s t .  A t  the beginning of the experimentation, i t  was possible t o  
achieve maximum airflow levels of around 250 to  300 f ee t  per minute. 
However, a f t e r  only 15 workdays of sampling, the airflow was reduced 
to about 140-150 fee t  per minu te  maximum w i t h i n  the room. 
system as a laminar flow clean room t o  work e f f ic ien t ly  and effect ively 
i n  an actual shop s i tuat ion,  bag houses or  other pref i l te r ing  units may 
have to  be incorporated into the system so tha t  the relat ively expensive 
HEPA f i l ters would l a s t  long enough to  make t h e m  more cost  effect ive.  
Finally, based on a res t r ic ted  time frame of four weeks t o  complete 
sampling, only preliminary conclusions can be drawn from the somewhat 
limited number of samples collected.  To be more conclusive, such a 

For such a 
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study should be conducted i n  an actual weld shop o r  f i e l d  environment 
w i t h  ful l -scale  geometric shapes being welded under typical shop con- 
d i t i o n s .  Such a "p i lo t  plant" model would give much more insight  i n t o  
the effectiveness and of the f eas ib i l i t y  of such a laminar flow system 
functioning under day-to-day work ac t iv i t i e s .  
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Table 1 
SHIELDED METAL ARC (SMA) 

PERSONNEL SAMPLES-INSIDE AND OUTSIDE HELMET 

E WELDING 
mg/m30~ NICKEL 

GEOMETRIC "DONUT" SHAPE GEOMETRIC 

AIR I mg/m30~ NICKEL AIR FLo\rv 
(fpm) 

20' 
85 
90 

110 
115 
160 
250 

INSIDE INSIDE 

.736 

.094 

.021 

.065 

.014 

.002 

.003 

.050 

.006 

.015 

.004 

.010 
,007 
.OM 

<.001 

5.468 
1.002 
.634 

3UTSIDE 

.083 

.038 

.009 

.006 

.022 

.034 
<.001 
<.001 

5.842 
-785 
.115 

PLATE WELDING GEOMETRIC "DONUT" SHAPE 

AIR FLOW mg/maOF NICKEL AIR FLOW mg/m3 OF NICKEL 

(fpm) INSIDE OUTSIDE (fpm) INSIDE OUTSIDE 

20+ 3.214 2.409 20 3.391 2.916 
75 .425 .654 125 .114 2.559 
95 .453 .373 140 .048 .154 

160+ .006 .060 220 -010 .164 
170 .014 .011 
240 .oo 1 .oo 1 

OUTS ID E 

1.059 

.122 

GEOMETRIC CY LlNDER "TIN CAN" 
AIR FLOW mg/m3 OF NICKEL 

(fpm) INSIDE OUTSIDE 

80 3.037 1.902 
105 1.164 1.387 
145 .076 .108 

1 
(fpm) 

63 
90 

110 
145+ 

Table 2 
METAL INERT GAS (MIG) 

PERSONNEL SAMPLES-INSIDE AND OUTSIDE HELMET 

:YLINDER "TIN CAN" 
ma/m3 OF NICKEL 
INS~DE I I D E  
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PLATE WELDING 

mg/m3 
AIR FLOW (fpm) OF NICKEL 

75 .Q65 
100 ,228 
160 .001 
175 .oo 1 
185 .005 

* 200 .003 
230 .010 
300 <.001 

Table 3 
SHIELDED METAL ARC (SMA) AREA SAMPLES 

GEOMETRIC SHAPE "DONUT" 

mg/m3 
AIR FLOW (fpm) OF NICKEL 

20' ,776 
85 .600 
90 .016 

110 .011 
115 .080 
160 .029 
250 .006 

AIR FLOW (fprn) 
63 
90 

110 
145+ 

mg/m3 
OF NICKEL 

2.564 
.250 
.232 
.004 

Table 4 
METAL INERT GAS (MIG) AREA SAMPLES 

PLATE WELDING 

mg/m3 
AIR FLOW (fpm) OF NICKEL 

20' 1.709 
75 .246 
95 .43 1 

160 .002 
170 .001 
240 .013 

GEOMETRIC SHAPE "DONUT" 

mg/m3 
AIR FLOW (fpm) OF NICKEL 

20 3.014 
125 .789 
140 -028 
220 .011 

AIR FLOW (fprn) 

80 
105 
145 

'Average of 2 or more samples. 
+Air Flow speeded up during sampling. 

mg/m3 
OF NICKEL 

1.990 
.951 
,025 



Table 5 

.. 

AIRFLOW IN FPM AIRFLOW IN FPM 

TYPE OF WELDING r* VALUE CONTROL NICKEL r2  VALUE CONTROL NICKEL 
NEEDED TO NEEDED TO 

OPE RATION INSIDE HELMET TO 0.015 mg/m3 OUTSIDE HELMET TO 0.015 mg/m3 

SMA Flat Plate 0.687 1 20 0.697 160 

SMA Geometric "Donut" Shape 0.746 140 0.482 270 

SMA Geometric Cylinder 0.925 145 0.802 175 

MIG Flat Plate 0.962 165 0.964 175 

Off Scale 0.586 MlG Geometric "Donut" Shape 0.979 195 

MIG Geometric Cylinder 0.981 175 0.918 192 
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PLATE WELDING (SMA) 
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Figure 5 
GEOMETRIC "DONUT" SHAPE (SMA) 
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Figure 6 
GEOMETRIC CYLINDER (MIG) 


