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OBSERVATIONS OF TEMPERATURE AND 
RELATIVE HUMIDITY DURING THE COOLING AND 

WARMING1 OF BOTANICAL SPECIMENS FOR 
INSECT PEST CONTROL 

MICHAEL J. SHCHEPANEK 

Botany Section, Canadian Museum of Nature, Ottawa, Ontario KIP 6P4, Canada 

Abstract.—An experiment was conducted using a data logger recording temperature and 
relative humidity (RH) within boxes of herbarium sheets placed in a domestic type freezer. 
It was demonstrated that this freezer, currently in use at the Canadian Museum of Nature 
(CMN), is adequate for achieving and maintaining temperatures required to kill all life stages 
of insect pests. Times allowed for cooling and warming as well as the packaging of speci
mens are discussed. Eradication of insect pests with this low temperature technique is in
sured. 

INTRODUCTION 

Where an Integrated Pest Management (IPM) policy is not in place, insect 
infestation can be a great risk to vascular plant collections in herbaria. Insects are 
usually transmitted to herbaria via plant specimen loans, exchanges, and gifts from 
infested collections of other herbaria. The most destructive pests usually originate 
in tropical and semi-tropical environments. It is very important that all herbaria 
develop an IPM policy which includes screening and eradication processes to 
eliminate pests that might enter their collections. Although a number of effective 
controls are available (Bridson and Forman, 1992), one of the more popular meth
ods is the low temperature technique. It is beneficial to use rapid cooling and 
slow warming procedures to insure 100% mortality (Florian, 1990). T. Strang 
(1992) assessed data for 46 known museum insect pests and recommends a min
imum low temperature lethal boundary model at -30°C for four days (-20°C for 
7 days should work as well but the lowest temperature possible should be used 
to insure success of this method). Domestic type freezers with a temperature 
capability of about -30°C have been available from retail outlets at a reasonable 
cost. A. Pinzl (1993) has suggested a modification that can upgrade freezers that 
do not attain and/or hold the required temperature. 

An experiment was conducted at CMN using a domestic type freezer to deter
mine if appropriate conditions could be obtained to eradicate insect pests in the 
Museum's botanical collections. This was done by: 

1. monitoring the internal and external temperatures of boxes containing her
barium specimens placed inside a freezer. 

2. recording the time required to lower the internal temperature of a plant 
parcel in the freezer to -30°C. 

1 The terminology "cooling and warming" is used here in place of what has commonly been termed 
"freezing and thawing." This is to avoid the connotation of a phase transition, as would be the case 
in water freezing to form ice and thawing to reform water. When dried and pressed botanical specimens 
and paper, equilibriated to a moderate relative humidity, are placed in a freezer at —30°C, there is no 
transformation from liquid to solid as occurs in freezing (Waller and Strang, 1995). 
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3. recording the time required for a plant parcel to reach room temperature 
(22°C) after removal from the freezer. 

Relative humidity (RH) changes in the plant parcel while in the freezer and while 
returning to room temperature were also recorded. Visual monitoring of a plant 
parcel sealed in a polyethylene bag was carried out to determine possible con
densation during the warming phase. Condensed moisture could accelerate the 
deterioration of the specimens, paper labels, and mounting materials by activating 
mold growth, causing stain migration, softening adhesives, etc. (Michalski, 1993). 

METHODS AND MATERIALS 

The experiments were conducted in July, 1992 when the average RH in the Botany Section building 
was the highest at 50-55% (midwinter average RH is 30-35%). The building is climatised so that 
the average temperature is 20-24°C throughout the year. A Thermor Hygrometer (calibrated against 
a Beckman Humi-chek model 5C) was used to monitor the building temperature and RH. A com
mercially available, 20 cu. ft., chest type freezer (Sears' Kenmore model # 47148) purchased in 1984 
was used at its lowest temperature setting (rated at — 33°C). Use of a non frost free model is recom
mended to minimize temperature fluctuations. 

Plant parcels that consisted of an unsealed corrugated cardboard box measuring 48 cm (1) X 33 cm 
(w) X 20 cm (h) and that opened from both ends was filled with four bundles of vascular plant 
specimens. The bundles were wrapped in heavy paper folders (with open ends) that contained an 
unequal number of double newsprint sheets (total 100 in box) with each sheet holding an unmounted 
dried and pressed vascular plant specimen. The bundles were separated within the box by single 
corrugated cardboard sheets as would occur in shipping or storage. 

An ACR Systems Inc. data logger (model XT-102) with a connected external probe (model EH-
010) was used in the evaluation of the temperature and RH inside and at the edge of the plant parcel. 
The center of a 46 cm (1) X 30 cm (w) X 0.6 cm (h) sheet of corrugated cardboard was cut out (6 
cm X 11 cm) to hold the logger and the probe was attached at one corner of the same cardboard (Fig. 
1). The cardboard with logger and probe was placed in the center of the box between the bundles of 
plants. In this way, the logger would record temperature and RH at the center of the box of plants 
while the probe would record temperature and RH at the edge of the box. A single box was physically 
closed but not sealed with tape and was placed in the freezer by itself for seven days. After this 
period, the box was removed from the freezer and placed on a table where it was allowed to warm 
to room temperature for two days. 

The experiment was conducted a second time with the plant box sealed in a polyethylene bag. On 
completion of the experiments, the data logger was sent to the Canadian Conservation Institute for 
downloading into a computer and graphs of temperature and RH versus time were produced for 
interpretation. 

RESULTS 

The graphs (Figs. 2, 2a) for the cooling of the unsealed box showed that the 
external probe (marked Temp ext and RH ext on the graphs) recorded six hours 
to reach the desired -30°C whereas the temperature of the center of the box 
documented by the logger (marked Temp int and RH int on the graphs) took 16 
hours to reach the same temperature. Initially the RH reading on the external 
probe dropped from 53% to 15% in less than 0.5 hours but in four hours drifted 
back up to 25%. The internal logger dropped from 53% to 25% on a gradual 
curve over a seven hour period. Once leveling off at approximately 25% RH and 
reaching -30°C, both the logger and probe maintained these readings until the 
box was removed from the freezer. 

During the warming process of the experiment (Figs. 3, 3a), the probe (edge 
of parcel) recorded seven hours to reach room temperature while the logger (cen
ter of parcel) documented a time span of 14 hours to reach the same temperature. 
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Figure 1. Data logger and probe inserted into corrugated cardboard sheet. 

The probe measured a jump of RH from 25% to 45% in less than 0.5 hours then 
leveled off to approximately 55% over an eight hour period. The logger gradually 
moved from 25% to 55% over a 10 hour period. No frost buildup was observed 
on the outside of the parcel after removal from the freezer. 

The experiment with the polyethylene bag resulted in temperature and RH 
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Time (Hours) 

Figure 2. Plant box unsealed—cooling condition temperature. 

1 

Time (Hours) 

Figure 2a. Plant box unsealed—cooling condition RH. 
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Figure 3. Plant box unsealed—wanning condition temperature. 

Figure 3a. Plant box unsealed—warming condition RH. 
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curves that were virtually identical to those obtained for boxes without bags. This 
was true for both the cooling and warming stages. No frost was observed either 
on or in the enclosing bag while warming. 

DISCUSSION 

The New York Botanical Garden and the Royal Botanic Garden at Kew her
baria have reported complete success in controlling herbarium or cigarette beetles 
(Lasioderma serricorne) using the low temperature method (—18°C) for 48 hours 
(Crisafulli, 1980); however, A. Brokerhof (1989) stated that some herbaria in
cluding the Inverness Museum (Scotland) and the Herbarium, Utrecht, Nether
lands reported failure using this method for museum pest insects such as the 
webbing clothes moth (Tineola bisselliella) and the herbarium beetle {Lasioderma 
serricorne). It was suggested that failure could be related to the insulating prop
erties of the materials such as paper in which the insects were contained. In the 
experiments conducted at CMN, the logger recorded a lag time of 16 hours for 
the temperature in the center of the parcel to reach the optimum — 30°C. This lag 
time is a direct result of the insulating properties of the paper materials contained 
within the plant parcel. Since the minimum recommended time for 100% mortality 
for all known museum insect pests is four days (Strang, 1992), the freezer time 
should be increased to a minimum of five days to prevent any possible failure of 
this method. 

The freezer maintained an acceptable external temperature (-30°C) and exter
nal RH (20%) during the cooling period. In the warming process, the logger 
indicated a time period of 14 hours for the center of the box to reach room 
temperature (22°C). To insure that the specimens will gradually return to room 
temperature, the parcel must remain unopened for at least 24 hours. This would 
also protect the specimens from transient, surface condensation if the ambient RH 
is high (>60%). 

No appreciable difference was recorded in temperature and RH between the 
bagged and unbagged plant parcels. Given the same ambient environmental con
ditions recorded during the CMN experiments, it should be unnecessary to include 
bagging for RH and condensation control when using this pest control procedure. 

I. M. Egenberg and D. Moe (1991) reported plant specimens attached by ad
hesive to standard herbarium sheets were physically damaged when subjected to 
changing temperature and relative humidity. The CMN experiments showed that 
RH remained stable and did not drift once thermal equilibrium was achieved 
which suggests that the low RH recorded was due to an increased affinity for 
available water by the hygroscopic herbarium specimens, newsprint, cardboard, 
etc. Considering the high ratio of specimen material to air it is unlikely that the 
moisture content of the specimens changed significantly (Padfield et al., 1984). 
Consequently, little or no RH related dimensional response would be expected as 
a result of this treatment. C. Messenger and M. Bolick (1993) conducted freezer 
experiments on plant specimens that were subjected to a number of cooling-
warming cycles. Their results showed no physical damage to the specimens. Fur
ther, S. Michalski (1993) studied RH fluctuations on artifacts in museum envi
ronments and concluded that changes of —40% RH do not harm botanical spec
imens. The low temperature technique has been used at Botany Section of the 
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CMN for over ten years and at no time was any physical damage of plant spec
imens observed that could be attributed to fluctuations of RH and temperature. 

CONCLUSION 

The experiment demonstrated that the domestic freezer tested is adequate for 
achieving and maintaining temperatures required to eradicate insect pests. Some 
modifications related to time allowed for cooling and warming and the packaging 
of specimens, as discussed in the text, is recommended to insure complete success 
of the low temperature technique. The experiment also showed that changes in 
RH and moisture content among and around the herbarium sheets throughout the 
process do not appear to be significant concerns. The conclusions reached here 
should apply to most herbaria; however, environmental conditions, equipment, 
and materials used can vary so each herbarium should monitor their own situation 
to see if they are adequately protecting their collections against insect pests. 
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CATEGORIES OF SPECIMENS: A COLLECTION 
MANAGEMENT TOOL 

JUDITH C. PRICE AND GERALD R. FITZGERALD 

Canadian Museum of Nature, Ottawa, Ontario, CANADA KIP 6P4 

Abstract.—The Canadian Museum of Nature has defined five Categories of Specimens to 
be used as an aid in collection management. Levels reflect object value based on scientific, 
cultural, and monetary considerations and thus clarify the museum's intellectual and mon
etary investment in collections. Categories have multiple applications in collection manage
ment: as indicators of value they can assist in controlling specimen use; in conjunction with 
risk assessment they can guide allocation of limited resources. 

INTRODUCTION 

Museums the world over are learning the hard way that resources are finite; 
both money and staff continue to be severely limited by current economic con
ditions (Emery, 1993). As a result, the demands of collection management are 
being questioned by a new level of audit and accountancy (Doughty, 1993). Mu
seums must, therefore, develop systems to prioritize curatorial functions to guide 
the allocation of resources (Danks, 1991; Howie, 1992; SPNHC, 1994). Catego
ries of Specimens, used in concert with risk assessment (Waller, 1994), can pro
vide an effective method to balance collection care priorities. 

BACKGROUND 

The idea of categorizing specimens is already accepted in principle: Type spec
imens are recognized as the most valuable specimens in a natural science mu
seum's collection (Horie, 1993), a library provides specialized storage for rare 
books, and in fact the concept can be adopted for any type of collection. Levels 
of specimen or object value can be compared by considering factors such as Type 
or Voucher status, monetary, cultural and historic value, and the investment of 
time and scientific knowledge represented by properly prepared and identified 
specimens (Montero and Dieguez, 1993; SPNHC, 1994). For collection manage
ment purposes each category can be assigned an acceptable minimum level of 
care based on institutional values and can be associated with appropriate levels 
of authority for decisions regarding specimen use (Cato and Williams, 1993). 
Categories can thus codify the intellectual and monetary investment in specimens 
and hence facilitate collection management decisions. 

Several value standards are already used in museums. The Netherlands Ministry 
of Welfare, Health and Cultural Affairs (1992a, b) established the Delta Plan for 
the Preservation of Cultural Heritage following a dismal report from the national 
General Audit Office on the state of their 17 national museums which concluded 
that "if nothing was done, before very long large numbers of works of art, mon
uments and documents would be irreparably damaged, or would even disappear 
altogether." The plan includes: an inventory and assessment of the collections 
and backlogs; assignment of value levels; and development of a work plan for 
registration and conservation. The Entomology Department of the United States 
National Museum implemented the Smithsonian Curation Standards and Profiling 
System (McGinley, 1989, 1993) which quantifies collections according to levels 
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