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Introduction
‘What is common to all crime scene investigations is that they first raise questions – not answers’ (Volonino et al, 2006). The public’s most popular belief today is that crime scene investigators solve all crimes through Deoxyribonucleic acid (DNA) matching, but this is not always the case. This essay will look at the crime scene, and forensic evidence collection and analysis, for example, blood, dust, perspiration (fingerprints), semen, vaginal fluid, fibres and hair, before the discovery of DNA and its subsequent role in forensics since 1984. The Scenes of Crime Handbook (FSS, 2008) issued by ‘Screensafe’, a UK Government Company, was designed as a reference book for contingency at crime scenes to protect the integrity of the evidence collected; it is referenced in this essay.

History – Professor Jeffreys and DNA Profiling
‘My life changed on Monday morning at 9:05 am, 10th September 1984. What emerged was the world’s first genetic fingerprint […]’. Educated at Oxford, Sir Alex Jeffreys, now a Professor at Leicester University, had earlier been studying variations in inherited genomes, ‘focusing on methods to resolve paternity and immigration disputes’(DNA Forensics, 2017), by recruiting a participant from one of his lab technicians and, her parents. Originally working with blood groups he changed to DNA, analysing DNA by Restriction Fragment Length Polymorphism (RFLP) and thus, discovered a technique to detect numerous minisatellite variables in the genome, revelatory genetic markers which, unlocked a new era of science (Leicester, 2017). The technique used was multi-locus probing (MLP), the binding of DNA independent particles resulting in an autoradiogram image; variations in the repeated probe sequence of DNA fragments produces the ‘bar-code’ design (Fig 1) so familiar with forensics today (Leicester, 2017; Forensic Library, 2017). This technique was called ‘genetic fingerprinting’ (DNA Forensics, 2017; MLST, 2017). 
[image: Figure 2]
DNA is a double-stranded molecule, forms of which are mitochondrial and nuclear, they contain genetic instructions that organisms require to develop, replicate and live. It is constructed from molecules of nucleotides containing groups of phosphate, sugar and nitrogen, first discovered by Miescher in 1869 and its double-helix structure by Watson, Crick and Wilkins who received the Nobel Prize in Medicine in 1962.  DNA is located in every cell of the body and its instructions are passed down through the generations from parents to child. Mitochondrial DNA (mtDNA) is inherited from the mother while nuclear DNA is bi-parental with equal distribution of genomes to the children. During criminal investigations the fundamental choice is nuclear DNA with its unique, individualistic properties in contrast to mtDNA which can only identify the maternal line; only identical twins have indistinguishable DNA patterns. (Leicester, 2017; Rettner, 2013). Fig. 1 – DNA bar-code design

The First Cases
A Ghanaian boy, reunited with his mother in the United Kingdom, was suspected to have entered the country illegally on a false passport and adjudged to be unrelated. Jeffreys was asked to exercise a DNA test to verify that the boy was truly the woman’s son. All her children were DNA tested. All the children were DNA tested, and the result made history by finding all of them came from the same maternal lineage and father. The deportation case was dropped by the Home Office. The integrity of this DNA result would further forensic cases for the future.

[bookmark: _GoBack]Two teenage girls raped and murdered were found in close proximity around the Enderby area of Leicestershire three years apart. Police suspected the crime had been committed by the same man. They arrested a seventeen year old who had confessed to the second murder but, were suspicious of his testimony. Jeffreys was asked to carry out a DNA analysis of the semen found at both crime scenes. The result was conclusive the semen was from the same man but, not from the teenager in custody who was subsequently released; the suspect was still at large. An unprecedented approach by police to screen men from three towns took place; there were no DNA matches. In 1987, however, a man, loose-talking, in a bar, related how he had provided a blood sample on behalf of a friend. A local baker, Colin Pitchfork, was asked to provide a blood sample, and, when analysed, proved that he was the rapist and killer of the two girls; he admitted his guilt. This case showed forensic DNA testing had helped not only to convict but prove innocence accurately (Canter, 1994, p.15-16; DNA Forensics, 2017; The Economist, 2017, p.1-4; Leicester, 2017; Roewer, 2013, p.1). Canter (1994, p.16) implies, ‘Pitchfork left semen that, even before DNA, could be used for blood-typing’. 

The DNA process used to catch Pitchfork is obsolete in Britain today due to advances in its technique. This occurred after a court case in the United States which challenged DNA fingerprint evidence. Jose Castro was arrested by police for the murder of Vilma Ponce and her daughter. A blood spot had been found on Castro’s watch and DNA evidence produced in court, analysed by a company named Lifecode, was found to be flawed and the integrity of the evidence dismissed by Eric Lander, a genome specialist. Lander wrote an article in Nature entitled, “DNA fingerprinting on Trial” calling for improved DNA testing techniques and laboratory accreditation. Lander and Bruce Budowle, head of the FBI DNA-typing programme, agreed later that DNA fingerprinting was ‘the greatest advance in forensic science since the development of ordinary fingerprints in 1892’ (The Economist, 2017). Roewer (2013, p.7) suggests caution, highlighting the benefits and risks of DNA analysis. ‘The steady growth in the size of forensic DNA databases raises issues on the criteria of inclusion and retention and doubts on the efficiency, commensurability, and infringement of privacy of such large personal data collections’. He also states that, ‘Familial DNA Database Searching’ based on near matches, for example, a brother or sister, can result in error and in England and Wales, the National DNA Database (NDNAD) is subject to socioeconomic bias (Roewer, 2013, p.7; Gov.UK, 2017).

Trace Evidence before DNA
Weedn and Hicks (1998, p.1) state, ‘Traditional blood and saliva testing have been rendered obsolete. DNA is found in these substances and in fact in all body tissues and fluids’. Burney (2013) sarcastically challenges this theory, ‘We are, allegedly, living in a new era of forensic investigation. Since the introduction of DNA profiling in the mid-1980s, […] attention to our forensic present has not been matched by historical analysis, particularly for the twentieth century […]’. Both Hans Gross and Edmond Locard were early practitioners of forensic science, both writing on the subject. In 1910 Locard founded Lyon’s police laboratory, advancing on Gross’s earlier work in contemporary forensic laboratory methods, making sense of trace evidence found at crime scenes such as blood, hair, fibres and ‘dust’. Dust is fragmentary evidence which attaches to clothing, our bodies and, is ubiquitous in providing a record of an individual’s activities in its accumulation. These particles include paint, glass and fibres and can attach themselves to clothes and hair of the criminal; a nit comb, for hair evidence, is used during forensic searching by police and then this evidence is analysed in the laboratory. This method can place the suspect at the scene of a crime. Before Gross and Locard’s scientific advances, the post-mortem was the definitive form of forensic investigation, now the microscope became the forensic officer’s tool of choice (Burney, 2013, p.31-38; FSS, 2017, p. 13; p.57). As Locard’s exchange principal states, ‘Every contact leaves a trace’ (Forensic Library, 2017). 

Burney (2013, p. 41-42) gives an example of how dust can be useful in detection, ‘When investigating shoes, for example, successive layers may be found under the sole of the shoe, each of which has its own significance’. Citing a Locard case, where flour had been preserved between two layers of dirt, scraping would lose the stratification, so Locard suggested  drilling a small hole through the sole to reveal the flour layer which could then be analysed. Locard (1930, p.506-507) reports on an inquest by Parisot on 7th December, 1925, a man’s body found by a canal, was covered in a whitish-grey dust on his thighs and chest, his hands and feet with a darker dust. However, numerous dust particles found in the ear cavity, scalp and under his fingernails, were coal dust and carbonates. The body was found next to a gas works and a stone yard where microscopic analysis of the debris matched with that on the victim’s chest and thighs. In a workman’s hut, a coal sack was discovered, the dust matched with evidence from other parts of the body. An autopsy proved the man had died from hypothermia and the foreman from the stone yard had covered his body with the coal sack. Today, dust analysis is rarely used by CSI officers (Bailey, 2011). 

Dactyloscopy, the science of fingerprint forensics, was first proposed by Sir William Herschel, although, Galton provided a practical system of classification which was adapted by E. R. Henry for police forensics. Faulds had recognised that fingerprints were variable and immutable and believed he was the architect of fingerprint analysis. So when Herschel, Galton and Henry were knighted for their involvement in fingerprint identification at crime scenes, he was annoyed. His work in Japan, however, meant he was revered but in Britain, it took until 1987 before a belated accreditation for pioneering fingerprint identification was accepted (Lee et al, 2001, p.28-31; Tredoux, 2017). Fingerprints consist of furrows and ridges which have pores that secrete perspiration leaving a latent print. The ridge characteristics include, ridge endings, bifurcations, lakes (Fig. 2) and patterned with whorls, arches, loops and tents (Fig. 3) The first murder trial in Britain, to use fingerprints as evidence saw Faulds act for the defence of double murderers. A thumb print on a cash box was clear evidence, although, Faulds dismissed the print as smudged. Enough circumstantial evidence saw the Stratton brothers hanged (Lee et al, 2001, p.30). A recent concern prompted Wertheim (2002, p.669-676), to prove fingerprint evidence is admissible in court as a law and not just theory. ‘The short answer to the question the author proposes in his title is yes, ACE-V [Analysis, Comparison, Evaluation, and Verification (Clark, 2017)] is reliable and accurate’. 
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As in the Pitchfork investigation mentioned above, prosecution of rape cases are on the increase, and semen found in vaginal fluids or, on clothing, may assist in a conviction, although a vasectomy may render the absence of sperm from the semen. A further complication is that sperm can last in vaginal fluid for over four days after intercourse. To confirm sexual assault evidence (SAE) biochemical markers such as Prostatic acid phosphatase (AP) are used to detect high concentrations of semen in vaginal fluid. Female vaginal fluid and urine, however, also contain AP making detection of semen indistinguishable. To analyse SAE stains the use of an alternative light source (ALS) is implemented. This has limitations however since other biological stains fluoresce under the light. In 1978, George F. Sensabaugh isolated a protein which was semen specific and was assigned the title P30. Semen from males, normal and vasectomised contain high levels of P30 while urine has low levels. P30 cannot be identified in female vaginal fluid or urine and after coitus lasts for seventy-two hours, as opposed to fourteen hours for PA. Therefore, P30 is a more sensitive marker in rape cases (Howard et al, 1985; Old, et al, 2011). Since 1984, DNA analysis has become prevalent and epigenetic, markers developed produce unique identifiers that can incriminate individuals from blood, saliva and semen samples (Silva, et al, 2016, p.55).

Hair can provide useful forensic evidence as in the Christie (1953) and Radford (1949) criminal cases. Christie used coal gas (carbon monoxide) as a preliminary to strangulation for his victims (Postgraduate Medical Journal, 1954). He kept four souvenirs of pubic hair, from corpses, in a tobacco tin. During Beryl Evans exhumation, a victim of Christie’s, a sample of her pubic hair was taken to compare with those in the tin. The result from the comparator microscope proved inconclusive, the hair being of common type and could be from another corpse. Christie stated, after his arrest, that out of the seven victims the hair was from the bodies in the wall and not the garden, yet, forensics disproved this. Two of the trophy comparisons had possible matches with hair from the garden skeletons and from Mrs Christie, however, one plait had no connection with the cadavers at 10 Rillington Place. 

Dying from lung disease, Margaret Radford, wife of a laboratory technician, had suspicions that her husband was having an affair while she lay in her hospital bed. She also believed he was poisoning her. Mr Radford almost evaded murder but his dying wife asked a friend to take an apple pie, her husband had given her, to Scotland Yard for analysis. Unfortunately, the pie and a covering letter was sent to the Superintendent of the sanatorium, who ate a slice and became violently ill. Later, after reading the accompanying letter, he informed the police, but Mrs Radford had died that day. On examination, arsenic was discovered in her hair roots and for five centimetres from the base. ‘Since hair grows at about 0.44 millimetres every twenty-four hours, it was fair to assume that the first administration of arsenic had occurred some 100 to 120 days before death’. To avoid conviction, Radford committed suicide (Simpson, 1995, p.192-200; p.219-222).

Fibres from textiles, curtains, carpets, clothing and car upholstery, natural and synthetic, are used in forensics investigations identified in three basic groups: vegetable (cotton and flax), animal (hair and wool) and man-made fibres (Polyester and Nylon) (Forensic Equity, 2017). These can be collected by vacuumed methods, sticky-tape, or static non-sticky acetate, the preferred method, and analysed under a high-powered microscope. Fibres can be coated in fluorescent dyes which show up under ultra-violet light. Fibres have unique identifying surfaces, twisted, barbed, or straight, as in man-made fibres. Fibre examples are taken from a crime scene, and, if found to be legitimate, they are logged and kept on file but, any foreign fibres are analysed and checked against the crime suspect and kept in sealed bags to preserve their integrity. A case study in America shows how important fibres are in catching criminals.

A serial killer was targeting children in the State of Georgia, killing them and disposing of their bodies in the River Chattahoochee. Early victims were still clothed when disposed of, however, Wayne Williams realised that fibres could be found on the clothing of the cadavers, so started undressing the victims and disposing of the evidence. Police questioned Williams after witnessing him throw a large package over a bridge in to the river. A body of a boy was found two days later, down-stream. Fibres found on the naked victim proved to be yellow and green nylon thread which matched the carpet at Williams’ parent’s house. Other fibres found were analysed which lead to other textiles at the home and the car of the murderer being identified. This evidence led to the conviction of Williams who was sentenced to two life terms (Genge, 2004; Platt, 2003). 

Conclusion
The discovery of DNA evidence has assisted in criminal cases but not necessarily made other forms of forensic evidence obsolete. There have been many challenges to DNA evidence, as in the Castro case, the National DNA Database (NDNAD) was challenged through the courts with a successful outcome reducing the number of innocents on the list. However, those on the periphery of crime remain, since they could still become the criminals of the future. The Pitchfork murders showed failings in the integrity of the evidence; a friend of the felon actually taking the DNA test before an injudicious comment led police to the suspect. Fingerprint evidence was challenged for its integrity however Wertheim set out to uphold the science. The Christy case showed that although DNA analysis can confirm the identity of a body, if a body does not exist, then until a cadaver is located the DNA evidence is just filed away until evidence arises, if at all. The Williams case was solved without DNA evidence; fibres from his victims were used to convict him.  DNA fingerprinting has, in many cases, been favoured over traditional methods of crime scene, evidence detection however, the cases above show traditional methods are still used effectively as long as the integrity of the evidence is preserved.
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