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  PREFACE




  THIS book has no pretensions to be a complete treatise on Legal Chemistry, but consists essentially of a collection of notes. These notes have been put together in the hope that they might prove useful to those engaged in similar work, and might also serve as some indication of the nature and extent of the services chemistry can render in the administration of justice. The notes are very partial and incomplete and often very detached. This is intentional, as it was thought that the modest results of the author’s own experience would fulfil the purpose of the book better than a more pretentious volume compiled largely from the material already published by others. There is intentional incompleteness also with regard to the books of reference mentioned, works on general analytical methods having been excluded, as also works, even on the special subjects dealt with, which in the author’s opinion are not likely to prove useful. In some instances the edition of a book referred to may not be the most recent, but this arises from the circumstance of the author’s residence abroad, where the latest editions of scientific books are not always available.




  Since the book is the outcome of the author’s experience in Egypt the illustrations have necessarily been drawn almost entirely from that country, but the habits of criminals being very similar throughout the East, the methods of investigation and detection found suitable in Egypt are equally applicable to India and the far East.




  The author's thanks are particularly due to Mr. G. H. Hughes, Chief Inspector of the Native Parquet. Cairo, for his keen appreciation of the value of scientific evidence and for much sympathy and help.




  January, 1920.    A. L.




  





  INTRODUCTION




  Definition of Legal Chemistry.




  Legal, or forensic chemistry, may be defined as chemistry applied to the solution of certain problems which arise in connection with the administration of justice. It is chemistry exercised in the service of the law. The chemical enquiry constitutes an expertise and the chemist who conducts it is an expert.




  Scope of Legal Chemistry.




  The scope of legal chemistry is very wide and the boundaries of the subject are very ill-defined. Not only does it include the chemical side of criminal investigation, with which it is generally associated in the public mind, but it is also concerned with the analysis of any material the quality of which may give rise to legal proceedings. Legal chemistry, too, deals not only with purely chemical questions, such as the nature, composition and quality of materials as determined by analysis, and the examination of articles for the presence or absence of particular substances, such as poisons, but it is concerned also with questions which are only partly chemical, as for example the examination of blood stains, questioned documents, counterfeit coins, fibres and textile fabrics, and the expert in legal chemistry should be not only a capable analyst, but also an experienced microscopist and photographer.




  Practice of Legal Chemistry.




  The practice of legal chemistry naturally resolves itself into three stages, namely (1) the reception of the article to be examined; (2) the examination, and (3) the communication of the results. These three stages may usefully be considered in detail.




  Before an expert commences his work he receives a formal mission or mandate, and whenever possible he should make sure that this is not worded in any way calculated to limit adversely or cramp his enquiry. This danger may be avoided if the mandate contains a general clause to the effect that, in addition to the particular investigation specified, the expert is empowered to carry out any other investigations found necessary in the course of his work.




  1. Reception of the Article.—It is most important that whenever possible the expert should himself personally take such articles as are required for examination. Unless this is done, something essential to the elucidation of the problem may be omitted, or the articles may be taken, handled or packed in such an unsatisfactory manner as to render them almost useless for purposes of investigation. Sometimes too, in criminal investigation, it is necessary that the expert who examines an article should know the precise condition, and even the position, in which it was found, and this can only be done when he is called in at the very commencement of the enquiry and before anything is disturbed or removed. It is impossible to lay too much stress upon this point, for just as finger-prints or foot-prints may be obliterated and thus valuable evidence lost, so other clues may be destroyed or even misleading indications may be produced. Whenever possible therefore in all cases of criminal investigation in which a chemical expert is consulted, he should make a detailed examination of the scene of enquiry and should take full notes with sketches and measurements and also any samples that may be required. A sketch as neatly and accurately drawn as possible with all the important measurements recorded will be found a great help in writing the report. This sketch, however, should not be reproduced in the report. If a plan is necessary to illustrate the report only one made by a trained surveyor should be used.1 




  1 Application of Surveying to Criminal Investigation, F. C. Hirst, Calcutta, 1915.




  In the ease of a fire, explosion or similar occurrence, as much information as possible should be obtained regarding the exact previous condition of things, also an account of what was seen or heard at the time and the explanation that is given of the occurrence by those concerned. It should be remembered that generally it is difficult or impossible to repeat a visit, and that, unless full details are obtained in the first instance, the report will be incomplete and, in the absence of some small fact, which has been omitted, it may be found impossible to express a definite opinion or to explain what might otherwise be a very simple matter. Special care should be taken to make the notes not only full but neat and clear, since it may be necessary to produce them in Court. There can be no excuse for a careless superficial examination or for any inaccuracy in recording the facts.




  When summoned to the scene of enquiry the expert should go fully prepared for all eventualities and should take with him everything that can possibly be required : a lens, or preferably a reading glass with a handle, a penknife, a few small round cardboard boxes for samples and a measuring tape will generally be found useful, and a note-book and pencil are indispensable. The note-book shojild be of good quality and not too small a size and the pencil should be an indelible one. A camera is also frequently of service.




  In the majority of cases, however, the expert will not have the opportunity of taking his own samples, but these will already have been taken before he is called in, and at the most he will be asked to fetch them from the Court. Generally, however, the samples will be handed or forwarded to him.




  As no conclusions of value can be formed without a full knowledge of all the facts, no opinion whatever should be given until the articles have been fully examined and the matter carefully considered.




  As soon as practicable after an article has been received it should be registered, and the register should show the date and hour of receipt, from whom received, the nature of the article and full details of all numbers or other distinguishing marks.




  At this stage the package should not as a rule be opened but, whenever it is opened, this should be done by the expert himself.




  It is convenient to keep one general register in which the particulars enumerated above are recorded and in which all articles received are entered in order of date, each being given a special number, the numbers being consecutive in any one year. The serial number of the article and the year should be marked on the outside of the package. When the expert himself takes the samples, particulars should be written on each at the time and full and exact notes made as to when and how and under what circumstances they were taken and, immediately on arrival at the laboratory, they should be registered and numbered in the usual manner. If a large number of articles of any one kind are being constantly received it will be found convenient to have more than one general register, though it will rarely, if ever, be necessary to have more than two, one for the class of articles that predominates and a second for miscellaneous cases.




  In addition to the general register or registers, however, a series of abstracts, one for each kind of article, in which the results of the analyses are summarized, will be found useful. These are for quick reference to the details of the cases. In the Poisons abstract, for example, there would be a separate page for each kind of poison found and another for eases where the results were negative and, under each heading, the cases would be entered in numerical order, with details in tabular form showing the nature of the article analysed and the amount of poison present. In the Counterfeit Coin abstract, such particulars as the denomination of the coin, the year, weight, specific gravity, composition and whether struck or cast, would be given in tabular form. Thus at a glance the number of eases of any particular kind and the details of each case can be seen. With regard to the reports, an exact copy of each must be kept and, as these are frequently too lengthy to be conveniently transcribed into a register, it is generally best to keep typed copies in separate files according to the nature of the case, though a brief summary in the general register will be found useful. The general register should also show the number and page of the laboratory work book in which the original facts and figures were entered at the time the article was examined.




  Articles are frequently very badly packed and very inadequately marked. This is not the fault of the expert but, by drawing attention to it each time it occurs, improvements in this respect may be brought about. The commonest faults are the use of wet or dirty bottles, dirty corks, insufficient protection of glass vessels during transit, the use of thin cardboard boxes which cannot be closed securely and which easily break or become forced out of shape, and so allow the contents to escape, the use of ordinary correspondence envelopes from which finely powdered materials always leak, the packing of several articles in one parcel in such a manner that contamination of one with another is almost inevitable, and the use of sealing wax on the corks of bottles containing alcoholic liquors or other liquids in which sealing wax is soluble. Many articles too are received without sufficient marks of identity or else bear such marks only on the outside wrapper which has to be removed. It does not seem to be sufficiently recognized that ordinary gummed labels do not adhere well to tins or to painted or glazed surfaces, with the result that such labels frequently come off and the articles are left without any means of identification. For small samples of dry material the round cardboard boxes, which are sold in nests of different sizes, will be found very useful. Oblong envelopes with the opening at the end are also very satisfactory, and such envelopes are made in all sizes specially for holding samples, and many have ingenious methods of fastening. As already mentioned, ordinary correspondence envelopes are most unsuitable and should on no account be used.




  2. The Examination.—The first step in the examination of an article is to scrutinize it carefully and to write down in the laboratory note-book 1 a full description of its appearance. The outside of the package, the manner in which it is secured and particulars of the seals, if any, should first be described. The package should then be opened and any inner wrappings or packages should be examined and described, and finally a detailed description of the appearance of the article itself should be given. This will be found very helpful, since before an article can be described it must be carefully and minutely examined and definite conclusions must be arrived at on such points as colour, shape, size and other physical characteristics which might otherwise be left vague and inconclusive.




  The serial number, which was originally marked on the outside wrapper, should now be put on the article itself, if that be possible, or, if not possible, then on the innermost package. When however the article consists of a written or printed document this should not as a rule be numbered or marked in any way, as by inadvertently covering up something of importance the value of the document as evidence may be seriously impaired, and what is, or is not, of importance frequently cannot be recognized until the document is critically examined. As an example of the lack of care with which documents are sometimes treated the following case may be cited. On one occasion when dealing with an anonymous letter it was found that the mode of formation of the capital letter I, and whether it was made with one stroke of the pen or in two strokes, was of the utmost importance, and this letter only occurred twice in the whole document and one of the two occurrences had been mutilated by perforating the document for filing. Occasionally however when there are a number of different documents, which must be referred to separately in the report, it will be found convenient to mark them with a distinguishing letter or number, but this should be done carefully and generally in one corner. The practice adopted by some experts of placing their name or initials on all documents as a means of identification is unnecessary. If a document has been carefully examined and described it can always readily be identified again. In the case of some articles, particularly those made of metal, it is not always possible to mark them. Coins however, which are generally much alike and which may easily be confused, should always have a distinguishing mark or number scratched on them. Frequently considerable trouble is caused during a trial, in which there are a large number of different exhibits, by the confusion of similar articles or by mistakes in identification due to insufficient or unsatisfactory marking.




  The original package should be opened in such a manner that if possible the seals remain intact, since sometimes questions arise concerning the identity of the seals and further examination of them may be necessary. All wrappers should be kept. Before opening any package it should be seen that the table on which this is done is clean and unencumbered with other articles.




  From the time the package is opened until the examination is finished and the article finally sealed up again it should never leave the personal custody of the expert and should not be left about the laboratory or be unnecessarily exposed in any way ; when not actually required it should be kept in a locked room or cupboard to which the expert alone has access.




  The method of examination will naturally depend upon the nature of the material, but in every case special care should be taken that the apparatus and vessels used are clean, that the re-agents are pure and that the analysis is conducted in such surroundings and in such a manner that contamination or loss is impossible. It is not merely sufficient for the expert himself to be convinced that all these things are as they should be but he must be in a position to convince others. For example, he may feel certain that the re-agents employed are pure but he cannot definitely refute a statement to the contrary unless he has the positive evidence that can only be obtained by having tested them. During the Maybrick trial one of the witnesses, a medical man, who had made a preliminary test for arsenic, when asked about the purity of the copper and hydrochloric acid employed, could only say with regard to the copper “ I do not know whether the copper was absolutely pure but I have a strong impression that it was pure,” and with regard to the acid, that he had bought it from a “ good chemist.” 1 Blank or control experiments should be made whenever possible. At every stage full notes should be made in ink in the laboratory note-book. Pencil notes and scraps of paper should never be used.




  1 Notable English Trials : Mrs. Maybrick. Edited by H. B. Irving.




  Some of the precautions mentioned may possibly appear very trivial and unnecessary, but experience proves that none of them can safely be dispensed with, and the neglect of any one may seriously discount the value of the most careful analysis or even invalidate it altogether. Thus, for instance, the authenticity of an article may be challenged and it then becomes necessary for the expert to prove, not only that it has never been out of his custody since he first received it, but also that it is impossible it could have been tampered with in any way or that anything could have been added or abstracted. It should not be forgotten too that the chemico-legal expert occupies a very different position from that of the ordinary analyst in that everything he does is liable to be subjected to the strictest scrutiny and adverse criticism, and his work is either done on oath or the results must be sworn to.2 Moreover where the liberty or even the life of another is concerned it is impossible to take too much care.





  The second step in the examination of an article requiring chemical analysis is as a rule to weigh or measure it, after which, if possible, it is divided into several portions, one being kept in its original condition for further reference or for production in Court. All weights and measures should be entered directly in ink in the laboratory note-book at the time they arc determined.




  The third step is the chemical analysis, microscopical or other examination or physical testing, whichever may be indicated. It is not proposed as a rule to describe the methods employed, since before a chemist specializes in legal cases he will naturally have had experience in general analysis, and he will be familiar therefore with the usual methods and processes and will also know where to find the description of additional methods should he require them. For matters which are outside the range of an analyst’s ordinary work special books must be consulted and the names of a few such books will be given in connection with the various subjects dealt with. Certain types of cases however, such for example as those concerning questioned documents, fires, explosions, robbery and stains and marks, will present different aspects and new features every time, and the methods of dealing with them can only be learned by practical experience. In the description of actual investigations that follows some account will be given of the methods adopted in special cases.




  1 In Egypt the oath is taken before the work is commenced. In the Mixed Courts the oath is taken each time. This was also the practice in the Native Courts until the law of January 1. 1917. by which any Government official, who by reason of his technical knowledge is, or could be, constantly called as an expert before the judicial authorities, could take the oath once for all before the President of the Court, of Appeal. The expert, however, is sworn again each time he gives personal evidence in Court.




  Any important ingredient separated in the course of an analysis should be preserved for production in Court.





  After the examination or analysis is finished, the article or residue should be securely sealed, and either kept for production in Court or handed over to the proper authorities. It is preferable that whenever possible the expert should retain the articles he has examined and should himself produce them in Court, as few people realize the importance of the proper care of exhibits.




  The expert will generally have some help in his w'ork but he must personally conduct all the important operations and should see and verify everything else that is done and form his own conclusions independently of the opinion of others, since it is he who is responsible and it is he who will make and sign the report or give evidence in Court, and he must therefore be in a position to describe both the article itself and the method of its examination and to justify the conclusions arrived at.




  In the practice of legal chemistry there are six golden rules which should never be lost sight of. These are :— tion of everything and do not be satisfied with a qualitative analysis if a quantitative one be possible ; it always pays to do too much rather than too little and it is difficult to foresee what will or will not be required in Court.




  (3)    Take notes : keep a full, neat and clear record of everything seen and done.




  (4)    Consult others : many cases will lead the expert into paths with which he is not familiar, and when this happens he should consult those who are most likely to know. Unless an expert knows his subject thoroughly, or unless he consults others, he may go seriously astray ; thus a doctor, who found salt in an Egyptian mummy, reported it to be that of a person who had been drowned in salt water, apparently quite in ignorance of the very readily ascertained fact that crude natron, which contains a large percentage of salt, and at a later date, salt itself were commonly used in ancient Egypt in connection with the preservation of the body. The chemist too who thought that the ancient Egyptians used quicklime as a body preservative, because he found a small amount of carbonate of a lime in a mummy, was evidently unaware of the extent to which limestone and limestone dust occur in Egypt and that burial in tombs cut in the limestone rock was very common. Another expert, who had not made himself familiar with the methods of using liquid fuel under a boiler, but who had evidently heard of the use of compressed air in that connection, thought that compressed air was forced into the oil in the feed tank.




  (5) Use imagination : this is somewhat hazardous advice, since an expert with a vivid and uncontrolled imagination is a most dangerous person ; a disciplined imagination, however, which enables inferences and deductions (to be verified or discarded at a later stage) to be made from slender and incomplete premises is often very useful. In writing the report the imagination must be kept well in hand and the expert should remember that what to him may be merely a helpful working hypothesis is liable to be taken by others for more than its true worth and to be adopted by them as a final explanation.




  (6) Avoid complicated theories : the simplest explanation is the most likely to be the right one.




  3. Communication of the Results.—The results of the work carried out will generally be communicated in the form of a written report, which may be supplemented at a later date by oral evidence. In Egypt the written report is generally sufficient, though occasionally the expert is required to give personal evidence in Court. Both the written report and the oral evidence therefore will be considered.




  The written report should consist of a brief but sufficient record of all the significant facts noted during the examination of the article, followed by a summary of the conclusions drawn from the observed facts and from these alone, the conclusions, however, being kept quite distinct from the facts and the whole being expressed in plain and nontechnical language. The conclusions arrived at should be given very definitely and without ambiguity, vague and inconclusive opinions being useless. This, however, does not mean that the expert should dogmatize on insufficient data, and it is sometimes necessary to state that the facts are so few or so obscure that no definite conclusions are possible.




  All opinions should be supported by the evidence on which they are formed, that is to say every statement made should be proved and unless a point can be proved to the satisfaction of others it will generally be found to be worthless.




  In the case of articles, such as foods and drugs, where a definite minimum standard of composition exists, a bald statement that the material is adulterated is not enough, sufficient analytical data should be given to enable the Court to form a conclusion as to whether an offence has been committed or not. In the case of alcoholic liquors where there are no legal standards, it is generally better to refrain from giving figures in the written report unless two samples are to be compared ; if necessary the figures can be given and explained in Court.




  In ordinary gravimetric or volumetric analysis it is neither necessary nor wise to report the results to more than one decimal place, as although the weighings, measurings and calculations will probably be carried out to two or even four




  decimal places, yet the errors inherent in the method, apparatus and manipulation are such that anything beyond the second decimal cannot possibly be correct and even the second decimal is very liable to be wrong. In some cases, however, such as the analysis of water, sewage and poisons, the results must frequently be given to tenths, hundredths or even thousandths of a milligram. Thus in the Seddon trial 1 quantities of metallic arsenic varying from 1/30 th to 1/3000 part of a milligram were obtained by the analyst from the various samples.




  It is not, as a rule, necessary to mention how an analysis or examination has been conducted and therefore, whenever possible, all references to methods should be omitted as their inclusion only lengthens and complicates the report. Sometimes, however, it is useful to state that the analysis has been conducted by well-known methods, which are mentioned by name, or by the methods adopted by, say the Government Laboratory, London, or the Paris Municipal Laboratory, or the Society of Public Analysts, as the case may be. The one endeavour in writing the report should be to make it as precise and clear as possible. Utility, however, should not be sacrificed to brevity, and the report should be sufficiently full and explanatory to meet any adverse criticism it may encounter, containing within itself the replies to any arguments likely to be directed against the conclusions arrived at, since, as a rule, the expert will not be able to supplement his report by further details or explanations.




  If micro-photographs or photographic enlargements of objects have been made, a copy of these should be attached to the report, and it should be clearly stated on the photographs what they represent, and any special points illustrated should be indicated.




  After drafting a report and before it is finally copied and forwarded it will be found a useful check on the correctness of the conclusions for the expert to put himself mentally in the place of the counsel for the opposite side and to scrutinize the report carefully from that point of view, more particularly as to whether the data are sufficient to justify the conclusions arrived at, and whether or not explanations other than those given may not agree equally well with the facts.




  1 Notable English Trials: The Seddons. Edited by Filson Young.




  So far as oral evidence is concerned, the principal requirement is that the expert should have a thorough knowledge of his subject and of the collateral matters relating to it. Since the evidence may be given weeks or even months after the work has been done and the report written, it is not only permissible but necessary that the expert should refresh his memory by reference to his laboratory note-book before presenting himself in Court and he should also have the book with him in Court for further reference if necessary. It is not sufficient that the note-book should be consulted for a few minutes immediately before going to the Court or while waiting to be called, but it should be studied beforehand. A witness with a bad memory, who has not taken the trouble to refresh his mind with the facts of the case, presents a very poor spectacle in the witness box. It should be remembered, however, that no notes, except those made at the time the work was done or as soon after as practicable, are allowed in Court and nothing written subsequently is permitted to be used. The expert must also anticipate and prepare himself to answer likely questions having reference to the case and should have at his fingers’ ends all the details of the methods of analysis or examination employed and should be prepared to state the degree of accuracy attained. He should also know the weaknesses, if any, inherent in the methods used and be ready to meet adverse criticism directed against them. All answers to questions and all opinions should be definite and free from ambiguity and should be given in as simple language as possible.





  Should it be necessary to employ any term susceptible of more than one meaning, such for example as “arsenic ” when either “ oxide of arsenic ” or “ sulphide of arsenic ” might be meant, the sense in which the term is used should be made quite clear. Some confusion seems to have arisen during the trial of Mrs. Maybrick owing to the neglect of this precaution, and the amount of arsenic found on analysis was sometimes referred to by the witnesses as oxide, sometimes as sulphide and .sometimes merely as arsenic without any indication of what compound was meant.




  As an indication of the kind of questions that may be asked and that therefore should be prepared for, the author's experience may be mentioned : when giving evidence in cases of counterfeit coining he has been called upon to state how genuine coins are made, to explain the difference between cast iron, wrought iron and steel and to justify his statement that certain instruments were made of steel, to give the approximate pressure required to impress the designs of some steel dies upon a given alloy and to say whether a certain press, which the prosecution contended was part of a counterfeit coining plant and which the defence explained had been employed for making small tiles, could be used for making tiles or not, and whether the accused person's description of the materials and method employed for making tiles was correct. In prosecutions for adulterating alcoholic liquors he has been asked to give definitions of brandy, whisky and beer, to state how they are made, to explain the differences in manufacture between the genuine and the adulterated articles, as also the meaning of the differences in the analytical results : and in forgery cases he has been called upon to explain the composition of ordinary writing ink, the nature of the changes which take place in such ink with lapse of time, the manner in which ink of various kinds may be removed from documents, and how paper may be discoloured to give it a fictitious appearance of age.




  Sometimes an object, such as a detail of the design of a counterfeit coin, a defect in a counterfeit coin, a small characteristic in a handwriting or an alteration or erasure in a document, about which evidence is being given in Court, is so minute that it cannot be seen clearly, or even cannot be seen at all, unless it is magnified. In such a case no attempt should be made to show the object to the judge or jury through a microscope, or even through any sort of small lens, since such instruments are not only useless but confusing to persons not accustomed to them. In such circumstances the expert should be prepared with an enlarged photograph of the object in question, though sometimes a large reading glass with a handle will be found useful as this can be understood and managed by most people. In the Maybrick trial 3 the judge, after vainly endeavouring to see a deposit of oxide of arsenic on the sides of a tube by means of a lens, remarked of the latter that “ it was very difficult to manage.”




  A final word of caution may be given, namely that the expert should scrupulously avoid allowing his interest in a case or his belief in the correctness of his own conclusions to make him an advocate or partisan ; he appears in order to present any facts he may have discovered, to interpret these and other facts and to help the Court with opinions, and his evidence should be given without bias to either side.




  Conclusion.




  In conclusion it is desired to emphasize the fact of the great assistance that the chemist can frequently render in the administration of justice. This is generally conceded with regard to all matters pertaining to the composition of articles or to their value as determined by analysis, but it is not sufficiently recognized in connection with criminal investigation, except in cases of poisoning, when the chemist is acknowledged to be indispensable.




  The chemist is specially trained in observation and deduction ; he necessarily learns to enquire closely into the nature and meaning of things ; as a result of experience he becomes very sceptical of outward appearances ; if he practises as an analyst he is brought into intimate contact with a great variety of different materials, of all of which he must know the composition and properties ; and he habitually deals with traces of substances and even weighs and measures them, all of which qualifications peculiarly fit him to act as a scientific expert in criminal investigation : observation, deduction, an enquiring turn of mind, a sceptism of appearances, a knowledge of the composition, properties and uses of articles and the ability to see and examine traces are all essential for this work, and it may confidently be stated that if criminal investigation is to keep abreast of the times it must be made more scientific and chemical analysis and microscopy must be more frequently used, in fact the criminal is becoming so scientific, not only in his work, but also in the means he adopts to escape detection, that a scientist is needed to cope with him, that is to say, a scientist must be set to catch a scientist.
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  NOTES ON CASES




  The cases of which particulars will now be given are all taken from the author’s experience and have been chosen from amongst the very large number with which he has had to deal during the period he has acted as expert to the Egyptian Government. In a country like Egypt, where frauds and crimes of certain kinds such as forgery, counterfeit coining and poisoning are very prevalent and where there are very few Government experts, the latter have a very much larger number of cases submitted to them and hence gain much greater experience in certain directions than it is possible for any one individual to acquire in England.1 Failures have been recorded as well as successes, and the bald facts only have been given without any attempt being made to heighten them for the sake of effect. Where it was thought that details of methods, the discussion of results or explanatory notes might be useful these have been added.

