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RO INDUSTRIAL HYGIENE ASPECTS OF MECHANICAL
siy OPERATIONS IN A PETROLEUM REFINERY
w2
7;-1,-’:__{ W. 1i. MEYER und F. W. CHURCH
:%:.:‘;é Fxar Researeh and Engincering Compay »
Lweta.
Fw: b )
3= ." - Fxposures to chemicals and pbhysical agents by workmen in the
;. “; mechimucal craflts cover essentially the entire realm of industrial ;
LT }; hygiene concern. Such problems range from the inhalstion of and t
i&_’% i; physical cuntact with vapors, dusts and fuies to excuessive heat, noise
R ¢ and radiation. =

é‘; Mechanical eraftsmen may work either in a centrulized shop or in “
a 3 the field. In general. the severity of exposure is greater with field work Z
L i than with similar work in the shop. Many times field work must be =
;J_'sz p done dn confined spaces where the provision of adequate ventilation £ O
;v'g é may be difficult. Under these conditions, {or example. a welder may ! z ¥
i‘_—* Q have higher exposures than normally occur in shop welding. } = =
’;:’.‘{1} 2 In many industries. as in petroleum. automation and mechanization :- :’_’:
‘s"'-.‘_:g -} have reduced the exposures to process operators. Proportionate reduce- g =
f-'*‘-i 5 tions have not always been made in the inechanical erafts. In addition, § :"_':
o i £] new processes and materials of (usstiuction have tended to increase , -
i 3 ? the already imposing list of hazards. As an example, in the relatively -5 _..:
‘_‘-}":-:23 5 new field of petro-chenueals many solvents. catalysts and chemicals = &
'«‘9'7.? i are used which were not previously encountered. Alloy metals and ? § z
z".‘i .i‘: protective cuatings are more and more in use which may produce ‘ =
,:;{‘:% H quite toxic dusts, fumes and gases under heated conditiuns or when ‘ ¢
§:;:" i A abrasive-blasted. ] o
3.:.:‘1 p The tnportance and scope of industrial hygiene evaluation and
RIS E engineering control of the environment in which the mechanical
-E::-'- ] craftsman must work is further evidenced by the {act that roughly
:}ﬁ)_g_{ 3 507 of a refimery work foree may be cmployed in the mechanieal
3:.‘."... l; trades compared to 2577 cach for process and other emplovees. )
;‘}E '} In the attached listing are summarized some of the more important
2 :..._;._.z -~ E mechanical operations, the potential hazards and suggcst:on§ for con-

i, @ trol methods. While basically prepared for shop operations, the }
. 3 general principles van be translated to other conditions. Actual assess-
:'fi-i_f- ments of the environmental factors should be made by mceans of
LY industrial hygiene {echniques to determine the extent of controls -
{;"5 - ) " required. .
S B f
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INDUSTRIAL HY'GIENE COMMENTS ON MECHANICAL OPERATIONS
This tabulation vill not be complele for all refineries as some may have specialized mechanical work not l
+ . + + ! A
covered hiere. Also in some locations certain mechanical jobs may not be done in the shops or departments
shown in this lidting. This is not important, however, since this listing is concerned with the job rather

than where it niay be carried oul.

)
Area Hazardous liems Comments I ]
BOILERMAKER sliop Noise Many of the opcerations in this area pm(!ure noise intense ‘
Free Silica . enough o damape hearing of attendant persosinel. Cold riveting, '
{see also welding) # chipping. and plate bending are examples of operations which ‘
might requice reduction of nolse level or persoduel protection.
During pipe hending the pouring of sand in and oul, ns well as .
the sand handling focilitics. make' the air dusty. H the sand used )
has a high {ree silica conlent. exposures to this dust must be mini- !

mized. .
L)

W weiding is dune In this shop. the potential exposures bisted
under welding shout:d be included here. '

.

CARVPENTER SHOP Paing Selvents Various solutions and solvests are used for loosening and
Sanding Dust reinnving paint (rom vhjects requiring carpeniry. In most instances
Noise the solvents contain aromatic or chlorinated hydrocarbions and

citherr general ventibistion or foc:id exhaust should be provided. Skin
contact with salvente con produce dermntitis, Prompt removal of
solvent contaminated clothiog and the use of gloves and showers
reduce the hazard,

Satding operations - swhaee considerable dust. Often the work
picte has been painte  with metallic pigments, such as lead or
manpancse, which cini b the air with extremely toxic materinds.
Local cxhaust should Le goavided for this operation.
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& Area Hazardous liems Comments

Circulay saws. bandsaws. planers. shapers, and the like. can Le
noisy. particularly when working on hard woods. Eflorts to isolate

nd enclose these operations should be considered.
ELECTRICAL SHOP Solvents. ic. Many clecteical shops use carbon fetrnchloride or shnitor toxic
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Henrene solvents for cleaning electrical equipment. These mnterinds woay hh P 3‘3*
Carbon Tetrachloride he sprayed or used as a dip. Carbon tetruchloride in particular is 43 CEs
Telchlorocthylene ‘Ill,hl toxie. H required for cleaning electrical equipment. special N :}V‘ }t“f, ‘7.[.':‘}:“
arrangements <hould be provided. such as ventilated hoods or u{_.ﬁi};{\ 4 g!;f l»\;{
hwoths. so W employees do aot inhale the vapors. In sonwy i\ }d’)-;'} 'x:,;;sf)
applications It is possible 1o substitute melhyl chilovaform (MAC ; *r;'id"'-‘:(‘\fqgf;;ifi. Al
50(] ppm) (or carhon tetenchloride (MAC 25 ppm) therehy reduciog ‘il:t,\‘f-\.‘l;}tl! }'E‘:l?’
the hazindous conditions. 3 4{‘}\‘:&?:{ .'&if‘c:ﬁ
o ; i‘.‘;‘. a1 gt PO %
FORGE and RLLACK - Simoke ; Most lorjtes have only a canopy hood placed some distance above x n by 4 &«Ff\??ﬁi‘:l
SMITH SHIOPS Fumes t! pem. The dralt caused by the heat of the forge and the stack effcct o 3 '}i&’&f \'E:-";\:
v Cyunides ol)the hood is generally insuilicient to satisfactorily controd 1he p S 'I’i‘—-
Radianl et xnokc and fumes from forging. The hoad should be mechanically - l;!;f’;:k‘.' ;'7_[’._. Y
Noise crchnusted to asglst the nataral dralt {o pravide a satisfactory con- ™ l]}? p",,' b X
trol velocity over the enlire free face nrea between the forge and ! g 32 ,'L : g‘ ;Af,‘{};.'
the hood. 1l may be expaditious to reduce this free face arca by n ‘,\ ,:
partial enclosure. z .p ,,,
Case hardening somethines employs cyanide salts. The entive 3 { "}""1 lﬁ?‘l‘
operslion where cymmide salls are Invalved should be under highis \
mechanical exhaust. This includes preparation of the salts. dipping {‘fr&y V(‘ ]
und sprinkling of the sults over the heated work-picce, and work- ‘. ‘i ng f‘ (1!&‘.'
piece quenching, L ',_
I} ‘ ‘_3‘[’? p“n\
At lurpes or furnaces, shielding should be uscd lo reduce the ,éﬂ} ; "l’p
amount of radinnt heat transmiticd (o the work place. This s 1{ A{l% I
srticwlardy true for openinis of the furnaces throupth which the }v" "\‘};&*s;
‘m! Interior surfaces con be seen, such as the door, pyrometer ports, th} .3“ i 'J}{ ol }
and so forth. 1 :{ G‘d? L’/w-
¥ &
. Several operations in the area can produce high intensity noise, : '|: {}f WL e \..--
3R UL 1
Vo, drop hummers nnd furnace burners, Elforts to isolute und (ﬂtrr w‘i)' CRRYINE
eiclose these operations should he made. :":E‘l%\h‘n},;l;:’
E Iy
o Y AL \ \
S——— S n;i% e
't"‘- ik ',.‘-L;#'f"
. ‘ mu‘rx ¢
] 5 E’/j I“ S
Area Hazardous ftems Comments ' - ‘ “ ?\ﬂ. &J!;}.J(.Q '°7‘
: ; Mercury is often spilled whe insbumenls are repaived am g
‘NSTH},MENT stop glu:l'\‘:\‘::l’-;ic serviged  Accumulition of mercury droplets on tables, tloors. awl H ““' [“i .- ,u -\
Deneot other working ave s may easily result in excessive amounts ol . s j:;,w 'r"""ﬂ e “"T;
. Cint han Teteaehinrithe meseury vapor i the mn..\pln re of the woark area Cuarcful tech- - {ﬂ “a,,q"{",,{(,‘wﬂ—rgan i
Tewlibs vthe Lo WS "ot b futlarvaal te avaid apidlise ol mevcuey; peojee e x Ay ram ey "
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:wl\'r'r:sl opreations i the area ean praduce high intensit:
fe. drap hammers and furnace butners, Eflocls to dsola

e ) ik
ehclose these aperations should he made.

Area

N

INSTRUMENT SH1OP

INSULLATORS

MACIUNE SHOP
Metallizing

Drvrcasing

Unzardoua ftemy

Mercury

Salvents, be.

Hienzol

Carbon Tetrachloride
TFrichlorocthylene

.

Asbestns

Cadmium
Lead
Nickel
Zine

Hoise
Cheomium
Fluoildes

Sols ents

- e um-

Conunents

Mercury s oiten spilled when instruments arve repaired and
scerviced. Accumulation of mercury droplets on tables, floors, and
other working arers may casily result in excessive amounts of
mercury vapar in the atmosphere of the work arca. Careflul tech-
nigucs should be followed to avoid spillage of mexcury: properiy
designed stands for lenring down and servicing meters help loward
this end. In nddition, good housckeeping and imntediate cleaning
ol spilled mercury does mich toward eliminaling this hazard. (See
attached drawing “Suggesied Fcatures for Mercury ‘Meter Repair
Stand™ MRI)-N2-53), ‘ }

1 solvents are requited for cleaning instruments parts, exposure
to thicir vapors may occur. Some solvenls, such bs hentol. or
chlarinated  solvenls like carbon tetrachloride, afe extremely
hazardons. These solvents should bie handled with care and used
cnly in well ventilated nreas. I rouline use of these materinls is
vequived, special facilities should he installed for the handling
hnml application. 1

If the insulatlors ruclalm old lnsulation by shredding. the
shredding device or machine should he provided with mechanical
exhaust ventilation to prevent the dissemination of ashestos inte
the breathing zone.

P

The spravinz of molten metals and allovs on helerozencaus
-metallic abjects Introsuces fumes into the worksonm atmosphere.
Conirol of these fumes is necessary and is accomplished  thraugh
locul mechanical exhaust ventilation, Fumces of lead, lead altovs.
cndmiom and beryllium are extremcly toxic and complete respir-
atory proleclion must he provided for the operalor and other
workers in the fume aren.

Oceasionally solvents are required lor cleaning work-picces.
These salvents should he handled carctully and used only in well
ventilnted arcas. i routine use of these malerlals is required,
special Iacililies should be instalicd for their handling and applica-
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g Area Hazardous ftems Comments
)
ten, Muny satlsrnct commercial unils arc avalloble lov Ahis
purpase. Skin conbiet cnust bhe avolded. Such solvents as henzene
afuld carbion tetrachla. e have a high ctder of loxicity and special
caulion is required. !
[]
. ]
. N ' P . . .
Babbitting Lead ) ﬁahblﬂl melal is the name originally given to alloys of tin. load,
Cadmium and antimony. Newer pinterials may alsa contain cadiaivm and
Arsenic arsenic, Health hazards due to melting of habbitts depend upon ;
several {actors such ast pol size. temperature of well, drossing |
srroccdure and disposal methods, frequency of melt disturbance by :
odling and level of housekeeping. Good industrial practice requites
thermostalic conttol of temperaturs, careful dm:ssin}: and disposal
of dross in a separale covered receplacie. The need for mechanical H
exhaust dcrends primarily on the (requency of the opervption nud T ’
quantities handled. ™ ’ (
. - \ . X
Exhaust ventilmtion is recommended for Jarge pots used for ] | .
melting mctal on a production basis. o ‘
. W - X \
! Bad
Tool Grinding Cobalt Grinders {or sharpening tungsten-carbide tools should have = ; 4434 t
Berylium lacal mechanical exhaust ventilalion (o prevent the inhalation of g : g &t s
cohalt by the men. This cobalt dust comes from the cement used ~ "%1 f? e
1o bond the cutting lip 1o the shank. z ¥ %&j} -::5{
The wheels for grinding and sharpening non-sparking tools J;AYQ - f\q.,
should have mechanical exhaust because these lools are made of ; g3 ‘i’; : 4 K,ﬁ“
a beryllium alloy. fu {{g: A
4 % L3
Sametimes such grinding and sharpening cquipment is placed ) :};‘1:
inside the tool criby and all operations are resiricled to this area. LTt ;f“
» 1'—
MASONS Free Silica ligh silica conteat fire-bricks may he cutl or ground to snccial ?U
Radiant Hent shapes and sizes, The brick masons should have a cut-off saw V:?Q\‘
containityt an intesgral exhaust system 1o keep the dust away from e
their hreathing 2once. 3
N . )
Furnaces lined with fire-brick must have the linine removed _‘w
periodically. This operation subjects the workers o high con. Oy
centrations of dust. As the work is ususlly Intermiticent, approved Ay
. /_{i’
" ke
. - —— Ol
e aan 2 4 A i g P >~ MBI T e dane of " ": !
| £ . . A\t
. ¥ LY
X
s
. A
. o i'e AL
g o
Comments | .Ki,,:r_.éfiff.:i
lfazardous ltemis ST S 2o e U kL g}
Area - dndtutilht bl uih 4 ) (75 ,.,,»—K'«-Ezs"v[
air-line respirntors should he waen while the waork ds in WOR:"-“: i < P &'}%_n.xlg'-f?‘%a :{t',“
. H i waf* - 24 . "~ y \ - rs . { -
ln the event ai-dine respivatars are impracticable, the Ii' .‘il “5'1:\. i x ‘I"?';'3*”_#;7%'”13?««3?.:‘.&3}.;"
| N H AT~ - ' reyt J RYY - \
tespirator approved for profection apinst preumoconivs | B ‘,“1'1!::?'.““;“ e
ducing dusts will pravide adegpide protection. b :
: ' x
-

i . 3 1 ieh
Warl: oot e sees shetines exteeas the quasons e Li
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”~ theis hreatl
\ fu;nncu-s !qu with fiue-brick must have the lining 1emosed | -
verhudically This opes sion subjects the warkess to hich’ con-

contratl : . :
enlrations of dust, As the work is wsually intermitient, approved
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Arca

PAINT SHOP

SANDBLASTING

RSALARLA ks Comments

; nir-line respivatars should he worn while the work is in l-\rogctn.

- In the event air-line respiraturs are impracticabile, the filter-type
vespirator  approved for proteclion against pneumoconiosis-pro-
ducing dusts will provide adeguate prolection.

Work within furnaces somclimes ex;mscsfllne masons lo high
i heat londs. Since maost of this hical is from radiation, it cannot bhe
casily contralled. #ellective, air cooled clothing may help in with-
standing the high tempernture. Often, the hesl that can \)c done is
to dimit the length ol work tlime so ns to kontrol the duration
of cxposure. .

Poinl is applicd by either brush or spray gun. The hazards of
the work come {rom toxic pigments. solvenls, thinners, and sc-
movers. Pigmenls mav contain fead or other malterials having toxic
properlics. Aromatic maleniads, such as henzol, oluene, and chlor.
inated materials, such as carhon tetrachloride and trichlorocth=lene
may be employed ns solvents or thinners. Both benrol aned carhon
tetrachloride are pupular matecials for paint temovers. luhalation
of these materials mayx fake place around palating operations. Good
paint removers are also strong skin icritants,

Pigments :
Solvenls

Thinners n
Painl Removers

i

Paint shops shouid hase woll vestilated drving areas so that
the solvent vapors heing emitledd during the drying process do nnt
rontaminale the generish work area. An exhaust hood wilth a turn-
table mounted in {rant of it can provide a means of conlrol when
spray-painting small ohjects. For isolated spray painting, persanal
prolective equipment shiould be uvsed and any group of paintess
should he placed under medical supervision.

The health hazard of sandblusting Is the inhalition ot free
silica dust possibly leading 10 silicosis aller prolonged exoesure,
Roth the sandblaster and his helpes are exposed to € 1vpe of
dust while blasting, .

Free Silica
Noise

There are generally two types of sandblasting, 0 Yuth of
- these sequire protection (or the worker. The fiest is sar Jalastiog in
one central location 1o which the parls are brought to by + teaned.
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Comments

Commanly this work Is done in a room or cabinetl. The other type
of sandhlasting ls done in field locations since the work is too

large 10 move. In this dype. the operalor moves over the cntive
structure.

The methods of controlling exposure 10 dust in these Lwo situalions
are different. Where sandblasting is done in a room or cahinel, it
is usunt to supply these structures with exbaust ventilation. Where
the operator stids on the outside of a cabinet or bLootl. the
venlilation may be designed as to preclude the wearing of a sand-
blasting Hehmet, However, where the operator stands inside of the
cahinel he must wear an spproved Hlasting helmet. Where sand-
blasting is done In the open or on process equipment, structurcs,
and the like, ahoul the anly method of protenting the individual
is for the aperalor to use an approved sandblasting helinet. Dusy
type respirators may he adequate for the helper.

The actual cxposure to shlica dust can be evaluated only hy
dust counts. Near the nozzle where the blustes himsch stands, it
Is obvious thet the expasure would be extremely high. Therclare,
the counting of dust jn such,p situation Is useless as it is not needed
to yeveal a'i\cnllh bazard. On the other hand, where it is obscrved
that olher warkers are being exposcd 1o siticn dust, It may he
desirable 10 determine the level of exposure. This should be done

by an individual trained in the industrinl hygicne teghniques of '

collecting and counting dust samples. Exposcd personnel should be
placed under close medical supervision.

{11 Tin-Lend. The heating of tin-leard soldar to the flow point
so that il will hond with other saetallic surfaces when cooled s
usually perlormed with a hand soldering-copper or tinning pot.
The lemperature of the mell is usually not high enough 10 produce
injurious cancentrations ol lead fumes. However, during the “shake
of(* of soldeved ports, finely divided particies of lead mny be
dispersed to the generad roumy atmospherg. Conirol of the “shake

oft” exposure where large parts are involved, ts through mechanical
exhaust venlilation,

NILITING IYNa3w IHL

<§ drea Mazardous Hems
TIN SHOP Lead
Fluorides
Cadmium
Zing
Chlorides
T T T T Sy e e e
) '. N . Y o . ' , o

Area

Hazardous ltems

Cununents
. rdabitdd it
.

Flu'xes and various cleaning solutions contain chioriles or free
hydvogen chlovide. A hood with mechanical exhaust should he
provided in any acid-cleaning nrea.

12) Silver Solder. The process of silver soldeving, stenctimes
kunown as havd soldering, Invalves the use ol an oxvacetviene or
ity -gus tarch to welt the silver sobiter in the presence of o Hux.

When borix o hoeacie achld s usedl e headthy b ooard s proverat
| Y ) ] e
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Fluniules v
Cadmium

Linc

Chlarides

Srebnesal S SNV Qg 2ALUAC T L e 7 ""l\l.

so that it will hond wilth oiher metallic surfaces w! T
usually performed with a hand soldering-capper o iinge pal
The temperature of he melt Is usually not high enough ta prostuce |
inlurinus concentrations of fead lumes. However, durlng the “shake
off* ol soldered parls. Jinely divided particles of lead may bhe
dispersed to the géneral room atmosphere. Control of the “shake
oft " cxposure where lnrge parts are involved, is through mechanical
exhaust ventilalion,

WELDING nnd

A 14

’
-

flazardous ltems
hEnreons ]

Fluxes
Fiuorides
Chlorides
Acials ’
Cadmitum
“hinmium
faoad
Manpancse
Zing
Nickel
Other
Oxides of nltrogen
QOzone
Radiation
Inlra-ved
Ultra-vinlet
X and Ganuna

Comments

Fluxes anid various clcaning solulions contaln chlorides or free
hydrogen chloride. A hoorl with mechanical lexhaust shpuld he
provided in any acid-cleaning area. {

12) Silver Solder. The process of siver soldering. snmctines
known as hard soldering. involves the use of hn oxyacetylene or
cily-gas torch to melt the silver solder In thelpresence of a flux.
Wheno barax or hovacic acid is vsed. no heatth hazard is prescnted
by the Mux. However. some tvpes of work call for the use of a Nux
containing NMuorides. These fhuorides are hazardous if breathed in
apprecinble quantity. Workers also should be cautioned not 1o gel
Auoride Nux on the hands. ;

Sume silver solders contain appreclable quantities of cadimium
which can be vaporized inlo the worker's breathing zane. Control,
when required. is through mechanical exhaust ventilation.

i welding opesstions are conducied in this shop potential
expusuies similar lo the list under welding shpuld he considere:I.

There are two classer of welding--gas nnd eleciric. The gas
types are oxvacetviene. oxvhydvogen, and atomic hydrozen. Elec-
tric tvpes are melallic avc. carbon arc and resistance. The newer
wethids such as gas-shiclded are, submerged are. and maguetic
are, and magnetic llus. are electric also. The hazards incident to
the aperation are varied in thelr nature and severity,

The requirements lor health protection and ventilation in
seldingg and cutiing hive been esiablished by the American
Welding Society on the binsis of the three fotlowing fuclors which
povern the nmwount of conlamination to which welders may e
exposed: :

1. Dimcnsions of space in which welding is done.
2. Number of welders. :

3. Possible evalulion of hazardous fumes and gases according
to the metaly involved.

Lme . em 2w s

Pwe AN Y sy

AXINGIYY WANIOTIIY V Wi e



*z

Arca

———————

Comments

As a quide only, 2190 CFM welder should he supplied as genceral
venlilation when welding or cutting mild steel in spaces of less than
10450 ¢ cu. (t. webder or In a reom having a ceiling height of less
than 17 4. Natural ventilation may be suflicient when these confined
s; tre ! dtatlons do nol oxist. Fumes Irom herylivm, cadminm, lead,
chron,  or mercury are extremely toxic and local exhaust and or
supp. -1 air respirators are generally required. Where local exhaust
is used. a {reely movahle hood, inlended 10 he placed by the welder
as near as practleal to Ahe work. should provide sullicient air Mow
to maintain 100 linecar -ft. min. in the dircction of the hood at its
remotest distance from the point of welding.

Eye proleclion must he provided; the densily of color of the
protective glass being dependent upon the intensity of the radiation.

Flash shiclds should complelcly enclose the inert gas welding
arca lo prolect the eyes of workers other than welders. The bottom
of the shicdds should he a short distance ahove the floor to heip
creale natural conveclion currents. The newer welding processes
produce around ten limes the amount of uliraviolel sadistion »s

docs ordinary arc welding. Protection of onlackers In these cases

is exceedingly imporlanl.

: L
X-ray machines and gamma ray sources arc used to test welds.
Film badges and divect reading pocket dosimelers should he worn
during radiographic work. Short exposure times and the greatest
possible distance from the radiation souvce avc lhe most ellective
means of reducing exposures. '
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DINEXSIONS ARE OXLY SUSSESTIONS ARD ART ROT {XITICAL
CAK BE CONYENIEXTLY MADE FROR SNCEY STIEL 4KD ARSI IRGX. ¥O BRASS.LILD OR COPPIR USED,
TROUSK SLOPES 10 DRAIE 45T IS FILLED YITH WATER.
HOUXTIRE 20518 1A% SUCK SIZE 2XD KEICKT YO PLACE WETER COXVEXIENTLY JOX REZAIRRAZ

WORKING LEYEL.

TAOVCH 10 8T YASHED OUY ITX YAZSDL OCCASICKALLY 10 REWOYE aCCUMULLTED CXEASE AKD M.
ALY CRICXS ARD CREYVICES 70 2L CLOSID 1T YELOIXG OR PUTTY, ALL MORIZOXTAL SURHACES
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