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The Library and Documentation Center of the Golestan Palace World Heritage Site,
as one of the richest repositories of Iranian manuscripts, houses invaluable works
from the Qajar and Pahlavi periods. The organic materials of these manuscripts,
such as paper, leather, and ink, are highly sensitive to environmental conditions, with
temperature, humidity, light, and pollutants playing a critical role in their preservation.
In this study, as the first comprehensive assessment of the environmental conditions
of the Golestan Palace Manuscript Library, the storage conditions were evaluated
using a preventive conservation approach. Field data on temperature, relative
humidity, light intensity, ultraviolet radiation, dust, and biological contamination
were collected and compared with international standards. The results revealed
that, with lighting sources on and curtains raised, light intensity (up to 700 lux) and
ultraviolet radiation (up to 176 pW/m?) exceeded permissible limits. The average
temperature (26.3°C) and relative humidity (16.3%) with high fluctuations were
outside standard ranges. Additionally, high dust concentrations and various bacterial
and fungal microorganisms were detected in the storage air. The main reasons for dust
and biological pollutants in this storeroom include its proximity to the palace’s green
spaces and its urban location with high traffic and movement. This study emphasizes
the need for implementing preventive conservation strategies, such as establishing
a regular environmental monitoring program, improving infrastructure facilities,
sealing window gaps, modifying site cleaning methods (preventing dust dispersion),
and controlling lighting conditions (both natural and artificial). The findings not only
enhance the preservation of the valuable Golestan Palace collection but also serve as
a model for other manuscript libraries and archives in Iran.
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Introduction

The Golestan Palace Manuscript Library, part of the UNESCO World Heritage Site in Tehran,
Iran, serves as a vital repository of Persian cultural heritage. It houses an invaluable collection of
manuscripts, historical documents, scientific texts, and artistic works, predominantly from the Qajar
and Pahlavi eras. Among its treasures are over 200 nationally registered items, including exquisite
Qurans, fingernail-script manuscripts, and the six-volume illustrated “One Thousand and One
Nights” commissioned by Naser al-Din Shah Qajar between 1269 and 1276 AH (1852—-1859 CE).
This masterpiece stands out for its vibrant calligraphy, illumination, and joyful colors, representing
the pinnacle of late Qajar artistry. Additionally, three globally registered works, Baysonghori
Shahnameh (Inventory No. 716), Khamsa of Nezami (No. 1913), and Jami’al-Tawarikh of Rashid
al-Din (No. 2254), underscore the library’s international significance. These artifacts not only reflect
Iran’s rich history, culture, and artistic legacy but also serve as essential resources for scholarly
research worldwide.

Manuscripts, due to the organic nature of their materials, are highly vulnerable to environmental
factors such as temperature, relative humidity, light intensity, UV radiation, dust, and biological
pollutants (such as fungi and bacteria). Previous studies have demonstrated that unsuitable
environmental conditions can accelerate chemical and physical degradation processes; for instance,
excessive light can cause color fading and paper brittleness, while high humidity facilitates fungal
growth. In manuscript storage facilities, the lack of adequate ventilation systems, insufficient light
control, and the presence of biological contaminants can lead to irreparable damage. These challenges
are particularly pronounced in the historic and landscaped context of the Golestan Palace complex,
located in the bustling heart of Tehran, complicating the preservation of manuscripts even further.

In this regard, a preventive conservation approach, which focuses on preventing potential damage
through the management of environmental conditions and the identification or reduction of risk
factors, can be an effective strategy for safeguarding this invaluable heritage. This requires the
measurement and monitoring of environmental parameters and awareness of their status.

Despite the importance of environmental research for the preservation of museum collections and
historical documents, including the manuscript repository of the Golestan Palace, such investigations
are rarely conducted in the country. This study, adopting a preventive conservation approach, aims to
assess and monitor environmental factors including temperature, relative humidity, light intensity, UV
radiation, and biological pollutants in the Golestan Palace library repository using scientific tools and
methods. The goal of this research is to answer the question: “How do the environmental conditions
of the Golestan Palace manuscript repository compare to the defined standards for institutions such as
museums and archives, and what strategies can be proposed to improve the preservation conditions

and mitigate the threats to these valuable works?”

Discussion
In this study, a comprehensive assessment of environmental parameters was conducted in the
manuscript library of the Golestan Palace. The evaluation focused on key factors including

temperature, relative humidity, light intensity, UV radiation, dust levels, and biological pollutants.
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Field measurements were taken using precise instruments such as data loggers for temperature
and humidity, lux meters for light intensity, and UV sensors for measuring ultraviolet exposure.
Dust was sampled passively with 23 microscopic slides placed at various heights and locations
in the storage and experts’ room for 90 days, analyzed under a polarizing microscope to identify
particle composition, with density estimated using Terry and Chilingar’s visual comparison chart.
Furthermore, biological contamination was assessed via the Omeliansky sedimentation method.
The data were then compared with international standards established by organizations such as the
National Information Standards Organization (NISO), the Canadian Conservation Institute (CCI),
and the Image Permanence Institute (IPI).

The study’s findings reveal significant environmental challenges in the Golestan Palace manuscript
library. Light intensity measurements showed peaks of 700 lux and UV radiation up to 176 pW/
m? when curtains were raised, far exceeding the recommended 50 lux for sensitive materials like
manuscripts. These conditions risk photochemical degradation, causing fading and brittleness in
paper and inks. Temperature averaged 26.3°C, and relative humidity was critically low at 16.3%
(9.7-26.8%), deviating from CCI standards (18-20°C, 45-55% RH). Low humidity increases
paper brittleness and static electricity, attracting dust, while temperature fluctuations cause material
expansion and contraction. The calculated isoperm index (63.5) indicates acceptable but suboptimal
preservation conditions.

High dust levels, comprising plant pollen, urban soot, and paper fragments, were found, particularly
near windows and high-traffic areas. This is attributed to the library’s proximity to green spaces and
urban traffic, with open window gaps and inadequate ventilation filters exacerbating contamination.
Microbial analysis identified fungi (Aspergillus, Penicillium) and bacteria (Staphylococcus, Bacillus)
in the air, with higher concentrations (up to 885 CFU/m?) in high-traffic zones like the experts’ room.

These microorganisms, thriving in dust and fluctuating humidity, pose risks of biodeterioration.

Conclusion

The assessment of environmental parameters in the manuscript library of the UNESCO World
Heritage Site, Golestan Palace, reveals critical insights into the preservation conditions of its
invaluable collections. As a repository of rare manuscripts from the Qajar and Pahlavi periods, the
library’s environmental management is vital for safeguarding these irreplaceable artifacts. The study
demonstrated that several environmental parameters, specifically light intensity, ultraviolet radiation,
temperature, and relative humidity, exceeded the recommended international standards, placing the
manuscripts at considerable risk of degradation.

To address these challenges, a multi-tiered preventive conservation framework is proposed.
Short-term interventions include installing UV filters, keeping curtains lowered, and minimizing
artificial lighting during non-essential hours. Medium-term solutions involve deploying HEPA-
filtered HVAC systems and humidifiers to stabilize environmental conditions. Long-term strategies
encompass infrastructure upgrades like window sealing and enhanced cleaning protocols to reduce
dust and microbial infiltration. Staff training in environmental monitoring and conservation practices

is crucial for sustainable implementation.
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This research not only highlights the urgent need for improved environmental management
practices at the Golestan Palace library but also serves as a model for other manuscript libraries
in Iran and beyond. By addressing the identified challenges and prioritizing the implementation of
these preventive measures, we can enhance the longevity and integrity of these cultural treasures for
future generations to appreciate. The collaborative efforts of conservators, museum professionals,
and relevant authorities will be essential in redefining approaches to the preservation of these delicate

artifacts, ensuring they remain safeguarded against the ravages of time and environmental factors.
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Fig. 2: Floor plan of the new manuscript library after renovation (Golestan Palace Technical Office).
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Fig. 3: General views of the storage area: safes, book scanner, mobile book and document shelves, curtains, and double-glazed
windows.

RS andl g (lig) Al (el )
o 3l ¢ as g S0l psee o idild lagiy e 5 (Aarme y55 i Gtomiw jplateas
uv ,_gl_(by)_, Gl g (lux) u».%.‘ Comd> L;gb..i‘)” Gl WA odlasiwl Delta OHM HD2102 LJ-_\.A Ty
LED LQLQL:UOYL)AL») u)_>r.o )2 odla dyg—0 Lg)s_'a C_aL.o ..\_’.))f Lg)_fbﬂ.)u‘ Z= )0y yd 0‘99)_13.4 >y
u_la.& C_mu u)l_>oo Lg‘)_t o..\_wc\.uos.a Lgl.lbb)]..\ah_w] l_a oJ._oT Cmwsddy Lgl_fbo.)'.) ATV 0‘9 Do u]9_a La SED5




0‘0’ I
/ VO 1 (oafls 555 ccusboy o) e (slayiably syl ihSo g ()Sums |

oo Cogby g lod Aol .Y
Jaoo y S0 51 (Voo yapga Vo L5 (60 V) olo S dgus (Sloj 03l S 50 L Cgby g Lod il jolaiod
. oolawl Testo 174H

SIS 0T (PH) apmw! sline husian ¥

Lo oLl wsogy by g andgs a8 4S (3o Jas dous jl ddged Vo dlusd ezl Glime s sl
I s oyl 3liiss .o ozt BT pH e ¢ gt 32185 oolitwl g LS cgy plado Ol (clopad (ol3)),3
25391 ogre3l L LT e sl (190 48390 (oladiges JBlus (oLl o

(HUEg2yS) Blro ol sloouis¥T il

slopY b Jledpt (g)lodiges gy 5 cire dolr slooaillg55 5 (i (upp g adlllae (ol 5o
ol&e bz ol ool diie e gan (A1 sl laxe jo gy il 3l ooliiw] dis ool | oeSu g e
blis )0 (oS wgySue p¥dde VY jolaio ol (¢l .(Ford & Adams, 1999) uiS o pld ()loj ot jalboas |,
A585le (BL oo 53 (olo ¥) 595 Ao o du 5 s s 553 BgS ele lasyl yo Ll IS LT g 3500 caliseo
4 Copmd liseo Juolsh g olela] )3 5 50 )3 35290 slaliad (SaisSTyy iodigy olsl o Lapd (ol dlas
0358 1y oalS 1A 568 (193 50 Logaass 350 il 533055 45 Lo )T j1 sl 039 93,5 (sl yano § Loyl
o ezl Jgbo 4 ol ¥ (68505 (yloj e dialllan (gl (B Lt 59,5 s 31 )Ll (gl 250
s xpl (5)35 zloel L (Jamea Swift Enga) (il,% 595 L (595 roSawgySe 3l ool L dladiges (gyslaes 5|
S do)d gy sslateds ads (bl LapY (g5) 3 )L 93)S 3 camlo el Voo g o (o3 S5 9 P
cods ] Bl 5 (65 g A5 (g 4o (eSS (glaslio Jlogas s LapY (55) 1o Lk 5 5,5 )
.(Terry & Chilingar, 1955) J.é oolasw!

(B rumnilE)l5,500) (Bs5glgn SS9 (el -0
Omeliansky Sedimentation g by 3l (o 65U 5 lag,B) (wny sla Sogll g5 5 e (olwlits cas
(¥ JSo) (olwliay)s 3Ll g (Lol ¢3500) 3o 3l adais coan yo .(Awad & Mawla, 2012) s eoléswl
) BT 58l 5 (LacsysSh () BT cyip coas e (sl slacub syme V0 gl 5o
e du Lo g5SL (gl ol Sl a0 YA sled jo Lacul .asuis 00ls )8 ce b G i 4 (Lag )8
odid oS slaisly oluss g plowl la SolS iylais La50 40sSS] 59, £ o a0 Lag B (gl g cel VY
A dwlee Omeliansky ol liw! Jgoy8 3ubs (CFU/M?) lgn CaaSoyio jo (SolS

N=5a.10* (bt)" (CFU/M?) Iy xSoo yio 50 bosgySans liai :N

Cody y 0 00,5 wdy cla el olassia

em’ Cowsys ol o 1b

48> sy iologl plol oo ot

(Bergey) (S Joallygisd 3o 52 £)5 (5520155, 51 g BT cetrigs (555 2 00 (3l palls (sl iSL
oz 0 (gylwlan glag,8.(Vos er al, 2011) wuzs 8 41,8 Slulis 3ys0 (olanidon (sbcus SSL

695 PgSae S b ()lis Lo (Siodsdy9e (i sob e 9 (S5 STlsd9e (wll 12 il palls |
.(Barnett & Hunter, 1998) a:z8,8 ;1,8 Slwliis )40

Wodly Julsi . fp

09> 2o pasli a5 9)ls Excel l8lay5 50 saiploul (sla il 4S5l odel cowods slaools



I :"
[ 120 | 97 Byl | £Y JLur | 51| VY5 /

4 5
3
2
O yes
1§
7 6
Sk, G

e J315 slsm Siigdons (So90l sy e )l sl oo ¥ IS

Fig. 4: Locations of petri dish placements for assessing biological contamination in the storage air.
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Table 1: Light intensity and ultraviolet radiation in the document storage area.
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Fig. 5: Graph of temperature and relative humidity measured in the manuscript library storage environment of Golestan Palace
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Table 2: Quality of storage conditions according to the Isoperm model
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Table 3: Acidity assessment of selected documents in the document center
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Table 4: Sampling locations and dust particle density in the storage area and adjacent experts’ room
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Fig. 6: Microscopic image of particles on slides under PPL polarized light, including soil particles, clothing fibers, plant residues,

insects, and paper fragments.

(L pmsilEylg)S00) (Sriglon (s B39 il s .0
aslbols Oy Lrl.>|.) B TR oy las Uy 6‘9’“ 30 Lri")ﬁjf‘" dL-tboAu}” ) )\ J..ob (:""L'"
Lol 8 BU1 3 - cetls 18 Jpd L6 o3gue 13 9 ramly (Sfshsn (52l w5 < (89 ¥ ¥ ¥ (sladsgad)
b5 ;550 4 o 45 0y CFU/M3 VYA 5 AAD 0 (S0l lie (V9 £ ) (sladigas) 33)3y0 (slasdgize s

(Ao ¥ JSb) 39 0L



[1660 | WY byl | £Y Sl | 51| YAo I/

g . Alternaria sp §.Aspergillus sp., Penicillium sp., Cladosporium sp : |l z:J.w s e glag,8
Saubls sles Serratia o Staphylococcus, Bacillus, Micrococcus (gla iz 4 Bdas odis las (sl 5,81

1000
900
800

700
600
500
400
300
200
100 I
2 3 - 5 6 7

gl 537 93,588y Sl 9IS (bl 190 xS 0 3 b gl S 1Y S5

Fig. 7: Number of microorganisms per cubic meter of air based on colonies grown on petri dishes.
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Fig. 8: Fungal colonies grown on Sabouraud dextrose agar.
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