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Abstract

Orpiment (haritala), a golden-yellow mineral, has been widely known and used across cultures in art, cosmetics, metal-
lurgy, alchemy, and medicine. Here, we discuss a detailed understanding of its therapeutic and toxic properties developed
through observation and experimentation, evolving independently across regions. In India, references from the Mahabharata
to Ayurvedic and Siddha texts describe its role in medicine and in metallurgical processes that made base metals glitter
like gold-hence, all that glitters may indeed be orpiment. Comparable applications appear in Chinese alchemical, artistic,
architectural, and medical traditions, while in Europe, their use remained mainly artistic, alchemical, and metallurgical. Its
application in Buddhist murals and illuminated manuscripts represents early developments in material science. The paper
presents the geographical distribution, textual references, and cultural significance of orpiment in India, China, and Europe.
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1 Introduction

Among the vast array of minerals utilized by ancient civi-
lizations, orpiment (haritala; As,S5), known for its striking
golden-yellow color, possesses unique physical and chemi-
cal properties. This mineral has a complex history as both a
valuable and a toxic substance (van Loon et al., 2017; Liu
et al., 2008). This dual nature, that of being attractive and
hazardous, has influenced its historical use in various fields.
Over the centuries, it has been used by artisans, physicians,
and alchemists, often in related contexts (Robinson, 1999)
across various civilizations. Solid pieces of haritala were
recovered during excavations from Harappa, proving its
long-standing use in human civilization (Vats, 1940, p. 468).
Geologically, orpiment forms in hot underground veins, near
thermal springs, and in volcanic areas, often together with
realgar, another arsenic mineral. It usually occurs as layers
or grains, but well-formed crystals are rare. It also occurs
with other arsenic sulfides such as pararealgar, duranusite,

P< V. Ramanathan
vraman.chy@iitbhu.ac.in

I IKS@ITBHU: Centre of Excellence in Indian Knowledge
Systems, Indian Institute of Technology (BHU), Varanasi,
Uttar Pradesh 221005, India

Department of Chemistry, Indian Institute of Technology
(BHU), Varanasi, Uttar Pradesh 221005, India

alacranite, dimorphite, and uzonite (Eastaugh et al., 2004)
and often occurs near minerals such as cinnabar and stibnite
in arsenic-rich zones (Bancroft et al., 1991). Major occur-
rences have been documented in volcanic regions such as
Vesuvius, the Phlegraean Fields near Naples, and the Aeo-
lian Islands (Stromeyer, 1824; Eastaugh et al., 2004). The
literature indicates a large-scale deposit formed in Europe
(Romania, Hungary, Germany, France, Greece, Switzerland,
Czech Republic, and Macedonia), in Asia (Turkey, Iran,
China, and Japan), in North America (US), in South Amer-
ica (Peru) and also in Southeast Asia (Indonesia) (Fig. 2)
(Mindat, 2025). Because of its widespread availability, orpi-
ment has been used in many cultures for artistic, medicinal,
and spiritual purposes. Numerous published studies have
examined many aspects of orpiment in a historical context.
The literature review showed its therapeutic role in Indian
traditional medical systems (Wadnerwar et al., 2019; Parekh
et al., 2020; Jani et al., 2022). Similarly, a published review
indicated the role of orpiment in ancient Chinese medicine
(Liu et al., 2008), traced the history of arsenic in healthcare
(Paul et al., 2023), and investigated the use of arsenic-based
pigments in historical artwork (Gliozzo and Burgio, 2022).

While these studies are valuable in their own right, most
focus on specific regional uses or practices. A cross-cultural
comprehensive survey which looks at the use of orpiment's
role across the separate yet related fields of art, alchemy, and
medicine in the ancient world of India, China, and Europe,
has hitherto not been carried out, which is attempted in this
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Fig. 1 Global distribution of significant orpiment deposits

work. It begins by examining the mineral's use in the Indian
context, followed by the Chinese and European contexts.
Orpiment's use in paints, pigments, cosmetics, and metal-
lurgy across these geographies and cultures is presented.
Paradoxically, its importance in the context of medicine,
despite being a toxic element, is presented with special
attention to the common methods of its preparation involv-
ing the removal of its toxicity across different civilizations.
Particularly, its use in Ayurveda and Siddha traditional medi-
cine systems is presented with significant details. Drawing
on a wide body of published literature and historical sources,
this study offers a consolidated and original perspective on
orpiment's cross-cultural significance in ancient science.

2 Orpiment in India
2.1 Orpiment as a coloring agent

Haritala played a central role in ancient India's visual and
material culture. The earliest mention of Aaritala in an
Indian epic occurs in the Mahabharata' where it is listed
among the minerals adorning Mount Gandhamadana. This
epic testifies to the advanced knowledge of natural sub-
stances and their classification, which included minerals
such as cinnabar, red arsenic, and other brightly coloured
compounds (Dutt, 2008). When early Buddhist monks began
beautifying their monasteries, they looked to this golden

' Vana Parva, 158/92-96.
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yellow mineral. As mentioned in the Vinaya Cullavagga
(first century BCE), Buddha himself allowed his followers to
use the yellow haritala to decorate the walls of their dwell-
ings (Granoff, 2020). This use indicates the prominence of
orpiment as a pigment and a culturally accepted medium for
sacred expression (Fig. 1).

In texts such as the Visnudharmottara puraina2 (fifth cen-
tury CE), haritala is mentioned as one of the main colours
used in sacred painting (Shah, 1958). In addition, medieval
palm leaf manuscripts also indicate their use for both col-
ouring and text correction (Nardi, 2007). The literature evi-
dence suggests that ancient artists were familiar with two
traditional types of orpiment, dagdi and vargi. These were
often finely ground "to the consistency of wheat flour" and
then mixed with gum arabic to make paint (Chandra, 1949).
Similarly, Silparatna,** (sixteenth century CE) also mentions
the sodhana process (refining of the mineral) (Sastri, 1910).
This involved grinding the mineral on a stone, repeatedly
washing it in pure water, and filtering it until the impurities
were completely removed. The resulting paste was sun-dried
before use (Sastri, 1910; Nardi, 2007). This elaborate pro-
cess highlights the great importance placed on the purity
and stability of the pigment. The text also notes that com-
bining yellow orpiment with deep green (syama) yields a

% Third Khanda, 40/25-26.
3 Silparatna (1.46.41-46) pirvabhagah citralaksanam.
4 Ibid (1.46.139).
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Fig. 2 Haritala in murals of Buddhist monasteries. Image courtesy: Noor Jahan (social media page)

color resembling a parrot's wing (Sastri, 1910). In the Man
asollasa,>®" (twelfth century CE), haritala is put forward
as one of the four primary colours, along with white (from
lime), red (which had three varieties of it), and black (from
lampblack). The addition of conch-shell lime to orpiment
creates a saffron-colored pigment, while a green color is
produced by mixing orpiment with indigo (Nardi, 2007).
In his collected recipes, Muni Punyavijayaji presents an in-
depth study of colour theory in ancient India. He described
mixtures that create complex colours:

Orpiment and indigo make mango leaf green; zinc
white, orpiment and indigo make elephant grey. Also,
out of zinc white, red lead and orpiment came the same
shade. From indigo, lampblack, red lead and orpiment
comes the colour of peori. Wheat colour is achieved
with orpiment, red lead and chalk. Similarly, orpi-
ment and zinc white were used for the body colour of
a woman (Chandra, 1949).

These formulations reflect an understanding of the per-
ception of colors in classical Indian art. In addition, many
regional methods show a greater variety of orpiment. The tra-
ditional painters from Puri of Odisha paint haritala on black
granite and use a technique called haritala phutaiba (burst-
ing of orpiment), which involves painting palm leaves vigor-
ously to create texture (Mohanty, 1980). In Assam, haritala

5 Manasollasa (111.1.157).
¢ Tbid (I11.1.160).
7 Tbid (I11.1.162).

was used in wall paintings in the 15th-century Cihna-yatra, a
poetic visionary account attributed to the Vaishnava saint Sri
Sankardeva. Ancient artists are known to have used varying
proportions of a mixture of vermilion and Aaritala to achieve
brown color and vermilion, haritala, and indigo to achieve
black color (Neog, 1965; Dutta, 2019; Ali et al., 2023). In the
dynamic Kathakali theatre of Kerala, artists prepared green
colour from a base of haritala powder mixed with coconut oil
and a little indigo. In addition, they also added damar resin,
which gave the mixture a special "shine" and which in turn
gave the classic look that is a quintessential representation of
this classical art form (Pandey, 1943). Apart from its visual
value, haritala played an important role in the preservation
of manuscripts. Pinda haritala was used as a vibrant coloring
agent in paints and played a vital role in rendering robust-
ness to the locally produced papers. Dutt and Sen (1989, p.
41) found that oiled paper was resistant to insect damage,
which may have contributed to the survival of many medieval
scripts. Although the presence of arsenic in orpiment poses
health hazards and limits its use in some cases, its value lies in
its visual appeal, regional adaptability, and preservative prop-
erties. Its many roles in art, literature, and science exemplify
the deep knowledge of color in pre-modern India.

2.2 Orpiment in cosmetic practices

The role of haritala in ancient beauty practices is interest-
ingly found in Kalidasa's Kumarasambhava.® Per the text,

8 Kumarasambhava (7/23-24).
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when Parvati visited Hara (Shiva), her mother applied wet
haritala and manahsila (realgar) on her forehead, including
ivory leaf ornaments to enhance Parvati 's beauty. The text
mentions that haritala was used as a cosmetic to bring about
a very radiant appearance (Devadhar, 1984). Such literary
evidence presents a lively picture of how orpiment featured
in ancient India's everyday and ceremonial beauty rituals.
This practice parallels Tibetan culture, where haritala was
prepared with cattle bile, which was traditionally used to
mark the tilaka on the forehead (Dagyab, 1995). These cross-
cultural examples showed the broader ritual symbolism and
aesthetic value associated with Aaritala in Himalayan and
Indic traditions. Beyond adornment, orpiment also played
a role in body care, as documented in Ananga Ranga. One
formulation for hair removal prescribes to combine calcined
conch shell with banana or plantain tree juice and a small
quantity of orpiment. Having kept for seven days this formu-
lation was applied for hair removal. In another preparation,
orpiment and the palasa ksara (wood ash of Butea mono-
sperma (Lam.) Taub.) were ground with plantain tree juice
to permanently prevent hair regrowth (Kalyanamalla, 1885).

2.3 Orpiment in metallurgical practices

Early texts, such as Rasarnava, report orpiment's use in
the transformation of base metals (Ray, 1985). Metallur-
gists crafted intricate mixtures of silver, copper, lead, zinc,
and mercury. Orpiment was then used to impart a yellow
hue to these compacted alloys, aiming to produce a gold-
like resemblance (Ray, 1909). While these techniques may
seem obscure at first glance, these texts reveal a methodo-
logical approach to metal processing based on a logical
and systematic understanding of material transformation.
Rasarnavakalpa’ (eleventh century CE) gives a very system-
atic description of the processes involving the base metals,
and their contemporary translation has characterized them as
transmutation into gold, which must be best understood as
gold-like metal. The method adopted was to heat mercury,
sulphur and Aaritala mixtures in a closed vessel. The objec-
tive of doing this was to bring metals like copper or silver
to a state where they acquire the colour and shine like gold.
One technique involves preparing a silver amalgam where
the mercury is ground with sulfur and orpiment, followed
by rubbing this mixture with bija (pure gold or pure silver)
and so on, resulting in silver attaining a golden hue (Roy &
Subbarayappa, 1976).

In another method, copper was heated with a mixture of
visodaka'® (poisonous water), sulfur, orpiment, and goat's

% Rasarnavakalpa, Gandhaka-Kalpa 357-358.
19 1bid, Visodaka Kalpa 744,745.
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urine. This process resulted in a change in colour and texture
of copper, possibly due to surface chemical reaction. Simi-
larly, mercury was processed with haritala and lemon juice
in another method. Later, it was heated with betel leaves.
If the mixture obtained by this method is applied to copper
leaves or lead through the Putapaka (heat treatment) tech-
nique, those metals will glitter like gold. Rasarnavakalpa
places significant emphasis on the systematic purification of
haritala (Roy & Subbarayappa, 1976). The text details pre-
cise methods, including washing it in rice water, pressing it
with a special type of rice, and soaking it in earthen pots.
It's generally understood that the goal of these purification
methods was either to detoxify the harmful substances or to
remove impurities. However, there is very little modern, sys-
tematic evidence that chemically explains how those ancient
transformations actually worked. Beyond this, such processes
may have been useful in increasing the chemical reactivity of
orpiment. Small pellets were made by mixing pure haritala'!
with mercury. These pellets were heated and then consumed
as medicine to gain strength, radiance, and longevity. While
their therapeutic activity and mechanism are yet to be under-
stood in contemporary reductionist standards, this indicates
a sophisticated approach to the combined medicinal use of
mercury and haritala in ancient times. Another purification
step involves washing haritala'? with neem wood, cowshed
soil, and water. In a special process, a mixture of mercury and
orpiment was buried in a paddy heap for a month. The pur-
pose of this technique was to make mercury ‘agnisaha’ (which
may be interpreted as 'thermally stable").!® Further complex
processes are also described. One such method involved ini-
tially roasting haritala over a fire fuelled by cow and buffalo
dung. Subsequently, it was thoroughly rubbed with curd and
milk in an iron vessel, then transferred to an earthen vessel
for further processing with the same substances. The result-
ing paste was mixed with paficagavya (a mixture of milk,
curd, ghee, urine, and dung) and heated until its distinct odor
faded. Again, it was mixed with lemon juice and mercury
and got solidified. Then, after steaming for three days, the
modified mercury was applied to copper to make it glitter like
gold.'* Thus, Rasarnavakalpa incorporates two perspectives:
the chemical role of haritala in transmutation and its possible
medicinal and spiritual effects in the human body (Roy &
Subbarayappa, 1976).

Similarly, a detailed description of the systematic pro-
cesses for purifying haritala and its various uses is also men-
tioned in the Suvarnatantra (Shukla, 2013; Ray, 1909). The
text states that pure haritala should be rubbed with a special

W' Talaka Kalpa 377,378.
12 Tbid, 387,388.
13 Ibid, 399,400.
14 Tbid, 401-406.
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oil for twenty days continuously to remove its impurities.
When this process is completed, the molten Aaritala is said to
be capable of acting on and changing the physical form and
properties of eight different metals. Later in the text, it is also
mentioned that when haritala is mixed with tamra (copper)
metal with the aid of a specially treated oil, copper is said to
assume an extremely lustrous glitter. Experiments indicate
that other metals such as tamra, loha (iron), kamsya (bronze),
and rajata (silver) can also be made to glitter (Ray, 1909).
Rasahrdayatantra®® (tenth century CE) describes a similar
process by which tamra is made to shine like silver (Bose
et al., 1971). Dhatumaiijart describes another method in
which parada (mercury), molten gandhaka (sulfur), and
haritala are treated to make them volatile, allowing base
metals to get the golden glitter (Bose et al., 1971). Rasajala-
nidhi'® describes various methods of metal transformation
using haritala. In the simplest method, haritala is mixed
with rudanti juice (Capparis moonii Wight) and treated
with tamra, which is said to make copper shine like gold.
In another method, a silver-copper alloy is taken, consisting
of sixteen parts silver and twelve parts copper. This sheet is
coated with a mixture of haritala,'” maksika (copper pyrite),
hingula (cinnabar), manahsila, and parada. These ingredi-
ents are mechanically ground for three days in the juice of
kakamacr (Solanum nigrum Linn.). The coated metal is then
baked at controlled heat, and the resultant formulation has a
glitter of gold (Mookerjee, 1938). In a more complex method,
haritala'® is mixed with an equivalent amount of manahsila
and ground in the juice of devadali (Luffa echinata Roxb.) on
the first day and in the juice of sivalingi (Bryonia laciniosa
Linn.) on the following day. Sisaka (lead), trapu (tin), and
parada are taken separately in equal quantities (five pala) and
powdered. This powder is mixed with ghrta (ghee) and added
to the haritala—manahsila mixture. The entire compound is
mixed with ghrta again and again and subjected to puta (cal-
cination) sixty times. The text mentions that at the end of this
process, trapu can shine like rajata (Mookerjee, 1938).
Haritala is mentioned in historical texts as an important
chemical and geographical indicator. In particular, Kau-
tilya's Arthasastra"® (fourth century BCE) lists it among the
natural indicators that help identify gold-rich areas. The text
describes that concentrated, heavy liquids or deposits seep-
ing from cavities, holes, or pits of gold-bearing mountains
usually have a haritala-like colour. These colour character-
istics are accompanied by the presence of other substances
such as haridra (turmeric), madhu (honey), and sindiira.
This suggests that orpiment was recognized not only as a

Rasahrdayatantra 18/66.
Rasajalanidhi Il haritalena vedhanakriya.l
17 Tbid,2.
1% Tbid,3.
19 Arthasastra, 2.12.2

mineral of visual interest but also as a marker for geological
exploration (Sastry, 2014).

Arthasastra describes the use of haritala as both a pigment
and an agent for cleaning gold and silver. According to a pro-
cess described in this text, "when after coating a piece of cloth
with the powder of one of the following (viz.) yellow orpiment,
red arsenic or vermilion, or with powder of kuruvinda (stone),
they rub the article with it, that is rubbing off. By that articles of
gold and silver lose in weight and yet no part of these (articles)
gets bruised" (Kangle, 1972, p. 121). In addition, the mention
of taxation on haritala highlights its significance as an eco-
nomic good and in trade. A description related to blindness is
also mentioned in Arthasastra, in which a mixture of haritala,
manahsila, gunija seeds (Abrus precatorius Linn.), putikararija
leaves (Pongamia pinnata Linn.), and red cotton (Bombax
ceiba Linn.) stems, juice of Asphota (Clitoria ternatea Linn.),
Kdca (Senna occidentalis Linn.), and cow dung is heated, pro-
ducing smoke that causes blindness (Kangle, 1972, p. 495).
Furthermore, when orpiment and realgar are mixed with the oils
of sakun and kangu (Callicarpa macrophylla Vahl.) and heated,
a kind of darkness is produced (Kangle, 1972, p. 500). These
findings underscore the complexity of natural substances' use
and interaction in ancient science and technology. Hence, the
numerous references to haritala in Arthasastra shed light on
its versatile uses and underline its central role in ancient India's
trade, chemistry, and economy.

2.4 Ayurvedic medical traditions

As a mineral that changed identities in many literary and
cultural landscapes, orpiment received various names based
on its perceived forms and properties. In the fifteenth cen-
tury classical work Rajanighantu, it is referred to by names
such as haritala, tala, ala, mala, sailiisabhiisana, pifijaka,
romaharana, talaka, and pita. Besides, orpiment was given
many poetic names like tala manoiijiia, pitaka, pinga,
karicanaka, harivija, pita, citranga, vamsapatraka, and
gaurilalita (Tripathi, 1982). The multiplicity of names attests
to the cultural importance of orpiment and its extensive role in
medicine and metallurgy. This is not just a linguistic gimmick,
but there is evidence of its use in a variety of contexts. Its role
in medicine and metallurgy further strengthens its identity.
In later rasasastra classics, which include Rasarnava (tenth
century CE) (Ray, 1985), Rasaratnasamuccaya (thirteenth
century CE) (Shankar, 2019), Rasendrasara samgraha (six-
teenth century CE) (Prasad, 2019), Ayurvedaprakasa (six-
teenth century CE) (Madhava, 1913), and others, haritala
was categorized as an uparasa varga (Secondary minerals).
But works like Sarrigadhara Sarhita (fourteenth century CE)
(Tripathi, 2017) and Yogaratnakara (eighteenth century CE)
(Sharma, 1907) placed it under upadhatu, which suggests its
role in metallurgy. In the Bhavaprakdsa Nighantu (sixteenth
century CE) (Dhatvadivarga), orpiment is described in two
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primary forms: patra haritala (sheet-like) and pinda haritala
(mass form). According to the texts, patra haritala is consid-
ered superior. It is golden, heavy, smooth, and found in thin
layers that resemble mica. Additionally, it is presented as a
rasayana (rejuvenative), whereas the pinda haritala is con-
sidered of inferior quality, with a bitter and astringent taste. It
is mentioned to have a negative effect on female reproductive
health (Pandey, 2002).

In both ancient China and India, medical systems
emphasized the sensory perception of substances, particu-
larly taste, as a crucial parameter in medicinal classifica-
tion. Orpiment has been consistently described as having
a pungent taste (katu rasa). In the Shennong Bencao Jing,
a foundational text of Chinese Materia medica, Cihuang
(orpiment) is recorded as having a pungent (xin) taste. This
classification contributed to its placement in specific thera-
peutic categories (Hsu, 2001). A similar understanding of
the taste of this mineral is also revealed in Indian texts.
Texts such as Rasaratnasamuccaya, Ayurvedaprakasa, and
Rasaprakasasudhakara (eighteenth century CE) identify
haritala as having a bitter taste (a pungent taste) (Shankar,
2019; Madhava, 1913; Yashodhar, 1940).

In the Caraka-samhita (second century BCE), which is
one of the foundation texts in Ayurveda, haritala is classi-
fied under 'parthiva dravya' (earthy substances).?’ The text
mentions many therapeutic uses for various health issues. For
instance, it is used externally in the treatment of kustha (skin
and nerve diseases),”!?? and is incorporated into fumigation
preparations such as dhiimapana for Sirovirechana, a type of
nasal therapy which is part of the aprajitadi sirovirecchika
dhiima.*® The text also documents its inclusion in medi-
cated oils like kanakaksirt tailam for dermatological disor-
ders®* and in afijanartha varti for mental disorders such as
unmada.”® Further uses are described in the management of
arsa (haemorrhoids) through topical applications (lepd),* in
dhumavarthi (fumigation wicks) for respiratory issues such
as hikka and $vasa,”’ and in pitaka ciirna®® for kantha and
mukha roga (oral diseases). This wide range presents us with
a systematic and versatile understanding of orpiment's thera-
peutic potential (Shastri, 2013).

The Susruta samhita (sixth century BCE) classified
haritala as a dhdatuja visa, providing detailed descriptions

20 Caraka samhita, Sitrasthana, 1/71.

21 Ibid, 3/5.

22 Ibid, 3/12.

2 Ibid, 5/26.

24 Caraka samhita, cikitsasthana, 7/114.
% Ibid, 9/66-67.

26 Tbid, 14/56.

27 1bid, 17/77.

28 1bid, 26/196.
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of its medicinal and surgical applications. It is recommended
for wound cleansing (vrana sodhana) through preparations
like samsodhant vartt and Sodhanan kalkan®> and for vrana
$odhana cikitsa (wound management).>® It also finds use
in savarnakarana lepa for restoring skin tone post-heal-
ing,3! and in lomasatana lepa (hair removal).>> Susruta's
surgical uses also include those of many other conditions:
arsa as a lepd33; kustha as kusthahart lepd34; Svitra (viti-
ligo) as $vitrahari lepa> upadamsa (genital lesions) as
upadamsahara ciirna.>® Additional uses include treatment
of arunsikha (inflammatory scalp lesions)*’ and ahipiitana
cikitsa>® (snake bite treatment). The text also notes the
inherent toxicity of haritala, which it places in the group
of dhdtuja visa®” at the same time, its controlled applica-
tion in cases like litadamsa cikitsa* (spider bites treatment)
(Shastri, 2010).

Another prominent foundational text of Ayurveda,
namely Astanga Hrdaya (sixth century CE), reports greater
detail of orpiment's medical uses. The text documents its use
as an ingredient in ftksna dhiimpana®' (intense fumigation)
therapy, and kaphaja kasa-roga** (phlegm-based cough dis-
orders). Additionally, it is part of kasisadi taila® used in arsa
cikitsa. In addition, it is included in dadru-nasaka cirpa*
and kustha-nasaka lepa® for different skin disorders. Orpi-
ment also features in nasal treatments such as ghrana varti*®
for pityarakta cikitsa (nasal infections), and for wound-
related conditions like dusta-vrana and nadi-vrana®’ (sinus
tracts). Other important formulations include upadamsa
cﬁrna—lepd48 for genital ulcers and vrscika damsa-nasaka®
(scorpion sting antidote) (Tripathi, 2014).

2 Susruta-samhita, sitrasthana, 37/15.

30 1bid, cikitsasthana, 1/60.
31 Ibid, 1/97.

32 Ibid, 1/105.

33 Ibid, 6/12.

3% Tbid, 9/10.

35 Ibid, 9/27.

36 Ibid, 19/ 40,46.

37 Tbid, 20/28.

3% Ibid, 20/59.

3 Ibid, kalpasthana, 2/5.

40 Ibid, 8/112.
41

Astangahrdaya, siitrasthana, 21/18.
2 1bid, cikitsasthana, 3/68.

3 Ibid, 8/15.

4 1bid, 19/67.

4 Tbid, 19/70.

46 Ybid, uttarasthana, 20/24.

47 Tbid, 30/22-24.

8 Ibid, 34/4.

4 Ibid, 37/40.
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Haritala has played an important role in traditional Indian
medicine. In rasasastra it is classified in the uparasa varga
(secondary minerals), although it finds little mention in the
early layers of classical Ayurvedic texts. Ancient literature
in these systems consistently warns against the use of crude
haritala, as it can produce severe toxic effects. These adverse
effects are detailed in canonical texts such as Rasarnava,
Rasaratna-samuccaya, and Rasaratnakara. These include
damage to the nervous system, urinary diseases (prameha),
burning sensations (daha), and muscular contractions
(lingasankoca and angasankoca) (Shankar, 2019; Madhava,
1913; Yashodhar, 1940; Ray, 1909). The descriptions in these
texts reflect traditional practitioners’ practical and empirical
understanding of arsenic poisoning, which is in close agree-
ment with findings presented in modern toxicology today
(Nurchi et al., 2020). Elaborate methods of detoxification
have been codified in classical Ayurvedic texts to mitigate

these risks. These include Rasarnava (Ray, 1985), Rasarat-
nasamuccaya (Shankar, 2019), Rasaratnakara (Shaligram,
2018), Sarngadhara-Samhita Madhyama-Khanda (Tripathi,
2017), Rasamarijart (15th Century CE) (Shalinath, 1962),
Rasendrasarasangraha (16th Century CE) (Prasad, 2019),
Ayurvedaprakasa (Madhava, 1913), Yogaratnakara (18th Cen-
tury CE) (Sharma, 1907), Rasaprakasasudhakara (18th Cen-
tury CE) (Yasodhar, 1940), Rasatarangini (19th Century CE)
(Sharma, 1978), Rasajalanidhi (20th Century CE) (Mookerjee,
1984), Rasendrapurana (20th Century CE) (Prasad, 2019a),
Rasayanasara (twentieth century CE) (Vaishya, 2023) also dis-
cuss these processes in detail (Table 1). The most comprehen-
sive description of the Sodhana (purification) process is men-
tioned in Rasarpava. In this, high-quality haritala is selected.
It is then pulverized and immersed in a dolayantra in mediums
such as bottle gourd juice, lime water, or sesame alkali. In more
intensive processes, haritala was steamed in kiismanda svarasa

Table 1 Systematic analysis of
Sodhana methods of haritala in

Method

Ingredients used for purification

classical rasasastra texts Svedana®

Kusmanda svarasa
Svedana®
Svedana®
Svedana®
Svedana®
Svedana®
Svedana®
Svedana®
Svedana®
Svedana®
Svedana®
Svedana®

Ciirnodaka (lime water), Kusmanda svarasa, Tila-ksara-jala (alkaline water)

Kusmanda svarasa, Ksarodaka (alkaline liquid), Ciirnodaka

Cirnodaka, Kusmanda svarasa, Tila taila (Sesamum indicum Linn. oil)

Lime mixed Kariji, Kusmanda svarasa, Tila taila, Triphala kvatha

Kapiji (sour gruel), Kusmanda svarasa, Tila taila, Triphala kvatha

Kapniji, Kusmanda svarasa, Godugdha (cow's milk), Vafa (Ficus benghalensis latex)
Tankana, Jambiri svarasa, Kanjt, Salmali svarasa (Salmalia malabarica (DC.) Schott & End)
Tarkana, Jambiri svarasa (Citrus limon (L.) Burm.t.), Kanji

Kanjt, Kusmanda svarasa, Tila taila, Triphala, Ciurnodaka

Nimbii svarasa (lemon juice)

Kusmanda svarasa, Ciirnodaka, Triphala kvatha (decoction of Indian gooseberry, chebulic

myrobalan, and belleric myrobalan)

Svedana®  Tila-ksara-jala
Svedana®
Bhavana®

Bhavand®  Cirnodaka

Salmalimiila kvatha (S. malabarica root decoction)
Salmalimila kvatha

2Rasarnaval7/74
*Rasaratnasamuccaya/3/69

dRasaprakasasudhakaral/6/5

®Rasendrasarasangraha Pirvakhanda/172

Ibid, 176
A dyurveda Prakdasal5/9,10
?Rasendrapurana/8/18-19
*Ibid, 8/20

A Anandakanda Kriyakaranavisrantih/1/52,53

“Ibid, 1/57,58

A Rasatarangini/11/16
Ibid, 11/19-20
bid, 11/21-22
“Tbid, 11/23

1bid, 11/24

Ibid, 11/25
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(Benincasa hispida (Thunb.) Cogn juice) for 100 cycles to
eliminate its toxicity (Ray, 1909; Ray, 1985). Rasarnava also
provides mineral classification. It includes two types called
patala tala (sheet-like) and pinda tala (mass-like). It mentions
that patala tala variety was preferred for medicinal use. This
classification was based on empirical and observational cri-
teria. For more advanced applications, sattvapatana (essence
extraction) is reported in the text as a process wherein haritala
is mixed with tila (Sesamum indicum Linn.), sarsapa (Brassica
Jjuncea (L.) Czern.), sigru (Moringa oleifera Lam.), laksa (Lac-
cifer lacca Kerr.), guda (jaggery), and farkana (borax). This
mixture is placed in a crucible and subjected to heating within
a bhudhara yantra to extract its essence (Ray, 1985). It follows
that even substances considered most dangerous in nature can
be transformed into powerful medicine through proper under-
standing and sophisticated processing.

2.5 Siddha medical traditions

In Tamil Siddha medical literature, orpiment is known by a
wide range of names, including aritaram, talakam, pitaki,
alampi, pificanam, kalputti, pon varni, caram, mancal varni,
latcumi, maltevi, manmanai, malpakam, pitalakam, celkanni,
mukakkatci, aricatti, catti, malkanti, and kotantam®® (Thiya-
garajan, 1981, p. 242). These diverse names reflect not just a
central role of the mineral but also reveal the complexity of the
cultural and medicinal contexts of orpiment within the Siddha
Materia medica. Aritaram is presented in a riddle in the vaittiya
kallatam’! (Iramattaevar, 1937, p. 3) and vaittiya cintamani
700 (Iramattaevar, 1951, p. 133), which contains the phrase
"maldevi", meaning "the goddess of mal" (mal being a Tamil
word for Visnu), which is a charade for aritaram. Solving this
riddle involves a semantic transformation. "mal" is considered
equivalent to "ari" (the Sanskrit name for Vishnu, Hari), and
"tevi" (goddess) corresponds to "taram" (wife); all these put
together form the term "aritaram", which in the Tamil Siddha
tradition is the term for orpiment (Sambasivam Pillai, 1931,
p. 2641; Kedzia-Warrick, 2023). In the great Siddha compen-
dium, aritaram™ is classified in the group of pasanam (mineral
poisons) (Bogar, 1975, pp. 102-103, 203), where orpiment is
divided into 32 natural and 32 synthetic types (Thiyagarajan,
1981, pp. 10-11); talakam is listed in both categories.

The Siddha texts classify orpiment into various forms
based on morphology and visual characteristics. These
include flaky (civanta aritaram), granular (karattaritaram),
and lamellar (takattaritaram), as well as the highly prized
king's yellow (pon aritaram).>* It was used for medicinal

59" Gunapadam Thathu Jeeva Vaguppu.

U Vaittiva Kallatam.

52 Bogar 7000.

33 Agathiyar Perunool Vaiththiya Kaaviyam.
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and cosmetic applications such as hair removal (Agathiyar,
1897, p. 86; Municchirettarkal, 1926, pp. 331-332; Cetti-
yar, 1927, p. 147; Madhavan, 2003, p. 10). In addition, a
synthetic variety known as vaippu aritaram has also been
documented. It was usually prepared through controlled pre-
cipitation techniques (Bogar, 1975, p. 156).

Before medicinal use, ta@lakam had to undergo purifica-
tion processes called cutti. These processes were neces-
sary to detoxify the mineral. Similarly, the cutti process is
also part of the preparation of Siddha formulations, such as
talakam parpam, vellai talakam parpam, centiram, cunnam,
kattu, and patankam (Serfoji, 1922, p. 116; Sahib, 1975, p.
82-114). In terms of medicinal value, the literature indicates
that within the orpiment group, pinta talakam™ has less
medicinal potential than pattira talakam.

The therapeutic use of orpiment in Siddha medicine is
attested in ancient sources, including early Tamil Sangam
literature. As early as the third-seventh century BCE, the
poet Itaikkali Nattu Nalliir Nattattanar referred to talakam as
a remedy for nalircuram , a condition marked by fever and
cold symptoms.>® This clearly underlines the long-standing
presence of mineral-based treatments in traditional Siddha
medicine. Haritala is also mentioned in the Tirumantiram
in the context of vasiyam experiments (Thirumoolar, 1942,
p. 120), indicating its esoteric and tantric uses.

Orpiment in both Ayurveda and Siddha medical traditions
is considered to be inherently toxic, but after the process
of purification, it is deemed medicinally safe and useful.
Both traditions use a repeated grinding and incineration
process to ensure the raw mineral is converted into medi-
cine. Although the objective is the same in both systems,
there are differences in implementation and terminology.
Siddha and Ayurveda texts have both mentioned four types
of haritala; however, most Rasasastra treatises commonly
describe only two types (patra and pinda haritala). The
purification methods are considered similar in both systems.
Various Siddha formulations include cirnam, parpam, kattu,
kalanku, kulikai, centiram, mattirai, meluku, kulampu,
karuppu, venney and mai. Orpiment is used for respiratory,
digestive, and skin disorders, tuberculosis, cancer, fever,
cough, hair removal, hiccups, fainting, and wound healing in
both the traditional systems of medicine. This is a testimony
to the fact that, in both these traditional medicine systems of
India, calcination of orpiment was explored as a drug with
wide medicinal possibilities after proper purification.

34 Bogar. (1975). Bogar 7000. Third Part. Ed. P. Gangadhara Thevar.
Palani: Thandayuthapani Devasthanam Publications.

55 See Thiyagarajan (1981: 248-249) for the reference to Itaikkali
Nattu Nallir Nattattanar on talakam as a remedy for Nalirsuram.
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3 Chinese contexts

During the Han Dynasty, when China was expanding its
territory and developing philosophical systems, orpiment
emerged as an important mineral which was called cihudng
in Chinese. This mineral not only became a popular pigment
in painting, but was also used prominently in scientific, med-
ical, artistic, and spiritual works (Schafer, 1955). This sec-
tion presents an analysis of the various uses of orpiment in
Chinese history. Orpiment occurs naturally near hot springs
globally, and major mines have also been located in China
(Zhang et al., 1993). By the nineteenth century, China had
become a major exporter of orpiment to Western markets,
where it was known as “Chinese yellow” (Harley, 1982).
Its high value and resemblance to gold are reflected in a
well-known Chinese proverb: “Four taels of orpiment yield
a thousand taels of gold” (Y1, 1988).

3.1 Alchemical texts

In the second century BCE, scholars of the Han Dynasty
proposed a classificatory system for natural elements that
included a unique gender-based identity for a pair of arsenic
sulfides. The identity of Orpiment as "Female Yellow" was
adopted, referencing its bright golden color, while Realgar
was named the "Male Yellow" due to its orange-red appear-
ance (Acker, 1954; Schafer, 1956). These minerals, which
were often formed together in nature, fit well within China's
framework of complementary forces. As Joseph Needham
reports in his extensive work on the subject, gender classifi-
cation was more commonly applied to plants than to miner-
als, which made the case of these arsenic sulfides stand out
(Needham, 1974, p. 156). Also, by the early sixth century,
the importance of orpiment was raised by the scholar T'ao
Hung-ching, who described it as gold's "essence" or sperm
(Schafer, 1955).

Chinese alchemists were particularly interested in the
physical properties of orpiment and developed special tests
to determine its quality. The lamellar structure of this min-
eral, i.e. its ease of division into thin layers, was analyzed
in particular (Schafer, 1955). A notable fifth-century com-
mentary states that "a mass of four taels may break into a
thousand pieces", reflecting the keen observational abilities
of scholars of the time and their fundamental understanding
of orpiment's crystalline structure. As this knowledge devel-
oped over time, practical tests for assessing orpiment were
devised by the Ming dynasty. These tests enriched labora-
tory methods and strengthened the scientific approach to the
internal structure of minerals. In his classic Materia Medica,
a simple but effective "streak test" was mentioned by L7
Shizhen, when the mineral was rubbed against the finger-
nail, a shiny golden mark would be left behind (Schafer,
1955). This experiment not only formed the link between the

laboratory and medicine but also became a powerful means
of connecting the academic knowledge acquired by scholars
with practical experiments. In the T'ang dynasty, orpiment
took on special symbolic names that also played a key role
in alchemy. At that time, the mineral was known as "Blood
of the Divine Woman", "Mid-month Moon at the Mystic
Platform", "Blood of the Yellow Dragon," and "Yellow
Security" (Schafer, 1955). These names, though symbolic,
were not just decorative language. Deeply held beliefs about
orpiment's ability to change forms and its sacred importance
were expressed through them.

The mineral also became part of common expressions.
Speakers with impressive skills were described as having
"orpiment in the mouth," possibly due to its bright color
or medicinal effects. The symbolic use of orpiment is also
found in alchemical poetry:

Behold, mother, when she has sons, she becomes a
furnace and a vessel. At the time when the spirit of
the sun and the essence of the moon are in a state of
mutual influence, when one part sinks and the other
part floats, the pearl will naturally fly. This black pearl
will fly straight to the peak of Kun Lun (Maxwell-
Stuart, 2008).

Through cosmological concepts, Chinese scholars
explained the simultaneous presence of minerals such as
orpiment and realgar in mines. Scholars believed that the
"female" orpiment formed in areas with weaker solar (yang)
energy, especially on slopes that lay in the shadow of moun-
tains. Li Shizhen explained this natural pattern by suggesting
that while both slopes received the male principle, it was
more potent on the sunny side, leading to predominance of
realgar there (Reed and Pak, 1938).

3.2 Alchemical practices

T'ao Hung-ching reported that, "If gold-sperm is fumigated,
it gives birth to Female Yellow". This statement reflects the
metaphorical depth of orpiment in Chinese alchemical phi-
losophy. Li Shi-Chen later documented many applications
of orpiment. Its use was described in gold-making, soften-
ing metals, drying mercury, transmuting sulfur, and neu-
tralizing calomel. While he provided no detailed procedural
descriptions, the central role of orpiment in both material
experimentation and symbolic transmutation was suggested
by the range of functions he attributed to it (Schafer, 1955;
Needham, 1974, p. 254). In his comparative studies, Joseph
Needham observed intriguing parallels between Chinese and
Roman alchemical traditions. For instance, Pliny's report
of Emperor Caligula's large-scale processing of orpiment
for gold extraction is similar to Chinese alchemical pro-
cedures (Needham, 1974, p. 255). In both cultures, silver
was known to acquire a golden appearance when coated
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with orpiment and exposed to gentle heat. However, this
process did not result in the actual conversion of metals.
Instead, a thin sulfide film formed on the surface, creating
the visual illusion of gold. Today, this phenomenon is scien-
tifically understood as thin-film interference, a surface effect
rather than a true metallurgical transformation (Needham,
1974, p. 255; Thornton, 2000). Additionally, alchemists of
the Han dynasty experimented with arsenic-copper alloys,
leading to the observation of a golden sheen. These alloys,
likely applied in both practical and symbolic contexts, were
regarded as promising materials for achieving artificial
transmutation. The Pao Tsang Lun (c. 918 CE) described
such procedures in more detail. When orpiment was heated
under low-oxygen conditions, transformations such as sil-
ver into gold (tien yin chhéng chin) and copper into silver
(tien thung chhéng yin) were allegedly achieved. This pro-
cess, termed projection, has been interpreted by Needham
as referring to surface-level changes, including sulfide film
formation and the creation of silvery arsenical copper, rather
than actual changes in elemental composition (Needham,
1974, pp. 256, 277). In both Chinese and Roman contexts,
orpiment was perceived as more than just a material; it
was also perceived as a conceptual bridge between illusion
and transformation. Whether used to simulate the lustrous
appearance of gold or as part of mystical processes claiming
to achieve real transmutation, orpiment played a key role in
the experimental traditions of early science.

3.3 Artistic and architectural uses

Important orpiment deposits were distributed across ancient
China, including regions that correspond today to south-
eastern Gansu (formerly Wu-tu, Ch'ou-ch'ih, Chieh, and
Ch'eng), northwestern Suzhou, Tz'u-li in Hunan, Menghua
and Dali in Yunnan, Yeh-lang in Guizhou, Tzu in Shandong,
and Hsin in Sichuan (Read & Pak, 1938). The mineral was
embedded into various regional practices through this geo-
graphical spread while maintaining a shared symbolic and
practical identity throughout the empire. While direct evi-
dence of prehistoric orpiment use in China is lacking, textual
records offer compelling clues. One account tells of a man
whose house was painted using arsenic sulfide, a practice
believed to have given rise to the term "Yellow Hall." This
anecdote may also indicate early mining activity in the Tz'u-
li region (Schafer, 1955). By the fifth and sixth centuries CE,
artists began to select specific sources for pigments.

Tao Hung-Ching preferred orpiment imported from
Champa and the Trans-Ganges region, confirming the exist-
ence of early long-distance trade networks for art materials.
Subsequently, the famous Tun-Huang cave paintings were
discovered by Sir Aurel Stein, confirming the artistic use
of mineral pigments, especially orpiment, in this period
(Waley, 1931). During the Song Dynasty (960-1279 CE),
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Chinese painters developed a deeper understanding of chro-
maticity, which led to warnings about combining colours. In
particular, it was recommended to avoid mixing orpiment
with lead-based colours, because chemical interactions had
been identified that were later confirmed by modern sci-
ence. Most contemporary orpiment pigment came mainly
from Talifu in Yunnan province (Waley, 1931), which shows
the persistence of certain mining traditions through different
dynasties.

The orpiment's bright colour caught the eye of civiliza-
tions that did not include China. In ancient Egypt, this yel-
low pigment played a crucial role in sacred contexts. Its
presence has been identified on the decorated sarcophagi of
kings from the Eighteenth and Nineteenth Dynasties (Blom-
Boer, 1994), where it played a role in the royal image. It
has also been noted on the walls of Thutmose IV's tomb,
which dates back to approximately 1400 BCE. Reports of
its use have been found going as far back as the Twelfth
Dynasty (Edwards et al., 2004). The presence of orpiment in
Egyptian and Chinese tombs has demonstrated a connection
between different cultures, where separate discoveries and
uses of this remarkable mineral were made. In each culture,
orpiment was placed into its own cosmological and practi-
cal systems, but underlying this was an interest in its golden
brilliance and transformative potential, which was shared
across geographical and temporal boundaries.

3.4 Medical applications and cultural beliefs

The dual character of orpiment, which is beautiful yet toxic,
made it of great interest to Chinese medical practitioners.
As early as the second century CE, the Shen-nung Pen-ts'ao
Ching reported that orpiment was to be used for the treat-
ment of ulcerations and, surprisingly, for baldness. Like
its close relative realgar, orpiment was administered as an
antidote to poisons, including venomous bites and harmful
substances. This paradox, where a toxic compound is used
to neutralize other toxins, reflects a foundational principle
in early pharmacological logic (Schafer, 1955). It was pro-
posed by Taoist researchers that orpiment should be used to
"lightening the body" and prevent aging, which they viewed
as connected to physical healing and spiritual transforma-
tion. Lei Hsiao set odd requirements for his pharmaceutical
preparations in the fifth century. It was said that the mineral
would become "black and deleterious" if contact was made
with it by women, children, dogs, fornicators, cursed peo-
ple, effeminate men, convicts, or unclean persons (Schafer,
1955). Medical applications of orpiment grew through time.
In the fourth century, "female pills," which included orpi-
ment, azurite, alum, and magnetite, which represented the
cardinal colours, were prescribed by Ko Hung to go along
with "male pills" for winter chills.
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T'ao Hung-ching later documented its application in the
treatment of nasal polyps, while Han Pao-sheng in the Shu
pen-ts'ao (tenth century) prescribed it for spleen disorders,
conditions linked at the time with the Earth element and
the yellow color. By the time Li Shih-chen compiled his
encyclopedic Pen-ts'ao kang-mu, orpiment had acquired
numerous indications: epilepsy, abdominal pain, fevers,
coughing, and blood disorders (Schafer, 1955). Beyond its
general medicinal use, orpiment was believed to have aph-
rodisiac effects. Chinese pharmacological texts mention its
role in treating impotence. The Tai-p'ing Hui Min Ho Chih
Chu Fang (Standard Formularies of the Government Great
Peace People's Welfare Pharmacies) included orpiment in a
preparation known as Ssu Shen Tan ("Elixir of Four Magi-
cal Ingredients"), alongside realgar, cinnabar, and sulfur
(Needham, 1974, p. 285). According to the Chéng Lei Pén
Ts'ao, these ingredients were said to suppress appetite (pao
chung pu chi), lighten the body (chhing shen), and prolong
life (tséng nien).

Needham also highlights the complex and often contra-
dictory beliefs surrounding orpiment's toxicity. For instance,
it was believed that gold found in locations where venomous
snakes had shed their fangs or secreted venom was inher-
ently poisonous. Such narratives placed natural gold within
the same toxicological category as orpiment and realgar,
especially in unrefined form. The Pen Ching even claimed
that yellow gold was toxic, without distinguishing between
refined and unrefined forms. In folk medicine, gold poison-
ing was considered analogous to snake venom poisoning and
was thought to be curable through treatments derived from
snakes themselves. These beliefs suggest a symbolic and
material association between orpiment and reptilian toxins,
where pharmacology and mythology coexisted (Needham,
1974, p. 62). In Chinese history, orpiment is not merely a
pigment or poison; it is the journey of a substance across
medicine, alchemy, spirituality, and culture.

4 European contexts

The term “Orpiment” comes from Latin auripigmentum,
or “gold pigment”. It is found in the writings of Roman
authors Pliny (77 CE) and Vitruvius (first century BCE).
They stated that the mineral was derived from the region
of Pontus in northern Anatolia (Eastaugh et al., 2004;
Merrifield, 1849). The Greek writer Theophrastus (c. 315
BCE) called it arsenikon, the source of the modern Eng-
lish word “arsenic” (Eastaugh et al., 2004). The pigment
has been known by different names in different geographic
regions and historical periods. Spanish sources call it jalde
and oropimente (Merrifield, 1849). In the fifteenth-century
French manuscript Clarke MS 2790, the names Arzicon or
Arsicon were recorded. It was believed by Merrifield that

these names were a distorted version of arsenikon. However,
she also clarified that they must not be confused with the
pigment arzica, which is remarkably different (Merrifield,
1849). By the eighteenth century, the pigment was popu-
larized as “King’s Yellow” (Dossie, 1764; Massoul, 1797).
Weber (1923) classified it in the twentieth century under
names such as Koenigsgelb, Jaune royal, and “Arsenic yel-
low”. In the same context, “trisulfide of arsenic” was intro-
duced as an alternative name by Terry (1893). He mentioned
that its source was Hungary and the Harz Mountains, while
Persia was known for the best quality “golden orpiment”. In
Arabic alchemical texts, orpiment and the related pigment
realgar are referred to as “the two kings” or “king pigments,”
reflecting their chemical and artistic prestige (Crosland,
1962; Harley, 1982). Today, synthetic versions are known
by such names as Gelbe Arsenblende and Arsenic sulfuré
Jjaune (Fitzhugh, 1979).

The artistic importance of this pigment has historically
been considered prominent. Its aesthetic qualities were high-
lighted by Roberts (1809), who called it “the most beautiful
color we have” (Harley, 1982). The health effects of min-
erals and the pigments made from them were well known
throughout European history (Eastaugh et al., 2004). In the
famous European painting treatise // Libro dell’Arte, a warn-
ing was issued that the ingestion of such pigments could
cause harm to one’s health. This simply meant that artists
had to be cautious when using these substances. Orpiment
chemically reacted with other pigments based on lead and
copper (Weber, 1923; Fitzhugh, 1979). Nevertheless, it was
used for some special purposes. One such example was
heraldic designs in Europe, where it could be used alone
and was less likely to cause reactions (Harley, 1982).

The use of orpiment was not confined to painting. It
was also used in textile dyeing due to its sulfur content.
In the nineteenth century, a new technique emerged in the
form of “pencil blue”. In traditional practices, orpiment
was employed to dissolve indigo for dyeing purposes (Ure,
1840; Cardon, 2007; Lowengard, 2006). However, the
development of dyeing techniques was hindered by practi-
cal difficulties. For example, Nicholson’s 1856 Bookbind-
ing Manual describes how indigo was boiled in sulfuric and
hydrochloric acids to dye book borders blue (Nicholson,
1856). Today, sodium hydrosulfite is used in the chemical
dyeing of indigo (Bektas et al., 2016). It is possible that
some of the earlier experiments with orpiment and indigo
are examples of such early chemical methods. However, the
method of directly dipping the borders of printed books into
an indigo vat is not considered practical. No evidence is
available that it was historically used. This makes it clear
that both aesthetic and technical aspects had to be balanced
in the use of substances such as orpiment.

Orpiment was the subject of one of the earliest alchemical
experiments, first mentioned by Pliny (Forbes, 1965; Healy,
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2004). The mineral, which was mined in Syria for painters,
had a gold-like lustre on its surface but was glassy in texture,
like selenite (Healy, 2004). Its golden sheen attracted the
emperor Gaius Caligula, driven by his immense greed for
gold. He ordered an elaborate experiment on the mineral,
subjecting large quantities of orpiment to roasting or melt-
ing. Although the experiment produced some actual gold
of high quality, the quantity was disappointingly small.
Despite the relatively low price of orpiment—only four
denarii per pound—the emperor suffered financial loss in
the experiment, an endeavour fuelled solely by his greed
(Forbes, 1965). Historical evidence indicates that following
this failed attempt, neither Caligula nor his contemporaries
repeated the experiment. The small amount of gold obtained,
along with the unsuccessful outcome, discouraged further
investigation into its alchemical potential.

Additionally, it is possible that the sample provided to the
emperor had been deliberately mixed with gold, which may
have heightened his expectations regarding the experiment
(Forbes, 1965; Healy, 2004). While natural mineral deposits
were the initial source of orpiment and realgar, synthetic
production methods gradually emerged. At the start of the
Early Renaissance, Cennini reported that he was unaware
of natural deposits of orpiment, suggesting that synthetic
versions may have been more prevalent in his experience
(Cennini, 1954; Cennini, 1960; Eastaugh et al., 2004). By
the eighteenth century, distinctions between natural and arti-
ficial varieties of these pigments became clearer. Authors
like Dossie (1764) and de Massoul (1797) provided detailed
instructions for what they termed “pure orpiment,” a process
that involved mixing sulfur and arsenic through sublimation
(Eastaugh et al., 2004).

Regarding historical manufacturing methods, Wallert
(1984) described two general approaches: the “dry process,”
which entailed heating the ingredients, and the “wet pro-
cess,” which involved chemical precipitation. It was noted
that synthetic versions of these pigments often included
arsenolite, a substance used as a base material for making
orpiment. According to Harley (1982), synthetic orpiment
was likely used more widely than its natural counterpart.
Historically, the use of orpiment as a pigment dates back to
the Middle and New Kingdom of Egypt (16th to eleventh
centuries BCE), where it adorned wood-paneled coffins and
stelae and even served cosmetic purposes (Colinart, 2001).
Its brilliant color made it highly valuable for illuminating
medieval manuscripts, including its famous presence in the
Book of Kells (Mehan, 1994). Through the Renaissance,
as artistic techniques evolved, orpiment continued to play
a significant role in various applications. Derbyshire and
Withnall (1999) report its use in Elizabethan miniatures,
while Fitzhugh (1979) comprehensively analyzes its exten-
sive presence in both Western and Eastern art up until the
late nineteenth century. The issues with orpiment extended
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beyond health concerns. Roman authors, and later Cennino
Cennini in the early fifteenth century, reported its poor suit-
ability for fresco painting, noting that it turned black upon
exposure to air.

Additionally, its chemical instability affected its usabil-
ity in certain artistic contexts (Cennini, 1954; Cennini,
1960). Orpiment had a range of applications beyond art.
It was used to protect manuscripts from insects and found
use in post-excavation treatment of Egyptian papyri (Olsson
et al., 2001). Historical cultures reused materials, sometimes
using their toxic parts to help preserve items. The history
of orpiment shows that these pigments were important in
art and science across different cultures. People valued
these pigments for their bright colors but also feared their
toxicity. Artists recognized their beauty but sought ways
to reduce health risks. These pigments were significant in
various times and places, from ancient Egyptian tombs to
Renaissance paintings and Chinese art, influencing modern
names in science and art. Today, synthetic alternatives have
largely replaced these toxic minerals in art, but their histori-
cal significance remains considerable. The story of arsenic
pigments shows the balance between beauty and health
concerns. Today, people continue to seek safer options that
still look appealing, underscoring the enduring connec-
tion between health and beauty in art materials throughout
history.

5 Summary

This study presents the use and understanding of orpiment
in Indian, Chinese, and European civilizations in a simple
yet analytical manner. In India, references to it were men-
tioned in religious texts, such as the Mahabharata, and
later found applications in medicine, cosmetics, paint-
ings, and metallurgy. The category of Uparasa varga was
used to classify it, and it was utilized as a medicinal sub-
stance. It is colourful and attractive on the one hand, and
toxic and harmful to health on the other. The Indian and
Chinese contexts describe it as a toxic mineral but also
suggest it for medicinal uses. In terms of its use in paint-
ing, all three civilizations adopted it as a major yellow
pigment, but also recognized that it is chemically incom-
patible with lead and copper-based pigments. Through
experimentation, this technical knowledge was acquired.
It was tried out by painters in their own cultural contexts,
and similar conclusions were arrived at. These differences
also appear in terms of symbolism and nomenclature.
Poetic names like "yellow dragon’s blood" were given to
it in China, and in Europe, it was referred to by practical
names such as “King’s Yellow.” These differences are not
just semantics; they also reflect the aesthetic and cultural
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values of the society in question. Orpiment was used in
the metallurgical and alchemical processes of metal trans-
mutation in India and China.

In China, it became associated with the theory of “yin-
yang” and was known as “Female Yellow.” It was also
considered the essence of gold. Similarly, techniques for
refining and manufacturing orpiment evolved spontane-
ously. In India and China, detailed refining processes and
standards have been described. The European tradition
approached it differently by dividing it into various cat-
egories of chemistry. However, in Europe, it was never
used as a medicine. It was found to be used only in paint-
ings, textile dyeing, and the preservation of manuscripts.
These differences depend on what the society’s techni-
cal requirements were, and what other resources were
available.

Although, from the medieval to the modern periods, it
was considered a beautiful but dangerous pigment in the
European context. Since the time of the Roman emperor
Caligula, it was known as ‘gold paint’ or auripigmentum
in Europe. In all these instances, a common mental ten-
dency is being demonstrated, which is called “analogical
reasoning” in cognitive science. This means that objects
that look similar are assumed to have similar proper-
ties. The study showed that all three cultures recognized
the dual nature and appealed to the golden color of this
mineral in almost identical ways. This similarity is seen
because the physical and chemical nature of orpiment
remains the same for every human experience. Arsenic-
induced poisoning causes effects that are observed to
be almost identical for all. This can be called “material
universals”. It is also important to understand that simi-
larities did not just come from the transfer of knowledge
from one another, but also evolved independently. Both
goods and knowledge moved from one culture to another
along trade routes such as the Silk Road. For example, the
fact that orpiment was known in Europe as ‘Chinese Yel-
low’ shows that some knowledge came from China. Yet,
many similarities also arose because when people work
with the same natural substance, they arrive at similar
conclusions.

The chemical and physical limitations of orpiment are
the same for every experimenter. Thus, physical and men-
tal universality often leads to the development of similar
technical understandings. It finally becomes clear that the
development of knowledge is both universal and cultural
at the same time. On the one hand, the basic properties of
matter, human sensibility, cognitive tendencies, and prac-
tical needs are the same in all societies. Also, each society
has its own philosophical framework, cultural symbols,
technological resources, and value system, which shape
that knowledge in a distinctive way.
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talakah patalah pindo dvidha tatradya uttamah |
kusmande tu Satam varan talakam svedayed budhah ||

51. e geiedid a1 faeeRstosty ar |
A 97 JOTRIgTh IAEAT A |l

svinnam kiismanda-toye va tila-ksara-jalena va |
toye va ciirnasamyukte dolayantrena Suddhyati ||

52. FTVSARRITS dd: RSTo ar |
FOTAR a1 Rad FSrEaT Faardll

kusmanda-toya-samsvinnam tatah ksara-jalena va |
ciirna-toyena va svinnam dolayantrena suddhyati ||

53. s WATeS ad gevedfes ad: |
JoTeh U dos aren gd T a9 |

sSuddham syat talakam svinnam kiismanda-salile tatah |
ciirnodake prthak taile tasmin piite na dosakrt ||

@ Springer

54, fdods w=am oW 9 RAaee: d I aqar
I FesArd deed I

tilataile pacedyamam yamam ca triphaldjalaih evam yantre
caturyamam pacyam Suddhyati talakam ||

55. dTcheh HUTET: FHedl degl drefsehl dd: |

SIBTT ATHS: AEOT HIeh Taq |

q|"|°i') QAT A& SHTISEH dd: |

fode T=am am = % 51 1|

ST IGATH T FEAfd e |

talakam kanasah kyrtva baddhva potalikam tatah|
dolayantrena yamaikam saciirne kaijike pacet||
yamaikam dolaya tadvat kiissmandasvarase tatah|
tilataile paced yaman yamar ca traiphale jalell
dolayantre caturyamam pakvam Sudhyati talakam||

56. MYERAT Il TacTaphd A |
AT FlEchl Tl RIS h: Eﬁuﬁ?q@{ I

G,QN-HS{HHW q € U B |

Tegrd = e dTed ey |

Sodhayet paraya yuktya etat patrikrtam subham |
vastrena potalim baddha kafjike sodhayet tryaham ||
kiusmanda-rasamadhye tu tryaham dugdhena sodhayet |
vata-dugdhe tryaham Sodhyari talakam suddhim apnuyat ||

57. WW Pl c;<>||<>|-1 T TEIH |
TR ITE: z;ﬂoq HIfSIh: §IHI:

W a1 MR q@q'rgq'l?[ll

talakam kanasah krtva dasamsena ca takanam |
Jjambirottha-dravaih ksalyam kanjikaih ksalayet punah ||
svedyam va salmali-toyais talakam suddhim apnuyat ||

58. T HOTIM: FHedl M2 G <goM

STRIRTTE: 8TTed HlTelch: ATGI:
a?i}i@jﬁ TeET S fod Taq |l
AOARATSA ﬁ:r FeATES X |

T a7 FMHS AT FfaTgard |l

talakam kanasah krtva dasamsena tu tankanam |
Jjambirottha-dravaih ksalyam kanjikaih ksalayet punah ||
vastre caturgune badhva dolayantre dinam pavet |
sa-cirpenaranalena dinam kiismandaje rasaih |
svedyam va salmali-toyais talakam suddhim apnuyat ||

59. dTcheh Uiges ST FeOl Hhifsyeh T |
SIGTAT AT dd: FSATIESST 33 I
faodes Taa™ I T AeTstes |
TF I I g IAta dread |l
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talakam pottalam badhva sa-cirne kaiijike paced |
dolayantrena yamaikam tatah kitsmandaje rase ||
tila-taile paced yamam yamam ca triphala-jale |
evam yantre caturyamam pacyan sudhyati talakam ||

60. Jrgfotd g are T@¢ NgaREwd |

o o
TafrgaierEaRT fag Sifesrea= |
suvicurnitam tu talam khalu pottalogrhastham |
navanimbitkotthavara tviha dolikakhyayantre ||

AT JUIET g dgedt Ay = |
SFE THIH FEASHTGS (o9 I

AT FOTARA AHST ST T |

T TGS FfsraraTanT |l

talakam ciirpayitva tu pottalyam vinidhdaya ca |
dolayantre paced yamari kiismanda-salile bhisak ||
yamaikam cirna-toyena traiphala-jalena va |

itthar yama-dvayenaiva Suddhim ayaty anuttamam ||

62. AHI Aged I AP I |

e T A HeR: ||

T W&EARd dT Ffeawargand |

S Pl 21 s b

tala-ciarnam tu pottalyam nyasya dolagatam paced |
tila-ksara-jalenai’va yama-matrarm bhisag-varah ||

yamaikam svedanad evam talam Suddhim avapnuyat |

ittham visodhitam talam vitasankah prayojayet ||

63. digedt MfEd aaweT SrSrTd 9= |

S AR I FevaR: |
pottalyam nihitam tala-ciirnam dolagatam paced |
Salmali-mila-toyena yama-mekam bhisag-varah ||

64. ATHH WeARd dTGS FeATgard |
CRCIGECHEREE R ERICE G

yamaikam svedanad eva talakam suddhim dapnuyat |
athava tad dravenaiva dina-saptaka-bhavanat ||

65. <oiiehe TAdTe FOUHIROT HTaA |

THIR JTe s gaq T ||
curnikrtam patra-talam curna-nirena bhavayet |

saptavaram prayatnena suddhim ayaty anuttamam ||

66.

ST QUUTSHen TG i6m MULISB 5 EH
QLS WM DTS L0 [H 66V L & Lol &ITedT
Quilgmer CHTaTHE LTS8 H ST TES 0D
HNeremrwor WEFRTQ&HEH &8 (W LTE LD

67.

68.

69.

Q5 1fl BT 6ot 6 L LD 6o0T L 60T LD L9 LT
VSINLTG LD CF6L&6evoTetol & FNMIWLINGS
STLAWTGSLD auflsmer Qe0&TeEH
W SaTFSH eueTDmel Q&g
wlsTricudr

Aritarap péyartanaiye araiyakkelu atiya malpaka
maruvalattu mitan péritana konanti pitakantanukum
pincama micciraken takamumakum teritana
natamantanampida lakamumakum celkannic
cirivamukak katciyanum varitana alkoticci
yaritancatti valamana kevuramara maritarappere.

SMflWen &5 555\ Lievoteoor 18 GHem SWiledl_(H&
SHETLONS 2_(HHH QWL BminLLeill(Hro

ol urissHLCel &Iiflggmer
GUTETID SBT3 6T6TSH H
6T IMEVITL_ LY

S flwiler elleqsmieler Lnenerellgm L 1q
SIS S alleuemey & G [T 6 60T (LD 6T
STWenelsEH S 26amflenliL] & 6007 600T (LD LD
Cr lgsaHs 1y 2 pmaursll LWl G
Qubh &S UTHRICSH

Kariyattaic cuttipnnik kukaiyilittuk kanamaka
urukkiyétai narumpuavittu Viriyamdyp parttitave
karittilpolam mikanalamam annatti niralatti Ariyapin
visnuvin manaivikitti araittuvillai katiravanmun
kayavaittu ariluppu cunpnamumtine ritittukkatti
uravakap putamittu yétuttuvanke.

AQWETM FTenH&ESHear LImell CoHeEp
A GHEHTATHTET CH6UGH B NG & 606t 6V
STERILD 6UMTQLO6OTM ms&m@m@g’sg SITETLD
GUTB aIemsWTSH L L9 &S GLD S ITer
SITETMHI Q&ML G LN6TM LjeUTGeTaHLING
Qg,gSl[rggJ GUTL 2 (evor () Gl Gev
&HH&HHSTer ellemeTud L, g,erszrrarrm
5@5@@T@m Mbessd ST
B8 & & M60T 2_(IHLIGH) WlmeoT eumEGm

Aménra talakattin piravi kelu dattaltan tevakankai
tannil tanum Vaménra mannétuttu talam pole
vakaiyakap pitittumetan tain kotti Omenra puvarlokat
terintu pota uruntumele kantakantan vilaiyum piimi
tanénra tanukkulle vilkat tanum talakantan urpatti
yana vare.

FPansallfl sTINaE Q&F6hFemeuBLTM

STLBHLD 2 61HSHSHEM60T W 600T (LD 60 M EUIIT
(M 6eooT LITV—@ QU HSITLD & I el
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AUTSWLM GeMeVHeMND &eqL LD

@\ I HIGGILD60T BITEHLD Q6T

Civantavari taramatu ceficilaipor kattum uvantatanai
yunpmuraiyotu tuntal—ivarntal curankulirma
vatumutar cilanimai kuttam irankuména nalum icai.

70. SHTQETETN HHSHHSHTEN LI &L HTH
F5SGAMTUS STOBHESGEH FIEGSE
QBELEVITID LIMQeTeTm SmemssLilll Lig Gl
STUFS LUMHIGSTET 6UIH60TS SIS ST(HM
&H600TLITU &HITCIGOTEOTM FI&HE&HE G FHITEL60T
STVET &STLIQermM Q&0 &S &G
&HQeTld QNGSFH CalQeTeTm FI&HGHHS
GLmfl W@ WO ST &,me6ev6Tm
FIHGS HTG60T

Tanénra kantakantan pataikattu kati catturuvayt
tanirukkuii carakkuk kéllam panénra talakamip
patiydakayccu Pankana varunattuc kakun kantay.
kanénra carakkukkuk kalan kalan kattinar
kétuttalikkun katinam métta venénra carakkukku
toriyakum mitukkana viiralénre carakkuttane.

71. wBHr Peleollw QEbETS] WTEHMS
WwUewfl wmeTey QeuliLinm  mHerfl@r
rmlw BreTLsHey afpdlul Wrep Wwrem
ST eLN&rL| Q161616 6M 60T LOHHSH ST LIMTEOT(LD
Webogsuild niers a@by WSSO
W wWenmuilm GaFwier L5&T MW s FLI
ULelems QUITHINEY 66U Q&ESH [T
LL, 76001185 (& 6m6eUGUI W& TedTmI

Munnir civaniya cénnir yakkai muppini yanavai
véppamd nalire mariya nalpakal viriya yamamum
mdcuru kdya miicupu vévvinai maruntanu panamum
iruntaiyil talakam atunard muttiram itumurai ilcéya
miccuram akiya micurap patalikai pérumiila vaikkeétir
pulaik kuvaiye yahtanru.
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