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Saskatchewan
Archives Board:
New Regina Office

The week of February 19-25, 1984, was
declared ‘“‘Archives Week’ in Saskat-
chewan by the Archives Board, thereby
presenting archivists with an excellent
opportunity to let the public know more
about the role of archives in preserving
Saskatchewan’s documentary heritage.
A number of archives, museums and
libraries from around the province
marked the occasion by mounting
displays and conducting tours of their
repositories.

Much of the media attention was
centered on Regina where the
Lieutenant-Governor of Saskatchewan
officially opened the new Regina office
of the Saskatchewan Archives Board on
Heritage Day, February 20th. The
modern new quarters, which meet inter-
national standards for the preservation
of archival material, incorporate the
following features:

— a bright, spacious public reading
room conducive to long periods of
research:

— a large stack area with strict humidi-
ty and temperature controls, a
Halon fire extinguishing system and
computerized access system;

— a multi-purpose area for classes and
historical groups, seating 40 persons,
and useful for exhibitions, audio-
visual presentations, lectures and
workshops; and

— a professional level paper conserva-
tion laboratory.

Location of the new office near the
University of Regina will help the Ar-
chives maintain 1ts close links with that
institution while encouraging greater
use of the facilities by the general
public.

Other events hosted by Archives staff
that week included:

— the launching of a new series of
reference publications, with the first
two titles being Guide -des sources
historiques des francophones aux ar-
chives de la Saskatchewan and Ex-
ploring Family History in Saskat-
chewan;

i A .
g o
s

;. it

— a two-day workshop on Archives ad-

ministration attended by forty ar-.

chivists and those interested in ar-
chival matters;

— a ceremony to announce the acquisi-
tion of the 1885 Louis Riel Diary by
the Government of Saskatchewan
and 1ts presentation to the Saskat-
chewan Archives Board for
safekeeping; and

— a public open house and Univer-
sity/Donor reception.

By week’s end, this lengthy round of ac-
tivity and publicity had exacted its toll,
but everyone involved felt that ‘‘Ar-
chives Week’ had been successful.
Close to 800 people visited the Archives
that week. More 1mportant than
numbers, special interest groups and
potential researchers were made aware
of the new quarters, the various types
of documentation housed there and

how the staff could assist them in their
personal research.



Planning an Environmentally Benign Fumigator/
IFreeze Dryer for the Provincial Archives of Manitoba

by Charles Alfred Edwin Brandt*

A  Fumigator/Freeze-Dryer
which eliminates exposure of
personnel to ethylene oxide is
described. Novel features in-
clude double O0-ring seals,
unlimited water removal capaci-
ty per load, dew point control,
multiple vacuum-cycle
fumigant removal with ad-
justable dwell time and com-
plete oxidative destruction of
waste ethylene oxide.

Of the ten Provincial Government Ar-
chives and two Territorial Archives in
Canada only three possess fumigation
chambers. It 1s not that Provincial Ar-
chivists fail to see the need for
fumigating acquisitions, nor that they
fail to see the need for in-house conser-
vation facilities — but the cost of such
equipment and facilities may well be
prohibitive.

When the Provincial Archives of
Manitoba decided in 1980 — with ap-
- proval of the Provincial Government —
to proceed with the designing and in-
stallation of a new and completely
modern, fully equipped conservation
laboratory and to hire a conservator to
assist 1n the realization of this project
... from the beginning along with the
planning of proper environmental con-
trols for the storage areas, the installa-
tion of a fumigation chamber was seen
as an integral part of the overall conser-
vation planning and thrust.

We were assisted in our planning by
several conservation scientists whose
knowledge of and experience in the
field of fumigation is considerable. We
had several major concerns that guided
us in directing our engineers, designers
and architects in the realization of the
completed chamber.

Of primary concern was the selection of
a fumigant that would be most effective
as a fungicide, bactericide and insec-
tictde without causing damage to paper
materials, and at the same time present
the least health hazard to the operator.
Dr. John Dawson, conservation scien-
tist of the Canadian Conservation In-
stitute both through his publications (1)
and through personal contacts by
telephone was of great help. Phillips
(1957) reported that the following
materials have been undamaged by
sterilization with ethylene oxide:
leather, wool, cotton, rayon, silk, felt,
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nylon, paper, plastic, wood, straw,
linoleum, cellophone, metallic textiles,
rubber, bedding, medical instruments,
plaster bandages. (2) Ethylene oxide is
flammable in 1its pure form, also ex-
plosive and toxic. When it is used as a
mixture — 10% ethylene oxide and
90% carbon dioxide — its toxicity, ex-
plosiveness and flammability are very
much reduced.

Of paramount concern was the health
risk to the operator of the chamber and
the amount of residual fumigation gas
remaining in the documents. Dr. Organ
(1957) reported finding ethylene oxide
levels of 260 ppm. upon opening the
Smithsonian’s fumigation chamber
following three evacuations of the
chamber. (3) Dr. Dawson reports that
““At present, the TLV (the Threshold
Limit Value represents the average safe
toxicant concentration that can be
tolerated on a repetitive basis, usually
an eight hour day, 5 day week) is 50
ppm. In the near future the American
and Canadian governments are ex-
pected to lower the TLV to 1 ppm. The
reason for this proposed change is that
ethylene oxide i1s considered to be more
toxic; 1t 1S now a recognized mutagen
and 1s suspected to be a carcinogen.”’
(4) In 1981 Dr. Organ demonstrated his
fumigation chamber to me at the
Smithsonian Institute. He was concern-
ed that chambers like his own were
passing off the spent fumigation gases
Into the atmosphere after the fumiga-
tion cycle. This concern led us to re-
quest of our designer-engineers that
some mechanism be incorporated in the
chamber or near the chamber that
would destruct these gases and so pre-
vent contamination of the atmosphere.
And to give added health protection to
the operator we requested that all con-
trols for the chamber and destruction
unit be housed in a separately sealed off

‘room so that the complete fumigation

cycle could be operated remotely.

Through a series of telephone conversa-
tions and also through personal conver-
sation with Dr. Robert McComb of the
Library of Congress we were given ad-
ditional guidance in the overall design
of our chamber. Dr. McComb pointed
out the importance of real humidity
control during the entire fumigation cy-
cle tor the effective killing efficiency of
the fumigant, particularly for spores.
Since commercial available fumigation
chamgers appear to have a major short-
coming in humidity control this led us
to 1nsist that there be controlled
humidity throughout the fumigation cy-
cle.

Our final stipulation in the design of the
chamber was that the chamber serve in
addition as a vacuum freeze-drying
chamber for drying frozen documents
that had suffered fire or water damage.
This need was brought home to us when
in January, 1981, the conservation and
archive statt of the Provincial Archives
of Manitoba was called upon to rescue
and recover documents belonging to the
Provincial Government and private
enterprise as well that had suffered fire
and water damage. (5) Use was made of
the hypobaric chamber of the Canadian
Forces Base, Winnipeg. Although the
drying treatment proved successful, a
need was felt for a chamber that would
in addition vacuum-freeze dry frozen
documents to prevent bleeding of inks
(6) and especially since the Canadian
Forces Base Chamber was being moved
to another part of Canada.

With these concerns in mind the design
and construction of the chamber went
out for tender. The successful com-
petitor was Slack Associates, Inc., 540
S. Longwood Street, Baltimore,
Maryland, a designer and builder of
custom equipment, specializing in high
vacuum and cryogenic processing
equipment. Mr. Clair Milton of that
firm 1s the designer-engineer.

Disposition of Waste Fumigant

In the past ethylene oxide was either
discharged to the atmosphere or washed
down the sewer. Dilution and discharge
to the out-of-doors frequently resulted
In vapors reentering the ventilation
system of the building, while discharge
to the sewer resulted in vapors coming
up out of floor drains, even into other
rooms in the same building. Disposal by
acld hydrolysis has been suggested, but
the slow rate of the reaction, the great
difficulty with which even 95% of the
ETO vapor can be absorbed and the
necessities of handling corrosive
chemicals and keeping the concentra-
tions proper make this method un-
attractive.

Rather than discharging ETO to the
sewer or the atmosphere, the Provincial
Archives of Manitoba’s system destroys
waste ethylene oxide by oxidizing it
catalytically. The oxidation system
functions automatically and is in-
terlocked 1n such a way that (a) the
chamber cannot be opened until it has
been evacuated and backfilled a pre-
determined number of times, and (b) it
cannot be evacuated except when the
catalytic oxidation unit is in operation
and at a sufficiently high temperature
to etfectively destroy all of the ethylene
oxide.




Exposure of Personnel

In conventional fumigation installa-
tions the most serious exposure of
operating personnel to the vapors of
ethylene oxide has occurred when the
sterilized material was being moved
from the fumigation chamber to some
other location for “‘air sweeping’’, or
upon removal of material from a
chamber which employed internal air
sweeping. Due to the nature of the dif-
fusion process, ethylene oxide 1s not
removed quantitatively by merely stor-
ing books for a few days in a stream of
moving air. It can be removed much
more effectively by the process of pull-
ing 1t out with a vacuum, allowing some
time under vacuum for 1t to desorb,
refilling the air, and repeating this se-
quence a number of times. In the Win-
nipeg equipment the pressure is reduced
to 0.76 Torr (101 Pa or .001 atm.) so
that the concentration 1s reduced by a
factor of 1000 on each cycle. On each
evacuation the air entrains fumigant
which might otherwise have remained
in the interstices of a porous material
and removes 1t effectively. No trace of
residual ethylene oxide can be found us-
Ing either color-indicating gas detector
tubes or flame 1onization detectors with
sensitivities down to 1 ppm.

Hospitals and manufacturers of
medical equipment have a problem
which conservators seldom encounter.
To retain stertlity after treatment, items
must be enclosed by a membrane which
1s impermeable to microorganisms. The
process must not rupture this mem-
brane, be it paper or plastic. Archives
normally process porous materials,
which unlike medical items are not
harmed by even quite rapid evacuation.
Essentially all of the free ETO can be
removed by four deep evacuations. This
may be compared with a load of
medical items sterilized in a 2 x 3 x 4
foot sterilizer. Barron, Gunther, Dur-
nick and Young (7) reported that such a
load produced a concentration of 2
ppm. at the breathing zone of the
operator in a 6400 cubic foot room
when, after a double evacuation and
““dynamic air flushing’’, the door was
opened 6 inches, and produced a con-
centration of 5 ppm. when the load was
moved out into the room.

The Manitoba sterilizer operates slight-
ly below atmospheric pressure. This
slight vacuum pulls the door tightly
against 1ts 0-ring seals. There are two
such rings, and the evacuated space be-
tween them 1s swept constantly by a
slow stream of air which serves as gas
ballast for the vacuum pump. The time
‘amount of ETO which diffuses through
the inner O-ring, under the differential
pressure of ETO existing between inside
and outside, is thus captured and

pumped out through the destructor. No
special local exhaust 1s required to keep
the ETO concentration vanishingly
small outside of the chamber.

Humidification and Humidity Control

Robert R. Ernst published an excellent
review of ETO sterilization in Industrial
Sterilization 1n 1972. (8) While covering
most topics of interest to prospective
users he emphasized that the most im-
portant -'step 1n ‘the 'process 18
prehumidification — adjustment of the
numidity of the load prior to introduc-
tion of the sterilant. If the load is too
dry (moisture content below that in
equilibrium with 35% R.H.) killing effi-
ciency drops. If moisture content is t0o
high, too much of the ethylene glycol in
the treated material. Typical loads vary
In mass and moisture content, and since
ordinarily the latter is not known, the
optimum quantity of moisture to be
added cannot be calculated. The
Manitoba installation solves this pro-
blem by controlling the dew point in the
chamber, not only initially, but
throughout the entire period of ex-
posure. Dew point was chosen because
the more common methods of measur-
Ing humidity are unreliable in the
chamber atmosphere of ethylene oxide
and diluent.

ETO Concentration and Diluent
Options

Pure ethylene oxide boils at 1.7 C. (51.3
F.). Its upper and lower limits of flam-

mability are 3% and 100%. These may
be compared with those of methane
(5% and only 15%), acetylene (2.5%
and 80%), and hydrogen (4% and
74.2%). Any concentration in air
greater than 3% can explode. As a con-
sequence most sterilizers employ it in
the form of a mixture with diluent to
render it non-flammable or to reduce its
flammability. In the interest of rapid
sterilization, one commercial system
does employ pure ETO. Because the
concentration employed (1.164 KG/m),
1S nearly six times the lower explosive
limit in air, maintenance of safety
depends upon exhausting the ETO to
below this limit before backfilling the
chamber, and also upon diluting the
ETO in the exhaust stream to below this
[imit. Some 10 separate safety systems
monitor for operator error and
mechanical maltunction. Our engineers
chose a completely non-flammable mix-
ture.

The two diluents employed commercial-
ly are dichlorodifluoromethane and
carbon dioxide. If the mixtures with the
highest concentrations of ETO which
are not flammable of ETO at any total
pressure, and hence a somewhat more
rapid sterilizing action. Unfortunately

discharge of fluorocarbons to the at-
mosphere 1s now thought to be
deleterious to the ozone layer, while
destruction of these chemicals involves
highly corrosive and toxic products
whose management is not simple. Mix-
tures of carbon dioxide and ETO, on
the other hand, are readily oxidized to
water and carbon dioxide. On this basis
carbon dioxide was chosen as diluent.

Sterilizing efficiency 1s usually
evaluated by determing the survival
rates of dried spores of Bacillus subtilis
var niger. Ernst and Shull (9) found
that above about 110 F. the killing rate
was hardly a function of concentration,
but at 80 F. a concentration of 440
mg/1 took about 160 minutes to Kkill
these spores to the degree to which 1500
mg/1 required 70 minutes. All of the
death time-temperature curves are
logarithmic in time. If it is undesirable
to expose documentary materials to 120
to 130 F., at least at relatively high
humidity levels, then archival facilities
are taced with the choice of either using
relatively high concentrations of ETO
or of fumigating for many hours. High
concentrations cannot be reached with
completely non-flammable mixtures
with carbon dioxide, so in the interest
of safety our engineers have chosen to
install a relatively large chamber, in
which extended exposure times are
practical.

Some molds are more resistant than B
subtilis. R. Wade, of the USDA recent-
ly reported that cotton which had been
sterilized with ETO was rendered essen-
tially free from bacteria, but still con-
taminated with unidentified growing
mold. Furthermore, deactivation of
spores depends upon their being
suitably hydrated and penetrated.
There 1s a great deal of evidence that
clean spores are inactivated much more
readily than those which are surround-
ed by organic debris, and that spores
occluded in crystals will not be killed at
all unless the crystals dissolve. While we
do not anticipate encountering spores
protected by crystals, we routinely pro-
cess unclean material, and consider it
essential to allow extra exposure time
for penetration of spores protected by
dirt. Exposures demonstrably effective
in deactivating spores on clean test
strips are not necessarily adequate for
everything which an archival facility
processes.

Stratification 1s eliminated and unifor-
mity of humidity assured by the provi-
sion of circulating blowers within the
chamber. They operate only when the
chamber 1s full of sterilant.




Catalytic Destruction of
Ethylene Oxide

If a 90/10 mixture of ethylene oxide and
carbon dioxide were mixed with just the
quantity of air required for its complete
combustion and then oxidized, a very
high temperature would result. At this
temperature the catalyst would be
destroyed. Therefore, the mixture is
diluted with just the particular excess of
air which will hold the exhaust
temperature to a value which the
catalyst can tolerate. In order to get the
reaction started, the stream is preheated
to at least 316°C. The exhaust
temperature 1s controlled automatical-
ly. Oxidation is nearly quantitative, and
the exhaust 1s further mixed with am-
bient air to reduce its temperature to
150°C so that it can be handled by stan-
dard ductwork.

Freeze Drying

Soaked documents are best reclaimed
by quick-freezing them, then removing
the water in the vapor state under a
vacuum which prevents the water from
passing through a liquid state during
the process. Since water vapor occupies
enormous volumes at low pressures, in
installations of substantial size it is most
economical to pump the water vapor
with cooled surfaces, and use
mechanical pumps to remove the per-
manent gases. The Manitoba equip-
ment can pump any quantity of water
from a load, since there are two chilled
surfaces, each in 1ts own compartment.
One can be pumping water vapor while
the 1ce on the other is being melted and

removed. The pumping capacity of

each for water vapor is estimated as ex-
ceeding 50,000 cfm. Freezing surfaces
are maintained at -20° to -40°C.

The rate at which water is removed is
determined by the rate at which heat
can reach the interface between ice and
vacuum, for about 1,200 BTU is ab-
sorbed at this interface for each pound
of water which evaporates. Documents
are rather good insulators, and since we
are unwilling to subject the edges of the
documents to temperatures much above
80°F., evaporation i1s quite slow after
the first few hours.

Heat 1s supplied in our unit by radiation
from panels which cover both side walls
and from a panel which extends the
length of the chamber down its centre.
The panels are heated by circulating

warm water, so there 1s no possibility of

overheating.

Trucks of books are rolled into the
spaces between the panels. The
chamber will accommodate six trucks.
Each truck is loaded five shelves high,
with two rows of books, spine down, on
each shelf. The trucks are aluminum,

the bottoms of the shelves being black
to promote radiative heat transfer.

Interior dimensions of the working por-
tion of thie-chamber are’'1'1’6™ x 5737 X
36" high.

Several experimental runs have been
made to date. Magazines of coated
stock were freeze dried very satisfactori-
ly. Upon removal from the chamber the
individual leaves were found to be com-
pletely unstuck with no damage to the
coated pages. To be noted i1s the fact
that materials must be solidly frozen
before they enter the chamber to insure
adequate freeze drying. Merely wet or
damp material on entrance into the
chamber will freeze on the outer sur-
face. The unfrozen moisture within the
documents will tend to work itself out
and can cause damage to the outer
frozen surface layer.

As to the fumigation of documents this
too 1s 1n the experimental stages. To our
knowledge no institution in Canada is
fumigating paper materials on a con-
tinuously large scale basis. There is the
question of how long materials should
remain in the chamber in contact with
the carboxide gas (90/10% mixture of

cthylene oxide and carbon dioxide). It is-

reported that the National Archives in
Washington is fumigating for only 3
hours. On the other hand, Dr. Mc-
Comb of the Library of Congress
recommends a minimum of 5 full days
of exposure plus the additional time for
purging the system. There remains to be
worked out the relationship between the
number of purges required after ex-
posure, the temperature of the chamber
and the length of dwelling time between
each purge in order to reduce the level
of ethylene oxide to its lowest level. We
have discovered that we can reduce the
level within the chamber to less than 0.5

ppm.

The level of ethylene oxide within the
chamber and the residual ethylene oxide

within the documents is best measured

with a Trace Gas Analyser. The Provin-
cial Archives of Manitoba has purchas-
ed such an analyser, ASTRO Model
1010, from Fleck Bros. Ltd., Calgary,
Alberta. This model along with the
recorder printout and calibration kit
sells for $8,369.00. It will measure bet-
ween 0.10 - 1.0 ppm. of ethylene oxide,
provides time-weighted averages, is por-
table (weighs 7 Ibs.) and has a digital
readout. It provides a continuous
recorded 24 hour readout.
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Seminar

From October 16 to 19, 1984 in Vic-
toria, British Columbia, the British
Columbia Provincial Museum hosts
the first national training seminar on

EMERGENCY PLANNING FOR
MUSEUMS, GALLERIES AND
ARCHIVES.*

Keynote speaker John Hunter of the
National Park Service, U.S. Depart-
ment of the Interior, will provide
leadership In preparing an emergen-
cy plan. Canadian Conservation In-
stitute specialists and others will pro-
vide disaster response and post-
damage response guidance.

For more information:

Training Office

British Columbia Provincial
Museum

609 Superior Street

Victoria, B.C.

V8V 1X4

Telephone: (604) 387-5593

*This training seminar is funded in
part by the Museum Assistance Pro-
grammes of the National Museums

of Canada.
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