
Radiation Physics and Chemistry 202 (2023) 110561

Available online 30 September 2022
0969-806X/© 2022 Elsevier Ltd. All rights reserved.

Effects of ionizing radiation decontamination on botanical collections 
in herbaria 

Leni Meire Pereira Ribeiro Lima a,*, Yasko Kodama a, João Batista Baitello b, Larissa Otubo a, 
Paulo de Souza Santos a, Pablo A.S. Vasquez a 
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A B S T R A C T   

Herbaria collections are very sensitive to attacks from microorganisms and insects. Therefore, preservation 
strategies and appropriate treatments are essential to manage these artifacts. Decontamination by ionizing ra
diation has become an effective strategy to preserve cultural heritage objects and archived materials, achieving 
excellent results. Therefore, this work aimed to study the effects of Co-60 gamma radiation on botanical col
lections. To accomplish this, samples of exsiccates, including botanical pressed and dehydrated specimens from 
Asteraceae and Solanaceae families, collected on diferentes dates were selected from the Dom Bento José Pickel 
Herbarium (SPSF), located in São Paulo (Brazil). Irradiation was performed at the Multipurpose Gamma Irra
diation Facility at IPEN, applying absorbed doses of 1 kGy, 6 kGy and 10 kGy. Gamma radiation effect was 
analyzed using colorimetry with CIELAB color space scale, scanning electron microscopy (SEM) and attenuated 
total reflectance with Fourier transform infrared (ATR-FTIR) spectroscopy. Results showed no significant 
colorimetric changes, or changes in the morphological properties of samples, indicating that this decontami
nation method can be used as an alternative treatment to eliminate insects and micro-fungi of botanical col
lections without the use of toxic substances.   

1. Introduction 

Herbaria preserve botanical materials, such as exsiccatae, fungi, 
algae and wood samples, as a dynamic database maintained within a 
custodial framework that requires knowledge, specialized staff and 
adequate management practices (IBGE - Fundação Instituto Brasileiro de 
Geografia e Estatística and Departamento de Recursos Naturais e Estu
dos Ambientais, 1992; Peixoto and Morim, 2003; Peixoto and Maia, 
2013; Thiers, 2021). Herbarium collections act as a repository of in
formation, and curators certify plant biological diversity, essential for 
studies in various fields of research (Besnard et al., 2018; Bieker and 
Martin, 2018; Carine et al., 2018; Espinosa and Castro, 2018; Funk, 
2003; Heberling and Isaac, 2017; James et al., 2018; Rocchetti et al., 
2021). Herbaria curators gather specimens that are unique and irre
placeable biodiversity samples collected in a manner specific to location, 
condition and time. As such, these specimens cannot be reproduced. 
Monteiro et al. (2009) emphasized that preventive procedures for 
contamination reduction of botanic specimen start at field collection. In 

order to assure low level of microbiological contamination and/or in
sects of exsiccate for herbaria collection several procedures may be 
applied during preparation, drying rooms and collection assembly, to 
stored materials and building (Guarino et al., 2020; Hall, 1988). 

Consequently, curators must guarantee the preservation and peren
nial protection of specimens in their custody (Rabeler et al., 2019). More 
specifically, these collections require constant monitoring, and many of 
them are vulnerable to storage conditions in environments with no 
thermal or humidity control, presence of dirt, low protection or inade
quate pest control. Curators must also be mindful of the intrinsic con
dition of the cycle of natural life and fragility of this material (Bridson 
and Forman, 1992; Hall, 1988; Joseph, 2021; Mori et al., 1989). For 
disinfection and disinfestation of cultural heritage artifacts and docu
ment collections using gamma rays from Cobalt-60 is an alternative and 
has also been used effectively for different materials. Radiation pro
cessing can help preserve these records against microorganismal attack 
(Adamo et al., 2004; Cappitelli et al., 2020; De Tassigny and Brouqui, 
1978; IAEA, 2017; Santos, 2017). 
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However, it is well known that the interaction of radiation transfers 
energy to materials and can cause changes in molecular and physico
chemical properties. In response, researchers have investigated the ef
fects of ionizing radiation on objects composed of different materials to 
guarantee the safety of this practice. In general, based on treatment 
research reported in the scientific literature, it has been established that 
irradiation, in a dose range between 1 kGy and 10 kGy necessary to 
eradicate insects with fungicidal effect, carries minimal risk to the 
preservation of cultural heritage collections and are effective in reducing 
microbiological contamination in cellulose material. (Adamo et al., 
2004; Baccaro and Cemmi, 2017; Cappitelli et al., 2020; Cortella, 2019; 
Cortella et al., 2020; FAO - Food and Agriculture Organization for the 
United Nations, 2003; IAEA, 2017; IAEA, 2022; Kodama, et al., 2016; 
Magaudda, 2004; Moise et al., 2017; Moise et al., 2019; Nagai et al., 
2021; Ponta et al., 2017; Severiano et al., 2010; Silva et al., 2006). 

For this study, the possible effects of irradiation on the color of 
processed herbaria materials were investigated. The CIE Lab L*a*b* 
system, published in 1976 by the Commission Internationale d’Eclairage 
(CIE), has become the universally accepted colorimetric reference sys
tem for quantifying and communicating color (ASTM International, 
2016; CIE, 2004; Minolta, 2007). Analysis of chromatic changes is a 
sound scientific method for evaluating the secondary effects of gamma 
radiation treatment on different cultural heritage artifacts. The vast 
majority of these artifacts are composed of natural organic materials of 
animal origin (proteins) or plant origin (cellulose) (IAEA, 2017). 

Scanning electron microscopy (SEM) is also a valuable tool for leaf 
surface analysis in systematic studies to identify particular structures of 
different families and species. With the use of this technique applied to 
plant characterization, Chen et al. (2015) showed that SEM could be 
successfully used to analyze the morphology (length, density and shape) 
of hair, stomatal level and appearance of the leaf surface characteristics 
of the herborized species Timonius DC. (Rubiaceae). Budel et al. (2018) 
used this technique to investigate the comparative leaf anatomy and 
micro-morphology of six species of Baccharis and identified differences 
important and unique in the cuticle, stomata, trichomes and tissues. 

Fourier-transform infrared (FTIR) spectroscopy provides information 
on the vibrational modes of chemical bonds in the organic compounds of 
botanical samples. Studies have shown that this technique is an impor
tant resource in the discrimination of specimens from herbaria, char
acterizing and quantifying their organic compounds (Botelho, 2017; 
Wang, 2012). 

Thus, this study will employ all of these tools to investigate the ef
fects of ionizing radiation on disinfestation and decontamination pro
cesses in exsiccates from herbaria. Samples of exsiccates were irradiated 
using gamma rays with absorbed doses between 1 kGy and 10 kGy and 
were evaluated to verify any changes in color, chemical, molecular and 
morphological aspects. 

2. Experimental 

2.1. Sample preparation 

Six representative botanical samples of exsiccates were selected from 
vouchers of the Dom Bento José Pickel Herbarium (SPSF). Samples from 
the Asteraceae and Solanaceae families were selected from replicates of 
the collection, while the main specimen of the collection remained un
touched. In the herbaria, these selected taxa are more often susceptible 
to attack by pests than others, especially Asteraceae. Exsiccatae repre
sent a food source for a variety of insect pests that can cause damage 
during feeding, defecating and burrowing. (Hall, 1988; Mori et al., 1989; 
Bridson and Forman, 1992; Guarino et al., 2020). Table 1 and Fig. 1 
show the main identification and classification of the selected materials. 

2.2. Gamma ray irradiation 

Samples of exsiccates were irradiated with gamma rays from Co-60 

at the Multipurpose Gamma Irradiation Facility of the Nuclear and En
ergy Research Institute (IPEN) of the National Nuclear Energy Com
mission (CNEN) in São Paulo. The currently installed Cobalt-60 activity 
of the facility is 10.4 PBq (320 kCi). 

Parts of leaves, flowers and branches from exsiccate samples were 
prepared and packed in paper envelopes. Then, in January of 2019, they 
were irradiated by gamma rays with radiation absorbed doses of 1 kGy, 
6 kGy and 10 kGy, with 5–6 kGy h− 1 dose rate. Selected doses were 
applied taking into consideration insect eradication and disinfection 
(IAEA, 2017). The polymethylmethacrylate (PMMA) dosimetry system 
and UV-VIS spectrophotometry were used in order to estimate the 
absorbed dose in the irradiated samples. 

2.3. Colorimetric measurements 

For this study, the CIE Lab L*a*b* system was used to detect color 
changes in samples and confirm the possible effects of irradiation on the 
color of processed material from herbaria. In equation (1), ΔE represents 
the variation between the initial reading of the non-irradiated sample 
and the reading after the ionizing radiation. In order to analyze the re
sults, values of Δ were calculated for each point of the sample, where 
ΔE* represents the total color difference, ΔL* represents the difference 
in lightness and darkness (+= lighter, - = darker), and Δa* and Δb* 
represent red to green and yellow to blue, respectively (ASTM Interna
tional, 2016; CIE, 2004; Minolta, 2007). 

ΔE=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(ΔL∗)2
+(Δa∗)2

+ (Δb∗)2
√

(1) 

For measurements, a PCE-CSM8 spectrophotometer was used. A 
white tile was used as base for samples measurements, with a circle mark 
to keep always the same geometric position of colorimeter in relation to 
the sample’s points. Window of colorimeter measurement was 1 cm 
diameter. Readings were taken at three selected points in each sample 
(A = flowers/inflorescences, B = leaves/branches (adaxial surface) and 
C = leaves/branches (abaxial surface) (Fig. 2). Each point was measured 
by 10 consecutive readings, mean value and error were calculated using 
PCE software. 

2.4. Field-emission gun scanning electron microscopy (FE-SEM) 

Scanning electron microscopy was used to analyze and characterize 
the non-irradiated (0 kGy) and irradiated (10 kGy) exsiccates. SEM 
images were obtained using Jeol JSM-6701F equipment with a field 
emission gun operating at 2 kV and 3 kV accelerating voltages. Sample 
pieces were fixed in a sample holder with a conductive double-sided 
carbon tape and then carbon coated to improve conductivity and 
reduce electron charging effect. 

Table 1 
Samples of exsiccates: main identification and general classification.  

Sample 
No. 

Botanical 
family 

Species Collection 
date 

SPSF- 
4021 

Asteraceae Baccharis crispa Spreng. 1946 

SPSF- 
10516 

Asteraceae Critoniopsis quinqueflora (Less.) H. 
Robinson 

1984 

SPSF- 
10553 

Asteraceae Baccharis regnellii Sch. Bip. ex 
Baker 

1986 

SPSF- 
4074 

Solanaceae Solanum swartzianum Roem. & 
Schult. 

1953 

SPSF- 
08821 

Solanaceae Solanum pseudoquina A. St.-Hil. 1984 

SPSF- 
39975 

Solanaceae Solanum mauritianum Scop. 2007  
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2.5. Attenuated total reflectance Fourier transform infrared spectroscopy 
(ATR-FTIR) 

Infrared spectroscopy was used to analyze the changes or formation 
of chemical groups before and after the processing of botanical samples 
by ionizing radiation. ATR-FTIR spectra were acquired on Nicolet 6700 
equipment (Thermo Scientific®). Analyses were conducted with ATR 
mode (Pike Miracle®) using a diamond crystal. Constant pressure was 
applied to samples to ensure good contact between the crystal and the 
sample. Data were obtained from 3200 to 600 cm− 1 (medium infrared) 
and mediating 64 scans with 4 cm− 1 resolution. In the six botanical 
specimens, spectral readings were performed on both sides of leaves 
(abaxial and adaxial) and on flowers. 

3. Results and discussion 

3.1. Colorimetric measurements 

Table 2 and Fig. 3 present the colorimetric analysis at three points: A 
- flower/inflorescence, B - leaf (adaxial surface) and C - leaf (abaxial 
surface) from samples irradiated with different doses: 1 kGy, 6 kGy and 

10 kGy. For color change evaluation after irradiation, we used the 
criteria proposed by Hardeberg et al. (1999) to interpret color change 
according to the ΔE value (Eq. (1)). For our samples, results indicate that 
color change was predominantly “hardly perceptible” based on ΔE < 3, 
and “perceptible, but acceptable” based on 3 < ΔE < 6 for the flower of 
sample SPSF-08821, after irradiation at 10 kGy, which reached a ΔE 
value of 3.72. None of the measured points of the samples had a “un
acceptable” color change (ΔE > 6). The table presents the mean values, 
considering 10 sequential measurements of each set of points and mean 
value was calculated by PCE software. 

Fig. 3 shows the behavior of each sample in response to irradiation in 
terms of color change. No specific similarities were identified among the 
three species of Asteraceae when compared with the three species of the 
Solanaceae. The aging effect also showed no correlation when analyzing 
the species according to their dates of collection: 1940–60 (SPSF-4021 
and SPSF-4074), 1980–90 (SPSF-10516, SPSF-08821, SPSF-10553) and 
2007 (SPSF-39975). Importantly, no significant changes were noted in 
the properties of irradiated samples upon application of absorbed doses 
up to 10 kGy. Furthermore, it is important to cite that herbaria samples 
consisted by small flowers, leaves with veins, stems with narrow leaves 
may interfere on the colorimeter positioning due to its flat base. This 

Fig. 1. Samples of exsiccates used for irradiation. Asteraceae: (a) Baccharis crispa (SPSF-4021), (b) Critoniopsis quinqueflora (SPSF-10516) and (c) Baccharis regnellii 
(SPSF-10553); Solanaceae: (d) Solanum swartzianum (SPSF-4074), (e) Solanum pseudoquina (SPSF-08821) and (f) Solanum mauritianum (SPSF-39975). 
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error can be minimized by set a fixed position of measurement. By using 
the same sample for each step of irradiation process. 

Other similar studies corroborate these results, including, for 
example, Gonzales et al. (2002) who demonstrated that a radiation dose 
around 14 kGy did not cause changes in the color of the irradiated paper. 

Furthermore, Choi et al. (2012) and Moise et al. (2019) reported no 
occurrence of significant changes in color properties on irradiated paper 
with absorbed doses of radiation up to 50 kGy. Vieira et al. (2019) 
studied ionizing radiation in doses appropriate for the disinfection of 
feather specimens from the collection of the Museum of Archeology and 
Ethnology of the University of São Paulo and no secondary effect on 
colors was observed. However, consensus on this subject is still uncer
tain since some studies did find some changes in the color of material 
caused by irradiation. For instance, Bicchieri et al. (2016) and Drábková 
et al. (2018) detected color change and yellowing of their tested paper 
samples with gamma irradiation doses between 2 and 9 kGy. Owing to 
their composition, some materials may suffer changes, as determined by 
Ponta et al. (2017) who confirmed color changes in glass objects and 
transparent stones, as well as browning and yellowing in bones and 
ivories. Additionally, in the experiment of Vujcic et al. (2019), results 
indicated a darkening of the color in samples with dyes in wool, linen, 
silk and cotton when exposed to gamma radiation doses from 0.5 to 25 
kGy. Therefore, the peculiar characteristics of each material and the 
color changes that naturally occur over time must also be taken into 
account in the analysis and reproduction of these results. 

3.2. Scanning electron microscopy (SEM) analysis 

Fig. 4 depicts SEM images of exsiccate samples before and after 
submission to irradiation at a dose of 10 kGy. A comparison showed 

Fig. 2. Identification of colorimetric points and PCE colorimeter measurement set-up.  

Table 2 
Results of colorimetric analysis.  

Sample Dose (kGy) Point A (ΔE) Point B (ΔE) Point C (ΔE) 

SPSF-4021 1 1.751 0.206 1.152 
6 1.655 0.994 0.009 
10 0.913 1.038 0.095 

SPSF-10516 1 0.376 1.798 0.754 
6 0.402 1.520 0.674 
10 0.015 1.986 0.618 

SPSF-10553 1 1.742 0.384 0.402 
6 1.616 0.475 0.616 
10 2.153 0.800 0.108 

SPSF-4074 1 0.702 0.175 0.449 
6 0.228 0.149 0.362 
10 0.062 0.375 0.688 

SPSF-08821 1 0.454 0.052 0.298 
6 1.545 0.583 0.385 
10 3.724 0.639 0.434 

SPSF-39975 1 1.144 0.484 1.308 
6 0.532 0.199 1.108 
10 1.640 0.369 1.240  

Fig. 3. Diagram of total color difference for exsiccate samples irradiated with different doses of gamma rays (1 kGy, 6 kGy and 10 kGy).  
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similar structures to be perfectly preserved after irradiation. The topo
graphic structures of irradiated samples did not suffer significant dam
age when a 10 kGy dose was applied, making it possible to perform 
taxonomic and anatomical studies, for example, on herborized speci
mens after irradiation. 

In Fig. 4 (a), which shows sample SFSP-4021 (Baccharis crispa), the 
calyx of the flower is composed of involucral bracts that protect the 
internal reproductive elements of the capitulum (inflorescence of the 
Asteraceae). In Fig. 4 (b), in addition to the bracts, it is possible to see the 
marginal filaments with bristly papus. Note that the structures are intact 
and preserved. In Figures (c) and (d), which show sample SPSF-10516 
(Critoniopsis quinqueflora), non-glandular trichomes are observed. In 
sample SPSF-10553 (Baccharis regnellii) on the adaxial face (e) and (f), 
articulated hairs and a segmented structure and broken hair fragments 
can be seen. The leaf reticulum is formed by veins of various orders, 
which can also be open or closed (Esau, 1974). These characteristics are 
very important in the identification of plants in herbaria, and in the 
images observed, these structures are clearly visualized in the irradiated 
samples without compromising their identification. In sample 
SPSF-4074 (Solanum swartzianum) (g) and (h), the abaxial face has a 
lepidote surface, densely covered by trichomes or stellate scales. In 
sample SPSF-08821 (i) and (j) (Solanum pseudoquina), stomata can be 
seen on both adaxial and abaxial sides, a common character of this 
species (Stehmann et al., 2015). In sample SPSF-39975 (k) and (l) (So
lanum mauritianum), stellate hairs and leaf organelles are microscopi
cally shown to be perfectly preserved in the samples irradiated with 10 
kGy. 

3.3. Attenuated total reflectance Fourier transform infrared spectroscopy 
(ATR-FTIR) 

Fig. 5 shows the FTIR spectra of exsiccate samples in the range of 
3200 to 600 cm− 1. The wavenumber and assignments of the bands for 
plant-based samples are listed in Table 3, according to the literature 
(Atkins and Paula, 2002; Celino et al., 2014; Derrick et al., 1999; Luz, 
2005; Silverstein et al., 1994; Wang, 2012). It is expected that changes in 
the chemical bond structure caused by radiation might be detected by 
ATR-FTIR analysis, although it could be insensitive to detect very small 
changes. 

According to the results of non-irradiated and 10 kGy irradiated 
samples (Fig. 5), ATR-FTIR analysis indicates no displacement of the 
functional groups, in turn suggesting the absence of reactions with sig
nificant formation of new organic groups. Just a few variations in the 
vibrational intensity of some characteristic bands of samples were 
observed. Comparing the non-irradiated SPSF-4021 (black line) with the 
10 kGy irradiated sample (blue line), no displacement of vibrational 
bands was observed after irradiation on both leaf surfaces (a-adaxial and 
b-abaxial). At this dose, the ionizing radiation did not promote a sig
nificant increase in intensity for either the 1000 cm− 1 region, which 
could be attributed to C-O stretching vibration and aromatic ring, or the 
2918 and 2884 cm− 1 bands of CH2 and CH3 asymmetric stretching 
modes, respectively. Furthermore, no significant increase was noted in 
band intensity of the C=O carbonyl group vibrations of pectin at the 
1622 cm− 1 region or C-OH vibration of cellulose at 1037 cm− 1 present in 
vegetable leaves. Such changes would be expected to occur by oxidation 
reactions between free radicals formed by the interaction of radiation 
with these compounds and the oxygen present in the air. For sample 
SPSF-10516, the adaxial surface (a) showed a slight reduction in ab
sorption intensities of the CH2 and CH3 asymmetric stretching bands at 
2918 and 2884 cm− 1 regions, respectively, for the sample irradiated 
with 10 kGy, that could suggest the bond breaking of some aliphatic 
chains from lipids, proteins, carbohydrates or nucleic acids of the 
vegetable structures. 

For sample SPSF-10553, the adaxial surface (a) showed a low in
tensity for the characteristic CH2 and CH3 vibrational bands at 2923 and 
2850 cm− 1 regions, respectively, and the saturated ester C=O stretch at 
1735 cm− 1. The 10 kGy radiation dose promoted slight changes at the 
1727 cm− 1 region of saturated ester C=O stretch and 1614 cm− 1 pectin 
C=O stretch correlated with a double carbonyl band, which can be seen 
in vegetable leaves, as well as a more pronounced C-O stretch band of 
cellulose at 1060 cm− 1. However, for abaxial surface samples (b), the 

Fig. 4. SEM micrographs of non–irradiated (0 kGy) and irradiated (10 kGy) 
samples: SPSF-4021(a,b), SPSF-10516 (c,d), SPSF-10553 (e,f), SPSF-4074 (g,h), 
SPSF-08821 (i,j) and SPSF-39975 (k,l). 
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ionizing irradiation at 10 kGy did not cause any perceptible changes in 
vibrational spectra. 

For the adaxial surface of sample SPSF-08821 (a), comparing the 
non-irradiated and the 10 kGy irradiated sample, a slight increase in the 
intensity of the 1172 cm− 1 band was observed, which could be attrib
uted to the symmetric stretching modes of aliphatic CH2, OH, or CO of 
various groups of cell wall poly-saccharides. For the abaxial surface, a 

band appeared in the 2360 cm− 1 region of the 10 kGy irradiated sample, 
typically associated with the atmospheric carbon dioxide CO2 band 
(Derrick et al., 1999). The appearance of this band is not reported in the 
literature for compounds present in plant leaves, so much so that they 
did not appear in the other samples analyzed. Although this band was 
derived from the irradiated sample, it cannot be claimed that the 
degradation actually occurred because this region is very sensitive to the 
CO2 formation that results from manipulation of the sample or back
ground misdirected compensation. Furthermore, no other bands present 
in the sample showed any significant changes. 

The spectra of SPSF-4074 adaxial (a) and abaxial (b) surface samples 
irradiated with 10 kGy did not show changes in the vibrational in
tensities of the CH2 and CH3 bands at 2923 and 2850 cm− 1 regions, the 
saturated ester C=O stretch at 1735 cm− 1, the C=N stretching of pro
teins at 1240 cm− 1 or the C-C, C-OH, and C-O bands of the cellulose at 
1072-1025 cm− 1. 

4. Conclusion 

The results showed no significant changes in the measured properties 
of irradiated samples when applying absorbed doses of 1 kGy, 6 kGy and 
10 kGy. Color changes between non-irradiated samples and irradiated 
samples in the highest absorbed dose are noticeable, but acceptable, 
according to the adopted scale. The analysis of microscopic images of 
non-irradiated and 10 kGy irradiated samples did not show significant 
differences in the topographic morphology of exsiccate samples. Ac
cording to the ATR-FTIR results of non-irradiated and 10 kGy irradiated 
samples, the spectra showed some slight changes for the adaxial side of 
three of them, but we can consider, in general, no significant 

Fig. 5. FTIR spectra, ranging from 3200 to 600 cm− 1, obtained from botanical samples. Black lines in the figure indicate the spectral results of the non-irradiated 
samples, and the blue lines indicate the 10 kGy irradiated samples. (a) and (b) indicate the adaxial and abaxial surfaces of the leaf, respectively. 

Table 3 
General band assignments of the average FTIR spectrum of plants based on the 
literature.  

Wavenumber 
(cm− 1) 

Definition of spectral assignments 

2923–2884 CH2 and CH3, asymmetric stretching: mainly lipids with a little 
contribution from proteins, carbohydrates, and nucleic acids 

2366 CO2 stretch of atmospheric carbon dioxide 
1735–1727 Saturated ester C=O stretch: phospholipids, cholesterol esters, 

hemicellulose, and pectin 
1640–1614 Amide I (protein C=O stretch): protein and pectin, O-H 

bending: sample’s residual water 
1604 C=O aromatic stretching: lignin 
1403 O-H bending: cell wall polysaccharides, alcohols and carboxylic 

acids 
1261–1224 Amide and amines (C=N and N-H stretching): mainly proteins 
1170 Symmetric stretching modes of aliphatic CH2, OH or CO of 

various groups: cell wall polysaccharides 
1145 Cellulose (β-1,4 glucan) 
1050–1020 C-O stretching: cell wall polysaccharides (glucomannan) 

OH and C-OH stretching: cell wall polysaccharides (arabinan, 
cellulose)  
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displacements of functional groups or significant molecular changes 
after irradiation. Thus, the present study demonstrated that gamma ra
diation applied to botanical collections, such as exsiccate for fungicide 
purposes, is safe up to a radiation absorbed dose of 10 kGy without 
significantly modifying, the optical, morphological, and topological 
properties and characteristics. After decontamination of the material by 
the ionizing radiation method, it is important that the treated specimens 
be properly stored to avoid new contamination. Although safe for the 
treatment of cultural heritage collections, adequate care must still be 
taken going forward since the absorbed doses are cumulative, and 
repeated processing may damage organic heritage material. It should 
also be noted that the use of ionizing radiation is not a readily available 
technology easy to access since radiactive installations are complex, 
require specialized technicians, safety and security requirements to be 
attended, likely making this technique unavailable to herbaria in remote 
areas with limited resources. 
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ICOM Committee for Conservation 5th triennial meeting, Zagreb, pp. 1–16 (In 
French).  

Derrick, M.R., Stulik, D., Landry, J.M., 1999. Infrared Spectroscopy in Conservation 
Science. Scientific Tools for Conservation, 248p. Getty Conservation Institute, Los 
Angeles, CA. https://doi.org/10.1017/CBO9781107415324.004.  
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