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Abstract 

Background: Among the physical evidence, bloodstain is one of the most common biological pieces of evidence 
at the crime scene, especially in violent crimes. Bloodstains are frequently seen at the crime scene and can be easily 
detected due to their color and structure. Because blood and bloodstains can potentially be evidence of a crime, 
offenders often tend to clean or wash them to get rid of relevant evidence. Some researchers think that washed 
bloodstains cannot obtain enough quality DNA for DNA profiling. However, some studies have shown that blood-
stains on a piece of fabric can be used for DNA profiling even after washing. This study, it is aimed to determine 
whether a sufficient amount of DNA can be obtained for DNA profiling used for forensic purposes from blood-stained 
nylon and cotton fabrics washed at different temperatures such as 40 °C, 60 °C and 90 °C.

Results: In this study, bloodstains were created on cotton and nylon fabrics in a representative crime scene. After 
washing with laundry detergent at 40 °C, 60 °C and 90 °C was performed, studies were conducted in order to make 
bloodstains visible and obtain DNA for genetic profiling. The result is that more DNA is lost due to easy exposure to 
external factors in the non-absorbent nylon fabric type compared to the absorbent cotton fabric. Moreover, the rates 
of obtaining DNA from bloodstains on different types of fabrics washed at several temperatures are shown in this 
study.

Conclusions: It was determined that while a sufficient amount of DNA for the forensic genetic profiling can be 
obtained from cotton and nylon fabrics washed at 40 and 60 °C, a sufficient amount could not be obtained from the 
ones washed at 90 °C. And that shows even if bloodstained fabrics are washed at 60 °C, the fabrics still can be consid-
ered as physical evidence of the crime and can be associated with the scene, perpetrator and victim triangle.
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Background
In recent years, by the help of developing technology, 
DNA profiles which allow individualization serve as a 
significant evidence to investigate criminal cases. Due 
to this reason, analyses of biological materials which are 
obtained from the crime scene are extremely important 
and it is possible to carry these analyses to better points 
(Bond and Hammond 2008; Kamphausen et  al. 2015; 
Unsal et al. 2011).

In murder or violent events, it is critical to reveal 
bloodstains at the scene for crime scene investigation. 
Since the crime scene investigation generally covers 
violent crimes, the most common biological material is 
blood and therefore bloodstains (Andrews and Coquoz 
1994; Stojanović 2019; Mushtaq et al. 2015; Bucka et al. 
2011).

Bloodstains have long been one of the most important 
body fluid for forensic scientists in crime research. The 
shape, size and relationship of bloodstains with the sur-
rounding items can provide important ideas about how 
the case occurred and it is possible to reconstruct the 
incident with its careful examination. The morphologi-
cal examination of stains (bloodstain pattern analysis) 
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enables experts to “physically” reconstruct the incident, 
while biological examination of blood and the stains 
provides individualization of crime to criminal. Usually 
perpetrators clean up the scene and wash the clothes or 
fabrics in order to get rid of the evidence from expert 
examination. (Bucka et  al. 2011; Kulstein and Wiegand 
2018; Salahuddin et al. 2018).

In recent years, cleaning of bloodstains with water and 
chemicals has often been observed as a result of the post-
crime behavior of perpetrators. Today, the permanence 
of DNA on cleaned materials has become the subject of 

many scientific researches along with speculations and 
discussions. Although most researchers have the opin-
ion that washed bloodstains cannot provide sufficient 
DNA quality for profiling, several studies have shown 
that washed bloodstains can be used for DNA profiling 
(Bucka et al. 2011; Hofmann et al. 2019; Arjun Rao and 
Ashish 2016; Kamphausen et al. 2015).

This study aimed to determine whether a sufficient 
amount of DNA can be obtained for DNA profiling from 
bloodstained nylon and cotton fabrics washed at various 
temperatures.

Table 1 Number of fabric samples washed and DNA extracted

Cotton fabric Nylon fabric

Qiagen DNA extrac-
tion kit

40 °C 60 °C 90 °C 40 °C 60 °C 90 °C 6 pieces

Organic DNA extrac-
tion method

40 °C 60 °C 90 °C 40 °C 60 °C 90 °C 6 pieces

1 donor 12 pieces

10 donors 120 pieces

Fig. 1 The original trace of the blood stain after washing the cotton fabrics with blood stains at 40, 60, 90°C
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Methods
Samples, substrates and washing
Blood samples (6 ml) used in the study were taken from 
10 unrelated donors with a injector. All samples were 
obtained after written informed consent with Uskudar 
University Non-Interventional Research Ethics Board 
approval in accordance with the Declaration of Helsinki 
and national laws. Blood samples taken from 10 donors 
were used to create bloodstained cotton and nylon fab-
rics. Each donor’s blood was dripped onto 12 separate 
pieces of 10 × 10 cm fabric as 1  ml each. (First DNA 

Table 2 Washing specifications for cotton and nylon fabrics

Fabric type Temperature (°C) Operating 
duration 
(min)

Cotton 90 180

60 90

40 90

Nylon 90 180

60 90

40 60

Cotton                                               Nylon

40 

60 

90 

Fig. 2 Visualization of bloodstains with luminol in fabrics washed at 40, 60 and 90ºC
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isolation kit group: 3 different fabrics for 40, 60 and 90 
degrees were applied on both cotton and nylon fabric, 6 
fabric samples in total; second type of DNA isolation kit 
group: 3 different fabrics for 40, 60 and 90 degrees both 
cotton and nylon applied on the fabric, 6 fabric samples 
in total.) Since 12 pieces of blood-stained fabric were 

obtained from each donor, a total of 120 samples were 
studied for 10 donors (Table 1).

The most common cotton and nylon fabrics were cho-
sen to create representative crime scene. There were no 
fabric donors for this study. The fabric samples used in 
the study were supplied from an independent store to 
retain equal standards for each sample. The new branded 
fabrics were autoclaved and dried in room conditions for 
sterilization. Furthermore, fabrics were exposed to UV 
light for 60 min to avoid a contamination. Next, the fab-
rics were cut into 10 × 10 cm pieces with sterile scissors. 
In order to represent a realistic crime scene, all collected 
blood samples were dropped as a 1  ml immediately on 
fabrics with the same injector to create stains. No antico-
agulants were added.

Each stained fabrics were washed with powder laun-
dry detergent (Persil) using the recommended amount (1 
cup ~ 150  g) by the brand. The washing machine (Regal 
Pratica 7100 TY) was operated at 40 °C, 60 °C and 90 °C 
(1000  rpm). Washing temperatures and corresponding 
operation times are given in Table 2. We have used fixed 
programmes for the washing machine. The duration and 

Fig. 3 Luminol score for bloodstains washed at 40, 60 and 90 °C

Fig. 4 Full profile of donor obtained from the whole blood sample
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temperature values given in the manuscript are specifica-
tions of those washing programmes. In order to mimic 
a realistic situation, we have not altered the programme 
features. Therefore, washing durations are not chosen as 
a contributing factor. In order to avoid any transfer from 
previous washing, the machine was operated empty at 
90  °C after each washing. Each stained fabric was dried 
in a clean area under room conditions, approximately 

20–25  °C with 45% humidity. (12 fabrics per donor: 
40  °C, 60  °C and 90  °C, 2 different extraction methods 
and nylon-cotton fabrics separately).

Luminol application and documentation
Pioneer Forensic brand Luminol kit was used in this 
study. According to the protocol; the mixed compound 
was sprayed onto the washed bloodstained samples and 
examined in the dark. It was evaluated whether there was 
a blue metallic glare or not. Pictures were taken with a 
Sony SLT-A35 Alpha 35 DSLR digital camera with Tam-
ron AF 18–200 mm f/3.5–6.3 XR Di II LD Aspherical [IF] 
Macro Lens with an exposure time of 30 s (e.g. f8 for 30 s 
at 400 ISO) using tripod as suggested in the literature 
(Edler et al. 2017; Kamphausen et al. 2015).

DNA extraction and quantification
Luminous areas of the fabrics of each sample after expo-
sition to luminol were cut into 0.5 cm pieces with sterile 

Table 3 Washing temperature and corresponding luminol score 
for both fabric types

Fabric Temperature (°C) Luminol 
score

Cotton 40 3

60 3

90 1

Nylon 40 3

60 2

90 0

Fig. 5 DNA profile of blood stain in washed cotton fabric at 40 °C extracted by organic DNA extraction method
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scissors. The pieces were transferred to a 1.5 ml Eppen-
dorf tube with the help of disposable forceps. DNA 
was extracted from a total of 120 blood samples col-
lected from 10 healthy volunteers by spin colon-based 
extraction method (QIAamp DNA Mini Kit) and Phe-
nol–Chloroform Isoamyl Organic method separately. 
Allsheng-Nano 400A spectrophotometer device was used 
for quantitation of extracted DNA.

DNA amplification and electrophoresis
PCR reaction for DNA of each donor obtained from 
the whole blood sample was performed using the 
GlobalFiler™ PCR Amplification Kit (Thermo Fisher 
Scientific) according to the manufacturer protocol with 
a reaction volume of 25 μL and 30 PCR amplification 
cycles.

PCR products were subsequently prepared for CE by 
adding 1 µl of each amplified product to 10 µl Hi-Di for-
mamide (Applied Biosystems) and 0.5 µl GS-600 LIZ size 
standard (Applied Biosystems), respectively. Separation 

Fig. 6 DNA profile of blood stain in washed nylon fabric at 40 °C extracted by organic DNA extraction method

Table 4 Statistical parameters for the amount of extracted 
DNA from 60 samples as cotton and nylon by using spin colon 
extraction method

In order to categorically compare extracted DNA amount, each value is 
normalized by the highest extracted amount

*According to the data, extracted amounts were in an agreement with a Normal 
Distribution. Therefore mean and standard deviation are the two parameters 
enough to describe such a distribution. Besides, in order to quantitatively 
interpret the results, we have normalized the extracted amounts for each sample 
by using highest value. This normalization enabled us to categorically compare 
DNA amount in terms of means

Fabric type and washing 
temperature

Amount of DNA (normalized)

Fabric Temperature 
(°C)

Mean SD 95% CI

Cotton (30 samples) 40 0.597 0.191 0.472–0.722

60 0.343 0.154 0.242–0.444

90 0.175 0.098 0.111–0.239

Nylon (30 samples) 40 0.534 0.137 0.444–0.624

60 0.279 0.118 0.199–0.359

90 0.157 0.069 0.107–0.207
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and detection were performed with ABI 3500 Genetic 
Analyzer (Thermo Fischer Scientific) using filter set G5 
and POP4 polymer (Applied Biosystems). Samples were 
genotyped with GeneMapper ™ ID X Software (Thermo 
Fischer Scientific). In this way, the full profile of the 
donor was obtained.

Results
Visibility of washed bloodstains
Sixty bloodstained nylon and cotton fabric pieces from 
10 donors were washed at 40 °C, 60 °C, and 90 °C.

It was observed that the original contour of the blood-
stain remained on the cotton fabric washed at 40° C and 
60 °C.

No bloodstain traces were observed with naked eyes on 
the nylon fabric washed at 60 °C.

No bloodstain traces were observed with naked eyes on 
the nylon and cotton fabrics washed at 90 °C (Fig. 1). In 
this study, the luminol score scheme used by Hofmann 
et al. (2019) preferred. Since the score table is sharp and 
distinct, all researchers (3 person) observed and agreed 

on the results of the luminol scores. Thus, there was no 
interobserver error.

When the spots were exposed to Luminol, a metallic 
blue shine was observed in all pieces washed at 40–60–
90 °C (Fig. 2). Moreover, it was found that the shining was 
less in the nylon fabric compared to the cotton fabric.

In order to assess visibility of the stains, luminol score 
scheme (Hofmann et al. 2019) has been followed. Lumi-
nol score and corresponding luminescence property of 
the stains are given below:

• 0 → No luminescence
• 1 → Hardly visible, tentative luminescence
• 2 → Notable luminescence
• 3 → Apparent luminescence with distinct contour 

borders

The assessment of luminescence for each fabric and 
graphical representation are given in Table 3 and Fig. 3, 
respectively.

Fig. 7 DNA profile of blood stain in washed cotton fabric at 60 °C extracted by organic DNA extraction method
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Profiling of blood stains
In this study, QIAamp DNA Mini Kit and Phenol Chloro-
form Isoamyl Organic isolation methods were compared 
using washed bloodstains. Both extraction methods 
have been successful in obtaining DNA profile in both 
fabric types washed at 40 and 60 °C. On the other hand, 

low-level partial DNA profile was obtained in the elec-
tropherogram of bloodstains on both fabrics washed at 
90  °C using QIAamp DNA Mini Kit. Furthermore, Phe-
nol–Chloroform Isoamyl Organic isolation method was 
not provided DNA profile at any level (Figs. 4, 5, 6, 7, 8, 
9, 10).

The difference in shining level on the fabrics is also an 
indication of remaining amount of DNA on fabrics. The 
analysis of DNA amount is performed for two extraction 
methods In order to analyze the extracted amounts at 
different temperatures, whole data is normalized by the 
highest amount in each category such that each value is 
confined within the range (0, 1). This normalization ena-
bles one to categorically compare DNA amount in terms 
of means. Extracted amounts of DNA are given in Table 4 
and Table 5 for spin colon-based and organic extraction 
methods, respectively. Moreover, graphical representa-
tions are shown by Figs. 11 and 12.

On the other hand, although extracted amount dif-
fers, the situation did not make any difference in profiling 
up to 60 °C. Each extraction method provided sufficient 

Fig. 8 DNA profile of blood stain in washed nylon fabric at 60 °C extracted by spin colon-based extraction method (QIAamp DNA Mini Kit)

Table 5 Statistical parameters for the amount of extracted DNA 
from 60 samples as cotton and nylon by using the organic

In order to categorically compare extracted DNA amount, each value is 
normalized by the highest extracted amount

Fabric type and washing 
temperature

Amount of DNA (normalized)

Fabric Temperature 
(°C)

Mean SD 95% CI

Cotton (30 samples) 40 0.758 0.179 0.641–0.875

60 0.454 0.173 0.341–0.567

90 0.247 0.123 0.167–0.327

Nylon (30 samples) 40 0.534 0.199 0.404–0.664

60 0.279 0.163 0.173–0.385

90 0.157 0.101 0.091–0.223
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amount and quality for profiling up to this temperature. 
However, at 90  °C, the sufficient amount/quality could 
not be obtained for full profile. Only spin colon-based 
extraction method was able to provide just a low-level 
partial DNA profile (3 STR out of 24–12.5%). The profil-
ing percentages for both methods are given in Table  6, 
Fig. 13.

Discussion
The most common biological evidence at the crime scene 
is bloodstains. For this reason, bloodstain is one of the 
most important evidence in forensic science that can 
help investigators to solve a crime. It can link a suspect 
to a crime and also help reconstruct the crime scene. 
Criminals often tend to clear up and eliminate evidence 
from the scene (Voskoboinik et al. 2018). After a criminal 
act, a perpetrator would try washing bloodstains either 
by hand washing in cold water or using a regular wash-
ing machine. These attempts may cause the bloodstains 

to change and eventually to be partially or completely 
removed. In addition, bloodstains can be found on vari-
ous surfaces at the scene. Due to this reason, fabrics such 
as nylon and cotton, which are mostly encountered at 
the scene, were chosen in this study. It is known that in 
washed blood-stained nylon or cotton fabric samples, 
a genotyping problem can be experienced with classi-
cal STR loci, which occupy more space on DNA, and so 
generally no results can be obtained (Unsal et al. 2011). 
In this study, these situations were examined in detail 
whether the temperature and fabric type factors that 
could have an effect on DNA recovery from the washed 
blood-stained fabrics in forensic genetic applications.

Between the fabrics used in this study, cotton is one of 
the most common plant fibers and has high absorbency 
and moisture retention. Polyamide fiber is the first syn-
thetic fiber produced in the world. The word nylon is 
used as a general name for polyamide fibers. Consider-
ing that it is a non-stain and bright, durable, slippery and 

Fig. 9 DNA partial profile of blood stain in washed cotton fabric at 90 °C extracted by spin colon-based extraction method (QIAamp DNA Mini Kit)
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light fabric, it is aimed to compare the difference between 
the two types of fabric selected due to its low absorbency 
and moisture retention.

DNA can be transferred without any primary contact to 
objects at the scene or, indirectly, other people that are not 
relevant to crime. In the study of Voskoboinik et al. (2018), 
it was reported that in scenarios that may cause second-
ary DNA transfer, washed blood-stained fabrics can cause 
DNA transfer to other laundry by hand washing or wash-
ing machine (Voskoboinik et al. 2018). In this study, donors’ 
fabrics were washed separately and the washing machine 
was run at 90 °C in an empty state in order to prevent pos-
sible transfer after each washing. As a result of the washes, 
bloodstains on both nylon and cotton fabric types were 
invisible to the naked eyes. However, it has been observed 
that the original contour of the blood stain could not be 
erased on the cotton fabric washed at 40 °C and 60 °C, 
despite washing (Fig.  1). It was observed that the blood 

Fig. 10 DNA profile of blood stain in washed nylon fabric at 90 °C extracted by spin colon-based extraction method (QIAamp DNA Mini Kit)

Fig. 11 Graphical representation of the amount of extracted DNA by 
using spin colon-based extraction method
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stains of all samples washed in 90  °C washing machine 
with frequently used detergent and fabric softener were 
wiped off from cotton and nylon fabric. Then, when all 
of these samples tested were sprayed with Luminol spray, 
bloodstains on cotton and nylon-type fabrics washed at 40 
°C, 60 °C and 90 °C were visualized in all samples (Fig. 2). 
This shows that even if the blood cells are no longer visible, 
they are still on the fabrics. In this way, it was observed that 
blood-stained fabrics washed at high temperatures can still 
be valuable tool for DNA analysis. In the studies of Caro-
line Edler et al. it was stated that the luminol examination 
after washing (30, 60 and 95° C) shows glow, but there may 
be samples showing less glare, and this low glow contains 
denatured blood residues. However, the authors added that 
blood is more likely to react with some laundry detergent 

ingredients and they noted that it inhibits chemilumines-
cence. In addition, in the study of Edler et al., it was stated 
that there was no significant difference in Luminol reaction 
intensity between the blood collected in EDTA tubes and 
freshly collected blood that would reflect the crime scene. 
This result supports the conclusion that blood stains can 
be made visible in forensic investigations by using luminol 
in washed fabrics to detect hidden blood stains which was 
applied in our study (Edler et al. 2017). This result shows 
that, regardless of the washing temperature and detergent 
usage, washing in household washing machines is not suf-
ficient to completely remove visible or hidden bloodstains 
from cotton fabric. However, due to the fact that the con-
ditions of the study were created and representative of a 
controlled crime scene, the staining was not done in tem-
perature conditions where different crime scenes could be 
unique, and it was not tested in blood stain splash models. 
It is obvious that by increasing the amount of blood, it will 
be more possible to obtain a DNA profile. As stated in the 
study by Erin L. Houston, there is no difference in DNA 
obtaining from the amount of blood between 5 and 10 ml 
in washed blood stained clothes. Again, the same study 
suggests that more studies should be done to observe the 
effects of initial blood stain amount variability to obtain 
DNA profile using standard techniques (Houston 2016).

When the fabric type and DNA recovery after washing 
are compared, better DNA profile can be obtained from 
absorbent cotton surfaces compared to non-absorbent 
nylon fabric. DNA on the non-absorbent nylon fabric is 
more exposed to external effects than the cotton fabric 
surface. Washing blood-stained fabrics in the washing 
machine with laundry detergents at higher temperatures 
or longer durations, it is more difficult to obtain DNA 
when non-absorbent nylon fabric is used, this also has an 
effect on DNA profiling (Stojanović 2019).

It has been observed that DNA can be obtained rela-
tively easily from cotton fabric type compared to nylon 
surface, but it is thought that the amplicon size is 
observed with gradually decreasing peak heights due to 
the degradation of the DNA in the increased tempera-
ture or chemical exposure conditions. In the study by 
Stojanović, it was stated that all these interactions are 
caused by the degradation of biological material after 
washing the blood stains (Stojanović 2019).

In this study, QIAamp DNA Mini Kit and Phenol Chlo-
roform Isoamyl Organic isolation methods were com-
pared in washed blood stains. Two isolation methods at 
40 °C and 60 °C were successful in obtaining DNA pro-
files in two fabric types. In 2017, Caroline Edler et  al. 
used the QIAamp DNA Mini Kit to obtain DNA from 
washed blood-stained fabrics in their study and gave par-
allel results with our study (Edler et al. 2017).

Fig. 12 Graphical representation of the amount of extracted DNA by 
using organic method

Fig. 13 Profile percentage of STR loci for two methods. The 
percentage is based on the number of STR locus out of 24
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The study of Erin L. Houston in 2016, they isolated the 
DNA material from washed fabrics by using the Phenol–
Chloroform Isoamyl extraction method, but reported that 
this method is a very intense chemical process to extract the 
DNA profile of the person from common crime scene sam-
ples or washed fabrics (Houston 2016). It has been stated 
that there may be failures in obtaining a person profile with 
the organic method, and it has also been reported that the 
compounds of some laundry detergents create a quantity 
loss in DNA isolation. The result of this study was associated 
with the phenol chloroform isoamylalcohol organic DNA 
isolation method used in our study, and the lack of results 
from nylon and cotton fabrics washed at 90° C (Fig. 8).

The efficiency in obtaining DNA is inversely propor-
tional to the washing temperature. Incomparable peaks 
were formed on fabric pieces washed at 90 °C. This 
situation resulted in parallel with the study conducted 
by Andrews and Coquoz (1994), and the researchers 
reported that no DNA could be obtained from the aga-
rose gel electrophoresis results washed at 95 °C in the 
samples in which DNA isolation was provided with the 

Chelex protocol in fabrics (Andrews and Coquoz 1994). 
However, in our study, the washing procedure was stud-
ied at 90° C and more accurate and stronger results were 
obtained by making electrophoretic separation through 
capillary electrophoresis, which is accepted in modern 
forensic sciences.

Conclusions
In crime scenes that include violence such as murder, 
theft and sexual assault, bloodstains can often be found 
on clothes and fabrics washed at high temperatures in 
order to conceal the crime, and therefore it is thought 
that DNA profiling cannot be retrieved. With this study, 
it is shown that the DNA profile can be obtained after 
washing the blood-stained clothes with the mission of 
concealing the crime and destroying the evidence, and it 
has the potential to be a material evidence that can estab-
lish the crime scene, victim, perpetrator triangle and also 
enable the reconstruction of the crime scene.

In this study, DNA profile can be obtained from fabrics 
of blood-stained cotton and nylon fabrics at 40° C and 
60° C by washing them in a washing machine with laun-
dry detergent with fabric softener, but it was concluded 
that DNA profile could not be obtained at 90° C despite 
the fact that the amount of DNA was determined. Since 
the bloodstain on the nylon fabric is more exposed to 
external effects than the cotton fabric surface, it is dis-
advantageous compared to the absorbent cotton fabric 
in obtaining DNA; it was observed that sufficient DNA 
for DNA profiling could not be obtained from the nylon 
fabric at 90° C. This showed that the fabric type is a fac-
tor affective the DNA extraction and analysis. Within the 
framework of these results, it can be said that the wash-
ing temperature and fabric type greatly affect the obtain-
ing of the person’s DNA profile.

As a result this study, it is shown that DNA can be 
obtained from laundry washed fabrics up to 60° C with 
the mission of hiding the evidence after the incident or 
for any other reason. All in all the washed blood-stained 
evidence which is associated with the crime scene, the 
perpetrator and the victim triangle is an important tool 
for the interest of justice.
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