
Modern chewing gum 
is made from syn-
thetic substitutes for 
natural rubbers, for 
the most part, butadi-
ene-based synthetic 
rubbers. The material 

used as a base for chewing gum is High-Puri-
ty Iso-Butylene (HPIB). Isobutylene is an ole-
¿Q�SHWURFKHPLFDO�WKDW�LV�PDQXIDFWXUHG�IURP�
IHHGVWRFNV�LQ�WKH�SHWUROHXP�UH¿QHU\��DQG�LV�D�
IRXU�FDUERQ�EUDQFKHG�DONHQH��ROH¿Q��²�RQH�RI�
the four isomers of butylene. 

Other chemicals approved for use as a base in 
chewing gum include styrene-butadiene rub-
EHU��6%5���LVREXW\OHQH�LVRSUHQH�FRSRO\PHU��
SDUDI¿Q�ZD[��SHWUROHXP�ZD[��SRO\HWK\OHQH��
poly-vinyl alcohol and synthetic terpene resin. 
Rubbers become softened when they absorb 
oils, and gum bases are similarly made soft-
er when waxes are added; the waxes act as a 
kind of ‘lubricant’ between the strands of the 
hydrocarbon polymers in the rubber. Other pet-
rochemically derived ingredients in chewing 
JXP�LQFOXGH�HPXOVL¿HUV�VXFK�DV�JO\YHU\O�PRQ-
ostearate, which are also softening agents and 
HQDEOH�RWKHU�FRPSRQHQWV��LQFOXGLQJ�ÀDYRXULQJ�
and sugars) to form a homogeneous mixture. 

Humec- tants, a 
gener- al term 
for hygroscopic 
sub- stances that are 
used to keep things 
moist (the opposite of 
a des- iccant) are also 
add- ed to the mix; 
these can include chemical substances like 
triacetin, the triester of glycerol (that is, glycol 
ZLWK�WKUHH�µHVWHU¶�JURXSV��¿UVW�SUHSDUHG�LQ������
by the French chemist Marcellin Berthelot who 
was born born in Rue du Mouton. Humectants 
DUH�FKHPLFDOV�ZLWK�DQ�DI¿QLW\�WR�IRUP�K\GURJHQ�
bonds with molecules of water, and are used in 
many products — food, cosmetics, medicines 
and pesticides — to decrease evaporation and 
increase shelf life.

There are Internet forums rife with stories and 
anxious questioning about people chewing tar 
on the job or as children, mostly in poor are-
DV�LQ�WKH�8�6��DQG�WKH�6RYLHW�8QLRQ�LQ�WKH�ODWH�
��WK�DQG�HDUO\���WK�FHQWXULHV��EXW�DOVR�ULJKW�XS�
until today. “Wrigley’s” is an American chew-
ing gum company that was founded on April 
��������E\�:LOOLDP�:ULJOH\�-U��DQG�QRZ�ZKROO\�
owned by Mars, Incorporated. It is the largest 
manufacturer and marketer of chewing 

gum in the world. In the year 
2000, this maker of Juicy 
Fruit, Big Red and Double-
mint gums signaled the ex-
pansion of its offerings in 
EHLQJ�JUDQWHG�D�8�6��SDWHQW�
to develop a gum that con-
tains a dose of the generic 
chemical in Viagra (patent 
1R������������7KH�DFWLYH�
ingredient of Viagra is silde-
QD¿O�FLWUDWH��LWVHOI�D�GUXJ�V\Q-
thesised from petrochemical 
sources and patented by 
WKH�FKHPLFDO�FRPSDQ\�3¿]-
er Corp. Chewing gum is used and promoted 
as a delivery agent for numerous pharmaceu-
tical, medicinal and therapeutic products and 
treatments. Examples include the addition of 
ÀXRULGH�IRU�VWUHQJWKHQLQJ�WRRWK�HQDPHO�DQG�
Nicorette, the brand name for gums and a 
number of other products that effect nicotine 
replacement therapy (NRT), against addiction 
to that chemical. Nicotine is itself now synthe-
sised from petrochemical precursors and feed-

stocks, to feed the growing 

Enteral Petrochemistry 
(Pharmaceuticals) ENTERAL PETROCHEMISTRY 

Precursors, Distillations, Reactants, Pharmaceuticals, Medici-
nes, Preparations, Nutrition & Digestion 

“Strange, strange are the dynamics of oil and the ways of oil-
men.” 
ʊ�7KRPDV�3\QFKRQ��*UDYLW\µV�5DLQERZ�������
“Enteral Petrochemistry” describes those ways that petroleum serves as a precursor to the synthesis 
stages of internally administered pharmaceutical products. There is widespread understanding that the 
�$PHULFDQ��ORQJ��7ZHQWLHWK�&HQWXU\�KDV��G�HYROYHG�LQWR�D�SHWURFXOWXUH��LQHVFDSDEO\�UHYROYLQJ��UHDFWLQJ�
and resulting from the petrochemical abundance of planet Earth: “In brief, while the 20th century was 
the century of oil, the 21st already is unfolding as the century of whatever follows oil, or the century of 
¿JKWLQJ�RYHU�ZKDW¶V�OHIW�RI�RLO²RU�ERWK�´��*HUDOG�)��6HLE��³2LO�'HSHQGHQF\�2YHUVKDGRZV�86�3ROLF\�´
Wall Street Journal, 22 August 2005)

/LNHZLVH�DQG�DW�WKH�VDPH�WLPH��LQWHUQDO�FXOWXUHV�²�PLFURELRPHV��JDVWULF�WLVVXHV��UHVSLUDWRU\�
tracts and circulatory systems — are regularly, oftentimes knowingly and purposefully coated, 
soaked and contacted by the pure and applied, reactive and inert products of petrochemistry. 
7KLV�LQQHU�SHWUR�¿FDWLRQ�UHVXOWV�LQ�DQG�DOORZV�XV�WR�WR�SUHVHUYH��PDQDJH��PHGLFDWH�DQG��SUHV-
ervation, manage, tolerate and ignore endemic and intermittent disease, discomfort, disability 
and deregulations of the body. We are, all, oil women and oil men.

SSEUE 
Solar Sourcing & Economies of 

Ultimate Expenditure 

The green parts of the plants of land and sea endless-
ly implement the appropriation of an important part of 
the luminous ener gy of the sun. In this way light—sun-
light— produces us, animates us and engenders our 
excess. This excess, this animation, is the effect of this 
OLJKW��ZH�DUH�HVVHQWLDOO\�RQO\�DQ�HIIHFW�RI�WKH�VXQ���,Q�
practice, from the point of view of wealth, the radia-
tion of the sun distingui shes itself with its unilateral 
character: it loses itself without taking account, without 
compensation. The solar economy is founded on this 
principle. Usually, if one envisions our economy on the 
ground, one isolates it. But this is only a consequence 
of that which engenders and dominates it.
— Georges Bataille, The Economy Equal to the Universe: 
Brief Notes Preliminary to the Preparation of an Essay on 
³*HQHUDO�(FRQRP\´�)RUWKFRPLQJ�8QGHU�WKH�7LWOH�µ7KH�$FFXU-
sed Share’

“What was I seeking when you arrived dyed by 
the sunrise 

With the sea‘s age in your eyes 

And with the sun‘s health in your body”
— Odysseas Elytis, Age of Glaucous Memory 

Histories and trajectories of solar geology can 
be told that link to synthetic opiates and birth 
control pills to universal labours; between the 
oil well and the pharmacy are the twined real-
ities, imaginaries and projections of chemical 
HQJLQHHULQJ�KRSHV�DQG�SUDFWLFHV��RQ�WKH�RQH�
hand, “catalytic cracking” breaks down, aka 
³FRQYHUWV´���SHWUROHXP�LQ�WKH�UH¿QHU\�WR�LVR-
late high-boiling, high-molecular weight hydro-
carbon fractions of crude oils into more valuable 
JDVROLQH��ROH¿QLF�JDVHV��DQG�SUHFXUVRUV�OLNH�DFH-
tyls, alcohols, acetates, and others. On the other 
hand lies the dream of “total synthesis”, the com-
plete chemical synthesis of a complex molecule, 
often a natural product, from simple, commercially 
available, most often petrochemical, precursors. 
6\QWKHWLF�GUXJ�SURGXFWLRQ�FKHPLVWU\�DQDO\VHV�DQG�
calculates petroleum hydrocarbons, opening and 
UHFRQ¿JXULQJ�WKHLU�VWUXFWXUHV��2IWHQ��D�FRPSRXQG�
“synthesised by nature” and solar energies is felt 
to be all too rare, expensive or unruly, and the ori-
entations and efforts of petrocultures becomes to 
replace these rogue creativities with understood 
and productive processes and delivery mecha-
nisms. There is a conservationist argument to the 
use of petrochemical precursors for the synthesis 
of rarer hydrocarbons, in that the harvesting of dif-
¿FXOW�WR�¿QG�RU�XQ�IDUPHG�HFRORJLHV�LV�OHVVHQHG�E\�
the presence of.

Petroleum is used in health care, as everywhere else, 
SULPDULO\�DV�D�WUDQVSRUW�IXHO��EXW�DOVR�VLJQL¿FDQWO\�DV�
feedstock for pharmaceuticals, plastics, and medical 
supplies. Few substitutes for these hydrocarbons, be-
sides oil, are available. This dependence theoretically 
makes health care reliant on “Stored Sun Energy”, and 
vulnerable to petroleum supply shifts, and it is a re-
liance that is particularly heavy in the United States, 
which consumes petroleum disproportionately on a per 
capita basis compared with other nations. There is in-
creasing consensus that petroleum production has al-
ready declined or will soon begin to decline and that 
constrained supplies will adversely affect all sectors in-
clude health care. Health care’s exposure to declines in 
petroleum production is a fact hiding in plain sight — 
the issue has received little attention from economists 
or policymakers, and little has been done to further as-
sess and manage the potential risk. There are historical 
associations between petroleum supply shocks 
and health care prices. The In anticipation of 
future supply contractions lasting longer than 
previous shifts and potentially disrupting health 
care delivery, we propose an adaptive manage-
ment approach and outline its application to the 
example of emergency medi-
cal services. 
(American Journal of Public He-
alth. 2011;101:1568–1579)

EIISC 
(GLEOH�,QHGLEOH�,QGH-
OLEOH�6QDFN�&DNHV

The Twinkie is an American 
VQDFN�FDNH��D�³*ROGHQ�6SRQJH�
Cake with Creamy Filling”, 
made and distributed by Host-
ess Brands, Inc. which trades 
RQ�1DWLRQDO�$VVRFLDWLRQ�RI�6H-
curities Dealers Automated 
4XRWDWLRQV��1$6'$4��VHFX-
ULWLHV�H[FKDQJH�DV�³7:1.´��
Twinkie production was sus-
SHQGHG�RQ�1RYHPEHU�����������
and resumed after an absence 
of at least ten months from 
American store shelves, becom-
ing available again nationwide 
RQ�-XO\���������
7KHUH�DUH����LQJUHGLHQWV�LQ�D�
Twinkie, and all but one are pro-
cessed. The list, which includes 
cellulose gum, calcium sulfate 
DQG�SRO\VRUEDWH����DUH�XVHIXO�
chemical additives for sheetrock 
building materials, shampoo, 
laundry detergent and jet fuel. 
Each of these processed ingre-
GLHQWV�²�DOO�YLWDPLQV��DUWL¿FLDO�
ÀDYRUV��FRORULQJV��DQG�VRUELF�
acid are made from natural gas 
and petroleum. To stay fresh 
on a grocery-store shelf, Twink-
ies can’t contain anything that 
might spoil, like milk, cream, or 
butter. Each such perishable 
ingredient, systematically re-
moved 
and 
reengi-
neered 
as cel-
lulose 
gum, 
leci-
thin, 
and 

sodium stea-
royl lactylate 
give the cakes a 
maximum shelf 
life of approxi-
PDWHO\����GD\V�
�����PRQWKV��

COHBOL 
Chewing On 
the Humming 

Bird On the Left

The Gulf Coast of Mex-
ico is an area of major 
oil drilling today and a 
region where Huitzilo-
pochtli, the Aztec God 
RI�6XQ�DQG�:DU�RQFH�
held dominion. Hu-
itzilopochtli’s name is 
a combination of two 
$]WHF�ZRUGV��KXLW]LOLQ��
meaning “humming-
bird”, and opochtli, 
which means “left” — 
OLWHUDOO\��³+XPPLQJELUG�RQ�WKH�/HIW´�
Chicle is a chewing gum substance 
made in part from bitumen, or chapa-
pote, a black, natural petroleum tar that 
washes up onto the beaches of the Mex-
ican interior, the Caspian sea, and the 
coasts of Norway and China. In addition 
to chewing chicle, ancient peoples used 
it for many practical purposes such as 
adhesives or sealants. Aztec women 
mixed bitumen together with axin, a yel-
lowish oily substance that they obtained 
E\�FRRNLQJ�D�VPDOO�À\�OLNH�LQVHFW��%LWX-
men apparently had a refreshing taste. 
6SDQLVK�FKURQLFOHU�)UD\�%HUQDUGLQR�GH�
6DKDJXQ�PDGH�QRWH�RI�WKH�FKHZLQJ�RI�
bitumen in his multi-volume treatise on 
Aztec culture known as The Floren-
tine Codex (a twelve volume project he 
ZRUNHG�RQ�IURP������XS�XQWLO�KLV�GHDWK�
LQ��������%HUQDUGLQR�GH�6DKDJ~Q�ZURWH�
that when it is chewed, bitumen “tires 
one’s head; it gives one a headache.” 
�IURP�³7KH�)ORUHQWLQH�&RGH[���*HQHU-
DO�+LVWRU\�RI�WKH�7KLQJV�RI�1HZ�6SDLQ´�
E\�%HUQDUGLQR�GH�6D-
KDJ~Q����,Q�$]WHF�VRFLH-
ty, the way in which you 

chewed this gum and 
where helped orient so-
cial, sexual and mari-
tal status. Aztec norms 
strongly disapproved of 
gum chewing among 
men, particularly in pub-
lic. 

Chapopote also had 
numerous domestic, re-
ligious, industrial and 
craft related applica-
tions, and Aztec priests 
used asphaltum for face 
DQG�ERG\�SDLQWLQJ��6D-
KDJ~Q�ZULWH�RI�LWV�KDU-
YHVWLQJ�IURP�WKH�*XOI�
Bitumen [is] black, very 

EODFN��EODFN��>LW�LV@�WKDW�ZKLFK�ÀDNHV��FUXP-
bles, breaks up. It comes from the ocean, 
from the sea; it is produced within the ocean. 
When it comes forth, [it is] according to the 
time count. The waves cast it forth. It comes 
forth, it drops out according to the phase of 
the moon. When it comes forth [it is] like 
mat, wide, thich. Those of the seashore, 
those of the coast lands gather it there. They 
gather it, they pick it up from the sand.”
– The Florentine Codex

The nearby Chumash people, Califor-
nia’s prehistoric peoples collected and 
chewed tar balls which seeped from the 
ground in places in that region (like the 
/D�%UHD�WDU�SLWV�LQ�/RV�$QJHOHV���7KH\�
also used tar to to waterproof woven 
baskets to make drinking vessels. More 
UHFHQW�UHVHDUFK�UHSRUWHG�LQ�1HZ�6FLHQ-
WLVW�LQ������LQGLFDWHV�WKDW�³$VSKDOW�0D\�
Have Poisoned Ancient Americans”. Bi-
tumen is a source of polycyclic aromatic 
hydrocarbons (PAHs), which are pollut-

ants that have been 
linked to a number 
of health problems.

2I�WKH�RYHU�����SRO\F\-
clic aromatic hydrocarbons 
(PAHs) found in oil, coal and 
tar, many are harmful 
to humans and life, 
causing infertility and 
stunting the growth of 
fetuses by damaging 
or altering DNA. (Note 
that psoriasis, often 
treated with coal tar, 
is characterized by 
an abnormally exces-
sive and rapid growth 
of the epidermal lay-
er of the skin due 
to excesses of DNA 
released from dying 
cells, which acts as 
DQ�LQÀDPPDWRU\�VWLP-
ulus in psoriasis). PAHs may 
also have been crucial for 
WKH�¿UVW�IRUPV�RI�OLIH��DV�WKH\�
contain most of the carbon 
found in space, and under 
the right conditions can be 
transformed into some of 
the complex molecules nec-
essary for life.

“Gespeicherte Sonnenenergie” / 
³6WRUHG�6XQ�(QHUJ\´�D������¿OP�
by Ulrich Kayser for Bayer tracing 
the production of pharmaceuti-
cals from sun to pill and back 
again (Thanks to Christian Bo-
nah, Department for Social Stu-
dies and Humanities in Medicine 
and Health )

7OD]ROWHRWO�LV�DQ�$]WHF�JRGGHVV�RI�SXUL¿FDWLRQ��VWHDP�EDWKV��
PLGZLYHV��¿OWK��DQG�D�SDWURQHVV�RI�DGXOWHUHUV��+HU�GXDO�KHU�
GXDO�QDWXUH�ZDV�DV�WKH�JRGGHVV�RI�GLUW��EXW�DOVR�RI�SXUL¿-
cation as she ate a person’s sins to absolve them before 
death. Both the „Goddess of Dirt“ (Tlazolteotl) and „Ea-
ter of Ordure“ (Tlahelcuani), she was frequently portrayed 

with bitumen on her face and 
around her mouth to indicate 
divine excrement (holy shit).

,W�LV�VXQOLJKW�LQ�PRGL¿HG�IRUP�
which turns all the windmills and 
waterwheels and the machinery 
which they drive. It is the energy 
derived from coal and petroleum 
�IRVVLO�VXQOLJKW��ZKLFK�SURSHOV�RXU�
steam and gas engines, our loco-
motives and automobiles. ... Food 
is simply sunlight in cold storage. 
— John Harvey .HOORJJ��1HZ�
'LHWHWLFV��:KDW�WR�(DW�DQG�+RZ�
����������

“The 
chicle chewer” from The Florentine 
Codex, Book X. Axtecs created che-
wing gum by mixing bitumen (aro-
matic tar) with axin (a greasy oil made 
from crushed insects).

“Well, let’s say this Twinkie represents 
the normal amount of psychokinetic 
energy in the New York area. Accor-
ding to this morning’s sample it would 
EH�D�7ZLQNLH«WKLUW\�¿YH�IHHW�ORQJ�
weighing approximately six-hundred 
pounds.”
—Egon Spengler, Ghostbusters (1984)

SH
IF

T
 R

EG
IS

T
ER Published by Shi! Register – www.shi!register.info

For the workshop The Eye Altering (cur. Garance Malivel)
Within the event We Are Not the Number We Think We Are 
February 2–3, 2018, Cité Internationale des Arts, Paris 
Edited by Jamie Allen, Martin Howse, Jonathan Kemp
Designed by Merle Ibach



Enteral Pe-
trochemistry 

(Pharmaceuti-
cals)

PPP 
Planetary Petrochemical Pharmaceutics

Pharmaceuticals, generally speaking are now vital to modern, bodily health. 
This chemical category represents a relatively small but increasing propor-
tion of total petroleum usage. More than half of most adult Western citizens 
take prescription medications at some point in their lives. Approximately 2.3 
ELOOLRQ�PHGLFDWLRQ�RUGHUV�RU�SUHVFULSWLRQV�ZHUH�ZULWWHQ�LQ������LQ�WKH�8�6��
alone. Analgesics, antidepressants, antihyperlipidemics, antidiabetic agents, 
antiemetics, and antihistamines are the leading medications prescribed. Ap-
SUR[LPDWHO\����RI�SHWUROHXP�SURGXFWLRQ�LV�XVHG�IRU�SKDUPDFHXWLFDO�PDQX-
IDFWXUH��EXW�MXVW�XQGHU�����RI�SKDUPDFHXWLFDO�IHHGVWRFNV�DQG�UHDJHQWV�DUH�
derived from petrochemicals (Joyce Easter, PhD, Virginia Wesleyan Col-
OHJH��'HFHPEHU��������
Pharma- and petro-chemistry two highly interlinked industries, yet they are 
so in a highly asymmetrically interdependent way. If “big pharma” matters lit-
tle to big oil, big oil matters a great deal to big pharma. (One is reminded of 
Canadian Prime Minister Pierre Trudeau’s comment that living next to Amer-
ica “is in some ways like sleeping with an elephant. No matter how friendly 
and even-tempered is the beast, if I can call 
it that, one is affected by every twitch and 
grunt.”). 

Drug manufacturers may ask where the 
start- ing materials 
for the drugs 
they pur-
chase come 
from, EXW�WUDFHDELOLW\�FDQ�EH�GLI¿FXOW��
Ask- ing “where do you get your butyl 
lithi- um from?” is somewhat akin to 
ask- ing the name of the farmer who 
raised WKH�VSHFL¿F�FKLFNHQ�IRU�D�FKLFN-
HQ�VDQGZLFK�ERXJKW�DW�D�0F'RQDOGV��7KH�OLQHV�RI�ÀLJKW��PL[LQJ�DQG�
transport are many and complex, and those commissioning a drug to 
EH�PDQXIDFWXUHG�WR�VSHFL¿FDWLRQ�ZLOO�EH�GHDOLQJ�ZLWK�SKDUPDFHXWLFDO�

AOPS 
$VSLULQ�2IÀRD-

ding, Production and Storage
$VSLULQ�LV�DQ�DQWL�LQÀDPPDWRU\�DQG�RQH�RI�WKH�¿UVW�
drugs to come into common usage. It remains the 
mostly widely used drug in the world. Approxi-
mately 35,000 metric tonnes of the pharmaceutical 
are produced and consumed annually, or approx-
LPDWHO\�����ELOOLRQ�VWDQGDUG�DVSLULQ�WDEOHWV�HDFK�
\HDU��$VSLULQ�LV�DFHW\OVDOLF\OLF�DFLG��$6$��ZKLFK��
typically for medicinal chemistry, comes originally 
IURP�D�QDWXUDO�VRXUFH��DOWKRXJK�WRGD\�LV�GLI¿FXOW�WR�
¿QG�DV�D�FRPPHUFLDO�QRQV\QWKHWLF��,W�ZDV�UHGHYHO-
oped in the laboratory and developed into pill form 
to be sold at mass market. Natural aspirin can be 
derived from the herbs meadowsweet and willow 
bark, but as a chemical and process was patent-
ed by Bayer 
LQ�%ULWDLQ��¿OHG�
22 December 
������DQG�WKH�
8QLWHG�6WDWHV�

�86�3DWHQW���������LVVXHG�
���)HEUXDU\���������7KH�
word Aspirin was Bayer’s 
brand name, a drug who’s 
SRSXODULW\�JUHZ�RYHU�WKH�¿UVW�
half of the twentieth century 
but declined after the devel-
opment of acetaminophen 
DQG�SDUDFHWDPRO�LQ�������
DQG�WKHQ�LEXSURIHQ�LQ�������
%D\HU¶V�SUR¿WV�ZHUH�HDWHQ�
into after its brand name and 
rights to the trademark were 
lost or sold in many coun-
tries, and generic products 
by other  manufacturers pro-
liferated.

When SALICYLIC ACID 
�������SDUWV��LV�KHDWHG�ZLWK�
DFHWLF�DQK\GULGH��������SDUWV��
IRU���KRXUV�XQGHU�UHÀX[��WKH�
salicylic acid is quantitatively 
acetylated. After distilling off 
the acetic acid one obtains the 
above in the form of needles, 
ZKLFK��ZKHQ�FU\VWDOOL]HG�IURP�

EHQ]HQH��PHOW�DW�����GHJUHHV�
�YDOXH�LQ�WKH�OLWHUDWXUH�LV�����
GHJUHHV���,Q�FRQWUDVW�>ZLWK@�WKH�
literature reports, my acetyl 
product no longer gives a reac-
tion with ferric chloride, which 
readily distinguished it from 
salicylic acid. By its physical 
properties, e.g. its sour taste 
without being corrosive, the 
acetylsalicylic acid differs fa-
vourably from salicylic acid, 
and is now being tested in this 
respect for its usefulness.
— From the laboratory journal of 
Felix Hoffman, 10 August 1897 
(from Diarmuid Jeffreys’ 2010 
book “Aspirin.”)

2Q�WKH���WK�RI�$XJXVW��
������)HOL[�+RIIPDQQ�V\Q-
thesized acetylsalicylic acid 
while working at Bayer un-
der Arthur Eichengrün. By 
acetylating salicylic acid with 
acetic acid, he succeeded 
in creating acetylsalicylic 

acid in a 
chemi-
cally pure and stable form. 
The pharmacologist respon-
sible for verifying these re-
VXOWV�ZDV�VNHSWLFDO�DW�¿UVW��
yet once several large-scale 
studies to investigate the 
VXEVWDQFHµV�HI¿FDF\�DQG�
tolerability had been com-
pleted, it was found to be a 
pain-relieving, fever-lower-
LQJ�DQG�DQWL�LQÀDPPDWRU\�
substance. The company 
then worked to develop a 
cost-effective production 
process that would facilitate 
the promising active ingredi-
ent to be supplied as a phar-
PDFHXWLFDO�SURGXFW��,Q������
LW�ZDV�PDUNHWHG�IRU�WKH�¿UVW�
time under the trade name 
Aspirin, initially as a powder 
sup-
plied 
in 

FEEDSARR 
&RORUDWLRQ�&RRN-

ERRNV�DQG�&RQWUDV-
ting

Anne Ewbanks writes in a Jan-
XDU\����������SRVW�DW�$WODV�2E-
scura of a time “When Food 
Dye Was Made From Coal Tar” 
from the factories of one (lat-
HU��6LU��+HQU\�
Perkins. “It was 
considered al-
most magical…” 
Petroleum now 

FEEDSARR 
Front End Engineering Design Actants, and Reagents

There are established naming conventions and product matrixes that travel from the pet-
URFKHPLFDO�FUDFNLQJ�DQG�UH¿QLQJ�IDFWRU\�WR�WKH�ÀRRU�RI�SKDUPDFHXWLFDO�PDQXIDFWXULQJ�
plants. As with any raw material based on extraction, testing for quality and purity are par-
amount, and various ‘grades’ are set for uses. Higher grade materials are used and pro-
duced variably for customers in pharmaceutical and food industries, and monitored by 
TXDOLW\�FRQWURO�RI¿FHV�DW�WKH�VKLSSLQJ�DQG�UHFHLYLQJ�HQG��7KH�VSHFL¿F�SHWURFKHPLFDO�UHD-
gents used in the arsenal of offerings by big pharmaceutical development, delivery, mar-
keting and manufacturing companies would be impossible to list exaustively for all drugs 
on the market. A partial listing of pharmaceutically relevant precursors derived from oil 
DQG�JDV�UH¿QHULHV�LV�LQFOXGHG�KHUH��DOO�IURP�%XUGLFN�	�/HIÀHU��³3HWURFKHPLFDOV�LQ�1RQWHFK-
QLFDO�/DQJXDJH´�������

,Q�������DQ����\HDU�ROG�%ULWLVK�FKHPLVW�PDGH�
a mistake in one of his experiments. That 
mistake marked the beginning of synthetic 
food dye. William Henry Perkin wasn’t try-
ing to make Red #40 in his lab that day. As 
a research assistant for a famed chemist, he 
was trying to whip up synthetic quinine, a treatment for 
malaria. Perkin was interested in the properties of coal 
tar, an abundant byproduct of coke fuel, which comes 
from heating coal. But instead, he ended up with a dark 
SRZGHU��:DVKLQJ�RXW�KLV�ÀDVN�ZLWK�DOFRKRO��3HUNLQ�ZDV�

struck by the residue’s bright purple color. 
He tried using it to dye silk, and it was a 
VXFFHVV��3HUNLQ�KDG�IRXQG�WKH�ZRUOG¶V�¿UVW�
synthetic dye. 
'R]HQV�RI�LOOQHVVHV�FDXVHG�E\�EULJKWO\�
colored Halloween candy in 1950 led the 
FDA to strike coal tar colors Orange #1, 

******************************************               

7KH�&���$1'�&���$/&2+2/6�DUH�
used extensively in the cosmetics 
and pharmaceutical industries as 
emollient additives (the heaviest of 
the higher alcohols are actually wax-
like), intermediates for perfume and  
avor components, and as a basis for 
creams, ointments, and supposito-
ries. 

******************************************

8QWLO�������DOO�WKH�3+7+$/,&�$1-
HYDRIDE was made from coal tar 
1$3+7+$/(1(����ZKLFK�ZDV�HDVLO\�
oxidized directly to phthalic acid. But 
with phthalic anhydride being only 
a small share of coal oil, and with 
the demand for phthalic anhydride 
escalating rapidly, coal tar became 
an inadequate source. The frantic 
search for an alternative route led 
to the development of the recovery 
SURFHVV�IRU�257+2;</(1(�IURP�
re nery aromatics streams… and 
WKH�FRQYHUVLRQ�RI�257+2;</(1(�
to phthalic acid and anhydride. With 
the continued growth in the need for 

plasticizers and the inelasticity of 
naphthalene supply, orthoxylene now 
DFFRXQWV�IRU�����RI�WKH�SKWKDOLF�DQ-
K\GULGH�VXSSO\�LQ�WKH�8QLWHG�6WDWHV�

3+7+$/,&�$1+<'5,'(�
is used largely to make 
plasticizer for polyvinyl 
chloride. It is also a feed 
for alkyd resins and for un-
saturated polyesters that 
are widely used in con-
struction, marine, and syn-
thetic marble applications. 
Other minor applications 
are dyes, esters, drying oil 
modi ers, and pharmaceutical inter-
mediates.

*********************************

3+(12/�KDV�EHHQ�XVHG�IRU�
decades in the medical  eld 
as an antiseptic under its ali-
as, carbolic acid, and at one 
time as a preservative of hu-
man organs under the name 
creosote (from the Greek kreos, “ 
esh,” and sogein, “to preserve”). The 
name creosote 
eventually be-
came associated 
with the wood 
preservative, but 
phenol remains 

the principal ingredient in this prod-
uct.

The early sources of phenol were the 
destructive distillation of coal and the 
manufacture of methyl alcohol from 
wood. In both cases, phenol was a 
by-product. Recovered volumes were 
limited by whatever was made acci-
dentally in the process. Initial com-
mercial routes to on-purpose phenol 
involved the reaction of benzene with 
VXOIXULF�DFLG���������FKORULQH���������
RU�K\GURFKORULF�DFLG���������$OO�WKHVH�
were followed by a subsequent hy-
drolysis step (reaction with water to 
get the –OH group) to get phenol. 
These processes required high tem-
peratures and pressures to make 
the reactions go. They are multistep 
processes requiring special metallur-
gy to handle the corrosive mixtures 
involved. None of these processes is 
in commercial use today.

,Q�������D�WHFKQRORJLFDO�EUHDN-
WKURXJK�ZDV�IRXQG��WKH�FXPHQH�R[-
idation route. It was much cheaper, 
and it quickly proliferated. It is now 
the primary route, accounting for 

DOPRVW�DOO�RI�8�6��SURGXF-
tion.

The powder form of 
3+(12/�LV�XVXDOO\�WUDG-
ed either as a United 
6WDWHV�3XUH��863�������
minimum) grade or a 
chemically pure (CP) or 
V\QWKHWLF�JUDGH������

minimum), using nomenclature from 
WKH�SKDUPDFHXWLFDO�LQGXVWU\��7KH�¿UVW�
indicates a grade suitable for human 
consumption or for manufacture of a 

consumable. 
In the liquid 
form, the 
commercial 
grades are 
���±����
purity and 
���±����
purity.

***************

3+26*(1(�
was one of 

the  rst poisonous gases used in 
the ghastly chemi-
cal warfare during 
World War I. It was 
later replaced by 
(and should not be 
confused with) the 
more vicious mus-
tard gas (dichloro- 
diethyl sul de). 

Phosgene is also notorious for being 
one of the deadly gases created from 

the disas-
trous leak 
at a Bhopal, 
India, chem-
ical plant in 
������ZKLFK�

UHVXOWHG�LQ�PRUH�WKDQ��������GHDWKV��
Clearly this is nasty stuff that calls 
for those extraordinary safety proce-
dures.

7KH�UDSLG�LQGXVWULDO�JURZWK�RI�3+26-
GENE is related to the manufacture 
of isocyanates for producing polyu-
rethanes and bisphenol A for poly-
carbonates. After these two applica-
WLRQV��DERXW�����RI�WKH�SKRVJHQH��
¿QGV�LWV�ZD\�LQWR�FKHPLFDO�LQWHUPHGL-
ates for pharmaceuticals, pesticides, 
and agricultural chemicals.

7KH�UDSLG�LQGXVWULDO�JURZWK�RI�3+26-
GENE is related to the manufacture 
of isocyanates for producing polyu-
rethanes and bisphenol A for poly-
carbonates. After these two applica-
WLRQV��DERXW�����RI�WKH�SKRVJHQH��
nds its way into chemical intermedi-
ates for pharmaceuticals, pesticides, 
and agricultural chemicals.

******************************************

0(7+</�,62%87</�.(721(�
�0,%.��LV�PRUH�FRPSOLFDWHG�WKDQ�WKH�
one-step conversion process for ace-
WRQH�DQG�0(.��0DQXIDFWXUH�RI�0,%.�
takes the three-step process shown 
LQ��JXUH���±���VWDUWLQJ�ZLWK�DFHWRQH�

6RPH�XQLTXH�DSSOLFDWLRQV�IRU�0,%.�
include metallurgical extrac- tion 
(particularly plutonium from urani-
um), coating solvent for resins, a 
reaction solvent in pharmaceuticals, 
and as an adhesive. It is also used 
in the manufacture of methyl isobutyl 
carbinol.

******************************************

The fermentation of sugar in the 
SUHVHQFH�RI�\HDVW�WR�SURGXFH�(7+</�
$/&2+2/�LQ�WKH�IRUP�RI�ZLQH�JRHV�
back beyond written history. The 
VXJDU�FDPH�IURP�JUDSHV��/DWHU��
starch from grain, potatoes, or “corn 
squeezins” was used also. The yeast 
came from living matter in the form 
of mold or fungus. Yeast contains the 
enzyme zymase. It is this enzyme 
that catalyzes the fermentation of 
sugar. Mix sugar (in grape juice) with 
yeast, and they will react slowly over 
weeks, months, or maybe years to 
IRUP�(7+</�$/&2+2/�DQG�FDUERQ�
dioxide, as well as minor amounts of 
some aldehydes. Depending on pref-
erences, some of the nonalcoholic 
contents can be separated by distilla-
tion.

Alcoholic beverages in the United 
6WDWHV�DUH�PDGH�H[FOXVLYHO\�E\�WKH�
fermentation process, not the pet-
rochemical process. It has nothing 
to do with the chemistry. It is due to 
a law enacted to protect the grain 
growers, not the consumers.

Until World War I, fermentation ac-
FRXQWHG�IRU�DOO�WKH�(7+</�$/&2+2/�
SURGXFHG�LQ�WKH�8QLWHG�6WDWHV��,Q�

������D�SHWURFKHPLFDO�URXWH�EDVHG�
on ethylene, sulfuric acid, and water 
was developed commercially and 
FDOOHG�LQGLUHFW�K\GUDWLRQ��%\�������
RQO\�����RI�WKH�(7+</�$/&2+2/�
was produced this way, primarily be-
cause of the expense of the ethylene 
at that early stage of the industry. 
With the rapid improvements in eth-
ylene technology, the share quickly 
JUHZ�WR�����E\�WKH�����V��$W�WKDW�
time, an alternate route, direct hy-
dration, was developed, eliminating 
the use of sulfuric acid and one step 
in the process. Direct hydration re-
placed the indirect hydration process 
E\�WKH�����V��$GYDQWDJHV�ZHUH�KLJK-
er yields, less pollution, and lower 
plant maintenance due to less corro-
sion—all leading to better econom-
ics.

&XUUHQWO\��DOPRVW�DOO�V\QWKHWLF�(7+</�
$/&2+2/�LV�SURGXFHG�YLD�WKH�GLUHFW�
catalytic hydration of ethylene. That 
volume is totally overwhelmed by the 
fermentation-produced alcohol for 
the motor fuels market.

7KH�EDODQFH�RI�WKH�LQGXVWULDO�(7+</�
$/&2+2/�LV�LQ�GHPDQG�DV�D�VROYHQW�
in personal care products (aftershave 
lotion, mouthwash), inks, cosmet-
ics, detergents, household cleaners, 
pharmaceuticals, industrial coatings, 
and as a processing solvent. 

******************************************

%$6)�LQWURGXFHG�KLJK�SUHVVXUH�WHFK-
QRORJ\�ZD\�EDFN�LQ������WR�PDNH�
$&(7,&�$&,'�RXW�RI�0(7+$12/�
and carbon monoxide instead of 
ethylene. Monsanto subsequently 
improved the process by catalysis, 
using an iodide-promoted rhodium 
catalyst. This permits operations at 
much lower pressures and temper-
atures. The methanol and carbon 
monoxide, of course, come from a 
synthesis gas plant.

0RUH�WKDQ�����RI�WKH�$&(7,&�$&,'�
SURGXFHG�LQ�WKH�8QLWHG�6WDWHV�JRHV�
into vinyl acetate. Nearly all the vinyl 
acetate ends up as polyvinyl acetate, 
used to make plastics, latex paints, 
DQG�DGKHVLYHV��$ERXW�����RI�DFHWLF�
acid is converted to acetic anhydride 
that is mostly used to make cellulose 
acetate, the white stuff in cigarette 
liters. It is also used in the manufac-
WXUH�RI�SODVWLF�VKHHWLQJ�DQG�¿OP�DQG�
in formulating lacquers.

$&(7,&�$&,'�DOVR�¿QGV�XVH�DV�D�
chemical intermediate in the produc-
tion of acetate esters for paint sol-
vents and as a reaction solvent for 
the manufacture of terephthalic acid. 
Also, acetic acid is the source of the 
acetyl group in the manufacture of 
$&(7</�6$/,&</,&�$&,'��$63,-
RIN)

Orange #2, and Red #32 from the list. Any potential renewal of 
their status was squelched when testing of all three colors made 
lab animals seriously ill. Twenty years later, another scare in-
volved Red #2. Some tests showed that 
the color made female rats develop tum-
ors. The backlash was so intense that some 

companies stopped sell- ing red-dyed food for the 
next decade. The red M&M disappeared until 
1987.

7KH������3XUH�)RRG�DQG�'UXJV�$FW�HPSRZHUHG�$PHULFDQ�UHJXODWRUV�WR�GH-
cide which colors could be used for food, and they only approved seven 
colors. A writer for the The New York Times described with awe the differ-
ence: As manufacturers adjusted to the new rules, the “masquerade” was tem-
porarily stripped away. Some formerly red, jarred cherries, for example, were 
naturally yellow. The coal tar dye used to brighten them had been banned.
3HUNLQ�DOVR�YLVLWHG�1HZ�<RUN�LQ�������)LIW\�\HDUV�DIWHU�KLV�PDXYH�GLVFRY-
ery, hundreds of chemists celebrated the “magician of coal tar” at a dinner at 
Delmonico’s, the country’s most famous restaurant. The Americans all wore 
mauve bow ties in his honor.
— Ewbanks

HQJLQHHULQJ�¿UPV�
in India, and Chi-
na. The suppliers of 
these Chinese and 
Indian industries 
come from other 
smaller industries 
which make the 
petrol cracking and 
small chemical con-
versions of these 
cracking products.  
Problems of supply 
and temporal latency 
in material pipelines 
such as “using up 

the world’s sup-
ply of magnesi-
um bromide” for 
a short time, to 
conduct a single 
synthetic step, 
can arise in what 
is a surprising-
ly disparate and 
wild industrial 
landscape.
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A number of synthetic steps which are changed in scaling 
up from laboratory to manufacturing scales have to do with 
(chemically relatively simple, but costly) 
manufacturing limitations. Not every com-
pany, region or industrial plant can do, 
for example, cryo-reactions which require 
large, one thousand litre liquid nitrogen 
cooled vessels. Not every company, region 
or industrial plant has a large enough pal-
ladium catalyst contraptions to do relative-
ly dangerous hydrogenation reactions that 
require large vessels of highly explosive 
K\GURJHQ�JDV�XQGHU�KLJK�SUHVVXUH��/HVV�
a matter of money, than time, plants and 
manufacturers are less likely to buy into processes that can 
take many months to commission, startup and test. Valida-
tion batches are high-
loss, lengthy steps for 
new production man-
ufacturers to bring on- line.

Glenmark Pharmaceuticals 
is a pharmaceutical company 
headquartered in Mumbai, In-
dia that was founded in 1977 
by Gracias Saldanha as a ge-
neric drug and active pharma-
ceutical ingredient manufac-
turer; he named the company after his 
WZR�VRQV��*OHQPDUN¶V�¿UVW�PDQXIDFWX-
ring facility in Nashik, India, which com-
menced operations in 1983. The facility 
is equipped to manufacture products 
across various dosage forms: Oral so-
lids, Liquid orals, External creams and 
Powders, and was ISO 14001 (environ-
mental responsibilities and manage-
ment) approved in 2004 and has regu-
latory approvals with ANVISA Brazil, 
MOH Ukraine, INVIMA Columbia, NDA 
Uganda, MOH Nigeria, TFDA Tanza-
nia, MOH Ethiopia, MCC South Afri-
ca, MOH Congo, MOH Oman, WHO 
– GMP. Products made at Nashik are 
exported to Glenmark’s emerging mar-
kets including Asia, India, Africa, Rus-
sia, the Commonwealth of Independent 
States and Russia, and Latin America.

7KH�WUDMHFWRULHV�RI�\HDU�RQ�\HDU�LQÀDWLRQ�VHYHUDO�QRQ�VHDVRQDOO\�DGMXVWHG�SULFH�YDULDEOHV�LQFOXGLQJ��PRWRU�IXHO��KHDOWK�
care, health care services, health care commodities, prescription medications, plastics, and the consumer price index 
IRU�WKH�\HDUV�����²�����DQG�����²�����VKRZ�GHFOLQLQJ�DVVRFLDWLRQV�EHWZHHQ�RLO�DQG�KHDOWK�FDUH�SULFHV���+HVV��-���
%HGQDU]��'���%DH��-���	�3LHUFH��-����������3HWUROHXP�DQG�KHDOWK�FDUH��HYDOXDWLQJ�DQG�PDQDJLQJ�KHDOWK�FDUH¶V�YXOQHUDELO-
LW\�WR�SHWUROHXP�VXSSO\�VKLIWV��$PHULFDQ�MRXUQDO�RI�SXEOLF�KHDOWK����������������������7KHUH�RIWHQ�DSSHDUV�WR�EH�DQ�DV-
VRFLDWLRQ�EHWZHHQ�GHFUHDVHG�SHWUROHXP�VXSSO\��LQGLFDWHG�E\�D�ULVH�LQ�LQÀDWLRQ�LQ�PRWRU�IXHO�SULFHV��ZKLFK�FRYDU\�FORVHO\�
with petroleum supply), a rise in the price of plastics, and, lagged by several months, the prices of healthcare commodi-
ties such as pharmaceuticals and health care as a whole.

As expected, the increase in 
KHDOWK�FDUH�LQÀDWLRQ�LV�VPDOO�
compared with the rise in the 
price of plastics. These pat-
terns are most evident in 
WKH�¿UVW�RLO�SULFH�VKRFN�LQ�WKH�
����V��GLPLQLVKLQJ�RYHU�WLPH��
There is increasing volatility in 
RLO�SULFH�LQÀDWLRQ�WKDW�PDNHV�LW�
GLI¿FXOW�WR�GLVFHUQ�D�FOHDU�SDW-
tern in later shocks.

There is little likelihood that 
reverse causation is driving 
these observations because 
health care delivery consumes 
a relatively small proportion 
of total petroleum output and 
does not set demand for pe-
troleum-based products. Oil 
supply shifts are presumed to 
not be related to health care 
delivery, so there is little like-
lihood that this association is 
VLJQL¿FDQWO\�FRQIRXQGHG�E\�DQ�
unexamined factor.

The most likely reasons for 
the observed association are 
that health care delivery is pe-
troleum dependent and that 
its cost is sensitive to shifts in 
petroleum supply. The appar-
ent decline in the magnitude 
of effect over the two periods, 
����²�����DQG�����²������
is important to note, however. 
This is likely because of the 
decreasing contribution of both 
transport and supply costs 
to overall health care costs. 
Health care is a service in-
dustry, and labor costs are in-
creasingly dominant in its price 
structure. Overall, the analy-

sis suggests an 
association be-
tween petroleum 
supply and health 
care prices that 
is inconstant over 
time because the 
costs of other 
health care com-
ponents have ris-
en disproportion-
ately.                           

2LO�SULFH�LQÀD-
tion has a modest impact on 
KHDOWK�FDUH�SULFH�LQÀDWLRQ��ZLWK�
some time lags. Petrochemi-
cal feedstock costs are likely 
a relatively small share of total 
pharmaceutical costs, how-
ever, which are dominated by 
marketing, research, and de-
velopment (largely la-
bour and distribution 
costs). Also, the im-
pact on medical com-
modity prices started 
later than did the im-
pact on other medi-
cal care prices, likely 
due to manufacturing 
times, lengthy test-
ing and delivery lags 
and transport and 
shelf life factors. The 
health care system 
exhibits high expo-
sure, moderate sus-
ceptibility, and high 
resilience to short-
term supply shocks; 
long-term shocks 
likely pose a more 
GLI¿FXOW�FKDOOHQJH��
�+HVV��-���HW��DO������
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