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ABSTRACT

In the ever-changing world, cultural heritage, 
especially through documents, plays an important 
role in a civilized developing country. The docu-
ments specially made of paper are organic prod-
ucts and more prone to bacterial formation. From 
most of the heritage archives, it has been informed/
observed that bacteria destroys the important docu-
ments. The conservations of these articles are essen-
tial. From the point of view for good lighting sys-
tem design, one can utilize a photobiological effect 
of light, i.e., UV range of the light source is killing 
bacteria too. Experimentation has been carried out 
on different paper documents with different intensi-
ties of UV contents from light sources. The bacte-
ria content in a sample at the initial stage as well as 
after UV treatments with different intensities have 
been noted, analyzed, and furnished in this paper. 
The process shows a successful result as per ex-
pectation. If this methodology can be implemented 
for the conservation of paper archives, it will give 
a fruitful result for the conservation of our cultural 
heritage, which is very much valuable for the devel-
opment of a society.
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1.  INTRODUCTION

Bio deterioration can be defined as “any unde-
sirable change in the properties of a material caused 
by the vital activities of living organisms” [1, 2], as 
distinguished from changes produced by “chemi-

cal, mechanical, and physical influences”. Biolog-
ical agents that produce deterioration are referred 
to as bio deteriogens, and these range from micro-
organisms like fungi to higher plants. Since organic 
materials, which are most vulnerable to biological 
attack, are used in many traditional artefacts also, 
and since the high heat and humidity in weaken or-
ganic materials and favour the growth as well as the 
reproduction of bio deteriogens, that faces critical 
problems in protecting its cultural collections from 
bio deterioration.

Preservation [3, 4] of historic materials, particu-
larly of organic materials like textile, papers, wood, 
palm leaf, birch leaf etc. is a matter of serious con-
cern and thorough investigation to prolong the use-
ful lifespan of physical items that hold outstanding 
records of the past wisdom. Light, both natural and 
artificial, is one of the environmental factors that 
need to be controlled in achieving this goal for the 
preventive care of such important historic reposito-
ries in national archives, heritage building as well as 
libraries and museums. Nowadays, it is well known 
that microorganisms are responsible for the dete-
rioration of archival artefacts of cultural heritage 
etc. Two main factors responsible for the prolifera-
tion growth of microorganisms on archival objects, 
especially on paper, textiles, wood, palm leaf, birch 
leaf [5, 6] infestation are due to the chemical nature 
of the substratum and the environmental conditions, 
such as the availability of nutrients, favourable 
temperature, humid condition etc. Therefore, it is 
necessary for a lighting engineer to find out ways 
and means for destroying microbes like fungi, al-
gae, bacteria etc., by the application of light. An ef-
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fort has been made using UV radiation, which is 
available in artificial light sources especially mer-
cury vapour type light sources. This paper attempts 
to give a brief idea about how UV radiation destroys 
or controls microbes like fungi, algae, and bacte-
ria with specific kind, intensity, and exposure time.

2.  EXPERIMENTAL STEPS [7, 8]

  Collection of old artefacts like paper from 
Heritage Sites;

  Collection of market available UV lamps with 
different intensities;

  Preparation of Czapack-Dox media for grow-
ing bacteria and fungi;

  Collection of bacteria and fungi infested hand-
made and machine-made form paper and textiles 
materials using swap test method before UV expo-
sure, i.e. initial stage, and identification and count-
ing of the concentration of bacteria in the sample;

  Keeping the old subject in Laminar Flow 
Meter under UV exposure of various intensities for 
a certain time;

  Collection of bacteria and fungi from paper 
and textiles after treating with UV radiation in the 
same manner;

  The final comparison of the bacteria and fungi 
concentration from heritage artefacts before and af-
ter UV treatment.

3.  COLLECTION OF OLD ARTEFACTS 
FROM HERITAGE SITES

At first, two types of paper handmade/machine-
made samples have been collected from heritage 
sites, which are above forty and sixty years old re-
spectively (Fig. 1). These pieces of paper may con-
tain signatures and official records of the circum-
stances surrounding particular moments and events, 
and it could be a heritage capsule of the period.

4.  COLLECTION OF UV LAMPS WITH 
TWO DIFFERENT INTENSITIES

Sun is the natural source of light with a wide 
band of spectrum broadly classified into a Radio 
wave, Microwave, Infrared, Visible, Ultraviolet, 
X-rays, and Gamma rays. In these particular wave 
spectrums, Ultraviolet ray (UV) is electromagnetic 
radiation with the wavelength shorter than that of 
visible light, but longer than x-rays. It is in the range 
between 100 nm to 400 nm (Table 1).

Fig. 1. Collected paper 
samples

Fig. 2. Experimental UV lamp

Table 1. Classification of UV Radiation with 
Ranges

Class of UV Range of UV

UV-A 400 nm – 315 nm
UV-B 315 nm – 280 nm
UV-C 280 nm – 100 nm



Light & Engineering	 Vol. 27, No. 4

19

In this experiment, the measured values of UV 
irradiance of two different lamps (Fig. 2), which 
have been employed to minimize the concentra-
tion of bacteria from old artefacts, are 612 μW/m2 
and 306 μW/m2 respectively.

5.  NECESSARY MINOR/MAJOR 
INSTRUMENTS THAT ARE USED TO 
CARRY OUT EXPERIMENT

5.1.  Laminar Flow Meter

It is incorporating a UV lamp in the laborato-
ry-based equipment used for the germicidal opera-
tion (Fig. 3). Typically, in a laminar flow or biolog-
ical safety cabinet, the UV lamp is activated, while 
the cabinet is not in use, to keep the interior of the 
work zone clean and decontaminated.

5.2.  Autoclave

An autoclave (Fig. 3) is mainly used to sterilize 
surgical equipment, laboratory instruments, phar-
maceutical items, and other materials. It can steril-

ize solids, liquids, hollows, and instruments of vari-
ous shapes and sizes. Autoclaves vary in size, shape, 
and functionality. A very basic autoclave is similar 
to a pressure cooker: uses the power of steam to kill 
bacteria, spores, and germs resistant to boiling wa-
ter and powerful detergents.

5.3.  Incubators

An incubator is a device used to grow and main-
tain microbiological cultures or cell cultures. The 
incubator maintains optimal temperature, humidity, 
and other conditions such as the CO (CO2) and oxy-
gen content of the atmosphere inside. In this experi-
ment, the incubator has been used for the growth of 
collected bacteria from the test sample at the speci-
fied condition.

5.4.  Lamp Parameters

Two different lamps, which have been employed 
to minimize the concentration of bacteria from 
old artefacts, are used for this experiment purpose 
(Table 2).

Fig. 3. Laminor flow meter and autoclave

Table 2. Lamp Parameters

Parameter Low Intensity Lamp High Intensity Lamp

Type T5 Slim Line T5 Slim Linkable
Power consumption, W 4 8
Distance, ft. 2 2
Colour temperature, K 2700 6400
UV irradiance at distance, mW/m2 306 612
Voltage, V (AC) 220–240 220–240
Lifetime, hours 7500 8000
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6.  ADOPTED METHODOLOGY FOR 
REDUCING BACTERIA AND FUNGI 
FROM OLD ARTEFACTS [9, 10]

The stages of the so-called Swap Test were the 
following (Fig. 4):

1)  At first, samples were collected to carry out 
the experiments;

2)  After collecting samples, czapack-dox/Agar 
media was prepared and sterilized by the autoclave 
machine at 121oC for 15 minutes to remove exist-
ing bacteria and fungi within the plate before us-
age and now pour this agar media in a Petri dish, 
where bacteria and fungi were grown in favourable 
circumstances;

3)  Bacteria and fungi were swapped from the 
samples and these swapping fungi and bacteria were 
kept into the agar plate in the incubator to main-
tain continuous controlled atmospheric temperature 
(28oC) for the duration of 5–6 days;

4)  After 5–6 days bacteria and fungi grew up 
in the Petri dishes or agar plates, and the number of 
colonies grown in the agar media was counted;

5)  Then these samples were treated under UV 
radiation in the laminar flow meter for three hours 

and four hours respectively, and the samples were 
kept at 2 ft. distance from the UV source;

6)  After UV treatment it is swapped and kept 
into another new agar plate again in the incubator 
to maintain continuously at the same atmospheric 
temperature (28oC) for 5–6 days;

7)  At last, after 5–6 days bacteria and fungi 
grew up in a new Petri dish, and the number of 
colonies was counted again. Thus, the number of 
colonies after the UV treatment was compared with 
the number of colonies before the UV treatment. It 
was counted whether the colonies had been reduced 
or not after the UV treatment.

7.  ANALYSIS OF THE EXPERIMENTAL 
RESULTS (SWAP TEST) [11, 12]

The experimental results of the sample A (60 
years old papers) are shown in Table 3, Table 4. The 
experimental results of the sample B (40 years old 
papers) are shown in Table 5, Table 6.

Several attempts have been made to destroy the 
bacteria in the affected sample through the non-de-
structive method, i.e. without destroying the subject 
artefacts. Lighting engineers’ effort has been made 

Fig. 4. Swap Test procedure according to order
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Table 4. Original and Microscopic View of Bacteria with the Number of Colony after  
UV Treatment for the Sample A

Petri dish 1

Observation 
time, hours

Irradiance 
of lamps  
μW/m2

Dose,
mJ/cm2 
[1, 2]

Number of colony 
(bacteria) sample A 
after UV treatment

Visual observation of 
bacteria

Microscopic view 
of bacteria

3

612 1.836 4

306 0.918 5

Petri dish 2

6

612 3.672 17

306 1.836 29

Table 3. Original and Microscopic View of Bacteria with the Number of Colony before  
UV Treatment for the Sample A

Number of colony 
(bacteria) before UV 

treatment
Original view of bacteria Microscopic view of bacteria

Petri dish 1: 10

Petri dish 2: 60
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Table 5. Original and Microscopic View of Bacteria with Number of Colony before  
UV Treatment for the Sample B

Number of colony (bacteria) before UV 
treatment Visual observation of bacteria Microscopic view of bacteria

Petri dish 3: 5

Petri dish 4: 15

Table 6. Original and Microscopic View of Bacteria with Number of Colony after  
UV Treatment for the Sample B

Petri dish 3

Observation 
time, hours

Irradiance 
of lamps, 
μW/m2

Dose, mJ/
cm2 [1, 2]

Number of colony 
(bacteria) sample B 
after UV treatment

Visual observation 
of bacteria

Microscopic view 
of bacteria

3

612 1.836 2

306 0.918 3

Petri dish 4

6

612 3.672 4

306 1.836 7
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to apply proper light sources. The UV content of the 
lamp has successfully reduced the number of bacte-
rial colonies in the affected subject, without affect-
ing the subject.

The comparison of the number of bacterial 
colonies before and after UV treatment is shown 
in Table 7. It has been observed for these studies that 
as the intensity and duration increases, the effective-
ness of reduction for bacteria’s colony increases.

8.  CONCLUSION

The experimental work dealt with a photobiolog-
ical effect of light, i.e., killing of bacteria through 
the application of UV ray. In this experimentation, 
a UV-B lamp has been used with varied intensity 
and duration. As per earlier studies/report, UV–C is 
very much dangerous to use, UV-A is less effective, 
and UV-B is mostly used for germicidal applications 
in microbiological laboratories. The results show 
that the destruction of bacteria response properly as 
per the stated dosing. Lighting engineers’ effort has 

been made to offer an overall good solution for con-
servation as well as suitable lighting [12] for proper 
documental archives with a lighting solution i.e. 
through UV, not using any sort of chemical, which 
usually damages the archives. However, experimen-
tation has been carried out at the reasonably low in-
tensity of light considering ambient lighting and UV 
level in museum hall. Occasionally at the certain in-
terval, the archives may be taken for treatment with 
high intensities, that is through the laminar flow me-
ter or equivalent devices, which is not easily possi-
ble to keep in a museum.

9.  ACKNOWLEDGEMENT

The authors are thankful to Dr. Joydeep Mukher-
jee, Associate Professor and then Director and 
Dr. Subarna Bhattacharya, Assistant Professor, 
School of Environment Studies at Jadavpur Univer-
sity for allowing to use their laboratory facility and 
their kind  cooperation while carrying out the exper-
iment for this work.

Table 7. Analysis of Bacterial Colonies
S

am
pl

e

Pe
tr

i d
is

h 
N

o.

In
iti

al
 n

um
be

r o
f b

ac
te

ri
al

 
co

lo
ni

es

In
te

ns
ity

 o
f U

V 
la

m
p

D
ur

at
io

n,
 h

ou
rs

D
os

e
(m

J/
cm

2 )
 [

1,
 2

]

Fi
na

l n
um

be
r o

f b
ac

te
ri

al
co

lo
ni

es

R
ed

uc
tio

n 
(%

)

O
bs

er
va

tio
ns

A 1 10 612 3 1.836 4 60.00 Colonies reduction is only 
10 % while duration remains 
the same and intensity is 
doubled

A 1 10 306 3 0.918 5 50.00

A 2 60 612 6 3.672 17 71.66
By increasing the duration of 
time with higher dose, fur-
ther 11.66 % improvement

A 2 60 306 6 1.836 29 51.66 Not much effective with low-
er intensity

B 3 5 612 3 1.836 2 60.00 Colonies reduction is only 
20 % while duration remains 
the same and intensity is 
doubled in case of lower ini-
tial concentration

B 3 5 306 3 0.918 3 40.00

B 4 15 612 6 3.672 4 73.33
By increasing the duration 
of time with higher intensity, 
further 10 % improvement

B 4 15 306 6 1.836 7 53.33 Not much effective with low-
er intensity
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