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HEALTH AN‘IS‘BAFET! GUIDES FOR CHEMICAL HANDLING:
THE RARE EARTH METALS AS AN EXAMPLE.
Prepared for Presentetion Before the Northwest
Associat.ion of Occupational Medicine
Mey 11, 1963
at Richland, Washington

by R. H. 8cott

 Bumary
Information ebout health and safety
considerations in haizdl:l.ng the rere
eai'th metals is used to e'»xemplify.\
the application of Chemical Safety
Guides in a research-oriented

industrial environment.

The professional interests of this audience all focus on bprotecting the health
and safety of workers. Toward this end meny types of safeguards are employed
and many become standardized teéhniques. However, in an environment where
technologies a.re"being supplanted éont:;nu_éily by nefv technologies, the race to
provide pa.rallel. safeguards becomes a hot pursuit. A most useful technique
under these conditions is to enlist the help of those we wish to protect. A
helpful tool for accomplishing this end is to furnish them with specific

knowledge of the hazards they must contend with.

Knowledge 18 not prescribed here as a gubstitute for the useful physical tech-
niques in providing health and gafety. But, before these techniques can be
applied sensibly, knowledge about hazerds is & prerequisite. An example of the

overt effort in Hanford Laboratories to put useful information about toxicity,
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fire and explosion hazards, or other dangers into the hands of the personnel

exposed 1s the purpose of this paper.

This need for 1nformgtion seems particularly acute among users of chemicals.

Why and to vhat extent & chemical is hazardous is indispensable in an environ-
ment where process change is a constant concern; where uses for new or un-
familiar chemicals and new epplications of familiar chemicals e.re being devised
continﬁally. Therefore, to ﬁelp the chemical researchers and the chemical
processorjs protect themselves egainst hazards of the materials they desl with,

a need was 'felt‘ to bring pertinent information into usable, availeble form.

The form adopted in Hanford Lsboratories was a series of "Chemical Bafety Guides"

for inclusion as a speclal section in our Manual of Health and Safety.
— \

M

A chemical safety guide is not a new concept. Many business, industrisal, and
professionsl orgenizations produce them, and other sources are availsble to
the diligent searcher. Some of those sources are devoted to & single class of
hezards, fire for example; others omit desirable information. The motive here
vas to incorporate into one package an adequate body of safety and hygiene
information to furnish ready guidence in the safe pursult of work with chemicals.
 Typical sources that contributed to the guides that we evolved are shown in
Blide 1. From this variety of materials we undertook to condense appropriate

chemicel hazerd information into the formst shown in Blide 2.

The original selection of chemicals for inclusion in the series of Chemical
Safety Guides was made from a laboratory-by-leboratory :l.nven‘bor;. Atten'bion
was focused first on the ones used in bulk both in Hanford Iaboratories and in
the manufac'curing ‘components at Henford Atomic Prodnctﬁ Operation. For those

not in quantity use, the criterion used was their prominence as recognized,
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hazardous substances. In the first fifteen months, a total of 64 Chemical - e ——

Safety Guides was prepared on this basis. Eleven more have just been added.

An addition to the guides isv made for any of three reasons.
1. 1If a process change introduces & previously unused chemical and that
chemical has a potential hazerd, a new guide 1s written.
2, If a new hazard is disclosed for e familiar chemical, a new or reviged
guide is prepared.
3. If a process or an experiment introduces a rehtiiély unfamilier
chemical, a search is ‘made for information related to its hazards and

. the information is brought together as a new chemical safety guide. /

This last category wes the motive for the recent addition of Chemical SBafety
Guide No. 67, devoted to "Yttrium and the Rare Earth Metals." This guide 'was
chosen for this peper to exemplify pert of our program' to guard the healt;i and
safety of laboratory end plant workers by providing them with knowledge as a

protective tool.

In the scheme of chemical elements, there ere fifteen Rare Earths. Fourteen of
them have stable, non-radiocactive rbrms. fhortly after these 14 and yttrimn
came under investigation in our research programs, inquiries from the researchers
and from machinists about possible hazards motivaeted the preparation of this

new Chemical Safety Guide.

The opportunity to lump under one Guide the fifteen elements listed in Slide 3
arises from & remarkable coincidence in their chemical properties. As noted in
B8lide 3, the atomic numbers starting with lanthenum run consecutively from 57

through 71. The ordinary expectation wlth an increase of one in the atomic
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nunber is & coinciding addition of an electron in one of the outer shells of

the atom. Since the electfon conﬁgufations in the outermost shells determine
the chemical behsviors of elements, consecutive elements in the atomice table
norually possess éigniﬁ.cantly different chemicel properties. In the series
starting with lanthanum, however, there are six shells of electrons, but the.
electron additions occur in the fourth shell, while the fifth and sixth shells
remain virtually the same throughout the series. Yttrium,with atomic number
39' differs only in having one less inner shell. Thus the unchanging outer
shells, which are little affected by the distant electron additions, show forth

in very similar chemicel behaviors among these fifteen elements.

The common chemical behaviors of ytirium end the rare earth metals are also
evinced in vhat is known sbout this femily of elements from the health and
safety standpoiﬁts. Using the outline format given in Slide 2 as a road map,

the information derived for this particuler Chemical Bafety Guide cen be reviewed
briefly.,__;_!‘or conﬁenience s however, let's stert et the bottom with Reaction

Hezards and work toward a& destination at the top of the map.

Aécording to a listing o:t‘_ha;a.fﬁoﬁs resctions in & forthcoming publicaﬁon by |
Nationel Fire Protection Associlation, these metals will decompose carbon
tetrachloride. They also share the prbperty of burning vigorously 1n» chlorine,
bromine, and tiuorine geses. This infom#tion can be helpful to chemists as a
verning egainst chance or purposeful mixture of the rare earths with carbon
tetrachloride or the halogen gsses. Possibly it is helpful to metellurgists,
too, to know that this family of metglé forms hydrides which ignite in mo1st air.

Nearby, at the locale of Fire Hezerds, there 1s other evidence of dangerous
chemical behavior. Yttrium and the rare earths are pyrophoric, that is, in the
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presence of moist air, they tend to burn. Thie property is particulsrly
prominent in praseodymium, neodymium, lanthenum, europium, and cerium. The
precaution learned here is that these metals should be machined without water
as a coolling agent and that waste turnings and small pa‘.rtic_les should be

disposed of promptly to prevent fires.

Under the heading of Eye Hazards, there is concern over yet another chemical
Property common to all these elements: they all have the ability to form com-
plexes with organic substences. This property relates importantly to findings
in .exﬁeriments on the eyés of'ra'bbité. When rare earth metals penetrate into
the cornea they have an affinity for the comnective tissue s Where they repidly
form insoluble complexes. These complexes, belng qﬁite immobile, result
quickly in & permanent opacity in the eye. The ability of rare earths to affect
the eye in this fashion is 40 to 80 times that of alkeline earth metals 1ike
caleium and berium. The industrial safety inference of these findings is that
under 'condit;!.ox}s where metal fragments from machining or metal forming might
penetrate the cornes, severe damage could result un_iess immediate removal of
t};e particle is accomplished. Better still, of course, is to provide protection

80 that the eye cannot experience this kind of insult.

Ingestion }ia,.zard,s ere considered extremely unlikely in industry. Carrying on
to fhe lest main heading, Inhalation Hazards, the degree of Jeopé.r&y is arrived
at by inference from animal experiments, using injections of various salts of
the rare earth metals in solution. PFavorable industrial experience w:t.th a very
few of these rare éé.rth elements also helped in formulating temporary safety

nmeasures.,

From the anima) experiments, it was observed that the most freq,ubnt effects
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were lesions of the liver and kidney, with acute passive congestion of the lungé
also appearing. The lighter rare earths 'deposited‘ mj.nly in the liver; the

heavier metals tended more to .bone storage. However, in the final analysis , the
lesions that were produced were quite similar for every one of the metals tested.

Also typical of the findings thét confirmed the similar toxic natures of these
~elements were the experimental results on lethal doses. One set of these is
shown in Slide 4. This figure com;ba.res doses that were lethal within a ope-week
period to 50% of the guinea pigs in & tested jopulation. Notice that the element
with the lowest ID5o and therefore the most toxic to these enimale, ves yttrium,
S;oill, yttrium wes less than twice e&s lethal as the least toxic metal, lutecium.

In about 1956, with only this sort of toxicity deta available, there arose &
need to adopt a ﬁh.reshpld limit value for humen inhalation of yttrium. As &
sa.feguard.in burgeoning research with y‘ttﬁum, the value selected was 5 milli-
greus per cublc meter of air. Adherence to this 1imit has Yielded a satisfactory
e@erieﬁce of no humen intoxication by yttrium. Similar favorable results were

experienced with cerium end lanthanum, the two most used rare earths.

With this background of experience and the previously mentlioned evidence that
j}'ttrim is the most toxic of these firteén metals, the adoption of 5 milligrams
per cublc meter as & threshold limlt value for all the rare earths seemed a
reasonable risk as a guiding nmumber in this Chemical Safety Guide.

The final destination on this reverse guided tour through a Chemical Safgty
Gulde is the Emergency Procedure loca.ie. The evelustion arrived at in preparing
this gulde was that no advice from an emergency perspective was needed since

the metals could not be classified highly toxic. With reasonable care in
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v handling the small quantities of rare earth metal involved 1n our current work,

4,

ha.zardous ex;posures would not be expected unless a falrly large pilece of rare

earth metal were to burn entirely to the oxide. The prescribed machining

precsutions make & fire unlikely. Also, since &ll machining work requires

eye protection the eye hazard appears remote. If future plans should foresee

bulk use of any of'these fifteen elements a re-evaluation of the Chemical
Safety Guide would be in order.

With the ready availsbility of this scope of information ebout chemical hezards,
it is felt that researchers and processors will be able to plan their work

with greater confidence in safety.
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' Emerpency Procedures -

INEALATION -
INGESTION =~

| EYES & SKIN ~

CEEMIGAL SAFETY GUIDE NO.

' Formula:

Molecular Wt.:
Boiling Point:

Melting Point:

' Threshold Iinrt‘b Va.lue“
Flash Point:
Explosive I:I.mits~
Synonyms: .

.Irﬂmiation Hazsrd

. Ingestion Hazerd

. Skin end Eye Fegard .
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Fire and E:glosion Hazard", L
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" Reaction Hazards
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