“Contact trace” scientific evidence, utilised in convictions prior to 1989 in the UK, provided inconclusive outcomes in some cases. Critically evaluate Contact Trace Evidence and discuss cases where the introduction of DNA and amplification methods of profile extraction changed the final outcome
Contact Trace Evidence consists of tiny fragments of physical evidence which are transferred when two objects touch or where small particles are dispersed by an action or movement. These fragments can consist of a range of materials including fibre, hair, organic materials and chemicals.
The theory of Contact Trace Evidence as well as the method to obtain this type of evidence was first determined by Dr Edmond Locard in early part of the Twentieth Century. He stated the defining principle of his theory was
"It is impossible for a criminal to act, especially considering the intensity of a crime, without leaving traces of this presence." Locard (1934)
What Locard meant by this was that no matter what actions are taken by an individual, there will always be a trace of their activities within the vicinity of the area of interest or put in simpler terms "with contact between two items, there will be an exchange," (https://science.howstuffworks.com/locards-exchange-principle2.htm 21/12/2019) and because of this principle, when a crime takes place it is possible for the material to be recovered and analysed by investigators which would then contribute to the overall investigation.
This theory was named Locard’s Exchange Theory or Principle and provided the basis for modern day forensic science.
Contact Trace Evidence is of great significance as it can be used to provide an invaluable insight into who or what was present during an event and can support the reconstruction of an event or series of events and reveal key information when analysing a crime scene, in order to do this scientists analyse several types of evidence in order to gain a clear understanding of the events that transpired.
Scientists analyse three key elements of Contact Trace Evidence
1. Physical
2. Chemical
3. Optical
The need to carefully collect the evidence from a crime scene is of the utmost importance to ensure there is no loss of or contamination of evidence. A range of tools are used to compare samples with the aim of identifying the source of the evidence or common origins. Contact Trace Evidence is viewed as being superseded by scientific innovations such as DNA and fingerprint recognition. However, the value of this type of evidence still remains as it allows for a sequence of events to be determined, for example was the victim attacked from behind or in front. The tools used by investigators to collect Contact Trace Evidence have evolved alongside the advancement in technologies, progressing from tweezers and swabs to alternate light sources and lasers.
Contact Trace Evidence may not be viewed as substantial enough in its own right to secure a conviction however it can provide a link to other types of evidence such as eye witness statements and can also be used to discount suspects or lines of enquiry to support investigators focusing their attention on the correct lines of enquiry.
When collecting  Contact Trace evidence it can prove to be quite difficult to recover, due to the nature of the evidence often being minute in size and in some cases the evidence may even be microscopic, a number of protocols have been put in place by Crime Scene Investigators (CSI) in order to lessen the risk of contamination as well as increasing the likelihood of obtaining a reliable sample. Unfortunately due to the nature of Contact Trace Evidence stating that "with contact between two items, there will be an exchange," (https://science.howstuffworks.com/locards-exchange-principle2.htm 21/12/2019) it is impossible to not have any effect on a crime scene, either because of others having interaction in or around the scene of the incident before it was turned into a crime scene or the area may be altered during the collection of evidence throughout an investigation. The CSI’s would inadvertently alter the crime scene due to them interacting with the environment around them when retrieving samples. Some of the protocols used by CSIs in order to reduce the risk of contamination include, “a protective plastic suit, gloves, head covering and footwear protectors that are all designed to stop hair, fibres and skin from transferring from the forensic scientists into the surrounding crime scene.” (http://www.exploreforensics.co.uk/understanding-trace-evidence.html 21/12/2019) These preventative measures ensure that there is a reduced risk of contamination, in addition to ensuring the integrity of the crime scene as well as the evidence that is recovered. In order to further reduce the risks of contamination the use of protective clothing extends further than the CSIs at the crime scene, the protocols also extend to police officers who are “also attending the crime are required to wear this protective clothing for the same reason.” (http://www.exploreforensics.co.uk/understanding-trace-evidence.html 21/12/2019) All of these measures reduces the likelihood of Crime Scene investigators contaminating the crime scene and the evidence collected.
Once the samples have been collected from the crime scene, following standard procedures to ensure that the evidence wasn’t contaminated during the collection of samples. Scientists then analyse the samples for data relating to the event in question, they do this in a number of ways for example when dealing with a crime scene where a possible murder involving a firearm may have taken place the samples which were collected may consist of hair, bodily fluids, fibres and gunshot residue. When analysing the different types of evidence, scientists use a number of different methods, during the analysis of the hair samples for instance they would use a powerful microscope  to analyse the sample in order to visually determine the characteristics of the hair sample allowing scientists to establish “the shape, colour, texture and other visual aspects of the sample” (http://www.forensicsciencesimplified.org/trace/how.html 22/12/2019) this is done firstly to establish that the hair recovered does not belong to the victim as well as being able to begin to form a profile of the perpetrator. After the visual analysis has taken place, scientists would then perform a chemical analysis of the sample, this analysis would provide investigators with vital information such as “assess the use of illegal drugs, to screen for the presence of heavy metals in the body, and to test for nutritional deficiencies” (https://www.encyclopedia.com/sports-and-everyday-life/food-and-drink/food-and-cooking/hair-analysis 21/12/2019) depending on what the chemical analysis shows it could potentially could indicate possible scenarios which may lead up to the incident in question. Another avenue of that the investigation, may have gone down is by using the sample to extract DNA, this can be done though the following steps:
· “Step 1: Technicians first break open the cells in your sample to release the DNA. This process is known as lysing, as lysins are used to dissolve the cells. To separate the cells in your sample, technicians will grind them and add them to a salt solution. The sodium ions in the salt, which are positively charged, help protect the phosphate groups that are found in the backbone of DNA, as they’re negatively charged. Following, a detergent, such as SDS (sodium dodecyl sulfate), is added to remove lipids in the cell membrane and nuclei. As these membranes break down, DNA is released.

· Step 2: Next, DNA must be separated from proteins. This cellular debris can make it difficult to get a clean reading of DNA, so technicians strive to get as clean a sample of DNA as they can. There are a few different ways to remove cellular debris and proteins. One method for precipitating the protein is to add ammonium, sodium acetate, or another salt. By vortexing with phenol-chloroform and centrifuging, the proteins can be drawn off. Alternatively, a protein enzyme may be added to the sample to degrade any proteins.

· Step 3: After technicians have a clean sample of DNA, they add ice-cold ethanol or isopropanol. While DNA is soluble in water, it isn’t soluble when salt or alcohol are present. The alcohol helps wash the sample and remove the salt that was previously added. As they stir the alcohol in the sample, a white, stringy precipitate (imagine spit in a glass of water) appears and it can be retrieved.

· Step 4: Once the DNA sample is extracted, technicians will further purify and clean it. Once clean, it’s resuspended in a buffer that’s slightly alkaline, such as Tris, and is ready to use.

· Step 5: Even when it’s ready to use, technicians still need to determine the quality and concentration of the DNA. For example, if not enough DNA is extracted, an additional swab may be needed. Using a spectrophotometer, technicians for an optical density reading, technicians can confirm the presence of the DNA. Alternatively, instead of an optical density reading, technicians may use gel electrophoresis to indicate the presence of DNA.” (https://www.pathway.com/blog/how-is-dna-extracted-from-a-sample/ 22/12/2019) 
In addition to using methods such as this, scientists would also use a method to replicate the sample several times in order to gain a larger sample size, this process is known as DNA amplification. This process is done through a process known as a “Polymerase Chain Reaction (PCR) is an artificial method of copying DNA in a way similar to how normal cells replicate. To perform PCR, a DNA sample is combined with an enzyme, primers and other chemicals” (http://www.sfu.museum/forensics/eng/pg_media-media_pg/adn-dna/ 23/12/2019). Once, the DNA has been acquired it will be placed into a database to establish if the DNA sample has appeared in other cases and convictions, if that is the case then investigators would then look into those cases to see if there is any links between the current investigation in addition to any of the previous cases and if the individual had been identified during the previous investigations, then the investigators can begin to form a list of suspects that can begin to be established, in addition to this if a suspect has already been confirmed the DNA evidence would provide conclusive evidence which will show to be vital towards a definitive conviction.
As previously mentioned, DNA evidence can prove to be vital in deciding the outcome of an investigation and in some cases, it can drastically change the outcome of both an ongoing investigation as well as a case that may have already reached a verdict. However, DNA evidence alone is not used as conclusive piece of evidence to determine the guilt or innocence of an individual, sometimes the evidence of DNA can sometimes lead to wrongful convictions, an example of this would be the case of Lynette White who was murdered in Cardiff in 1988 which resulted in three men being convicted for the crime, the conviction happened prior to the introduction of DNA in criminal investigations, however with advancements in technology the DNA evidence was looked at again and was found to be a match with an unrelated individual, who was too young to have been involved with the incident in question but further DNA sampling of the family lead to the uncle confessing to the crime and as a result he was convicted for the crime and sentenced to life imprisonment in 2003 (https://daily.jstor.org/forensic-dna-evidence-can-lead-wrongful-convictions/ 22/12/2019) this shows that despite the accuracy that Contact Trace Evidence is, it is not totally reliable when it comes to investigating a crime scene and as a consequence of this, it has resulted in the wrongful convictions of three individuals. However, with the advancement of technology and techniques available to law enforcement which led to the addition of DNA analysis as well as profiling being used in criminal cases it has helped improve the effectiveness of an investigation and as a result it has improved the reliability of the arrests as well as reducing the likelihood of convicting an innocent person which like in the case of Lynette White the three individuals who were wrongfully convicted it also resulted in an inquiry into the case for corruption.
Whilst using DNA analysis can prove vital towards the identification of potential suspects throughout an investigation, on its own DNA analysis is not enough to confirm whether or not an individual was a part of a crime, in addition to this sometimes DNA evidence can sometimes come up false due to a number of reasons such as, accidental mixing of DNA, an incomplete DNA sequence matching with other people meaning that there could be a potential of a false conviction an example of this would be a rape case which occurred seven years ago where Adam Scott a man from Exeter, was charged by police for a rape which had occurred in October in Manchester, around 190 miles away (https://www.theguardian.com/law/2012/mar/09/forensics-firm-investigated-dna 23/12/2019) the reason for the police charging Scott with the rape was according to the guardian due to 
“Police sources say he was not a suspect until samples from the crime scene were sent to LGC. The forensics company, which is the largest private provider in the UK, told detectives that DNA extracted from the samples was a strong match to the DNA of Scott, who was then charged. The examination by LGC at its lab in Teddington produced a one in a billion chance that Scott was not tied to the crime scene. The company now acknowledges the result was false.” (https://www.theguardian.com/law/2012/mar/09/forensics-firm-investigated-dna 23/12/2019) 
This error was caused due to a contamination in the private company’s laboratory (https://www.theguardian.com/law/2012/mar/09/forensics-firm-investigated-dna 23/12/2019) which resulted in the match to Scott’s DNA, this example shows that despite DNA analysis of evidence being highly accurate, like all other forms of evidence DNA analysis is not infallible and must be cross examined with different types of evidence in order to ensure that the results of the analysis is reliable. On the other hand, this example also shows the effectiveness of setting up a database for DNA profiling, this is due to the data showing a match for Adam Scott was due to him being previously imprisoned for an unrelated case where Scott was charged with affray (https://www.theguardian.com/law/2012/mar/09/forensics-firm-investigated-dna 23/12/2019) in addition to this with the improvements of technology it has resulted in an increase in the use of forensics which had been noted by  law professor Liz Hefferman in a 2008 article for the British Journal of Criminology where she stated that “The increasingly prominent role played by forensic science in the administration of criminal justice is due in no small measure to the meteoric rise in DNA profiling,” (Williams, Johnson 2008) and because of this it is clear that there needs to be an increase in the cross examination of DNA evidence as well as keeping track of the processes involved in obtaining the evidence due to the risks of false accusations like in the case of Adam Scott where there could potentially have resulted in a wrongful conviction, which in turn could have resulted in later problems such as in the case of Lynette White where the three men who were convicted and later released thanks to DNA evidence had an inquiry launched against the police where there was a risk of the inquiry discovering corruption and incompetence that may have occurred during the investigation.
In conclusion, contact trace evidence provides an invaluable source of information due to the fact it tells the ‘story’ of events that have taken place and provides additional evidence that would be missed if DNA analysis was the sole source of evidence. DNA however is an intrinsic part of modern day forensic science, but is not infallible and must be cross-referenced with the implementation of contact trace evidence methodologies and other sources in order to validate and ensure the integrity of the evidence gathered. The case studies cited earlier provide clear examples of the vital nature of utilising as many sources of evidence as possible to achieve an accurate account of events and achieve a criminal conviction of the guilty party. Basing criminal evidence and convictions solely on one source type of evidence can result in an unreliable conviction which could potentially be overturned on appeal and provide a foundation for an investigation into poor practice or competency of the professionals involved. The broader impact of this could be far reaching as the overturning of one case based on inadequate or inaccurate use of evidence could trigger the validity of other cases convicted on the same type of evidence being brought into question. The most effective and conclusive methods therefore are multi-disciplinary and include a significant level of cross-verification.
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