Explore the available range of “contact trace” scientific evidence prior to the discovery of DNA and provide example(s) where inconclusive outcomes caused a miscarriage of justice.
Prior to the discovery of DNA, it was impossible to match hair fibres, bodily fluids and skin flakes found at crime scenes to identify who was at the scene. Even skin oils can now be used to build up an information base surrounding the crime. The level of precision now achievable by forensic teams has led to a much more accurate and fair judicial system as evidence presented is now far more infallible. The United States Department of Justice (DOJ) in the late 1980s determined DNA testing to be “the most feasible and reliable” method[footnoteRef:1]. As DNA is impossible to forge, e.g. it is impossible to make your own DNA appear the same as anyone else’s, barring identical twins, it is now vital to identifying the perpetrator of crimes. However, even with the use of DNA evidence, it is possible for a miscarriage of justice to occur.  [1:  United States of America, Department of Justice, Office of Justice Programs: National Institute of Justice, Solicitation for the Review of External DNA Proficiency Testing, by Jeremy Travis (Washington, DC: U.S. Government Printing Office, 1995), 1.] 

One of the first steps in the 1900s towards recognised need to teach forensics was an academic course started in Switzerland. However, it took until the 1930s for universities worldwide to establish a criminalistic, forensic and police science base for courses and degrees. In the 1950s, the departments of forensics and criminology were the first in the world at the University of California. Some of the forensic advances established in the twentieth century include the popularity of use of the comparison microscope developed in the 1800s (especially for bullet comparison), development of blood typing, and the invention of the interference contrast microscope. These have all been critical in various criminal cases since the discovery of their uses. Continuing further into the twentieth century, there was the first use and study of voiceprint identification, the invention of the Breathalyzer, developments not only in the field of murder investigations, but arson, drink driving and several other areas where forensic science may have helped. In 1975, the Federal Rules of Evidence were established, which were critical to retaining integrity whilst studying samples taken from crime scenes. The gas chromatograph and mass spectrometer were initiated into being used for forensic uses, and the polymerase chain reaction technique was found to have critical forensic applications after careful development. By the 1980s, DNA had come into use during criminal cases, and the 1980s contained several key events, such as the first exoneration of an innocent suspect, the introduction to the US of DNA profiling, and the developments of standardization in the way DNA was collected and evaluated to create much less margin for error in the forensic community. In 1994, a global database of DNA samples was created. This has proved to be irreplaceable in terms of the ease with which one may trace DNA found at the scene back, to establish a list of possible suspects.
We may understand perfectly the key differences between two DNA samples, the flaw in using DNA lies in the collection of samples. Our methods of collecting genetic evidence require recovering any obvious genetic samples, such as blood, and then swabbing for any trace DNA samples[footnoteRef:2]. However, the issue here is that DNA can be transferred from one person to another easily. Studies have shown that it is entirely possible for one person’s DNA to be transferred to a second, and then to a separate location through such small interactions as a handshake[footnoteRef:3]. This evidence shows that the DNA of a person could feasibly be at a location never actually visited by said person[footnoteRef:4]. These studies also showed that large DNA samples can survive for up to two weeks[footnoteRef:5], and smaller trace DNA samples can survive and be identified for years[footnoteRef:6]. These factors can allow for discrepancies in the DNA profile being used as evidence. Therefore, it is highly possible for DNA evidence to be unreliable, not due to scientific error, but due to human error in the collection and storing of DNA[footnoteRef:7]. DNA technology is highly skilled at determining the biological source of DNA[footnoteRef:8]. Yet the addition of DNA transfer makes it incredibly difficult to pinpoint with any certainty whether a person was even at a crime scene, let alone the specific time frame for them to be there.  [2:  Angela L. Williamson, PhD, “Touch DNA: Forensic Collection and Application to Investigations,” Journal of the Association for Crime Scene Reconstruction 18, no. 1 (September 18, 2011): 1-2, ]  [3:  Mariya Goray et al., “Secondary DNA Transfer of Biological Substances Under Varying Test Conditions,” Forensic Science International: Genetics 4, no. 2 (2010)]  [4:  Ibid, 30. ]  [5:  Ibid. 18 ]  [6:  Ibid. ]  [7:  Ibid. ]  [8:  Henry C. Lee et al., “Forensic Applications of DNA Typing: Part 2 Collection and Preservation of DNA Evidence,” The American Journal of Forensic Medicine and Pathology 19, no. 1 (March 1998)] 

There are plenty of tales about miscarriages of justice due to poor use of DNA. In the case of Mitchell v. Gibson, evidence was shown that there were DNA samples, including blood, found at the scene that matched one of the defendants[footnoteRef:9]. However, sometime later, the case was reviewed independently, and it was found that the DNA could not have come from the defendant[footnoteRef:10]. Due to a contaminated DNA sample, a man named Jeffery Pierce was sentenced to fifty-four years in prison for rape and sodomy[footnoteRef:11]. The mistake was only uncovered when the FBI investigated a case of misconduct against the lab analyst that originally examined the sample[footnoteRef:12]. There are several cases in which the ‘guilty’ have been found innocent of a crime that they were wrongfully convicted of committing. [9:  Bennett L. Gershman, Misuse of Scientific Evidence by Prosecutors Forensics Symposium: the Use and Misuse of Forensic Evidence, page 23, 20 International Social Science Review, Vol. 94, Iss. 3 [2018] ]  [10:  Ibid. ]  [11:  Ibid, 24]  [12:  Ibid, 24. ] 

However, prior to DNA being used in the evidence process, methods were even more unreliable. Before DNA testing became a popular method of testing evidence, it was incredibly difficult to establish whether two substances were definitively from the same base object, although not impossible. Methods such as testing paint contact trace are effective in cases where a vehicle was involved. Multiple layers of paint all flake off together and it is possible to match the unique paint structure from the flake to the vehicle. Throughout the early development of forensics, there was a massive surge in ‘celebrity pathologists’. Working alone in the mortuary, these celebrity pathologists often came to conclusions that they would dramatically reinforce during courtroom performances, often with conclusions that could not be supported by fellow pathologists. However, from the 1930s, a new, more reliable forensic model came into use. Using a team-based approach, rooted more firmly in science, the margin for human error was massively decreased. Critically, this new approach was based on primarily examining the area around the body instead of the actual body itself. The crime scenes became archaeological spaces, controlled with much more rigour to focus on scientific approaches and analysis. The scene had to be preserved, even then recognising integrity of evidence was key to being able to pick up and forensic evidence from the scene. Following this, swabbing for tiny samples such as dust and dirt in an almost excavation-like style. Samples were then analysed at what were then new laboratories specifically designed for forensic work.
As science advanced, the new complexity of forensic science led to a much more detailed and rigorous job for pathologists. However, this meant that evidence discovered by pathologists started to be spread out between different experts, who may come to different conclusions about cause of death. Therefore, the job of ‘pathologist’ started to change as they started to travel to crime scenes, giving visual evaluations and collecting their own samples to gather what they need. A willingness to be called out at all hours, regardless of the gruesomeness or labour required at the scene, created another reputation surrounding the ‘celebrity pathologist’. Photographs in newspapers of these new heroic pathologists quickly became a basis for criminal investigation media throughout the 20th century. A key example here would be the serial murders discovered at John Reginald Halliday Christie's home in 1953. Six women were discovered in the house and gardens by pathologist Francis Camps during the investigation. The buildings and the gardens were transformed into a stage set up for almost theatrical evidence collection and analysis by Camp, as a macabre archaeological gravesite. Due to high profile investigations such as this, and the dedicated and difficult work they put in, the forensic pathologist managed to maintain their vital roles within the judicial system. When the Home Office sponsored new laboratories in the 1930s and 1940s, the forensic pathologists were given almost complete control over the development.
The 1800s were also a key time for forensic development without DNA, with developments such as the first ever recorded use of analysing documents, development of tests to be able to identify blood in a forensic sense, bullet comparisons, the original use of toxicology shown in an actual trial, and the first test for haemoglobin. There were also massive changes such as the first use of photography of a crime scene, the original recorded use of fingerprint evidence and even the invention of the comparison bridge microscope. There was also one of the most infamous criminal cases known worldwide; Jack the Ripper. For the first time, pathologists were allowed to investigate the wounds inflicted, determining the murder weapons used, and establishing a modus operandi.  
However, these innovations also came with the development of global issues. A prime example of this is Francis Galton the man who discovered, refined and developed into modern fingerprinting methods. Inspired by a French police officer by the name of Bertillon, who realised comparing body measurements could narrow down suspects using cases such as footprints left at crime scenes. This both helped catch criminals and develop profiles of repeat offenders. Considered one of the first examples of scientific classification within the area of forensic criminology, Bertillon’s methods were quickly adopted by police forces globally. However, Francis Galton perceived his works as something other than what it was. He became fixated with the idea that physical traits became indicative of morality, intelligence and criminality, suggesting that people with certain traits such as skull shape, nose size or skin tone, were inherently more likely to be criminals. These racist and abhorrent views were furthered by the belief that entire groups of people should be forcibly sterilised. Thus, the developer of one of the most vital methods of identifying criminals also invented not only the concept, but the very word eugenics. 
Fingerprinting has, for centuries, been one of the most key ways of identifying criminals. Still used today, it is one of the most vital examples of contact trace evidence. Another benefit of fingerprinting is that on a basic level, the technique of taking fingerprints is fairly simple and replicable in many common modern circumstances. An important baseline upon retrieving any evidence is examining and collecting any potential fingerprints. They are also easy to store in a database, as well as differentiating between the fingerprints of one individual and another. As always, there are ways of avoiding leaving any fingerprint evidence, such as wearing gloves, wiping down anything handled, and in extreme cases, even burning off the fingerprints, although this only lasts for a relatively short amount of time as fingerprints grow back exactly the same as they originally were. Another interesting unique feature of humans is our ears. Every human has unique ears, and these have also been used in criminal courts, although not as commonly as fingerprinting due to the improbability of a detailed recording of ear shape being left at the scene of the crime. Identifying individual forensic samples has never been an issue, the problem lies within matching the evidence to the perpetrator leaving no room for doubt. Compromised evidence leads to issues within any criminal case, and one of the issues with trace evidence is that it is easily compromised. 
[bookmark: _GoBack]In conclusion, there were a wide variety of available contact trace evidence prior to the discovery and use of DNA. Examples such as paint flecks, fingerprinting, microscopic fibres and even toxicology were all employed to pursue justice in the criminal courts. Rapid developments in forensics as the primary method for investigating a suspect has led to many positive results, such as exonerating previously convicted yet innocent people, catching the real criminals behind unsolved cases and even things such as paternity tests and the tracing of relatives that were long lost. However, these developments have also led to negative results. Placing too much weight on the accuracy of forensic evidence has been the cause of many false convictions, ruining peoples lives and allowing real criminals to escape without consequences. Accepting that whilst forensic evidence is a vital and useful tool in criminal investigations, there are flaws and errors still in our understanding and use of these methods, is a key step forwards in ensuring the correct convictions are always made. Establishing accurate evidence is necessary for the conviction of any person for any crime, as evidence that has been contaminated is likely to lead to the wrong person serving a sentence for a crime they never committed. It is therefore key that as a society, we keep working towards more infallible methods of identification, and a more developed justice system to prevent causing more harm. However, when used correctly, DNA and other contact trace evidence is invaluable to police investigations and has been the cause of capture for many of the most dangerous criminals in history. The importance of carefully recording and preserving DNA evidence has never been more critical as contaminated evidence becomes more and more common.
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