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INDUSTRIAL HYGIENE ASPECTS OF MECHANICAL
OPERATIONS IN A PETROLEUM REFINERY

W. II. MEYER and F. W. CI1IURCH

Isso Researeh and Engineering Company

Exposures 1o chemicals snd physical agents by workmen in the
tievhanical crafits cover essentially the entive realm of industriul
hygiene concern. Such problems range from the inhalation of and
physical contact with vapors, dusts and fumey to excessive heat, noise
and radiation,

Mechanical eridftsmen may work ecither in a centralized shap or in
the field. In general. the severity of expusure is greater with field wark
than with similar work in the shop. Many times field work must be
done an conlined spices where the pruvision of adequate ventilation
may be difficult. Under these conditions, for example, a welder may
have higher exposures than normally oceur in shop welding.

In many industries, as i petroleum, automation and mechanization
have reduced the exposures to process operators. Propovtionate redue-
tions have not always been made in the mechanical erafts. In addition,
new processes and materials of construction bave tended to increase
the already imposing list of hazards. As an exwmple, in the relatively
new field of petro-chemicals many solvents, catalysts and chemicals
are used which were not previously encountered. Alloy metals and
profective coalings are more and nwre in use which may produce
quite toxic dusts, fumes and gases under heated eonditions or when
abrasive-blusted.

The mmportance and scope of industrial hygiene evaluation and
cngineering control of the envirommbent in which the mechanical
eraltsman must work is further evidenced by the fact that roughly
3% of a refinery work force may he cmplayed in the mechanical
trades compared to 25% cach for provess and other employvees.

In the attached hsting ave suimmarized some of the more importam
nmechanteal operations, the potential hazards and sugpestions for con-
trol methods. While basteally prepared for shop opeeations, the
general principles van bo {ranslated Lo otheor conditions. Aetun] assess.
ments of the environmental factors should be made by nicans of
tndustrial hygicene fechnigques to determine the extent of controls
required.
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INDUSTRIAL HYGIENE COMMENTS ON MECHANICAL QPERATIONS V3
. i‘ Z
. L . . . L2
This tabulation will not be complete for all refineries as some may have specialized mechanical work not X
covered here. Alsy in some locations certain mechanical jobs may not be done in the shops or departments | 0
‘ ]
shown in this listing. This is not iimportant, however. since this listing is concerned with the job rather
. ' Ll
than where it may be carried out, K
drua Hosandous tems Comments 0
]
BOILERMAKER SHOP  Noise Many of the operations in this area produce noise intense i 3
Free Silica ' enough to damage hearing of attendant personnel. Cold riveling. )
(see also welding) chipping, and plate hending are examples of operations which 3
might require reduction of noise level or personmel protection. 4
n
During pipe bending the pouring of sand in and out, as well as 2
the sand handiing [acilities. make the air dusty. If the sand used Lo
has a high [rce silica content. exposures to this dust must be mini- . 2
mized. 3
- 2
I weiding is done in this <hop. the potential exposures listed 0
unaer welding shauld be ineluded here. 2

CARPEXTER SHOP Paint Solvents Various solitions and solvents are used for loosening and
Sanding Dus removing paint from objects cequiring carpentry. In most instasces
Naise the solvents contain aromatie or chlotirated hydracarbons and

either general ventilution or local exhaust should be provided. Skin
contacl with solventz can produce dermatitis. Prompt removal of
solvent cantaminated clothing and the use of gloves and showers
teduce the hazard,

1

Sauding operationedhiee considerable dust, Often the work
plece has been painde itk metallic piements. such as lead or
manganese, which ¢in o the air with extremely toxie materin
Lacal exhaust should e provided for this operation.
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ELECTRICAL SHOP

FORGE and BLACK.-
SMITH SHOPS

' ”‘
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Hazardous lrems

Solvents, ie.
Benzene

Carbon Tetrachloride
Trichloroethylene

Smoke
Fumes
Cyanides
Radiant Heat
Noise

Cireular saws, bandsaws, planers. shapers. and the like. can be

el

3
e

YN
A

ot

Comments

noisy, particeiarly when working on hard woods. Efforts to isolate
and enclose these operations should be considered,

Many electrical shops use carbon tetrachlocide or similar toxic

+

solvents for cluaning electrical equipment. These materials may
be sprayed or used as 2 dip. Carbon tetrachloride in partieular is
nighly toxic. If required for cleaning electrical equipment, special

arrangements should be provided. such as ventilated hoods or

booths, so ti«t employers do not inhale the vapors. In some
applications 1t is possible lo substitute methyl chlorolorm (MAC
30 ppmj for carhon tetrachloride (MAC 25 ppm) therehy reducing
the hazardous condilions,

Most forges have only a canopy hood placed some distance above

them. The draft caused by the heat of the for
of the hood is general

e and the stack effect

y insufficient to satisfactorily control the

smoke and fumes from forging. The hood should be mechanicaily
exhausted to assist the natural draft o provide & satisfactory con-
trol velocity over the enlire free face area belween the forge and
the hood. It may be expeditious to reduce this free (ace area by
partial enclosure.

Case hardening sometimes employs cvanide salts, The entire
operalion where eyanide salts are involved should he under
mechanical exhaust. This ineludes preparation of the saits. dipping
and sprinkling of the salts over the heated work-piece, and work-
piece quenching.

At forges or furnaces, shielding should he used to reduce the
amount of radiant heat transmitted to the work piace, This is
particularly true for openings of the furnaces through which the

hot interior surfaces can be seen. suct

and so Jorth,

1as the door, pyrometer ports.

Several operations in ke area can produce high intensity noise,
ie., drop hammers and (urnace burners. Eflorts to isolate and

enclose these operations should be made.
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Mercury

Solvents, i.e.

Benzgl ‘
Carhun Teteaehoridy

et ety

Comments
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Mercury is often spilied when mstruments are repaired and
serviged Accumulation of mercury dropiets on tables. floors, an
other working ave-s may ensily result in excessive amwunts of
camer 3t Hhe atmosphoere of the work aren Careful tech-
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hut it i surfaees ean e soen, sueh as the door. prTometer o,
and so forth. '

Several operations n the area can produce high mtensity noige
Lr_&.l ¢rop hammers and furnace burners. Efforts to isolate and
enclose these operations should be made,
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INSULATORS

MACHINE SHOP
Muisllizing

Devreasing
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INSTRUMENT SHOP

Carbon Tetrachloride
Trichlorocthylene

Comments

Mercury is often spilled when instruments are repaired and
serviced. Accumulation of Mercury droplets on tables, floors, and
other warking arers may easily result in excessive amounts of
mercury vapor in the atmosphere of the work area. Careful tech-
niques should be foliowed to avoid spiliage of mercury: properly
designed stands for tearing dow: and servicing meters help towatd
this end. In addition, zood housekeeping and immediate cleaning
of spilled mercury does much toward eliminating this hazard, (See
attached drawing "Suggested Featurcs for Mercuty Meter Repair
Stand” MRD-N2-53).

If sulvents are raquived for cleaning instruments parts. exnosure
fo their vapors may occur. Some solvents, such as benzol. or
chlorinated solvents like carbon tetrachloride, are extremely
hazardous. These soivents should be handied with care and used
orly in well ventilated areas, If routine use of these materials is
required, special facilities should be installed for the handling
and application.

H the insulelors reclain oid insulation by shredding. the
shredding device or machine should he provided with mechanical
exhaust ventilation to prevenl the dissemination of ashestos into
the breathing zone.

The spraving of malten metals and alloys on heterogeneous
melaliic onjects introdyces fumes into the workroom almosphere,
Conirol of these fumes 1s necessarv and is accomplished throush
local methanical exhaust ventilation. Fumes of lead, lead allovs.
cadmium and beryilium are extremely toxic and complete respir-
atgry protection must be provided for the operator and other
workers in the fume area,

QOccasienally solvents are required for cleaning work-pieces,
These solvents should he handled carefully and used only in well
ventiluted areas. if routine use of these materials fs required,
special facilities should be installed for their handling and applica- -
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Atea Hazardous Irems Comments

tion. Many satisne commercial units are available for this
purpose. Skin conti nust he avoided. Such solvents a5 benzene

‘ and carbon tetrachlr. e have a high order of toxicity and special
caution is require]

Babbittng Lead Babhitt metal 15 tag name originally given to allovs of tin, lead.
Cadmium and antimony, Newer matorials may also contain eadraium and

Arsenic arsenic. Hewth hazards due to melting of habbitts depend upon

several factors such as: pot size, temperature of mell. qrossin

procedure and disposal methads, frequency of melt disturhance hy

ladling and level of housekeeping. Good industrial practice requires

thermostalic contro] of temperaturn, careful drossing and disposal

of dross in a separate covered recoplacle, The need for mechanical

exhaust depends primarily on the frequency of the operation and

quantities handled,

IHL

Exhaust ventilation is recommended for large pots used for |
meiting metal on a production basis. !

Tool Grinding Cobalt Grinders for sharpening tungsten-carbide tools should have \
Bery!lium local mechznical exhaust ventilation to prevent the inhalation of |

cobalt by the men. This cobalt dust comes from the comant used

to bond the cutting tip to the shank. ‘

NILITIA" 1VHAIW

The wheels for grinding and sharpening non-sparking tools
should have mechanical exhaust because these tools are made of ‘
a beryilium alloy, :

i
|

Sometimes such grinding and sharpening equipment is placed
inside the ol crib and all operations are restricted to this area.

MASONS Free Silica High siliea content fire-bricks may be cut or ground to svecial |
Radiant Heat shapes and sizes. The brick masons should have a cul-off saw ’

containing an integral exhaust system fo keep the dust away from
their breathing zone.

i
Furnaces lined with fire-brick must have the linine removeg ‘

periodically. This operation subjects the warkers {o high con- !
. centrations of dust. As the work s usually ntermittent, approved
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Area Hazardous ltems Comment

air-line respirators shouid be worn while the work i in progress,

H- P RO ; ! -~ ! e
In the event air-ling respirators are impracticanle, the fllt-;z e
respirator spproved for protection against poeumoconivsis-pro-
d-_wimg (IUSTS w:ll provice a(leqll,xlt\ pmh,c.mn
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shu;:«-f And ks Tho bk masang should have a cuteoff s
contummnie an mieen! exhaget systom g keop the dust avay h" It
their breathing zune. ‘ e

‘Furln;l‘c‘es Il1|qd with !In'e-brick must bave the lining remuveg
p(rl‘m_l’l‘(-a;;y. This operttion subjects the workers 1o high can-
cenlrations of dust, As the work s usually intermitient, approved

fiient Teal
droa Hazardous frems
PAINT SHOP Pigments
Salverts
Thinneis
Paint Pentovers
SANDBLASTING Free Silica

= f Sy ok,

Naise

x
=

12X

Comments

air-line respirators should he worn while the work is in progress.
fn the event air-line respirators are impracticable, the fitter-type
respirator appraved for prolection against preumoconigsis-pro-
ducing dusts wilt provide adequate protection.

Work within furnaces sorietimes exposes the masens to high
heat loads. Since most of this heat is from radiation, it cannol be
easily controlled. Refective, air copled clothing may help in with-
standing the high temperature. Often, the hest that can be done i
lo limit the length of work time so as to control the durafion
of exposure,

Painl is applied hy either hrush or spray gun. The hazards of
the work come [rom toxic pigments. solvents, thinners, and re-
movers. Pigments may contain lead or other materials having toxic
properties. Aromatic materials, such 2s benzol, toluene, and chior-
inated materdals, such as carbon letrachlaride and trichloroeth-lene
nuty he employed as solvents or thinners, Both henzol and carbon
tetrachloride are popular materials for paint removers. Inhalation
of these materjais mav take place around painting operations, Good
pamt removers ate also slrong skin trtants.

Puint shops chomd have well ventiated drving areas so tha!
the solvent vapors being emitted during the deying process do no?
contaminate the seneral work area. An eshaust hood with a ture-
Lahie mounted in {ront of it ean provice a means of control when
sprny-painting small ghjects. For isolated spray painting, persenal
protective enuipment should be used and any group of painters
should he placed under medical supervision.

The health hazard of sandblasting is the inhalaton o Tree
silica dust possibly leading to silicosis alter prolnnged wxivsure.
Both the sandblaster and his belper are oxposed 1o t . tvpe of
dust while blasting.

There are generally two types of sandhiasting « 1 hoth of
these require protection for the worker, The first is sar Inlasting in
ane eonfral Iosation to which the varts sy brought 1o by« fauned,
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Hazerdous Items
SEAET00uS fems

Lead
Fluorides
Cadmium
Zing
Chlorides

2 &
53k b

Cd A i s
i P i

Conumentg
S

Commonly this work i dore in 2 vogm or cahinel, The other tvpe
of sandblasting is dane i field Tocations girice the work is thq

large to move, In this type. the operator moves over the entire
struetyre,

The mathods of controlling expasure to dyst in these tw
are different. Whepe sandblasting is done in » room
i$ usual to supply these struetures with exhayst vey
the operator stinds on the outside of g
ventilation may he designed as to prectude the wearing of 3 sang-
blasting Helmet. However, where the operator slands 1nside of (he
cabinet he must weyr an approved blasting helmet. Where sand-
blasting is done in the OPER o o process equipment, structures.
and the like, ahout the only methad of protecting the individyal
)5 far the operator ta yse 4y approved sandblasting helmet, Dyst
type respirators may he adequate for the helper.

o situations
or cabinel, it
tilation, Whe e
binet or hooth, the

The actual exposure to silica dust ean be evglyated only by
dust counts. Near the nozzle where the blaster himself stands, it
15 abvious that the €xposure would be cxtremely high. Therelore,
the counting of qust in such a sitaation is useless as it js pot needed
o reveal a health hazard, On {he other hand, where jt js observed
that other workers are being exposed to siljey dust, it may e
desirable to determine the level of exposure. This should be done
by an individual trained i the industrial hypiene techniques of
colleeting ang counting dust samples, Exposed personnel should be
placed under close mediea Supetvision,

(1} Tin-Lead. The heating of tin-lead solder to-the flow point
so that it will bond with gfer metatlic surfsces when oo od i
usually performed with 1 hand soldering-copper gr tianing pot,
The temperature of the mel: is usually not high enough ty produce
injurious concen trations of lead fumes, However, during the “shake
off" of soldered parts finely divideq particles of Jead may he
dispersed to the penoral rugm atmosphere. Control of he “shake

off” exposure where farge parts are Involved, i through mechanical
exhaust ventilation.

NMITINY 1YII93WwW IHL

Aren

Haxardous Items

Comments

Fluves and varinus tleaning solutions contain chiorides o free
hydrogen chloride. A hood with mechanical exhaust should e
provided in any acid-cleaning area,

(21 Sileer Solider. The process af sifver soldering, sometines
known as hard soldering, nvalves the e of an owicetylone or
city-gis toreh to melt the silyer souler in the presenge of &
When Borix ar Boraeic aed i e
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TIN 8[0P Lead {(4) Ton=Lead The heating af tinsdoad colder to the flow pomt s )
Fluorides so that it will hond with other metallic surfaces when cooled 15 o
Cadmium wsually performed with 2 hand soldering-copper or tinming pot. '
Zing The temperature of the melt is usually ot high enough to produce '
Chlorides niurious concentrations of lead fumes, Hawever, during the “shake

off " of soldered parts, finely divided particles of lead mav he

dispersed to the general room atmosphere. Control of the “shake ;
of” exposure where large parts are involved, is through mechanical ;
pxhaust ventilation. |
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Aren Linzardous ltems Comments !
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Fluxes and various cleaning solutions contain chlorides or free 1 8
hydrogen chloride. A hood with mechanical exhaust shpuld he L a
provided in any acid-cleaning area, |z
b
. . . . N
{2) Sileer Solder. The process of silver soldering. sometimes .
known as hard soldering, involves the use of an oxyacetylene or 3
city-gas tarch to melt the silver solder in (he presence of a flux. -
When borax or boracic acid is used, no health hazard is presented 'w z
hy the fux. However, some types of work call for the use of a flux Ly
containing fugrides. These fuorides are hazardous if breathed in L
anpreciahle quantity. Workers also should be cautioned not to get m
fluorice fux on the hands, P
Some silver solders contain appreciable quantities of cadmium 9
which can be vaporized into the worker's breathing zone. Control, 3
when required, s through mechanical exhaust ventiiation. 'R
I
il welding operatians are conducled in this shop polential ;
exposurss similar to the list under welding should be considere.l. S
>
. ~
WELDING i Fiuxes There are Lo elaeses of welding--gas and eleetric. The gas 0
CUTTING Fiuorides fypes are oxvaceivleno, oxvhydrogen, and atomic hydrogen. Elec- 5
{ horides tric types ave metalle ave. cathon arc and vesistance. The newer b
Metals methods such as pas-shielded are. submerzed arc. and magnelic =
& 0
Cadmium are, and magnetic fux, are eleetric also. The hazards incident 1o z
Chramium the operation ave varied in their nature and severity. 3
Lead i . a 5
Mangatrese The requirements jor health protection and ventilation in | ’
Zine welding and cutling have heen established by the Americun m
Nioke! Weiding Society an the basis of the three {ollowing factors which z
Other govern the amount of confammation o which welders mav bz g
B . m
Oxides of nitropen exposed: c
. s . -
vOzo‘i)(‘. 1. Dimensions of space in which welding is done, x:
Radiation: -
I{‘f"“““{'f 2. Number of weidors, ' 7
Ultra-vinlet . »
X and Gamma % Possihle evolution of hazardous fumes and gases according <

W the metals in:‘olvcd,
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Aral Hazardous Jtems Comments

vror

Ac 2 guide only, 2000 CEM welder shoui¢ be supplied as general
ventilation when welding or cutting mild steel in spaces of less than
10071 eu. £t -welder cr in a room having a ceiling height of less
than 11 . Natural ventilation may be sufficient when these confined
s we i itations do not exist. Fumes from heryllium, cadmium, lead.
chruz. ot mercury ate extremely toxic and local exhaust and or
supp...+L air Tespiraters are generally required. Where local exhaust
is used. a [reely movable hood, intended to be placed by the welder

: as near as practieal to the work. should provide sufficient air flow
to maintain 10 linear Tt min, in the direction of the hood at its
remntest distance from the point of welding. *

Eye protection must be provided; the density of color of the
protective glass heing dependent upon the intensity of the radiation.

MILITTINEG v DIgaw -l

Flash shields skould completelv enclose the inert gas welding
arca to prolect the eyes of workers other than welders. The hottom
of the shields should he a short distance ahove the floor to help
create natural covection currents, The newer welding processes
produce around ten times the amount of ultraviolet radiation a5
doos ordinary are welding. Prolection of onlookers in these cases 1
i5 exceedingly important.

X-ray machines and gemma ray sources are used to test welds.
Fiim badges and direct reading pocket dosimeters should be worn
‘ during radicgraphic work. Short exposure times and the greatest
possible distance from the radiation source are the most effective
means of reducing exposutes,
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SUCGESTED

ATURES FOR MERCURY METER

QIMERSIONS ARE ONLY SUGCESTIONS AND ARE KCT CRITICAL
CAK BE CONYEKIERTLY MADE FROM SHEET STEEL AXD ANSLE 1RGK, KO BRASS.LEAD DR CCPPTR USED.
i YROUCH SLOPES TC DRAIN AKD BS FILLED WITH WAYER.

MOUXTING PCSTS ARE SUCH SIZE AKD HETCT TO PLACE WETER CONVERIERTLY FOR REPAAKAK
WORKING LEVEL.

TROUGK 70 BE VASKED GUT WITH VARSOL QCCASIONALLY TG RENOVE ACCUMULATED CREASE AKD OIL.

ALL CRACKS AND CREVICES TO BE CLOSED BY WCLDING R PUTTY, ALL HORIZORTAL SVAFACES
10 BE KEPT 70 & KINIRUN,




