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Abstract 

The area‑specific emission rates of formic acid and acetic acid from heritage objects made of wood and paper were 
quantified for normal indoor room conditions (23 °C, 50% RH) as well as for cooler (10 °C) and drier (20% RH) condi‑
tions. At normal indoor conditions, the emission rate of formic acid and acetic acid together were in the range of 
10 to 300 µg m−2  h−1. The emission rate decreased by a factor of 2–4 from wood and paper when lowering the 
temperature from 23 to 10 °C. The emission rate decreased by more than a factor of 2 when reducing the relative 
humidity (RH) from 50% to 20%. This corresponds well with field measurements in real storage rooms containing 
heritage collections. In addition, 36 volatile organic compounds (VOCs) were identified to be released by four paper 
samples. All the VOCs detected can in general originate from several sources. Therefore, these substances cannot be 
used as unique degradation markers for paper but rather as an indication of emission sources present in the indoor 
environment.
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Introduction
The main part of heritage collections is in storage. In stor-
age buildings, beside the emissions from building inte-
riors and people’s activities, the collections themselves 
can be a source of air pollution. Gibson et al. [1] detected 
toluene, furfural, benzaldehyde, ethylhexanol, nonanal 
and decanal as the most abundant volatile organic com-
pounds (VOCs) emitted from degrading paper, in the 
air of archives, and by direct sampling from between 
the pages of individual books. Risholm-Sundman et  al. 
[2] and Ramalho et  al. [3] pointed to acetic acid as one 
of the most abundant substance off-gassing from wood 

and paper. Acetic acid is formed due to the elimination 
of acetyl groups in hemicellulose and the side chains of 
lignin in wood [4] and has been proposed as a potential 
marker for the decay of paper [5]. Other emission sub-
stances such as vanillin, responsible for the vanilla-like 
smell in paper and possibly formed due to oxidation of 
lignin [6], has likewise been proposed as a potential 
marker for the degradation paper [7].

Acetic acid and to some extent formic acid can acceler-
ate alkali leaching and cause efflorescence on limestone 
and ceramics [8–12] and corrosion on copper alloys, cad-
mium, zinc, magnesium and in particular lead [12–14]. 
Formic acid is also known to accelerate the formation 
of crystalline corrosion products on historic glass sur-
faces [15]. Robinet et  al. [15] measured a concentration 
of 614 µg m−3 acetic acid and 220 µg m−3 formic acid in 
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indoor air in a room previously used to store glass objects 
showing signs of deterioration.

This study quantifies the emission rates of formic acid 
and acetic acid from selected heritage objects made of 
wood and paper under indoor room conditions (23  °C, 
50% RH) as well as for cooler (10  °C) and drier (20% 
RH) conditions. The results are compared to field meas-
urements performed in real storage buildings during 
summer and winter. Furthermore, it determines the com-
position of VOCs released from paper and compares it 
with the emission profiles published in other studies.

Laboratory measurements
Samples
The area-specific emission rates of formic acid and ace-
tic acid were quantified for four naturally aged paper 
samples (samples no. 1–4) together with two naturally 
aged wood samples (samples no. 5–6) and a newly pro-
duced wood packaging (sample no. 7) used to transport 
and store heritage collections in storage buildings. As 
an example of a well-known highly emissive material, 
the acetic acid emission from a cellulose acetate pho-
tographic negative (sample no. 8) was measured as well 
(Table 1).

Method
Experimental set‑up
Formic acid and acetic acid emissions from the four 
paper and three wood samples (sample no. 1–7) were 
measured in an emission test chamber of 48 L volume 
at standard conditions (23 ± 2 °C; 50 ± 5% RH) as well as 
at cooler (10 ± 2  °C; 50 ± 5% RH), and drier (23 ± 2  °C; 
20 ± 5% RH) conditions. A temperature of 23 °C was used 
as reference temperature in the present study. It is given 
as standard atmosphere according to EN 16516 [16] and 
originally dates from ISO 554 [17]. The cooler condi-
tions were set to 10 °C to imitate the climate conditions 

in a storage building with semi-passive climate control. 
To have 20% RH in storage buildings with heritage col-
lections is extreme but possible in unconditioned rooms 
in winter. The RH was set to an unusually low value in 
this experiment to warrant a measurable difference in 
emission rate. The emission of acetic acid from cellulose 
acetate negatives (sample no. 8) was only measured at 
standard conditions (23 ± 2 °C; 50 ± 5% RH). Sample size, 
mass and loading factor (surface area of the sample per 
chamber volume) are given in Table 2. The air exchange 
rate in the chamber was set to 1 h−1.

The concentration in the empty test chamber was 
measured before each test. A sample was then placed in 
the test chamber and conditioned for 24  h before sam-
pling. After sampling the test sample was removed and 
the test chamber heated up for several hours before 
another sampling interval started.

Active air sampling and analysis
Formic acid and acetic acid were trapped on silica gel 
tubes at standard (23 ± 2  °C; 50 ± 5% RH) and cooler 
(10 ± 2  °C; 50 ± 5% RH) conditions. Chamber air was 
sampled at 500 mL min−1 using a calibrated pump. The 

Table 1 Description of the eight samples

a Sample no. 1 is dated based on watermark identification. bThe archaeological wood was treated with PEG from October 2013 to July 2016 and then freeze-dried 
from August 2016 to January 2017

Sample no. Material Description Year

1 Paper Handmade cotton rag paper 1795–1809a

2 Paper Groundwood‑containing newspaper 1914

3 Paper Groundwood‑containing paper 1993

4 Paper Recycled newspaper 2017

5 Wood Freeze‑dried archaeological wood treated with 35–40% poly‑
ethylene glycol (PEG)  2000b

Viking Age (10th century)

6 Wood Hardwood from the handle of a shoemakers tool 19th century

7 Wood New softwood packaging New

8 Cellulose acetate Photographic negative Mid‑20th century

Table 2 Surface area, mass and  loading factor of samples 
1–8

Sample no. Material Surface 
area  (m2)

Mass (g) Loading 
 (m2  m−3)

1 Paper 0.57 30.2 12

2 Paper 0.57 13.2 12

3 Paper 0.57 22.0 12

4 Paper 0.57 11.2 12

5 Wood 0.07 990.9 1.5

6 Wood 0.08 558.8 1.7

7 Wood 0.17 1372.3 3.5

8 Cellulose acetate 0.15 18.2 3.1
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total sampling volume was 75 L. Sampling of formic acid 
and acetic acid at drier (23 ± 2 °C; 20 ± 5% RH) conditions 
was done by passing 75 L of air with a flow rate of 125 L 
 min−1 through a liquid absorber (20 mL of 0.1 M sodium 
hydroxide). The concentration from both sampling 
media was quantified by ion chromatography (IC) analy-
sis (Methrom 881 Compact IC Pro). After elution with 
sodium carbonate solution, the compounds were sepa-
rated on an anion separation column (Metrosep A Supp 
7) coupled with a conductivity detector. The method has 
a limit of quantitation (LOQ) of 5 µg m−3 for formic acid 
and acetic acid, respectively, and was performed accord-
ing to VDI 4301-7 [18]. This method allows a much 
more precise determination of C1-C2 carboxylic acids in 
chamber air and indoor air in comparison to the use of 
Tenax  TA® and subsequent analysis by TD-GC/MS [19].

The area-specific emission rate  SERa (amount (µg) of 
formic acid and acetic acid off-gassing per surface area 
and per hour) was calculated from the measured formic 
acid and acetic acid concentrations:

 where  Ci is the chamber concentration of formic acid 
and acetic acid (µg m−3), n is the air exchange rate  (h−1) 
and L is the loading factor of the material in the chamber 
 (m2 m−3) [20].

Air sampling of VOCs was done with stainless steel 
desorption tubes filled with Tenax  TA® (60/80 mesh). 
Sampling was performed actively by drawing the air 
through the sorbent bed by use of a pump with a flow 
rate of 125  mL  min−1. The sampling volume was 4 L. 
After sampling, the tubes were analysed by a coupled gas 
chromatography (GC)/mass spectrometry (MS)-system 
(Agilent 7890B/5975C) after thermal desorption (Markes 
TD 100). The compounds were separated on a DB-5 MS 
column (60 m × 0.25 mm, 0.25 µm). Qualifying was based 
on PBM library search [21]. Mass spectra and retention 
data were furthermore compared with those of reference 
compounds [22]. All identified substances were quanti-
fied using their own response factors. The areas of uni-
dentified peaks were converted to concentrations using 
the toluene response factor. The linear regression model 
was used for calibration [23]. The described method has 
a LOQ of approximately 1 µg m−3 and was performed in 
accordance with DIN ISO 16000-6 [24].

Field measurements
Storage sites
The concentrations of formic acid and acetic acid were 
measured outside and inside two existing storage build-
ings with heritage collections. Storage I belongs to the 
Royal Library in Denmark (room volume: 600  m3) and 
contains a 15th to 17th century book collection. The 

SERa = Ci ∗ n/L

building is from 2008 and uses mechanical ventilation 
with air filtration. Storage II is part of the shared stor-
age facility at the Centre for Preservation of Cultural 
Heritage in Vejle, Denmark. The building is from 2013 
and contains one room with a paper-based archival 
collection (room volume: 3200  m3) and another with 
museum objects made of mixed materials (room volume: 
4800  m3). Storage II uses semi-passive climate control 
with no heating and periodic dehumidification.

Method
The concentrations of formic acid and acetic acid were 
measured outside in nearby weather stations, and inside 
the two storage buildings in open room air with passive 
diffusion samplers placed in duplicates. Passive diffusion 
samplers have previously been used in museum environ-
ments to measure the concentrations of formic acid and 
acetic acid in air [25, 26]. The samplers collect the air 
pollutant on an adsorbent media placed inside a tube or 
badge. The concentration of air pollution is then deter-
mined from analysis of the mass collected in the sorbent 
media taking the diffusion velocity into account [25, 26]. 
As mentioned by Gibson et al. [1] events as the opening 
and closing of doors when staff enter the storage rooms 
could interfere with the measurements. In the present 
study the monitoring periods were 3  weeks each. Dur-
ing that time the stores were unoccupied except for a few, 
short visits by staff, which only lasted for a minor frac-
tion of the total time. The interference by this was con-
sidered to be negligible. Measurements were conducted 
in February and again in August 2018. From previous 
years, these 2 months were known to represent the cool-
est and warmest periods inside the stores. The samplers 
were supplied and analysed by The Swedish Environmen-
tal Research Institute IVL. The limit of detection (LOD) 
is about 1.5 µg m−3 and the LOQ is 4 µg m−3 for formic 
acid and acetic acid respectively.

The concentration of an indoor generated air pollut-
ant can be perceived as a proxy for the rate at which it is 
emitted to the room. Other factors as the loss of pollut-
ants due to ventilation and deposition onto surfaces will 
also have an impact on the concentration in indoor air. 
The deposition onto interior surfaces is referred to as the 
surface removal rate (expressed as an air exchange rate) 
[27]. Emission tests are conducted in inert test chambers 
with a minimal uptake onto interior surfaces. In con-
trast, pollutant uptake by interior surfaces and collection 
objects in storage rooms might have a significant impact 
on the concentration of indoor air pollution. Especially 
in stores with a low air exchange rate. It can be difficult 
to calculate the exact emission rate due to the unknown 
magnitude between the air exchange rate and surface 
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removal rate. The concentration of indoor air pollution 
still reflects however the level of emission rate.

The temperature and RH were measured using Tiny-
Tag View 2 sensors (Gemini Dataloggers, UK), having an 
accuracy of ± 0.4 °C and ± 3% RH.

Results and discussion
Quantification of formic acid and acetic acid emissions 
under indoor room conditions (emission chamber tests)
The area-specific emission rates of formic acid and acetic 
acid from sample no. 1–7 are shown in Fig. 1 (the exact 
values are also tabulated as Additional file 1). The area-
specific emission rates from the three wood samples 
ranged from archaeological wood with an emission rate 
of 145 µg m−2 h−1 up to newly produced softwood pack-
aging with an emission rate of 303 µg m−2 h−1 at 23  °C 
and 50% RH. The emission rates from the four paper 
samples ranged from 10 to 33  µg  m−2  h−1 at 23  °C and 
50% RH.

The area-specific emission rates of formic acid and 
acetic acid from the three naturally aged wood sam-
ples measured in this study are in line with the results 
from other studies such as Risholm-Sundman et  al. [2]. 
Risholm-Sundman et  al. [2] quantified the area-specific 
emission rate of various VOCs including acetic acid 
from nine wood species used in parquet floor produc-
tion. The wood samples were felled 0.5 to 1.5 year before 
the test. The emission rate spanned from birch emitting 
10 µg m−2  h−1 to oak emitting 2800 µg m−2  h−1.

A few authors have measured the emission rate from 
paper. Ramalho et al. [3] measured a mass-specific emis-
sion rate  SERm (mass emitted per gram material, per 
hour) of acetic acid from paper at indoor conditions after 
accelerated ageing. The mass-specific emission rate was 

887 ng g−1  h−1 from a cotton rag paper and 4820 ng g−1 
 h−1 from a paper made of ground-wood pulp. Smede-
mark and Ryhl-Svendsen [28] measured the mass-spe-
cific emission rates of formic acid and acetic acid from 
four paper samples from the late 19th to the 20th century 
at indoor conditions. The emission rate in their study 
ranged from 45 ng g−1 h−1 from a book printed in 1864 
up to 468 ng g−1 h−1 from a newspaper printed in 1946. 
The mass-specific emission rate from the four paper sam-
ples in our study were up to three times higher but still 
overlapping in range with the values reported by Smede-
mark and Ryhl-Svendsen [28]. The mass-specific emis-
sion rate of formic acid and acetic acid together ranged 
from 262 ng g−1 h−1 from the book printed in 1993 (sam-
ple no. 3) up to 1692  ng  g−1  h−1 from the newspaper 
printed in 2017 (sample no. 4).

Avoiding emissive construction materials and build-
ing interiors is used as an air pollution control strategy 
in order to reduce the concentrations of formic acid and 
acetic acid in storage buildings with heritage collections 
[29, 30 chapter  4]. The high emission rates of corrosive 
formic acid and acetic acid from newly produced soft-
wood packaging quantified in our study could be used 
as an argument for selecting non-emissive transport and 
storage materials for the long-term storage of sensitive 
materials.

Another solution to reduce the concentrations of for-
mic acid and acetic acid in air is to separate materials 
based on the source strength. The area-specific emission 
rate of formic acid and acetic acid together from the cellu-
lose acetate negative (sample no. 8) was 3185 µg m−2 h−1 
at 23  °C and 50% RH. Our measurements thus showed 
that the emission rate from cellulose acetate negatives 
was 10 times larger than the emission rate from the soft-
wood packaging sample (no. 7) and more than 100 times 
larger than the emission from paper (sample no. 1–4). 
Cellulose acetate is therefore often stored in a separate 
area to avoid the deposition of acetic acid off-gassing 
from cellulose acetate onto other materials.

The impact of temperature and RH on the emission 
of formic acid and acetic acid
The emission rate of VOCs depend on temperature and 
an increase in temperature will often lead to an increase 
in the emission rate [31–33]. The area-specific emission 
rates of formic acid and acetic acid from all investigated 
samples (no. 1–7) depend on temperature. The emis-
sion rates from the four paper samples ranged from 
5 to 22  µg  m−2  h−1 and the emission rates from the 
three wood samples from 39 to 108 µg m−2 h−1 at 10 °C 
and 50% RH. The largest emission source remained 
the newly produced softwood packaging. Lowering 
the temperature from 23 to 10  °C thus reduced the 

Fig. 1 Area‑specific emission rates of formic acid and acetic acid 
at 20% RH and constant temperature (23 ± 2 °C) as well as at 10 
and 23 °C with constant RH (50 ± 5% RH). The cross indicates 
measurements that are below the LOQ of 5 µg m−3



Page 5 of 8Smedemark et al. Herit Sci            (2020) 8:58  

emission rates of formic acid and acetic acid by a factor 
of 2–4 from the paper and wood samples. The measure-
ments are in accordance with a study by Smedemark 
and Ryhl-Svendsen [28] showing that lowering the tem-
perature from 22 to 10 °C gave rise to a decrease in the 
emission of formic acid and acetic acid by a factor of 2 
from a book printed in 1864 and up to a factor of 16 for 
a highly emissive newspaper printed in 1946. Gibson 
and Watt [12] also showed that an increase in tempera-
ture from 20 to 45  °C increased the emission of acetic 
acid from wood by a factor of 7 to 11.

The emission rate will also depend on the RH [31, 
32]. Reducing the RH from 50% to 20% reduced the 
emission rate to below 6 µg m−2 h−1 from all samples, 
except the softwood packaging. The emission rate from 
the softwood packaging was 124  µg  m−2  h−1 at 23  °C 
and 20% RH. A decrease in RH from 50% to 20% thus 
lowered the emission of formic acid and acetic acid 
from all samples (no. 1–7) by a factor of 2 or more. A 
study by Gibson and Watt [12] have previously shown 
that increasing the RH from 54% to 100% increases the 
emission of acetic acid from hardwood by a factor of 2 
to 3, while softwood is less affected.

Formic acid and acetic acid concentrations in storage 
buildings
Table 3 shows the concentration of organic acids (sum 
of formic acid and acetic acid) outdoor and inside Stor-
age I and the two rooms in Storage II in winter and 
summer. The concentration outdoor was below the 
LOQ in winter and summer. The concentrations of for-
mic acid and acetic acid were larger inside the storage 
buildings than outdoor. It is assumed that the heritage 
collections as well as paper and wood packaging mate-
rials are themselves internal sources that contribute to 
the concentrations of formic acid and acetic acid inside 
the storage buildings, as the storage rooms contain 

non-emissive construction materials and building inte-
rior such as concrete and metal that would not contrib-
ute significantly to its concentrations.

The  increase in temperature from winter to summer 
within each storage room  is also shown in Table  3. In 
Storage I with mechanical ventilation the concentrations 
of formic acid and acetic acid increased by a factor of 2 
from winter to summer whereas in Storage II with semi-
passive climate control the concentrations increased by 
a factor of 3 in both rooms. Within the same period the 
temperature increased 7 ℃–8 ℃ whereas RH variations 
remained within the uncertainty of the sensor (± 3% RH). 
A study by Krupinska et al. [26] showed a similar trend 
where the concentrations of formic acid and acetic acid 
increased 5–6 times from winter to summer, and Sme-
demark and Ryhl-Svendsen [28] showed an 3–8 times 
increase in the concentrations of formic acid and acetic 
acid with a 7  °C increase in temperature from winter to 
summer within three storage buildings with archival and 
library collections in Denmark. Our study demonstrated 
how the emission rates of formic acid and acetic acid as 
well as its concentration in air inside real storage build-
ings with heritage collections depend on the temperature. 
The emission rate will also depend on other factors such 
as the difference in vapour pressure between the mate-
rial surface and the surrounding air [34]. However, as the 
observed concentration in air never became extremely 
high we regard this of little influence on the emission 
rate. As mentioned above disturbance from people or 
air-handling equipment may also influence concentra-
tion levels, however, due to little operation time within 
these large storage rooms this was estimated to be of lit-
tle impact.

VOC emissions from paper
Table  4 shows 36 VOCs detected as emissions during 
chamber tests from the four paper samples (no. 1–4). 
The recycled newspaper printed in 2017 emitted the larg-
est number of VOCs. Almost all VOCs detected from 
the paper samples was measured in trace concentrations 
which was specified to below 10 µg m−3 in this specific 
experimental setup (shown in italic in Table  4). The 
area-specific emission rate (µg  m−2  h−1) for each com-
pound has additionally been added. Identified substances 
released by the four paper samples detected in chamber 
air correspond with the VOC profile from paper made 
of rag and ground-wood pulp found in previous studies 
[1, 3, 6, 7, 35–39]. Compounds as toluene, ethylhexanol, 
nonanal and decanal were detected as emission sub-
stances from all four samples. Gibson et al. [1] detected 
the same compounds as emission substances from books.

Table 3 Concentration of organic acids (sum of formic acid 
and  acetic acid) in  one storage building with  mechanical 
ventilation (I), two rooms in  another storage building 
with semi-passive climate control (II) and outdoor

The measurements were conducted in winter and summer. In parentheses the 
temperature is given for each occasion (monthly average), except for outdoors

Concentration (µg m−3)

Season Storage I Storage 
II –archival 
collections

Storage 
II –mixed 
materials

Outdoor

Winter 7 (6 °C) 3 (9 °C) 28 (9 °C) < LOQ

Summer 15 (14 °C) 9 (17 °C) 97 (15 °C) < LOQ
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Acetic acid was the most abundant compound detected 
in the emission profile from all paper samples and has 
also previously been detected as an emission substances 
from paper in several studies [3, 5–7, 36–39, 41–43]. 
All the 36 VOCs detected in chamber air can, however, 
arise from several sources present in nearly all indoor 
environments as constructions materials and building 
interior. Acetic acid can, among other things, arise from 
sources as fibreboards, particle boards, medium-density 
fibre boards, wood coatings, adhesives, paints and var-
nishes [44–47]. Emission substances such as acetic acid 

can therefore not be used as a unique marker for the deg-
radation of paper but rather as an indication of emission 
sources present in the indoor environment.

Conclusion
The area-specific emission rates of formic acid and 
acetic acid from wood and paper ranged from 10 to 
300  µg  m−2  h−1 at normal indoor room conditions. A 
decrease in temperature from 23 to 10  °C reduced the 
emission rate 2–4 times from wood and paper whereas 
a decrease in the RH from 50% to 20% reduced the 

Table 4 VOCs detected in chamber air from the four paper samples at 23 °C and 50% RH

The emphasis indicates the presence of the specific compound (italic indicates trace concentrations and bold italic concentrations above 10 µg m−3). The area-specific 
emission rate (µg m−2  h−1) for each compound has additionally been added. In addition, the right column contains references to other studies detecting the same 
VOC off-gassing from paper

Sample no. 1 2 3 4 References

C13 (Tridecane) 0.1 [7, 36, 39]

C14 (Tetradecane) 0.3 [6, 39]

C15 (Pentadecane) 0.3 [7, 36, 39]

C16 (Hexadecane) 0.4 [7, 36, 39]

C17 (Heptadecane) 0.7 [39]

C18 (Octadecane) 0.2 [7, 36, 39]

Benzaldehyde 0.2 0.2 0.2 0.3 [1, 6, 7, 36, 40]

Pentanal 0.7 [6, 37, 41]

n‑Hexanal 3.0 [6, 37–41]

n‑Heptanal 0.3 [6, 7, 36, 39, 40]

Octanal 0.2 0.3 [36]

n‑Nonanal 0.3 0.3 0.3 0.5 [1, 6, 7, 36, 39, 40]

n‑Decanal 0.2 0.2 0. 0.2 [1, 6, 7, 36]

Furfural 0.1 0.1 [1, 3, 6, 7, 41, 42]

2‑ethyl‑1‑hexanol 0.3 0.2 0.2 0.2 [1, 6, 7, 36, 38, 39]

n‑propanol 0.1

1,2‑Propanediol 2.0
n‑Butanol 0.2 [6, 39]

n‑Pentanol 0.5

Toluene 0.1 0.1 0.1 0.1 [1, 6, 7, 36, 37, 39–41]

Phenol 0.1 [6, 7, 36, 39]

Formic acid 5.5 3.1 2.1 1.4 [5, 41, 43]

Acetic acid 11.9 6.7 8.0 31.7 [1, 3, 5–7, 28–43]

Propanoic acid 0.4 0.7 [3, 6, 40]

Butanoic acid 0.2 1.6 [3, 6, 7, 36]

Pentanoic acid 0.3 [3, 6, 7, 35, 36]

Hexanoic acid 0.8 0.2 0.3 0.8 [3, 6, 7, 35, 36]

Acetone 0.3 0.3 0.3 [3, 6, 7, 35–37]

2,6‑Diisopropylnaphthalene 0.1

2,6‑Di(tert‑butyl)‑1,4‑benzoquinone 0.2

Benzothiazole 0.2 0.1 0.2

N,N‑Dibutylformamide 0.1 0.1

Vanillin 0.2 [3, 5–7, 35, 36]

Hexamethylcyclotrisiloxane 0.1
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emission rate by a factor of 2 or more. The decrease in 
the emissions of formic acid and acetic acid from wood 
and paper with a decrease in temperature corresponds 
well with the reduction in concentration of formic acid 
and acetic acid in air from summer to winter in real 
storage rooms with heritage collections.

Furthermore, 36 VOCs were detected as emission 
substances from paper. Analysis of the VOC profiles 
from the four paper samples showed that acetic acid is 
the most abundant compound detected from all paper 
samples. All identified compounds can however, arise 
from multiple sources in the indoor environment mak-
ing it difficult to use them as a unique marker for the 
degradation of paper.

Our study quantified the formic acid and acetic acid 
emission from eight wood and paper samples at nor-
mal indoor room conditions. Based on the results the 
area-specific emission rates from the samples were cal-
culated. The measurements showed that lowering the 
temperature and RH will reduce the emission rates of 
formic acid and acetic acid. The results will be used in 
Part II of this study to model how air pollution control 
strategies such as temperature and the air exchange 
rate will impact on the concentrations of formic acid 
and acetic acid in a model storage room with heritage 
collections [48].
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