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take 25 Rd. north of town and explore some new areas of 
the Book Cliffs for fluorescing calcite and fluorite.
Wander back into town to the Hilton, enjoy a sunset 
beverage overlooking the golf course, have a nice meal, 
and a good night’s sleep. 
The next day, continue west to Sevier, UT, make a left going 
south on UT 89, past the “Big Rock Candy Mountain”, to a 
few miles north of Marysvale, UT. Wander up a short double 
track to the mouth of a couple of canyons and explore 

By Conrad North, Centennial, CO  #1904 president@uvmineral.org

Ease On Down The 
Road 

When I was younger, I 
was driven, particularly 
when it came to driving. 
No stopping for meals, 
only gas and the basic 
necessities. I was one 

of those, get in the car, drive until you got 
there people, or until the spousal unit cried 
“Uncle”. 
On a 646-mile trip to see my dad in St. 
George, UT, I’d leave at o’dark thirty and be on his patio, 
under the umbrella, in time for happy hour. I can only 
assume I picked up the habit from that same father. He 
was worse than me…
When I was a young boy we lived in Kansas and took an 
annual vacation to Myrtle Beach, SC, some 18 hours away. 
We'd leave Kansas when my dad got off work around 6:00 
p.m. and he would drive straight through all night and we’d 
be in Myrtle for lunch the next day. Also learned how to 
sleep in the foot well of the backseat (that was back when 
back seats had foot wells).
Those kind of travel days are a thing of the past. Today, 
I can take a one-day trip and easily turn it into a three or 
four day trip. Stops at rock sites, shops, or, “Look, there’s 
a dirt road, wonder where it goes?” have become the norm 
in my travel itinerary of today.
That 10-hour St. George trip now goes something like 
this…
Leave at a more gentlemanly time of 10:00 a.m. or so, after 
a nice breakfast, wander 4 hours west to Grand Junction, 
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the area for fluorescing 
banded rhyolite and 
calcite (red).
Continue south to 
Panguitch, UT past 
Butch Cassidy’s 
childhood home, and 
check into one of the 
local facilities (not many 
“star” lodges here, 
avoid the Bates Motel). 
Have a down home 
cooked meal at the 
Desert Grill and top it 
off with the best pie à la 
mode around.
Keep heading south the 
next day to Orderville, 
UT, (unless you want 
to make a quick swing 
through parts of Bryce 
Canyon National Park), 
stop at Joe’s Rock 

Shop, (owned by Ken Caruso) and request permission to 
explore his septarian nodule claims. He’ll draw you a map 
and you can prospect for free…if you’re lucky you might 
find a nodule and can take it back to Ken for cutting at 
a reasonable price that exposes the interior calcite that 
fluoresces.
Keep heading south on UT 89 to Mt. Carmel Junction 

then hang a right on UT 
9 and go west about 9 
miles to Zion Mountain 
Ranch. Check into one 
of the cabins, have a 
beverage on your front 
porch while observing 
the ranch wranglers 
drive the buffalo heard 
up to the lodge for the 
evening while watching 
the sun set over Zion 
National Park. Have 
a wonderful “ranch” 
breakfast the next 
morning and ease on 
down the road to Zion 
National Park. Spend 
whatever time you 
want exploring this 
magnificent geologic 
creation.
Once through the Park, 

keep an eye out for 
the local rock shops 
in Springdale just 
outside the Park’s 
west entrance. There 
are a number in town 
that have a variety 
of material. One 
of the larger, Zion 
Prospector, is more 
of an international 
shop with prices to 
match. They used 
to have an ore cart 
full of fluorescing 
Opalized Fluorite 
(aka Opalite) that was 
reasonably priced, 
but once the claim 
was shut down the 
prices have escalated 
substantially. 
Nowadays, pieces of 
this material in Tucson 
are prohibitive price-
wise. The material 
was originally called 
“Tiffany Stone” but 
a certain jewelry 
company strongly 
pushed the point 
that “Tiffany” was an 
inappropriate name. 
However, old habits die hard and you will still see it 
advertised as such. There are still deals on these pieces 
around town but it takes some searching and asking.
Another interesting shop in Springdale is Zion Rock and 
Gem at Dilly Holler Drive and Zion Park Blvd. It is more of 
a local shop specializing in local material with few fancy 
pieces.
Once you’ve had your fill of rock shopping, stop in at 
Porter’s Smokehouse Grill for a most excellent burger and 
local malt beverage. Play tourist in town as long as you like 
and then wander down the hill to Toquerville, Hurricane, 
and your eventual destination, St. George. Find a nice 
hotel with a pool, grab your book, a soda pop, and take a 
load off, you’ve had a tough few days.
If you’re so inclined, search out the “glitter pit” by the new 
airport where you can dig up notebook-sized slabs of clear 
selenite. It doesn’t fluoresce, but looks cool on the mantle.
Once the family obligations are met it’s time to consider 
the journey home…I’ve heard the Harding Pegmatite Mine 
north of Santa Fe still has a few fluorescent opportunities…

Banded rhyolite, calcite, feldspar, north of 
Marysvale, UT.  top photo VL, bottom photo 

UVC. Specimen - 4.5” x 6”

Opalized fluorite, Bruce Wellman Mine, Juab 
County, UT. Top photo VL, Middle photo 

UVC, Bottom photo UVA.  
Specimen 4.5” x 5”

Septarian nodule, Orderville, UT.  
Top photo VL, Bottom photo UVC. 

Specimen – 4” x 5”
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In my work I’ve taken care 
of thousands of patients, 
many over the course 
of their lifetimes. They 
present with the gamut of 
needs: serious mood and 

anxiety illnesses, severe self-esteem issues, and the 
dire consequences of unimaginable life events. These 
patients have certainly dealt with their share of despair 
and helplessness, fear and uncertainty, demoralization 
and hopelessness.
Care involves offering education and treatment specific 
to the illnesses involved, offering emotional support in 
the context of the therapeutic relationship, being a good 
model for psychological growth and problem solving,  
identification, and fostering the development of healthy 
coping skills to replace learned maladaptive behaviors.
In addition, a general goal 
is to enable one's ability 
to tolerate overwhelming 
feelings and react in 
adaptive ways. One 
specific cognitive 
technique uses a model 
theorizing that the degree 
of intolerable affects is 
proportional to the gap 
between a patient's 
sense of the magnitude 
of their problem and the 
perception of their own 
capabilities.
Although it might seem counterintuitive to some, in the 
short term, my patients are handling the new reality and the 
anxiety borne out of the current COVID-19 crisis quite well. 
Beyond there being a “pulling-together” effect of shared 
empathy and interpersonal support, I suspect that their 
experiences in dealing with the uncertainties, fears and 
helplessness in their own lives has given them a fatalistic 
(as opposed to a pessimistic) perspective.  They develop 
a matter-of-fact attitude of, "I’ll do what I can and deal with 
the consequences in the best way I can, relying on the 
help and specific techniques which have enabled me to 
cope until now". And in fact, they gain confidence and self-
esteem from implementing these skills. My experience 
coincides with general observations.  For example, it has 
been well-documented that suicide rates decrease in the 

aftermath of national disasters.  
In my work I don’t particularly recommend oversimplifying 
the magnitude of life’s tasks. With COVID-19, there will 
be unimaginable challenges; economic stresses, the 
requirement for interpersonal isolation in the context of 
medical necessity, societal fears and bigotry resulting in 
the inaccessibility of usual coping mechanisms and easier 
availability of firearms, decreased access to community 
and religious support, and barriers to medical and mental 
health treatment including health care professional’s 
illness, death and suicide.  The mountain seems infinitely 
steep and high. Will it be enough to advocate for and 
provide strategies aimed at increasing one’s sense of 
capability through knowledge, use of reason as opposed 
to catastrophic reactions, sensible preparations, and 
reliance on support from family, friends, and science as 
presented by mental health professionals?  
Curious about the overwhelming effects of real-life 
uncertainty, I remember asking my father, who was a 
young teenager during World War II, "How did people 
tolerate the terror arising from not knowing the outcome of 
the war?”  His response surprised me at first. He said that 
the imagined outcome of the War was NEVER in doubt. 
Until the winter in Stalingrad, it was thought that Hitler was 
invincible.  After Stalingrad the only doubt was in how long 
it would take for the Allies to triumph. He recalled being 
impressed with the way that women kept the country 
running during the war.  His and his friends tried to do 
their share by going door-to-door, collecting rubber bands 
and foil from cigarette packages.  In other words, people’s 
sense of bleak certainty was more psychologically 
tolerable than the feeling of helplessness resulting from 
an ultimate uncertainty.  “Tell me the good news or tell me 
the bad news, but I can’t stand the suspense.” And the 
confidence deriving from goal-directed activity, even when 
blatantly inconsequential, was soothing. 
When my turn came during the war in Vietnam, I 
conveniently managed to avoid reading the front page of 
The NY Times (while always getting to the sports section 
and the Science Times) and missing the first ten minutes 
of the evening news. Nevertheless, it all hit home when 
my first psychiatry placement as a medical student was at 
the Manhattan VA hospital, struggling to care for soldiers 
suffering from what we would later learn was PTSD. As 
unforgettable as their experiences were, I remember vividly 
every detail of their stories and their clinical presentation 
decades later.  

By Howie Green, #1164, howie@uvminerals.org

FROM THE EDITOR

SARS-CoV-2 (From CDC.gov)

maybe drop down to Las Vegas, make a left, and take the 
southern route home. Maybe add in a little K-Pg boundary 
exploring outside of Trinidad, CO for the iridium layer left 

by the Chicxulub visitor some 66 mya. 
That, and points in between, would probably fill the bill for 
a leisurely stroll home…
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So how are we fluoresophiles coping as a group?  Hoarding 
toilet paper only goes so far in our sense of preparedness.  
Fortunately, we have certain built-in advantages due to the 
peculiarities of our hobby. We have access to our rocks, 
our lamps, our microscopes and our cameras to help us 
productively fill time, not to mention participating in our 
Facebook Group and our newly formulated virtual Zoom 
gatherings. Sure, we've been restricted by the closing 

of museums 
and schools, 
by the 
cancellat ion 
of club 
m e e t i n g s 
and mineral 
shows, and 
curtailing of 
c o l l e c t i n g 
opportunities. 
We also have 
some innate 
psychological 
assets; few 
of us are 
h i s t r i o n i c 
p e o p l e 
prone to 
catastrophic 

reactions.  We're 
much more likely 

to approach a problem in an empirical and rational way. 
Technical knowledge and the ability to analyze research 
give us a sense of capability and hope. We seek to decrease 
anxiety and helplessness by absorbing knowledge even 
beyond our scope of expertise and experience, and this is 
healthy if properly channeled. It’s predictable that one of 

the topics that have enabled us to feel mor prepared and 
less vulnerable has been to study the germicidal effects of 
our dear ultraviolet light on the transmission of the SARS-
CoV-2 virus in our home environment and on our personal 
protective equipment.
The study of ultraviolet germicidal irradiation (UVGI) goes 
back far back to the 1930's. It’s an attractive technique 
because it's available, and the physics of its mechanism of 
action and toxicity is well-understood.  These advantages 
are yet not apparent for potential anti-viral drugs and 
vaccines. So in the interests of science and our own 
psychological health (especially mine), this issue of UV 
Waves includes an article about the biochemistry and 
clinical effects of the virus causing the COVID-19 pandemic 
and of its host (us), and about the photochemistry of the 
effects of ultraviolet light on the virus and on its host.
But, “Danger, Will Robinson!” This presentation isn’t a 
how-to for a DIY project. There’s little practical benefit to 
employing our collective thousands of watts of UVC against 
the SARS-CoV-2. While the dose (intensity and duration) 
of UV exposure is probably sufficiently germicidal, this 
isn’t easy to prove, and might be limited by issues like 
microshadowing. In addition, the integrity of targets like 
filtration masks and our skin and eyes can’t be guaranteed 
after irradiation in your home UV sandwiches. Bottom line: 
gird your loins with 
knowledge, enjoy 
the article, and 
use your lamps to 
enjoy your rocks 
in the safety of 
your home. AND 
DON’T PUT AWAY 
THE SOAP!

BACKGROUND: SARS-COV-2
Novel coronavirus disease 2019 (COVID-19) is a potentially 
deadly infection caused by the Severe Acute Respiratory 
Syndrome coronavirus-2 (SARS-CoV-2), which was first 
identified in the Hubei province of China in December 2019, and 
has resulted in the current coronavirus pandemic (COVID-19). 
This virus is closely related to the SARS-CoV-1, which appeared 
dramatically and virulently in 2003 and was contained by 2004.  
Much of our working knowledge is as a direct effect of the 
research subsequently done on the SARS CoV-1.  Conspiracy 
theories to the contrary, this is a zoonotic infection, and every 
indication is that this virus originated in bats before jumping to 
humans (perhaps with pangolins as an intermediate host). Since 

Readers of UV Waves are unlikely to be biochemists or photochemists, so some of the technical language in this article may be unfamiliar. 
Nevertheless, we invite readers to wrestle with the language to better appreciate the concepts so increasingly important in everyday life. 

References for this article are available upon request.     

the incidence and mortality rate are difficult to determine in the 
absence of more universal diagnostic and antibody testing, and 
are changing daily, any statistics we would offer in this issue 
would be outdated.
The incubation period, the time from the onset of infection to 
the development of symptoms, is usually at toward the end 
of the first week after exposure. Although with viral infections, 
symptomatic people are usually assumed to be the most 
contagious, the infectivity of this virus can peak while the source 
is either asymptomatic or only mildly sick.  It is this delay in 
the onset of symptoms, during which the source may not be 
apparently ill, that is responsible for the dramatic spread of 
the COVID-19 virus.  SARS-CoV-2 typically spreads by direct 

Authors- Howard Green, MD #1164, howie@uvminerals.org, and Jonathan Hobley, Ph. D. #2283

SPECIAL REPORT - UVGI AND THE SARS-CoV-2

Homemade transilluminator sandwich.

We’re putting our best and brightest to work to study 
and beat the coronavirus 

mailto:howie%40uvminerals.org?subject=UV%20Waves%20N8
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interpersonal contact, or by exhaled droplets harboring the 
virus during coughing, sneezing or talking.  The spread is not 
thought to be primarily by aerosol, so a measure of safety may 
be gained by interpersonal distancing outside the range of 
droplet travel, six feet or more depending on local (wind, e.g.) 
and physiological conditions. People can also self-infect by 
touching a contaminated surface and then touching their own 
mucous membranes (nose, mouth, eyes).  This is called fomite 
transmission. The length of time that the virus can survive on a 
given surface varies according to the composition and physical 
characteristics of the particular surface, and to local humidity, 
wind and temperature.  This duration is difficult to accurately 
determine, but it is thought to be long enough for surface-to-
person spread of the virus.  
Some if not most infections are asymptomatic, subclinical or 
mild.  The characteristic symptoms portending significant 
infection are fever, cough, and shortness of breath. Ultimately 
the most severe cases can involve the progression to viral 
pneumonia and ARDS (Acute Respiratory Distress Syndrome), 
severe cardiovascular consequences, coagulopathies, multi-
organ failure, and death. Medical comorbidities like chronic lung 
disease, immunocompromised status, cardiovascular disease, 
proinflammatory states like obesity, diabetes and hypertension 
(and perhaps age, although age might be an epiphenomenon) 
predispose to the severity of the symptoms and outcome. Viral 
load on exposure and certain host characteristics are perhaps 
the most interesting factors affecting disease severity and 
progression. For example, there seem to be genetic differences 
in how vigorously one’s immune system responds to coronavirus 
infection. For unknown reasons, children are significantly less 
likely to become ill or progress to severe illness. However, a 
serious inflammatory illness similar to Kawasaki syndrome 
affecting children is emerging in New York City, and might 
be linked to the novel coronavirus. The clinical presentation 
includes fever, abdominal pain, vomiting, rashes, swollen lymph 
nodes, and inflamed eyes.
SARS-CoV-2 initially affects the lungs. Pulmonary alveoli 
(expanding lung tissue) have two types of functional cells.   Type 
1 alveolar cells are primarily responsible for gas exchange, 
while type 2 cells are responsible for producing surfactant, a 
phospholipoprotein, which decreases intra-alveolar surface 
tension and enables gas exchange (oxygen in and carbon 
dioxide out). More on surfactants later. The virus accesses 
the host through type 2 cells (as did SARS-CoV-1, albeit with 
less affinity), which express angiotensin-converting enzyme 2 
(ACE2) on its outer cell membrane. Under normal conditions, 
ACE2 expression exerts important protective effects in the body. 
However, in SARS-CoV-2 infection, the “spike” glycoprotein 
on the virus’ surface engages ACE2, fuses with the host cell’s 
membrane and enters the type 2 lung cells by endocytosis, 
causing downregulation and inactivation of the ACE2 in the 
process.  There it replicates and the detritus of this infection, 
fluid, dead cells and pus, prevents gas exchange, kills the lung 
cells, resulting in ARDS. It has become apparent that severe 
impairment of ventilation is compounded by incompletely 
understood abnormalities in blood flow, resulting in inefficient 
oxygen and carbon dioxide exchange between the alveoli and the 
blood vessels perfusing the lung. For unknown reasons, certain 
individuals respond with a systemic hyperinflammation in which 
they bring to bear a runaway train of fulminant inflammatory 

reactions which eventually results in death.  In these patients, 
the progression to ARDS and the need for mechanical ventilation 
begins to occur about a week into the infection.
In addition to its pulmonary site, ACE2 is broadly expressed 
in the heart, blood vessels, and in the kidneys, so it’s not 
surprising that these 
may also be target 
organs of infection. 
ACE2 is an important 
c o u n t e r r e g u l a t o r y 
enzyme in a broader 
network of vasoactive 
peptides, the 
ren in -ang io tens in -
aldosterone system 
(RAAS). RAAS 
inhibiting medications 
are regularly used to 
treat hypertension 
and for protection from chronic renal disease in diabetic and 
hypertensive patients. However, clinically used ACE-inhibitors 
do not directly affect ACE2 activity despite some degree of 
structural homology to their target receptor, ACE1. There has 
been some uncertainty as to whether patients taking RAAS 
inhibiting medicines are at greater or less risk in the face of 
SARS-CoV-2 exposure.  Current consensus is to continue these 
medicines in patients who are accruing benefit.
SARS-CoV-2 is a positive-sense, single stranded RNA (ssRNA) 
virus (the genetic material of a virus being RiboNucleic Acid 
“RNA” rather than DeoxyriboNucleic Acid “DNA”).  Each SARS-
CoV-2 is approximately 120 nm in diameter.  Unlike our double-
stranded DNA, the SARS-CoV-2 genome is composed of a 
single, linear RNA segment approximately 30 kilobases long, 
the longest among RNA viruses. The name coronavirus comes 
from the club-shaped stripes projecting from the viral surface (a 
lipid bilayer), which appear like a halo (or corona) surrounding 
the virus when viewed by transmission electron microscopy. 
These projections are tipped with the functional proteins which 
the virus uses to “dock” and fuse with the target cells in the host, 
e.g. in the lungs.

The coronavirus viewed by transmission 
electron microscopy

(Source: National Institutes of Allergy and 
Infectious Diseases)

Coronavirus cross-section
Source: National Science Foundation
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After a SARS-CoV-2 virion attaches to a target cell, the host 
cell’s own proteases cut open the spike protein of the virus, 
exposing a sequence which links the virus to the host cell and 
facilitates the release of viral RNA into the cell.  This linkage is 
stronger for the SARS-CoV–2 virus than for previously known 
coronaviruses.  
Positive-sense viral RNA can function as both genome and as 
the viral mRNA, and thus can be immediately translated into 
protein on the host cell’s own ribosomes. The first proteins to 
be expressed after infection serve viral genome replication 
functions. RNA-dependent RNA polymerase is a protein which 
synthesizes new RNA from the RNA genomic template. Host cell 
proteins are also recruited to facilitate this genome replication.  
Viral structural proteins are translated from subgenomic RNAs.  
Like other coronaviruses, SARS-CoV-2 has four structural 
proteins, known as the S (spike), E (envelope), M (membrane), 
and N (nucleocapsid) proteins; the helical N protein holds the 
RNA genome, and the S, E, and M proteins together create the 
viral envelope.  The viral RNA essentially hijacks the host cellular 
machinery and components to basically make the mRNA for its 
genome and structural proteins, and then recruits host cell lipids 
to self-assemble new viruses.  Basically, the virus converts the 
host cell into a viral production factory at the expense of the 

host cell’s original function.  The new virus kills the cell, and the 
virus spreads to infect other cells locally and by transmission in 
the bloodstream.
Currently, diagnosis is made by index of suspicion, clinical 
symptoms and signs, and testing by real-time reverse 
transcription polymerase chain reaction (PCR) from a sample 
taken on a nasopharyngeal swab. PCR, illustrated in this short 
video, https://dnalc.cshl.edu/resources/3d/19-polymerase-
chain-reaction.html, takes a piece of genetic material (DNA or 
RNA) in a sample and, by using a suitable primer, amplifies the 
concentration of the genetic material, by repetitive polymerization 
steps, until it reaches concentration levels that can be detected. 
The same principle is applied to DNA fingerprinting in forensic 
science. PCR tests are not trivial to design and verify. For this 
reason, the insufficient supply of PCR test kits, and the variable 
accuracy of those kits has been a dramatic problem in treatment, 
and is a significant obstacle to understanding the epidemiology 
of the infection, which is a major hope for future prevention. A 
key piece of information is the genetic code (base sequencing) 
of the virus’ RNA. This sequence is required to produce primers 
which allow the selective amplification of the Covid-19 RNA 
rather than the amplification of every other piece of genetic 
“junk” in the sample. China and the WHO released the SARS-

The molecular biology of the coronavirus; Adv.Virus Res. (48) 1-100

https://dnalc.cshl.edu/resources/3d/19-polymerase-chain-reaction.html
https://dnalc.cshl.edu/resources/3d/19-polymerase-chain-reaction.html
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CoV-2 genetic code to labs worldwide before January 11, 2020. 
The implementation of clinical trials is a bioethical dilemma due 
to the explicit non-treatment of the control group. 
Radiologic imaging is not considered to be diagnostic for 
coronavirus and should not replace viral testing. Patients 
suspected of testing positive will usually get a chest x-ray to 
evaluate for pneumonia. Many institutions are limiting the use of 
CT unless absolutely necessary to prevent additional exposure 
and contamination. The consensus for the applicability of 
diagnostic radiology is in flux. 

Treatment is currently mostly non-specific and involves 
supportive care, treatment of symptoms, isolation, oxygen and 
mechanical ventilation when indicated, and the recognition and 
treatment of secondary infection.  Extra-corporeal membrane 
oxygenation (EMCO) is being used in advanced cases of ARDS.  
This is a modality that accomplishes gas exchange outside the 
body as a lung would.  
The overall efficacy of treatment is currently insufficient.  
There is no specific antiviral treatment and no vaccine. As 
will be discussed below, there were early anecdotal reports 
of benefits of antimalarial medicines like hydroxychloroquine, 
anti-inflammatory medicines, and zinc lozenges, which may 
decrease the progression to infection after exposure, among 
other measures. Unfortunately, irresponsible recommendations 
of non-proven modalities by sources purporting to be 
authoritative have muddied the waters of both treatment 
(downplaying the necessity of proven practices like social 
isolation) and the acquisition of the knowledge which will be 

necessary to determine the next steps in the service of public 
health care. There have also been claims which are clearly 
hoaxes, but are dangerously compelling to those hopeful or 
näive.  Both of these practices are in poignant contrast to the 
actual horrendous degree of suffering of patients and families, 
and to the heroic efforts of all those involved on the front lines, 
their families and colleagues. 
As mentioned above, the sequencing of the viral genome 
of SARS-CoV-2 was rapidly accomplished and quickly 
disseminated. Of course, there is still a monumental challenge 

to develop effective drugs for treatment and prevention. 
Although many drugs are known to have in vitro activity against 
different coronaviruses, no clinical evidence currently supports 
the efficacy and safety of any drug against any coronavirus in 
vivo, including SARS-CoV-2.  The drugs being tested currently 
are being re-purposed from other known effective uses.  An 
important benefit of re-purposed drugs is that many of their 
properties are already known (safety profiles, ie), and they 
are already available either clinically or by compassionate use 
protocols.  Whether these drugs used for other indications will 
be useful in treating SARS-CoV-2 is as yet undetermined, as 
is when in the course of infection they might best be used, and 
how to analyze the results of their use. Unfortunately, the results 
of current empirical treatments are uncontrolled and anecdotal. 
The implementation of clinical trials is a bioethical dilemma due 
to the explicit non-treatment of the control group.  
Most of the drugs in clinical trials are targeted to attack key 
components of the coronavirus infection lifecycle. Although viral 

Simplified representation of the SARS-CoV-2 viral life cycle and potential drug targets: National Science Foundation
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entry into the host cell may be blocked by chloroquine 
and hydroxychloroquine, there is no high-quality 
evidence to support the efficacy of these drugs against 
SARS-CoV-1 or 2.  Extensive clinical experience 
informs us that although these drugs are usually well-
tolerated, they are not always benign. Retinopathy, 
cardiomyopathy, hypoglycemia and significant drug-
drug interactions are known consequences of their use. 
Indeed, an early trial of hydroxychloroquine in SARS-
CoV-2 patients was discontinued due to the development 
of cardiovascular toxicity. Another set of options are 
drugs which target viral entry into the host cell via the 
spike glycoprotein. SARS-CoV-2 binds to the host’s cell 
surface angiotensin-converting enzyme 2 (ACE2) and 
uses the host cell’s transmembrane protease serine 2 
(TMPRSS2) to enter its target cells. It isn’t understood 
at present whether currently available ACE-inhibitor 
drugs have a place in treatment of SARS-CoV-2.  A drug 

approved in Japan for the treatment of pancreatitis, a TMPRSS2 
inhibitor, camostat mesylate blocks cellular entry of the SARS-
CoV-2 virus in vitro. However, because ACE2 and TMPRSS2 
are vital to normal physiological functioning throughout the 
body, safety is a major concern in the use of drugs targeting. 
Umifenovir has an interesting mechanism of action, targeting 
the S protein/ACE interaction and inhibiting membrane fusion of 
the viral envelope. Inhibiting viral replication with drugs such as 
remdesivir is currently a hot and promising topic.  Remdesivir is 
the prodrug of an analogue of the nucleotide adenosine.  After 
conversion intracellularly, it competes with adenosine and inserts 

into the viral RNA chain interfering with the action of the 
viral RNA-dependent RNA polymerase to make new 
RNA.  The SARS-CoV-2 virus is also one of the few RNA 
viruses which has “proofreading” capability, mediated 
by an enzyme which basically chops out mistakes 
in the RNA reproduction. Fortunately, the adenosine 
analogue resulting from remdesivir evades detection by 
this exoribonuclease.  There are currently two Phase-3 
trials of remdesvir underway. Other potential drugs of 
interest interfere with the delivery of nucleobases to the 
replicating RNA.
The catastrophic, exaggerated response to infection 
in some patients may result in hyperinflammation, a 
“cytokine storm”, in which the body’s immune cells and 
their activating compounds switch from healing mode to 
an inappropriate pro-inflammatory mode.  This is thought 
to be responsible for rapid clinical deterioration in the late 
stages of serious infection. There is anecdotal evidence 
that corticosteroids may be helpful in these cases, but 
because of the potential for delay in viral clearance and 
the risk of secondary infection, the indications for their use 
is unclear. Monoclonal antibodies targeting inflammatory 
cytokines like IL-6 may hopefully cushion the storm.  
Tocilizumab and sarilumab, Il-6 receptor antagonists 
used to treat rheumatoid arthritis, are examples. In fact, it 
is unknown whether recovered patients develop immunity 
to future infection, and what would be the duration of this 
immunity. Of course, viruses mutate, in which case all 
effective treatment modalities and vaccines will need to 
be reevaluated.

Flattening the curve

Hierarchical schematic of phospholipids in the formation of structural and functional 
membranes. (Components of the image from Public domain and CDC).

How soap molecules mimic, compete with,  
enter and then destroy the envelope of a virus such as SARS-CoV-2.
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Transferring purified and concentrated neutralizing antibodies 
to SARS-CoV-2 from recovered patients, colloquially referred 
to as “convalescent plasma treatment”, is being investigated as 
a means of conveying passive immunity and as a treatment. 
This approach proved to be beneficial and safe in the treatment 
of two other coronavirus infections, SARS-CoV-1 and Middle 
East respiratory syndrome (MERS). Several uncontrolled small 
case series, some SARS-CoV-2 patients treated early in their 
course showed promising preliminary results; improved clinical 
symptoms, higher levels of blood oxygen, lower inflammatory 
markers, undetectable viral loads, and improved chest computed 
tomography imaging. There are many difficulties involved 
before this treatment can be assessed, and more difficulties in 
its general implementation.
There is no available vaccine to prevent SARS-CoV-2 infection. 
How and when this might be achieved is way beyond the scope 
of our understanding. We’re fortunate that Phil Fernsten will 
bring us up to date in a Query Quarry in this issue.
Currently, prevention of infection is the key. Hand washing and 
attention to hygiene are unequivocally mandatory to “flatten the 
curve”. Soap molecules have both polar and non-polar regions.  
The nonpolar chains adhere powerfully to dirt on the skin, and 
water washes soluble polar regions away with the virus.  But 
that’s not all! The lipid bilayer forming the viral envelope and the 
lipids holding the genome and the proteins together (all by weak 
non-covalent bonds) is the part of the virus most vulnerable to 
intervention. A lipid bilayer is not dissimilar to molecular self-
assembly in a soap bubble. That is because both the soap bubble 
and the bilayer are formed due to the “surfactant” properties of 
their composing molecules. Surfactant is a word which derives 
from a combination of “surface” and “active”. These are typically 
molecules that have fat-loving “lipophilic” and water-loving 
“hydrophilic” parts. They have non-polar hydrocarbon tails made 
of long chain alkanes and polar heads made of charged acidic 
salts (in the case of soaps) or phospholipids in the case of cell 
membranes and viral envelopes. 
Soap competes with and basically dissolves the viral lipids, and 
the now disconnected viral components just wash away. Anti-
bacterial additives to soap are irrelevant to its anti-viral effect.  
Alcohol-based disinfectants are disruptive to lipid biolayers also, 
but they are flammable, and sometimes they are dermatologically 
harmful. Likewise, bleaches are good for disinfecting surfaces, 
but can be harmful due to toxic properties and dermatological 
effects.
One measure of viral spread is the R0, the expected number 
of secondary infectious cases caused by a primary case. As 
if the coronavirus isn’t contagious enough, a ‘superspreader’ 
is an individual who is likely to cause many more secondary 
infections than the general population. Social distancing and 
isolation are proving to be successful methods of prevention 
of the spread of infection. An illustrative video from the Ohio 
Department of Health is found at https://www.youtube.com/
watch?v=o4PnSYAqQHU. However, legal, political, societal, 
and economic consequences are putting pressure on these 
practices. A dramatically important key is to protect the integrity 
of our health delivery system and the individuals who provide 
both acute and supportive care
The prevention of viral spread, the availability and effectiveness 
of personal protective equipment and techniques for those on 

the front lines, and the ability to provide non-COVID-19 health 
care are all important priorities.  The use of masks by the 
general public is controversial, because public use competes 
for stockpiles that are sometimes desperately needed by 
healthcare workers, but mask use (and social distancing) in 
the early stages of spread seems to have been important in 
places where spread has been dramatically less than might be 
otherwise expected, for example, in Hong Kong and Singapore.
UVGI
INTRODUCTION TO NUCLEIC ACIDS
This article will go on to describe the effects of ultraviolet 
germicidal irradiation (UVGI) of SARS-CoV-2, and its effect on 
the airborne virus and on fomite transmission. Since human 
safety is a major concern in the delivery of UV light, we will 
also discuss the effects of germicidal UV light on people, We 
DO NOT intend to recommend the use of UVGI as practical 
solution, and what follows is only a description to satisfy the 
curiosity of our members who are (hopefully only figuratively) 
sitting on their own supply of germicidal ultraviolet light.
Since most of us have only rudimentary familiarity with human 
genetics, we’ll start by introducing some basic biochemistry 
of our own genome and the effects of UVGI. Our genes are 
comprised of DNA (deoxyribonucleic acid), which encodes the 
genetic instructions for cellular functioning.  Most DNA molecules 
consist of two biopolymer strands coiled around each other in 
a structure famously described as a double helix.  Each DNA 
strand is comprised of four types of nucleotides, each made 
of a nitrogen-containing nucleobase, a sugar (deoxyribose), 
and a phosphate group.  The nucleotide monomers are joined 
to each other by covalent phosphodiester bonds between the 
sugar of one nucleotide and the phosphate of the next, and 
form the outer backbone of the double helix.  The nucleobase 
of each nucleotide is either a purine (adenine or guanine) or 
a pyrimidine (thymine or cytosine), abbreviated A, G, T, or C. 
The nucleobases of each polynucleotide strand point toward 
the inside of the molecule, and are joined to a nucleobase on 
the opposite polynucleotide strand by relatively weak hydrogen 
bonds, forming the double-stranded DNA helix. Although the 
hydrogen bonds are individually weak, they act efficiently to stick 
the two strands together, much like multitude of individual fibers 
in a Velcro™ strip.  The nucleobase pairs are stacked like rungs 
of a ladder.  Only certain nucleobases in the double helix are 
compatible with each other; normally A only pairs with T and C 
only pairs with G.  This specificity of base pairing results in both 
strands being complimentary, each the predictable counterpart 
of the other.  
The DNA that makes up the human genome can be subdivided 
into information bytes called genes.  The human genome 
contains about 21,000 genes.  Each gene encodes a mobile 
“messenger” RNA-strand (mRNA) that is used as a template to 
create a unique protein that performs a specialized function in 
the cell.  Unlike the sugar-phosphate backbone, the sequence 
of nucleobase pairs is unique for each gene, the 'meaning' of 
which is encoded in the specific sequence of the four bases.  
Since genes are hundreds to thousands of nucleotides long, the 
variety of possible base pair sequences is virtually unlimited.  
Cells use the two-step process of transcription and translation 
to read each gene and produce the string of amino acids that 
makes up a protein.  The basic rules for translating a gene into 
a protein are laid out in the Universal Genetic Code.  This is 

https://www.youtube.com/watch?v=o4PnSYAqQHU
https://www.youtube.com/watch?v=o4PnSYAqQHU
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the sequence of nucleotides in DNA that serves as instructions 
for synthesizing proteins via an mRNA strand.  The genetic 
code is based on an 'alphabet' consisting of sixty-four triplets 
of nucleobases called codons.  The order in which codons are 
strung together determines the order in which the amino acids 
for which they code are arranged in a protein.  
In order for an organism to grow, cell division must take place.  
When a cell divides the daughter cells must have the same 
genetic information as the parent cell.  Each parent molecule 
is comprised of two complimentary strands of DNA.  This 
feature of DNA enables the precise copying of genes necessary 
for inheritance.  During replication the two strands separate 
like a zipper, and because of the base-pairing rules, each 
original strand serves a template that determines the order 
of nucleotides which plug in to form the 'new' complimentary 
strand.  After replicating, each new DNA molecule consists of 
one original strand and one new strand, and is identical to the 
parent molecule.  
Please spend a few minutes watching the animations of all of 
these genetic topics on the website of the DNA Learning Center 
of the Cold Spring Harbor Laboratory.  Go to http://www.dnalc.
org/resources/3d/index.html. Another terrific introduction to 
learn about genetics is on www.thoughtCo.com, where Dr. Anne 
Marie Helmenstine explains it all.  For a detailed explanation of 
the dermatologic and systemic consequences of sunlight (UVA 
and UVB) on humans, please see UV Waves supplement to 
volume 44, number 4, July-August 2014. 

Like DNA, RNA is a nucleic acid.  While the sugar of DNA 
is deoxyribose, RNA is composed of the monosaccharide 
ribose.  An additional hydroxyl group on ribose conveys a 
lower hydrolysis activation energy, rendering RNA more labile 
(reactive).  RNA uses the same nucleobases as DNA except 
uracil substitutes for thymine. Although RNA is single stranded, 
short segments often fold into helices, which enables RNA to 
serve as a catalyst analogous to how a protein can serve as 
an enzyme.  In humans, there are three important types of 
RNA; mRNA is the transcription product which serves as the 
‘messenger’ for bringing information from the DNA in the cell’s 
nucleus to the cytoplasm where it is translated on ribosomes into 
the amino acids which comprise proteins.  tRNA is a sequence 
which ‘transfers’ a newly-formed amino acid to be added to a 
growing polypeptide chain.  Ribosomal RNA, or rRNA combines 
cytoplasmic protein to form ribosomes.  Ribosomes then bind 

Hierarchical self-assembly of bases and sugar to form RNA (Image components are all from  
Creative Commons license CC BY-SA 3.0 https://creativecommons.org/licenses/by-sa/3.0/)

mRNA to synthesize proteins.
In a virus, RNA has a very different function which is analogous 
to the reproductive function of DNA in higher lifeforms such as 
animals and of course (lower) lifeforms like humans. 
Ultraviolet Germicidal Irradiation (UVGI) has been studied since 
the early 20th century. It is an established method of disinfection 
for water, typically using UVC to destroy microbes by damaging 
their nucleic acids. In the 1930s, upper-room UVGI was used 
successfully in Philadelphia public schools to prevent the 
epidemic spread of measles. Modern concerns such as drug-
resistant microorganisms, bioterrorism and viral pandemics 
have sparked renewed interest in this field. Of course, upper-
room UVGI needs to be both effective and safe. The efficiency 
of exposing all of the air in the target setting has received 
considerable attention. One interesting idea to balance both 
disinfection effectiveness and human safety has been to use 
upper room far-UVC, for example that generated by filtered 
excimer lamps (really Xe-halide rather than Xe-Xe) emitting 
in the 207-220 nm range. Proponents of this approach claim 
that this range is effectively germicidal for the novel coronavirus 
(although the effect of far-UVC may be mediated by pathogen 
protein damage as much as nucleic acid damage), and has 
less potential to be dangerous to people because far-UVC does 
not penetrate the dead outer layer (the stratum corneum) of 
our skin very well. These claims seem rather specious to us 
for various reasons. Whether the far-UVC is delivered by upper 
room continuously emitting fixtures or overnight at “furniture-

height”, the dose (intensity and 
duration of exposure) of UVC 
would have to be very large to 
achieve the “6-logs kill” at the 
target distance (reduction to 
0.00001% of viral load, which 
might be hundreds of billions 
of viral particles), which is 
the standard of disinfection. 
Shadowing, which prevents 
delivery of UVC to every surface, 
is also difficult to assess and 
overcome. And how would any 
method of UVC delivery prevent 
the infectious consequences 
of the sudden transmission 
of high-density viral particles, 

such as occurs with a single sneeze? The safety of 220 nm 
UVC relies on the supposition that the statum corneum scatters 
(more than absorbs) the light to prevent it from reaching any 
underlying keratinocyte nuclei. This work is preliminary, and is 
as yet only demonstrated for squamous cell carcinogenesis in 
animal models under very controlled protocols. In fact, there are 
many sites on the body without stratum corneum, such as the 
eyes, tongue and lips, wounds, and very thin stratum corneum 
of the eyelids, nipples, etc. At present, little is known about the 
effects of UVC on the generation of reactive oxygen species 
and the induction of distant melanomas. Much is unknown, such 
as the potential danger of UVC to the beneficial bacteria of the 
skin microbiome. In addition, there are molecules made by the 
skin such as urocanic acid, which can absorb UVC and undergo 
a trans-to-cis isomerization to an immunosuppressive product. 
 

http://www.dnalc.org/resources/3d/index.html
http://www.dnalc.org/resources/3d/index.html
http://www.thoughtCo.com
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Generally organic molecule molecular orbitals are grouped into 
three types:

1) σ bonding and σ* antibonding orbitals. These are formed 
when orbitals with s or p (or sp3) symmetry overlap with each 
other directly pointing the orbital lobe from one atom to the 
orbital lobe on the other atom involved in the bond.
2) π bonding and π* antibonding orbitals. These are formed 
when the orbitals of each atom in the bond overlap even when 
the lobes are pointing parallel to each other and not directly at 
one another.
3) Non-bonding orbitals. These are generally located on 
a nitrogen, oxygen or other non-carbon atom withing the 
molecule. In RNA bases there are multiple such “hetero-
atoms”. 

The mechanism by which UV light kills a virus or bacteria relies 
on the fact that UV-light can cause DNA and RNA damage, 
which causes the pathogen to produce all the wrong proteins 
and to be unable to replicate. In the case of the coronavirus it is 
RNA damage that is relevant, because in this virus it is RNA that 
contains the both genetic code and the genes for transcription 
of proteins, etc. RNA damage prevents the coronavirus from 
being able to replicate, and to produce proteins necessary 
for its function. This damage begins with the absorption of a 
photon of UV light. This should be absorption by the bases on 
the sugar rather than by the sugar backbone, because ribose 
only absorbs light below 190 nm. Additionally absorption of light 
by other chromophores in the virus or host environment could 
yield secondary reactive photoproducts that can attack the RNA 
bases, either directly or by producing the reactive oxidizing 
agent singlet oxygen.
The absorption of light by RNA begins at wavelengths below 
~300nm, with an absorption maximum at 260 nm. The transition 
energy corresponding to 260 nm is ~7.6x10-19 J and this is 
consistent with a typical π → π* transition for a simple aromatic 

UV light-induced pyrimidine photodamage.  
Note the covalent bonds (in pink). Source; sivbio.50webs.com

Schematic of pyrimidine dimer DNA damage. The resulting strand can't be 
'read' past the 'kink'. Source; bio.miami.edu 

system. In fact, it is the conjugated aromatic C=C π double 
bonds of the base ring structures which most strongly absorb 
UV light causing an electronic transition to the π*orbital. In other 
words, when one of the bases absorbs a photon it forms an 
electronically excited state. 
How does light cause this electronic transition? First of all, 
consider that an electron inside a bonding orbital is not a point 
object. It is actually a 3-dimentional smear of charge that is 
better described as a 3-dimentional standing wave. Light is an 
electromagnetic wave and a bonding π orbital electrons can be 
set into more energetic motion by the light’s electromagnetic 
field, much like electrons in an electric current generated by a 
moving magnet inside copper coils in a dynamo, except that 
the electrons can only flow within the orbital standing waves. 
The extra energy that the light inputs into the π orbital makes 
it oscillate at a higher frequency corresponding to a standing 
wave with the shape of the π* orbital. This is how an electronic 
transition occurs. It sets the electron cloud in the orbital 
oscillating at a higher frequency thereby absorbing the photon 
energy.
Although the excited state corresponding to the peak maximum 
at ~260 nm is likely to be a π → π* transition, the lowest energy 
transition is actually between the π bond and the non-bonding 
orbitals on the carbonyl oxygen or on the amine group in the 
case of adenine, however the intrinsic absorption of this type 
of transition is inherently low because the non-bonding orbitals 
are not in an optimum position in space to exchange electrons 
with a π symmetry ground state. Thus the π → π* excited state 
is the one that forms most easily and should rapidly relax to 
the lower energy n→ π* state in its lowest vibrational level. 
Photochemistry should therefore occur from the lower energy 
n→ π* singlet state in its lowest vibrational level (Kasha’s rule). 

Other UV light-induced photoproducts which may cause  
DNA/RNA damage. Source; ScienceDirect
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First of all it is important to note that RNA is well known to be 
virtually non-fluorescent, meaning that the lifetime of the lowest 
excited singlet state is very short. There can be two reasons 
for this. 

1) non-radiative decay to the ground state is efficient
2) intersystem crossing to a triplet state is efficient
Or both of the above may be true. Remember that each base 
G,U, A, C is chemically different and may undergo different 
photochemical reactions. 
The typical reactions that occur for RNA bases are
1) Formation of pyrimidine dimers by uracil or cytosine bases. 

For example cyclobutane dimers are formed by cyclo-
addition of the C=C double bonds on two adjacent rings. In 
order for this to happen two pyrimidines must be adjacent 
to each other in the RNA chain because the subunits are 
not free to diffuse. Additionally, a 6,4 photoproduct and a 
Dewar photoproduct can also form.

2) Formation of random breaks
3) Formation of triplet states (which may auto-generate 

singlet oxygen 1O2 which is an electronically excited state 
of oxygen that is very good at attacking organic molecules.)

4) Formation of radicals which result in bond cleavage in 
RNA chains.

5) Hydration of pyridines. 
Any of these reactions will render the virus RNA useless for its 
function of reproduction and transcription of proteins.
The germicidal effect of ultraviolet light irradiation of SARS-
CoV-2 can be summarized as follows. UVC light is absorbed 
best at around 260-265 nm.  As stated above, the most UV-
sensitive viral target is the RNA.  However, viral proteins are 
also vulnerable, the peak of absorption of these is at about 280 
nm.  There is also some absorption by the peptide bonds within 
viral proteins below 240 nm. In RNA, the pyrimidine uracil is 
present while thymine isn’t.  In fact, the uracil-adenosine bonds 
are most vulnerable to UVC because the peak absorption of 
uracil peaks at less than 260 nm, which is more closely aligned 
to the output of our mercury vapor lamps. Crosslinking to form 
uracil dimers results in one of the destructive photoproducts 
of UVC on RNA.  Uracil and cytosine are also vulnerable to 
photohydration, which are also important photoproducts of the 
irradiation of RNA.  
Covalent crosslinking can also occur between uracil and 
the proteins in the nucleocapsid of the virus and other viral 
polypeptides.  In fact, UVGI irradiation of the virus is very 
efficient, with far more damage accruing than is necessary to 
kill the virus. There is some fairly irrelevant photoprotection 
when the viral envelope scatters UVC input, but almost none 
from UVC passing through the nucleocapsid.
Photochemistry mechanism aside, we can simply compare 
the loss in infectivity and genome damage as a function of 
wavelength and compare this to the absorption spectrum of 
RNA. As we can see the destruction of genetic material and 
loss in infectivity closely follow the RNA absorption spectrum, 
which tends to confirm that the major cause of UV-induced viral 
disinfection is photo-decomposition of the virus’ RNA.

PRACTICAL CONCLUSIONS
What are the considerations when selecting between soap-
based sanitizers and a UV source?
In nearly every circumstance soapy water is an excellent 
sanitizer because the soap intercalates into the viral envelope 
and pulls it apart. The only time that this would not be a good 
choice would be for disinfecting some very water sensitive 
electronic item. This being said, washing a Smart Phone screen 
with soapy water or alcohol is hardly likely to cause damage 
to the phone. Conversely long periods of UVC exposure could 
potentially damage your LCD display, because the display relies 
on organic molecules that typically contain aromatic rings which 
are likely to be susceptible to UV light-induced photochemistry 
and damage.  UVC disinfection of skin is definitely a dangerous 
idea and should never be considered because of the risk to your 
own DNA.
Furthermore, in order to calculate an effective dose for your 
UV disinfection you would need to know the lamp power (you 
cannot rely on the manufacturer rating). Determining a lamp’s 
power requires the use of a chemical actinometer or a recently 
and reliably calibrated power meter. You would also need to 
know the spectrum of the lamp corrected for the sensitivity 
of any CMOS chip, as a function of wavelength, that is used 
to measure the spectrum. Again, this is beyond the scope of 
nearly everyone. Autocorrections in any software provided with 
the spectrometer are unlikely to be reliable over time as the 
instrument characteristics change over its lifetime.
In short. There is virtually no circumstance that can be reasonably 
imagined when soapy water would be better replaced by an 
uncalibrated UV light source.
Acknowledgement- Thanks to Chris Clemens, Phil Fernsten, 
Harly Greenberg, Daniel Yarosh, Richard Bostwick and Danny 
Green for their support and advice.

 Action spectrum for virus damage compared to RNA absorption 
spectrum for MS2 Phage. Adapted from: Sara E. Beck, Roberto 
A. Rodriguez, Michael A. Hawkins, Thomas M. Hargy, Thomas 

C. Larason, Karl G. Linden C. M. Dozois, Editor, Public and 
Environmental Health Microbiology, DOI: 10.1128/AEM.02773-15
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It’s fair to say that every fluorescent mineral enthusiast’s 
interest was sparked by the fabulous suite of minerals from 
the Franklin Mine in Sussex County, New Jersey. Franklin 
has justifiably earned the title, “The Fluorescent Mineral 
Capital of the World”. But despite the familiarity with and 
study of these minerals, every so often a puzzler comes 
along. To answer this issue’s Query, we’ve enlisted the help 
of Justin Bank. Justin began collecting rocks at a young 
age and became interested in fluorescent rocks since 
the 5th grade. He entered the Illinois State 
Science Fair as an 8th grader, with a project 
that evaluated the effect of temperature on 
the fluorescence of minerals. He has worked 
at the Sterling Hill Mining Museum and the 
Franklin Mineral Museum, and has a special 
interest in the rocks and minerals of New 
Jersey and the Långban area of Sweden. He 
is currently a junior at Oberlin College and is 
majoring in Geology.

QUERY Back in my day, I had a fair degree 
of experience studying the minerals of the 
Franklin Mine in New Jersey.  Although the 
technology of the UV source wasn’t nearly as 
sophisticated as what’s available now, I did 
study the fluorescence of these minerals too.  
Every once in a while, a puzzler came along, 
like the one here.  The nice willemite crystal 
in the center just doesn’t fluoresce, whereas 
the more broken willemite in the matrix does 
as expected. I was hoping you could explain 
this phenomenon.  CP, Cambridge, MA 

RESPONSE There are lots of fluorescent 
minerals in the Franklin and Sterling Hill 
ore bodies. One of them, willemite, is 
a hexagonal simple zinc silicate, which 
fluoresces bright yellowish green, activated 
by trace Mn2+ replacing Zn2+ in the crystal 
structure. However, there are crystals of 
willemite that appear unremarkable in visible 
light, but under ultraviolet (UV) light they are actually 
non-fluorescent, an uncommon property for willemite in 
the ore body. One possible reason is that if a sample of 
willemite is relatively gemmy, it can be less fluorescent 
than other non-gemmy willemites. Other times this can 
be a sign that a specimen has undergone a process 
called serpentinization, whereby a mineral is altered 
to serpentine. Serpentine is, for the most part, non-
fluorescent, and does not significantly alter the appearance 
of samples of willemite from the F/SH ore bodies, other 
than perhaps giving it a slightly waxier luster. Because of 

this, it may be easy to mistake serpentinized willemite for 
non-fluorescent willemite. The specimen which prompted 
CP’s inquiry is a gemmy ‘grape’ willemite (and calcite) 
from the Franklin mine which shows bright fluorescence 
in short wave UV on all of the broken crystals, whereas 
the large intact crystal in the center does not. Indeed, this 
intact crystal appears significantly waxier than the rest of 
the willemite.

However, the curious among us may not be satisfied with 
just writing this phenomenon off with a single word and 
might want to know how the process actually happens. 
Serpentine refers to a group of minerals that are all sheet 
silicates with water in their structure. The reason we see 
serpentinization on crystal faces and not within the crystal 
(or at least much less), is that serpentinization takes place 
as water travels along grain boundaries. The rock body 
reached more or less its current form deep underground at 
high temperatures, and as the rock above it was eroded, it 
cooled down and came closer to the surface. The cooling 

Willemite and calcite from the Franklin Mine, Franklin, NJ.  
In short wave ultraviolet light and in visible light, 4” x 2”.  

Howie Green collection and photo.

QUERY QUARRY - NON-FLUORESCENT WILLEMITE?
Compiled by Howie Green, #1164
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of a rock can cause the constituent mineral grains to 
shrink, causing very small gaps to open up between 
them that water can seep through. It is this water that 
causes serpentinization to occur. This is evident in 
the accompanying photo as lines of dark serpentine 
partially outlining grains of bustamite where there 
were small gaps in the rock.

Often, serpentinization is a simple action of taking 
a magnesium iron silicate and adding water to the 
mixture to get a serpentine or chlorite (magnesium/
iron silicate with water integral to the structure). 
However, in the case of Franklin and Sterling Hill, 
these are zinc and manganese silicates like willemite, 
rhodonite, and bustamite being altered. So, it must 
follow that either these elements are being kicked 
out of the structure by magnesium, or perhaps the 
serpentines we find in F/SH vary in composition from 
the ideal formula expected from pure serpentine. And 
while there have not been extensive studies of the F/
SH serpentines, they do show that there are many 
examples of highly manganoan serpentines and some 
zincian and ferroan serpentines as well. Isotopic studies 
would have to be done to be sure that these elements 
indeed did come from the minerals being altered, but 
until then, we can’t be sure. There are other examples of 
endpoints for elements from altered minerals, with some 
areas of zincite alteration seeing sphalerite veins. 

The question still remains, however, to ask where the 
magnesium came from to alter these non-magnesian 
silicates into magnesium serpentines? And while there 
are no isotopic studies to determine this conclusively, 
there is lots of evidence to point to the Franklin Marble 
as the source. The Franklin Marble is the geologic unit in 
which the Franklin and Sterling Hill ore bodies are wholly 

embedded. There is a large magnesium component in 
the Franklin Marble, and any hydrothermal fluids that are 
even slightly acidic would have no trouble mobilizing this 
magnesium into the ore body. Additionally, we know that 
the Franklin Marble did contribute to some magnesium 
mobilization in the area, with known examples of the 
process in McAfee, New Jersey, just northeast of the 
ore bodies, where dolomitic cement in breccia dikes has 
been isotopically shown to match the Franklin Marble, 
implicating it as the source of its magnesium. 

I’d like to offer many thanks to Dr. Earl Verbeek for his 
indispensable help in writing this article.

Justin Bank, #1831

Fluoresophiles are an eclectic bunch of coconuts. As 
a result, topics of interest to readers of UV Waves spill 
over into subjects other than fluorescent minerals. This 
Query is an example, and fortunately for us, Phil Fernsten 
is available for expert guidance.  I met Phil through 
membership in UV-Nomads, the collecting-only wing of 
the FMS’ Northeast Region Fluoresophiles (NERFs). 
My first inkling of his knowledge in infectious diseases 
came through our discussion after I was attacked by a 
tick while we were collecting sodalite in northwest New 
Jersey. (I survived but I can’t say the same for my cell 
phone, which perished in a washing machine accident.)  
In fact, Phil is a leading figure in the field of vaccine 
research and development, and is currently the Founder 
and Chief Scientific Officer at VBT Laboratories. He took 

QUERY QUARRY - THE SEARCH FOR A VACCINE
Compiled by Howie Green, #1164

time out from his active research into COVID-19 to help us 
understand the state of the art.   

QUERY I guess I would refer to myself as a “biophilosopher. 
In addition, I’ve always maintained an interest in virology, 
although that fervor has attenuated over time.  I must 
confess that the COVID pandemic has me in a feverish 
state, so I wonder if you could describe the efforts 
underway to develop a vaccine? JS, La Jolla, CA’

RESPONSE As of early April 2020, at least 78 pharmas, 
biotechs, government and nongovernment institutes, 
universities, etc. have SARS-CoV2 vaccine candidates 
under active development, and there are probably 
numerous other SARS-CoV2 vaccines in development. 
Many of these organizations have put all other programs 

Bustamite from the Franklin Mine, showing serpentinization. Note the dark, 
partial outlines where small gaps allowed water to move through, 7.5 x 5.5 
x 3.5 cm. From the collection of Earl Verbeek, now  in the Franklin Mineral 

Museum. Earl Verbeek photo.
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on the back burner to address the urgent need for a 
SARS-CoV2 vaccine.  About a half dozen of these vaccine 
candidates have entered clinical studies as of this date, with 
many more soon to follow.  Most of these vaccine efforts 
are focused on eliciting immune responses, particularly 
neutralizing antibody responses, to the S (spike) protein 
of SARS-CoV2 or to the ACE2 receptor binding domain of 
the S protein, although some vaccine candidates are also 
including M (matrix) protein, E (envelope) protein, or N 
protein (nucleoprotein).  A variety of different approaches 
are being employed to develop vaccines for SARS-
CoV2, including mRNA vaccines, DNA vaccines, protein 
subunit vaccines, non-replicating viral vectored vaccines, 
replicating viral vectors and attenuated viral vaccines, 
virus like particles (VLPs), and whole killed viral vaccines.  
Each of these approaches is being attempted by multiple 
parties.  

mRNA vaccines encode a viral antigen, usually S protein 
or a fragment, and are usually formulated in liposomes for 
stability and uptake by cells of the recipient.  After entry 
into cells the mRNA is translated to viral proteins, which 
are displayed by the host cells and provoke an immune 
response to the virus in the host.  DNA vaccines similarly 
encode viral antigens on DNA plasmids with promoter 
sequences, and are usually formulated in liposomes 
for uptake or administered by electroporation.  The 
mechanism for DNA vaccines is somewhat more complex, 
as the DNA plasmids must be transported to the nuclei 
of the host cells, transcribed to mRNA, and translated to 
viral proteins in the cytoplasm, which are then displayed 
to elicit immune responses to the viral proteins. mRNA 
and DNA vaccines have the advantage that they can be 
quickly designed based on the known sequence of SARS-
CoV2, and can be rapidly scaled up sufficient for early 
phase clinical studies.   Unfortunately, result in humans 
to date with other nucleic acid-based vaccines, such 
as influenza, have been disappointing.  A riff on DNA 
vaccines is the use of non-replicating viral vectors to 
deliver DNA encoding SARS-CoV2 viral proteins to host 
cells.  Adenoviruses, a class of DNA viruses that generally 
cause mild respiratory and/or gastrointestinal symptoms, 
are often used for this purpose, because their genome 
and capsid structure can accommodate large DNA inserts.  
These vectors are genetically crippled by deletions so 
that they cannot replicate in the host and cause disease 
but nevertheless encode and drive the transcription/
translation and presentation of SARS-CoV2 antigens.  A 
disadvantage to adenoviral-vectored vaccines is that host 
immune responses to the adenoviral proteins may limit the 
utility of the vaccine.  Most nucleic acid-based vaccines 
and adenoviral-vectored vaccines under development for 
SARS-CoV2 are focusing on the S protein or fragments 
of the S protein.   The first SARS-CoV2 vaccines to 
enter clinical studies are of this general class:  Moderna/

NIAID (mRNA), CanSino Biological/Beijing Institute 
of Biotechnology (non-replicating adenoviral-vectored 
vaccine), Inovio Pharmaceuticals (DNA plasmid), and 
BioNTech/Pfizer (mRNA).  Vaccines of this general class 
will face very stringent safety requirements prior to larger 
scale clinical studies and possible licensure/launch.

The greatest number of vaccine efforts for SARS-CoV2 
are focused on protein subunit vaccines.  Again, most of 
these vaccines are based on the S protein, fragments 
of the S protein, such as the ACE2 receptor binding 
domain, or peptides derived from the S protein.  S protein 
or fragments or peptides of S protein are produced in 
mammalian cells, insect cells, yeast cells, bacteria, and 
even plants.  These subunit vaccines may be delivered 
in a variety of forms, including nanoparticles, trimers, 
monomers, or as fusion products with other proteins.  The 
stability of certain prefusion conformations of the S protein 
maybe critical for the success of these vaccines. Vaccines 
of this general type take somewhat longer to develop and 
scale up than nucleic acid- based vaccines, but should not 
face unusually stringent safety requirements.  

Virus-like particles (VLPs) are non-replicating particles 
consisting of one or more structural components of the 
virus.  The feasibility of this approach for coronaviruses 
is not currently clear, and scale up and manufacturing of 
VLPs can be very challenging.

Attenuated viral vaccines consist of the pathogen itself in a 
genetically weakened form.  It is able to replicate, but only 
minimally, and does not cause disease in otherwise healthy 
individuals.  Replicating viral vectors usually consist of an 
attenuated vaccine strain, such as the measles vaccine 
strain, in which one of the protein components of the 
viral vaccine strain has been genetically replaced by an 
analogous protein from the pathogen of interest.  Vaccines 
of this type can elicit very robust and long-lasting immunity, 
but can be difficult to develop and can have serious safety 
issues, particularly in immunocompromised individuals.  If 
any SARS-CoV2 vaccines of this type go forward, they 
will among the last to enter clinical studies and will face 
excruciating requirements for demonstrating safety.  

Whole killed viral vaccines consist of intact virus 
particles that have been chemically inactivated, 
often with formaldehyde.  Until recently, all influenza 
vaccines were of this type.  Vaccines of this type can 
be developed reasonably quickly, but scale up to large 
scale manufacturing can be difficult, depending on how 
the virus is produced.  Also, vaccines of this type have 
not always been safe.  A trial many years ago of a whole 
inactivated respiratory syncytial vaccine actually made the 
infections much more severe in recipients.  So, even with 
many decades of experience with influenza vaccines of 
this type, it will be necessary to proceed very cautiously 
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Connelly, D. and Robinson, J. (2020).  
The Race to Stop COVID-19.  

The Pharmaceutical J. 304: 168.

with such vaccines, and the burden of proof for safety will 
be quite high.

A timeline of one to one and a half years for successful 
development of a SARS-CoV2 vaccine has been 
mentioned a great deal in the lay press.  Unfortunately, 
while not impossible, such estimates may be overly 
optimistic. While regulatory requirements for vaccine 
licensure could be streamlined and coordinated between 
agencies in various countries, large scale safety studies 
will need to be carried out before any vaccine can be 
rolled out to the general public.  Efficacy studies can be 
carried out fairly quickly and with fairly modest enrollment 
while SARS-CoV2 is in pandemic phase.  However, 
a year from now things may be (will hopefully be) very 
different:  SARS-CoV2 may still be with us, but there may 

only be sporadic outbreaks at that time.  It will be much 
more difficult to prove the efficacy of any vaccine when 
the incidence of the disease is low.   Lastly, for most of 
the vaccine types discussed above, no manufacturing 
infrastructure currently exists that is capable of producing 
the hundreds of millions of doses that will be required, at a 
minimum.  Similarly, large scale manufacturing processes 
and the required documentation and training and QC 
testing necessary to meet current Good Manufacturing 
Practices guidelines have not been developed. All of this 
takes time, no matter the resources allocated to it. 

Philip Fernsten, Ph.D., # 2337
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In the last issue of UV Waves, we sounded the call for 
readers to submit photos and a story about a special 
fluorescent rock in their collection. 
Doug Bank answered the call, 
so enjoy his article and please 
consider forwarding your own 
entry for Every Fluoro Tells a 
Story to: howie@uvminerals.org 
-Editor 

My son Justin and I got started collecting rocks around 
2007. We collected rocks on the beach, on vacation and 
during frequent visits to the local rock shop. As with many 
people, one of our first interests was geodes, probably 
started when Justin received some “Crack Your Own 
Geodes” from his grandmother. One day the rock shop 
had a bin full of Trancas geodes that were extremely light 
and so thin you could shine a flashlight on one side of the 
geode and the whole geode would light up. We bought 
several of these, though they were so thin that we did not 
attempt to crack them open ourselves for fear of destroying 
the whole thing. Eventually, we borrowed a pipe cutter and 
managed to cleanly split one of them. One half was not 
particularly pretty, but the other side was very interesting.
Trancas geodes are found in north central Mexico, about 
200 miles south of El Paso, Texas, and 25 miles northeast 
of Chihuahua City. They are named Trancas geodes after 
a nearby railroad called Estacion Trancas. The geodes 
occur in a volcanic ash flow tuff and are found near the 
surface. These geodes have been mined since 1973, and 
they are probably found in most rock shops. In fact, Justin’s 
“Crack Your Own Geodes” were also Trancas geodes, 
albeit much thicker. Trancas geodes are interesting, at 
least on the inside, because the secondary quartz in these 
geodes occurs as intergrown crystals with amazingly weird 
shapes. It is thought that rapidly changing geochemical 
conditions caused tree-like growths, curved – even curly 
– sceptered formations. Calcite and other minerals can 
often be found coating the quartz.
Unbeknownst to us when we bought these geodes, they 

characteristically fluoresce green under shortwave UV 
due to trace uranium content in the formation where the 
geodes are found. Silica and uranium would leach out 
of the upper portion of the formation and would get re-
deposited in the empty amygdules found in the lower 
portion of the formation. The intensity of the fluorescence 
can vary, though I do not think that you can correlate the 
brightness of the response with the amount of uranium in 
the specimen. 
It was interesting to hear about the fluorescence of these 
geodes, but at this time we were not fluorescent collectors! 
That was about to change. During the summer of 2010 
Justin and I visited the Sterling Hill Mining Museum and 
Franklin Mineral Museum in New Jersey. We collected a 
lot of rocks and bought a pitifully weak light. I’ve been a 
photographer since 1989, but I didn’t really start taking 
pictures of my fluorescent rocks until the following 
September when I received my Superbright 2. The first 
rock I photographed was, of course, from New Jersey 
(that’s a story too – we just got back from New Jersey 
and went to a sale where the club was trying to get rid of 
stuff. The rock in question was unmarked and priced at 
a $1. It was a large rock – probably 7 pounds or more – 
with a cut surface. It has a lot of hardystonite running right 
through the middle. Win for us. Anyway…) The second 
rock, though, was one of the thin Trancas geodes we had 
bought years before. 
This geode was very interesting under the bright UV of 
the Superbright. The entire inside of the geode fluoresced 
green, and the edges and center showed a hint of blue. 
Based on my current knowledge and a bit of analytical 
testing on a similar geode, I believe the blue is calcite or 
aragonite.
Interestingly, the blue persists momentarily after the light 
is turned off. As a photographer, I wanted to capture 
that. As anyone who has tried to capture the afterglow 
of most minerals, this is challenging, to say the least. I 
was using a borrowed Nikon D90 camera, which was 
a pretty good camera at the time, but it still wasn’t very 

By Doug Bank, #1831

EFTAS - TRANCAS GEODES

Trancas geode, in white light, SW UV, and just after SW illumination, 3 ½” x 3 1/2”.  Rock and photos- Doug Bank 

mailto:howie%40uvminerals.org?subject=UV%20Waves%20N8
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sensitive in low light. Any attempt to capture the afterglow 
was disappointing, partially because of the dimness of 
the afterglow, but also because the afterglow was in two 
planes and I could not focus on both at the same time. 
That didn’t stop me from trying something interesting, 
though. Unfortunately, I cannot remember WHY I did what 
I did or even HOW I did what I did, but it did work.
First, I stacked two images. Stacking images is not 
particularly interesting now, and even then it wasn’t new, 
but I did have to do it manually. Nevertheless, this wasn’t 
that difficult. The real interesting part is that I did not use 

a UV light to create the afterglow!  In fact, I used a large 
external flash. I believe that I configured the camera to take 
two shots – the first one was synchronous with the flash, 
but the second one was a few milliseconds later. I was 
never sure if the flash produced UV or if it was just intense 
enough to elicit a response. For the purpose of this article 
I aimed my current external flash (Nikon SB-700) at a UV 
Test Card. As far as I can tell, there is little or no UV in the 
flash output. However, when I tried my old flash (Nikon 
SB-24), it definitely turned the Test Card purple, implying 
there was moderate UV in the output. That’s probably not 
great for portraits, but it worked out for this image!

http://www.uvminerals.org
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Patrons make additional contributions that support the FMS (uvminerals.org) website, UV Waves, and other FMS activities.  
The FMS website acknowledges our Patrons.

Dr. Ronald Duerksen #413 Albert Liebetrau #594 David Wall #723 David F. Battin #983

Mark Isaacs #1001 Mary Loose DeViney #1650 David Stuck #1653 Trent Sullivan #2123

Harold Hintz #1723 Stephen Black #1736 Michael Crawford #1869 Jeffery Garwood #2021

Raymond Stryker #2028 Howard Rabinowitz #2089 Michael Harkness #2091 Doug McLean #2100

Steve Scott #2224 Leland Green #2255 Phillip Stauffer #2137 Marc Bergendahl #2174

Jerome B. Jacinto #1557 Justin Field #2219 Robert Fendrich #774 Douglas Core #1457

Gerald Rudisin #1772 Robert Ross #2247 Kevin McCarthy #2252 Jessica Cost-Quick #2292

Gen Miller #2295 Evan Molidor #2323 Kelly McJilton #2201

Sustaining members make additional contributions that support the FMS (uvminerals.org) website, UV Waves, and other FMS 
activities. The FMS website contains links to websites and e-mails for our sustaining members. We thank you for your support.  
Please report any corrections or omissions to your listing.
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UV SYSTEMS, Inc.
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Polman Minerals
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Philip Neuhoff #2120
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James Simpson #1251
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Mark Cole #1322 
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Wayne Schrimp #1688
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www.capistranomining.com

Graham Fraser #1699
Fluoromins Australia
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Joseph McAnney #1871
Endless Circle
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Gerard Barmarin #713
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