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Abstract 

The Shroud of Turin is an important archaeological textile showing the front and back images of a man with blood marks 

consistent with scourging and crucifixion. The cloth has been proposed to represent either the burial linen of the historical Jesus 

of Nazareth or the product of a medieval artist. Almost forty-five years ago, it was reported that enzymatic digestion of blood 

from fibers taken within a Shroud image area revealed no image-type coloration underneath. Such findings led to the suggestion 

that blood was transferred to the cloth first, protecting such areas from subsequent image formation. Although often evoked as a 

form of scientific proof for the Shroud’s authenticity, there has been no further experimentation to explore this interesting 

concept. Given the peculiar feature of colored fibers existing adjacent to non-colored fibers within image areas of the Shroud, 

the issue has been raised that prior digestion studies may have been confounded by neighboring uncolored fibers underneath the 

blood. Additionally, it has been proposed that blood may have a “bleaching effect” on fabric, which could revert colored fibers 

in a scenario where the blood was added secondarily to a created image. The ordered relationship between blood and image is 

particularly intriguing given that recent findings using nanosecond pulses of ultraviolet energy to create superficial and Shroud-

like coloration on linen were shown to vaporize bloodstains. In the current report, studies were performed to investigate factors 

that might potentially relate to the sequential order of blood and image addition to the Shroud of Turin. These studies show that 

addition of blood to acid-treated linen nullifies subsequent coloration, providing an example of no image underneath bloodstains 

with these conditions. The “bleaching effect” of blood was evaluated and shown to be restricted to only one out of three coloration 

systems that were examined, leading to the general conclusion that blood added after coloration is unable to reverse it. Finally, 

these studies document that linen underneath blood (or serum) was affected by energy transfer from radiation, even under 

conditions corresponding to latent coloration. 
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1. Introduction 

In 1978, a group of scientists was permitted to have approx-

imately five days access to the Shroud of Turin, a 4.4 by 1.1 

meters cloth containing the ventral and dorsal images of a man 

with blood marks corresponding to scourging and crucifixion 

(Figure 1). The majority of these scientists were members of 

the Shroud of Turin Research Project team (STURP), co-or-

ganized by the physicists Drs. John Jackson and Eric Jumper 

[1-3]. Sample collection by STURP was performed by tape 
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lifting of cloth surface fibers, most of which were approxi-

mately 10-15 μm in diameter and ranged from 40 μm to sev-

eral mm in length [4]. To date, this remains the only detailed 

scientific investigation of the whole cloth that has been con-

ducted. Studies have established that the bloodstains contain 

authentic blood components although it is currently unknown 

if additional substances may be present as well [3, 5]. The im-

age does not appear to result from the simple addition of pig-

ments or dyes and is devoid of characteristic brushstrokes like 

those seen in a typical painting. Understandably, it is unknown 

how the linen and the image may differ from their original ap-

pearance some 700-2,000 years ago. The molecular basis for 

creation of the image remains enigmatic but has been sug-

gested to involve a wide range of possibilities, including acid 

treatment, photochemical effects, Maillard-type reactions, 

coronal discharge, proton emission, ultraviolet radiation, and 

neutron projection [3]. 

 
Figure 1. Photograph of the Shroud of Turin during the 2015 public 

exhibition made by the author. This photo was taken at a distance of 

approximately 15 feet using a zoom lens which shows a close up of 

the ventral portion of the image, including the facial region. 

Biochemical and immunological studies have established 

that authentic blood components are present, including hemo-

globin, albumin, and immunoglobulin, although the blood 

species of origin remains to be verified [5-7]. In the 1980s, 

STURP scientist Alan Adler treated blood containing fibers 

that were removed from an image area with protease digestion 

enzymes, revealing that no image-type coloration was present 

underneath. Control image fibers (lacking blood) were unaf-

fected by exposure to protease, establishing that a protein 

component was not responsible for the image [4]. These find-

ings also led to the suggestion that blood was added to the 

cloth first, providing subsequent protection from image crea-

tion, which occurred secondarily [8]. This idea has become 

assimilated as a type of “scientific proof” that the image could 

not have been created artistically. Certainly, a blood first/im-

age second scenario is in opposition as to how an artist might 

likely work, i.e. fashioning an image around the blood marks 

instead of the other way around. However, it must be cau-

tioned that extrapolation is not equivalent to scientific confir-

mation. 

One of the most intriguing properties of the Shroud is that 

colored and non-colored fibers exist adjacent to one another 

[1, 3]. The issue has been raised that since Adler’s digestion 

experiments were performed at the fiber level, the possibility 

of obtaining a colorless “neighbor” within an image area in 

these types of experiments should be considered [9]. As the 

number of samples available for these original studies was 

quite limited, it is unknown if the lack of color is a general 

characteristic of fibers underneath most of the blood marks in 

image areas of the Shroud. 

Historian and artist Nicholas Allen has commented that 

blood has a “bleaching effect” on fabric [10, 11], offering an 

alternative explanation for the absence of colored fibers un-

derneath the bloodstains. Several decades ago, he proposed 

the use of a camera obscura together with light sensitive silver 

compounds in the creation of the Shroud image [10-12]. Most 

objections to Allen’s theory center largely around historical 

arguments that such technology would not have been available 

for use by a medieval artist, which he disputes [12, 13]. It 

should be noted that specifics of Allen’s theory are often mis-

understood. He does not hypothesize that silver is directly re-

sponsible for the image as in a photographic type system; ra-

ther, he proposes that following the quenching of the silver 

salts with ammonium solution and removal of residual silver 

by washing, the chemically altered cellulose fibers left behind 

are responsible for the coloration [11, 12]. 

In the initial studies of Shroud image properties, STURP 

scientist Adler reported that fibrils “identical in all chemical 

and microscopic characteristics to those found on the Shroud” 

could be prepared by exposure of linen to concentrated sulfu-

ric acid [4]. The use of acid-containing gall inks in the 

Shroud’s creation has been proposed by several investigators 

[14, 15]. In 2009, Garlaschelli utilized a frottage technique 

with a mixture of pigment and sulfuric acid added to a cloth-

draped body and bas relief in an attempt to create a full-size 

Shroud image [16]. Certain macroscopic features were con-

gruent between the facsimile and the real Shroud, although 

other characteristics, such as no image in non-contact areas 

were absent. As the authors acknowledge, the experimental 

results of their initial attempts can doubtlessly be improved 

[16]. The experiments did not address the issue of bloodstains. 

More recently, extremely short (nanosecond) pulses of ul-

traviolet (uv) radiation have been used to reproduce the color-

ation of the Shroud image on linen [17, 18]. These results have 

led to the developing idea that energetic projection from a 

body is responsible for image formation, although obviously, 

this has not been reproduced in the laboratory. The character-

istics of fiber coloration by laser irradiation have been studied 

at macroscopic, microscopic, and chemical levels and show 

strong similarities to samples from the Shroud [17, 18]. Two 

types of coloration by laser treatment have been described, 

that which is immediately visible after nanosecond pulsing, 
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and latent coloration, which is not visually detectable unless 

the sample is subsequently heated to simulate artificial aging, 

or aged naturally [17-19]. Interestingly, the laser dose required 

for immediate color visualization on linen was found to va-

porize bloodstains [19]. Only settings corresponding to latent 

coloration were suitable for no apparent damage of blood-

stains by a general macroscopic evaluation [19]. 

In the current study, various systems were utilized to gain 

information pertaining to the possible sequential order of 

blood and image addition to the Shroud of Turin cloth. It is 

important to emphasize at the onset that the purpose of this 

study was not to refute or promote authentic or non-authentic 

viewpoints of the origin of the Shroud of Turin. Rather, the 

goal of these efforts was to provide empirical data related to a 

principal feature of the Shroud, which although frequently 

cited as important evidence, has never progressed scientifi-

cally since the idea was first suggested over forty years ago. 

2. Materials and Methods 

Human blood was obtained from healthy volunteers by the 

fingerstick method using a Health Lancing device (CVS phar-

macy®, USA) fitted with a micro lancet (CVS pharmacy®, 

USA). Human blood serum was obtained from Innovative Re-

search (Innovative Research Company, Novi, MI), purchased 

as pooled human serum off the clot. 

For acid coloration, 20 microliters of HCl were added, al-

lowed to dry, and samples heated at 110°C for 10 minutes. 

With experiments involving blood and serum, acid was added, 

allowed to dry, and then a similar volume of blood or serum 

was added and allowed to dry before heating. Protease treat-

ment was performed as previously described [20]. 

The UV light system used for photography in these studies 

was a ultraviolet 365 UV flashlight, 365 nm, LED-UV301-356 

nm (Shenzhen Lightfe Light Limited, Shenzhen, China). Pho-

tographs were taken using Sony RX100 and Sony alpha 6500 

digital cameras. For various treatments, either Whatman® 1 

mm filter paper (Cytiva, Marlborough, MA) or natural unpro-

cessed linen (chemical free, unbleached, undyed) made from 

100% organically grown flax (Sand Dunes) purchased from 

Rawganique (Blaine, WA) was used. Laser irradiation was car-

ried out on an Advanced Technology Lasers ATLEX-ILR ar-

gon-fluoride (ArF) excimer laser with a wavelength of 193 nm. 

The laser dimensions were measured with direct thermal paper 

exposed to the laser and calipers. A Coherent FieldMax II ex-

ternal energy meter with a J-50MUV-193 sensor was used to 

measure the laser fluence prior to sample exposure. For latent 

conditions, 7.05 mJ per pulse, 5 ns, N of 486 was used for FT = 

16.8 J/cm2; and for low level latent conditions, 9.17 mJ per 

pulse, 5 ns, N of 250 was used for FT = 10.5 J/cm2. For above 

threshold conditions, 7.05 mJ per pulse, 5 ns, N of 729 was used 

for FT = 25.2 J/cm2 7.05 mJ per pulse, 5 ns, N of 1146 was used 

for FT = 39.6 J/cm2. To visualize latent coloration effects, sam-

ples were heated at 190°C for 60 seconds. 

For silver treatment, a 0.5% solution of AgNO3 solution 

was added to linen, and after drying, exposed to sunlight for 

8-16 hours. Samples were then quenched in 6M NH4OH solu-

tion and washed in copious amounts of water as described [10, 

11]. 

All of the results presented in this manuscript are repre-

sentative of at least three separate experiments. 

3. Results 

Blood contains several chemical buffering systems which 

help to maintain a strict pH balance in the range of 7.35-7.45, 

without which the body would cease to function properly. 

These systems exist to offset the influx of H+ or OH- ions, 

thereby preventing a drastic drop or rise in pH [21]. As men-

tioned in the introduction, the possibility has been raised that 

some type of acid treatment may have been used in creation 

of the Shroud image. If true, then it is reasonable to assume 

that blood addition may serve to counterbalance the chemical 

etching effect of H+ treatment in such areas. 

As shown in Figure 2, acid treatment followed by mild heat-

ing resulted in the rapid coloration of filter paper and linen 

(Figure 2). Samples treated at or below a concentration of .01 

M (1 x 10-2) M HCl (pH ~ 2) did not show a detectable change 

(Figure 2). The degree and tone of color was variable depend-

ing upon acid concentration and heating conditions; a concen-

tration of 0.2 M was typically used for subsequent experi-

ments as that gave a color that was easily visible and like the 

Shroud image, did not fluoresce under ultraviolet (uv), (data 

not shown). To examine the effect of blood on acid coloration 

of filter paper and linen, samples were acid-treated, and after 

drying, a similar volume of blood or serum was applied to the 

same area. After a second round of drying, the samples were 

briefly heated as before, and one-half of each group was 

treated with proteolytic enzymes to remove blood and serum. 

As shown in Figure 3A, proteolytic digestion was effective at 

removing blood and serum from filter paper but did not dimin-

ish the coloration by acid treatment in control groups without 

such additions (Figure 3A). 

 
Figure 2. Acid coloration of filter paper and linen. Samples were 

treated with the indicated concentration (M = molarity) of HCl, al-

lowed to dry, and heated for 10 minutes at 110°C. 
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Importantly, these data show that when blood was removed 

from acid-treated samples, no coloration was observed under-

neath (Figure 3A). Because of the relative transparency of se-

rum, the counteracting effect on acid coloration was apparent 

even without proteolytic digestion (Figure 3A). Similar results 

were obtained when linen was used (Figure 3B). Taken to-

gether, these data demonstrate that both blood and serum were 

able to efficiently nullify coloration by acid when applied sec-

ondarily. The neutralizing effect of blood products on acid is 

directly demonstrated in Figure 4. Serum was used for these 

experiments as the opacity of whole blood obscures a visual 

readout. Unlike water, serum very effectively raised the pH of 

acid solution; water addition was necessary to equalize the 

volumes for comparison (Figure 4). As noted previously in 

Figure 2, an increase to pH ~2 or above is sufficient to nullify 

the effect of acid on the coloration of cellulose containing ma-

terial. Taken together, these data indicate that blood addition 

offsets the effect of acid by increasing the pH by at least 1.3 

units, consistent with our results in Figures 2 and 3. 

  
Figure 3. Blood nullifies acid coloration of filter paper and linen. (A) Samples were treated with acid and allowed to dry; a similar volume of 

blood or serum was added and allowed to dry, after which samples were heated for 10 minutes at 110°C. Blood and serum were removed by 

digestion with protease enzymes as indicated. Note that protease treatment had no effect on acid coloration in control groups (no additions). 

(B) Similar to (A), using linen, see Materials and Methods for details. 

 
Figure 4. Blood serum effectively neutralizes acid. Serum or water was mixed with 0.2 M HCl in the indicated ratio and spotted onto pH 

indicator paper. A key wheel with the correlation between color and approximate pH value is shown on the right. A pH value of 1-6 is consid-

ered acidic, 7 is neutral, and 8-14 represents the basic range. 

In the next set of studies, experiments were performed to 

evaluate the possibility that blood has a “bleaching effect”, an 

idea suggested by Allen [12], although no experimental data 

was provided to support it. If true, then application of blood to 

linen that had already undergone a coloration process would be 

expected to be reversed. The initial studies were conducted us-

ing the silver salt method for coloration; in this system, linen 

was treated with silver salts, exposed to sunlight, quenched with 

ammonium nitrate solution, and washed as previously de-

scribed [10, 12]. Treated samples were easily distinguishable 

from control groups and gave the type of coloration that has 

been reported [10, 12], from yellowish to sepia in tone (Figure 

5). The extent and tone of color was somewhat variable depend-

ing upon the amount of sun exposure provided; silver-treated 

linen did not fluoresce under uv [10, 12], (data not shown). Sil-

ver-treated samples were divided into two groups, with and 
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without blood addition, and subjected to protease treatment as 

described above. As shown in Figure 6, coloration of samples 

without blood addition was similar before and after protease di-

gestion (Figure 6A). In contrast, blood-containing samples ap-

peared visually lighter afterwards (Figure 6A, 6B). 

It was reasoned that if the observed “bleaching effect” of blood 

was likely relevant to image formation on the Shroud, then blood 

would have a similar effect on linen coloration achieved by other 

means. Two systems were used for these experiments: i) acid col-

oration as done before and ii) linen exposed to nanosecond pulses 

with an ultraviolet laser. The laser system has the advantages that 

it does not rely on a particular chemical treatment for coloration, 

and the product characteristics match up very well with what has 

been described for the Shroud [17]. If blood can truly “bleach” 

linen that has undergone oxidation, dehydration, and conjugation, 

then a decrease/reversal of color would be predicted to occur 

within other systems as well. 

 
Figure 5. Coloration of linen treated with silver salt solution. A so-

lution of 0.5% AgNO3 was added to linen, allowed to dry, and then 

exposed to sunlight for 16 hours. Samples were then soaked in 6M 

NH4OH to quench the reaction, washed with several rinsings of wa-

ter, and allowed to dry (see Materials and Methods for details). 

  
Figure 6. The “bleaching effect” of linen following blood addition and protease treatment on linen treated with silver salt solution. Blood was 

added to linen that had been treated with silver (Ag) salt solution and two days later digested with protease for blood removal. The overall 

color of linen appeared lighter following blood addition and removal. 

 
Figure 7. Blood is unable to reverse filter paper coloration by acid: 

no “bleaching effect”. Samples were treated with 0.2 M HCl, allowed 

to dry, and heated for 10 minutes at 110°C. Blood or serum was 

added and two days later samples were digested with protease as 

indicated. 

Unlike the experiments shown in Figure 3 where the pre-

ventive effect of blood on acid coloration was evaluated (Fig-

ure 3), the “bleaching effect” was examined by adding blood 

after coloration had already taken place. As shown using pro-

tease digestion in Figure 7, the coloration of acid-treated filter 

paper was unaffected by blood or serum addition (Figure 7). 

Previous studies have shown that the threshold value for 

ArF laser coloration of linen occurs when the total fluence (FT) 

is greater than 22 J/cm2, with a yellowish coloring occurring 

when FT is ~ 25-27 J/cm2 [17-19]. When linen is treated below 

the threshold value with FT = 16 J/cm2, no coloration is ob-

served but becomes immediately visible following a brief ex-

posure to heat, referred to as latent coloration. Latent colora-

tion also develops over time (without heating) if the sample is 

allowed to age naturally [18, 19]. Using these parameters as a 

guideline, two levels of laser treatment were chosen for our 
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studies: a setting below the threshold (latent), FT = 16.8 J/cm2 

and a setting above the threshold, FT = 39.6 J/cm2. As shown 

in Figure 8, latent level treatment resulted in modification of 

linen that was essentially imperceptible at the macroscopic 

level under visible light but was readily detectable under uv 

(Figure 8A). When irradiated samples were subjected to brief 

heating to simulate artificial aging, the affected areas dark-

ened and a shifting from uv fluorescent to non-fluorescent was 

observed, which did not occur in control groups (Figure 8B). 

Cross-sectional analysis indicated that coloration was primar-

ily restricted to the uppermost part of the threads, as expected 

(Figure 8C). 

   
Figure 8. Irradiation of linen with levels corresponding to latent coloration. (A) Linen was irradiated with FT = 16.8 J/cm2 and evaluated 

under visible light (VL) and ultraviolet light (UV). (B) Control and irradiated linen (FT = 16.8 J/cm2) were evaluated before and after 60 sec 

of heating at 190°C to visualize latent coloration. Samples were evaluated under visible light (VL) and ultraviolet light (UV). (C) Magnified 

cross-section of a thread from irradiated samples described in (B). Only the uppermost part of the thread is colored. 

To evaluate the potential blood “bleaching effect” on irra-

diated linen, blood was added to linen that had been laser-

treated both below (latent), and above the threshold for imme-

diate color visualization, and several days later removed by 

protease treatment (Figure 9). Samples in (A) were heated fol-

lowing protease digestion to visualize the color effectively. As 

is evident, a “bleaching effect” was not observed in either case 

(Figure 9). Collectively, these results indicate that the “bleach-

ing effect” of blood was limited to the system involving silver 

salt treatment (see Discussion). 

  
Figure 9. Blood does not reverse the effects of radiation on linen: no “bleaching effect”. Samples that had been irradiated with FT = 16.8 

J/cm2 (latent), (A) or FT = 39.6 J/cm2 (above the threshold for immediate coloration), (B) were layered with blood and two days later digested 

with protease. Samples were examined under visible light (VL) and ultraviolet light (UV). Following removal of blood by protease, the samples 

in (A) were heated to visualize coloration; heating was not necessary for samples in (B) as they were irradiated above the threshold for 

immediate coloration. See text for details. The green spots result from a Sharpie marking pen which was used for orientation during removal 

of samples from a larger piece of linen. Similar results were obtained when blood was digested after a 7 week period of incubation (data not 

shown). 

http://www.sciencepg.com/journal/ija


International Journal of Archaeology http://www.sciencepg.com/journal/ija 

 

22 

 

The central feature of the blood first/image second premise is 

that no image coloration will exist under bloodstains within im-

age areas because blood performs a protective/blocking func-

tion for underlying linen as image creation occurs. The laser ir-

radiation system offers the unique opportunity to investigate if 

bloodstains are truly protective of underlying linen under con-

ditions that reproduce many of the Shroud image characteristics. 

As noted above, the threshold value for linen coloration re-

ported in previous studies was FT > 22 J/cm2 [17, 18]. No ap-

parent damage to bloodstains or serum stains was visible by 

macroscopic analysis when a setting below the threshold (latent, 

FT = 16.8 J/cm2) was used (Figure 10A, 10B). When examined 

microscopically, however, a slight darkening in the target areas 

was noticeable (Figure 10C). Experiments using settings above 

the coloration threshold (FT = 25 J/cm2) were found to be dis-

ruptive to bloodstains (data not shown). Thus, it was decided 

that for this type of experiment, latent settings would be the up-

per limit. Protease digestion showed that areas underneath both 

blood and serum were affected by irradiation, which was veri-

fied by subsequent heating to enhance visualization (Figure 

11A, 11B). Previous studies have shown that microscopic ex-

amination of individual fibers that may have become damaged 

during the procedure (or through just general manipulation) can 

provide information regarding the extent of radiation penetra-

tion through the primary cell wall [17-19]. It should be noted 

that the vast majority of fibers appear undamaged following 

treatment, but with thorough examination, certain fibers may be 

found that are physically damaged, exposing the central area. 

Threads were removed from bloodstained linen which had been 

irradiated, digested with protease, and heated (necessary for vis-

ualization of color) as in Figure 11A; colored threads were 

teased with forceps to separate into individual fibers. Similar to 

what has been described for linen irradiated above the threshold 

for color visualization [18], microscopic images of isolated sin-

gle fibers damaged in the central part showed that the inner part 

of the fibers were colorless (Figure 12). These data indicate that 

the observed effects on linen underneath blood did not result 

from undue penetration/strength of the radiation treatment. 

  

 
Figure 10. Latent level irradiation of bloodstains on linen. (A) Linen containing dried blood or blood serum was irradiated with FT = 16.8 

J/cm2 and evaluated under visible light (VL) and ultraviolet light (UV). (B) Close up of an individual bloodstain in (A) that was targeted for 

laser treatment. (C) Microscopic evaluation of blood and serum areas following latent level irradiation treatment. Samples were evaluated 

under visible light (VL) and ultraviolet light (UV). 
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Figure 11. Blood and serum do not protect underlying linen from the effects of latent level irradiation. (A) Linen containing dried blood was 

irradiated with FT = 16.8 J/cm2, blood was removed by protease treatment and evaluated under visible light (VL) and ultraviolet light (UV). 

Samples were subsequently heated to effectively visualize latent coloration. (B) Similar to (A), using serum. The silver and green spots result 

from a Sharpie marking pen which was used for orientation during removal of samples from a larger piece of linen. 

 
Figure 12. Latent level irradiation does not color the inner part of 

linen fibers underlying bloodstains. Microscopic examination of a 

single fiber from irradiated linen described in Figure 11A showing 

mechanical damage to the central portion. As indicated by the white 

arrow, the inner portion is colorless. 

Finally, experiments were performed using a latent laser 

setting much less than shown in Figure 11 to try to identify a 

point at which blood might protect underlying linen from the 

full effect of radiant energy, referred to as low latent, FT = 10.5 

J/cm2, (see Materials and Methods for details). As shown in 

Figure 13A, little to no darkening was observed in the targeted 

area (Figure 13A). When samples were digested with protease 

and examined, it was clear that serum was not protective of 

underlying linen as the results were similar to control groups 

with no additive (Figure 13B, 13C). In contrast, the radiation 

effect was much less pronounced in blood-containing samples, 

with little to no color change apparent under visible light fol-

lowing heating (Figure 13D). Additionally, uv analysis 

showed that in heated samples, fluorescence only increased to 

a level similar to that of unheated control and serum-contain-

ing samples (Figure 13C, 13D). Taken together, these results 

suggest that latent irradiation conditions may be identified in 

which blood, but not serum, protects underlying linen from the 

full effect of energy transfer. 
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Figure 13. Protective effect of blood under low level latent irradiation conditions. Linen samples were irradiated with low level latent settings 

FT = 10.5 J/cm2 (see Materials and Methods for details). (A) Microscopic analysis of irradiated areas under visible light (VL) and ultraviolet 

light (UV). (B). Control samples were digested with protease treatment and evaluated before and after heating. (C) and (D) are similar to (B), 

except that serum- or blood-containing linens were used, respectively. The green (B, C) and silver (D) spots result from a Sharpie marking pen 

which was used for orientation during removal of samples from a larger piece of linen. 

4. Discussion 

The current report has examined various systems for linen 

coloration to gather potential information regarding the verti-

cal juxtaposition of blood and image on the Shroud of Turin. 

Obviously, it is impossible to say with scientific certainty 

which came first on the Shroud, the blood or the image, alt-

hough certain insight may be gained through experimental in-

vestigation. In extension of Adler’s original findings, these 

studies represent an important principal step in the further 

evaluation of this interesting characteristic of the Shroud. 

The data in the current report show that acid coloration of 

linen may be effectively prevented by blood (or serum) addi-

tion, findings which are logical given the known buffering 

properties of blood that exist as part of its natural function. 

These results provide evidence that if blood is added to linen 

after a primary application of acid, chemical etching will be 

nullified within those areas. A brief and gentle heating was 

required for immediate visualization of acid coloration in this 

study, which used relatively low acid concentrations. Adler’s 

findings indicate that heating is not requisite if stronger con-

centrations are used and that direct application may be by-

passed if used in the form of a vapor [4]. In the current system, 

color preclusion only required a shift from pH ~ 0.7 to ~ 2.0, 

which is well within the buffering capacities of blood or serum. 

These data provide a potential route by which no coloration 

would exist underneath if blood were added in an artistic-type 

scenario. Clearly, there are additional microscopic character-

istics that would need to be fulfilled, which were not explored 

in this study. More detailed investigation using varying con-

ditions may aid in the future development of model systems 

that increasingly correspond to the features of colored fibers 

found on the Shroud. 

The suggested “bleaching effect” of blood was examined in 

multiple systems and found to be operative only in the case of 

linen coloration by silver salt treatment. The observed effect 

in linen treated with silver salts could potentially be explained 

by removal of residual, trace amounts of silver which could be 

responsible for the coloration. Although Allen has provided 

evidence that remaining silver is lessened after quenching and 

washing in this system, it is unclear if it is completely absent 

[11, 12]. In modern antimicrobial manufacturing, microscopic 

amounts of silver are added to certain fabrics which release 

charged silver ions that disrupt bacterial cellular functions and 

thereby help to reduce odor. Release of silver ions from solid 

silver is catalyzed in a humid environment (sweat) [22]; thus, 

it is reasonable that a similar process may occur following 

blood addition as blood is 75-80% water. Moreover, as blood 

proteins are composed of sulfur-containing amino acids (like 

cysteine and methionine) which have a strong chemical affin-

ity for binding with silver ions, it is possible that the observed 

blood “bleaching effect” in this system results from the re-

moval of trace amounts of silver. Importantly, this effect was 

not operative in the other coloration systems that were exam-

ined, leading to the general conclusion that blood added after 

coloration is unable to reverse it. It is possible that extensively 

aged blood may yield a different outcome; our findings, of 

course, were limited to short-term observations. Relatedly, the 

current results do not rule out the possibility of blood plus an 

unknown additive having an effect. 

The present study provides the first analysis of linen under-

neath blood and serum stains under irradiation conditions. 

These studies document that blood and serum were not (fully) 

protective of underlying linen when energy transfer corre-

sponding to latent conditions were used. Differences were 

noted between blood and serum, with serum not able to pro-

vide a shielding effect, even under low latent settings. Our ex-
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periments were restricted to levels below the threshold for im-

mediate visualization of coloration as results indicated set-

tings above the threshold resulted in bloodstain damage. Re-

latedly, previous studies using a different type of laser system 

(Lambda Physik LPX-305, 308 nm, 0.4 J/pulse, 30 ns) have 

shown that settings required for immediate visualization of 

linen coloration resulted in bloodstain vaporization [19]. The 

ArF 193 nm laser system used in our studies is most similar to 

the ArF 193 nm lasers used to establish the parameters rele-

vant to Shroud-like coloration of linen [17, 18], although the 

laser in our system had shorter pulse duration and lower pulse 

energy than those in previous reports (5 ns vs 12 ns and 7.05 

mJ vs 80 mJ, respectively). Linen coloration is proportional to 

the total fluence and is not related to the intensity or fluence 

of each pulse [18]. As each pulse affects to some extent the 

surface modified by the previous pulse [18], this could poten-

tially influence the final outcome. Importantly, it was ob-

served that irradiated linen in our study showed similar prop-

erties as have been described for treatment with longer pulse 

durations and higher energy, especially those related to latent 

coloration. While artificial aging through brief heating is use-

ful to visualize areas involved in latent coloration, it is not 

equivalent to aging by natural means. Indeed, it has been doc-

umented in previous studies that susceptibility of blood to pro-

tease treatment is affected by increasing heat exposure 

whereas aged blood was readily digestible [20]. During the 

current study, it was noted that brief heating of irradiated 

blood samples hindered subsequent protease digestion (K. P. 

Kearse, unpublished observations), making it difficult to com-

pare samples that had been artificially aged prior to blood re-

moval. 

The previous observation that irradiation conditions neces-

sary for immediate visualization of colored linen is not com-

patible with the subsistence of bloodstains [19], together with 

the data in the current report raise the interesting possibility 

that the Shroud image may have developed in a delayed man-

ner. Alternatively, some might debate that such results argue 

against analogous energy transfer type mechanisms being in-

volved in image creation. Regarding Adler’s original protease 

experiments, the best fit with a radiation-type model would 

require levels below the threshold for immediate visualization 

of coloration; it should be noted, however, that serum was not 

protective, even when very low latent levels were used. Rec-

ognizably, there are limitations in trying to approximate the 

specifics of unknown events that may have been important in 

the creation of the Shroud. As previous investigators have 

written, such experiments may be “difficult to control and 

characterize. We are not the conclusion, we are composing 

pieces of a fascinating and complex scientific puzzle.” [17]. 

Clearly, there is much more work to be done to increase our 

understanding of the enigmatic properties associated with this 

cloth. Like many studies pertaining to the Shroud, the current 

investigation is limited by the lack of new exploration of the 

cloth’s features. Together with previous analyses, the current 

results may provide stimulation for consideration of future sci-

entific data gathering from this historically important textile. 

Lastly, it is in the hands of the reader to decide how the 

current results might affect their opinion of the blood first/im-

age second hypothesis related to the Shroud. As demonstrated 

here, pathways exist to circumvent the difficulty of no image 

underneath the bloodstains using artistic methods, although 

this by no means demonstrates that the Shroud was created in 

such a fashion. In a corresponding manner, the significance of 

the observation that blood was not (fully) protective of under-

lying linen from even low latent levels of radiation will vary, 

depending on one’s perspective. For some, an interest in the 

Shroud’s blood marks may stimulate a reevaluation of the de-

tails of image formation and vice versa. 

In summary, the current report has investigated various cir-

cumstances related to the sequential order of blood and image 

addition to the Shroud of Turin. These studies show that addi-

tion of blood to acid-treated linen nullifies subsequent colora-

tion, offering a potential example of no image underneath 

blood involving artistic creation. Additionally, the suggested 

“bleaching effect” of blood was addressed and shown to be 

restricted to only one out of three coloration systems that were 

examined. Hence, the general conclusion is that blood added 

after coloration is unable to reverse it. Lastly, these studies 

document that linen underneath blood (or serum) was affected 

by energy transfer from radiation, even under conditions cor-

responding to latent coloration. 
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