
Article II.- Second Report on an Epidemic Colic among the 
Troops at Newera Ellia, Ceylon, in 1852. Communicated to the 

Director-General of tlie Army Medical Department, by Alex- 
ander Smith, M.D., Staff-Surgeon of the Second Class, Army 
Medical Service. 

Newer a Ellia, Ceylon, 3d March, 1855. 

Sir,?In continuation of my report on epidemic colic, as it 

appeared among the troops at this station in the beginning of 1852, 
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written two years ago [See Monthly Journal of Medical Science, 
1853, vol. xvi., p. 202], and submitted to you, 1 have the honour to 
bring to your notice some additional information on the same subject. 

It will be remembered that the disease alluded to broke out on 
the 12th February 1852, and did not entirely cease until the 10th 
June of the same year. 

Between the former date and the 5th June, when 32 sick soldiers 
were sent to Kandy, the average strength of the detachment was 
a little over 87, and in that period there were 140 admissions into 
hospital for colic alone; whilst, between the 5th and 10th June, 
there occurred 2 more examples of the same complaint, making, in 
all, a total of 142 admissions, for a disease which, if it ever before 
appeared in Ceylon, would seem to have attracted little or no 

attention. Of the above cases, 6 proved fatal at Newera Ellia, and 
1 died at Kandy, after removal to that place; making, in all, a total 
loss of 7 men. 

By the annexed table, I have endeavoured to represent the propor- 
tion of troops attacked, and by that following it, to give an analysis 
of the admissions into hospital; whilst Table No. 3, is intended to 

PROPORTION OF TROOPS ATTACKED. 

Average daily 
strength ( 
at Newera 

from 
12tli February 

to 
5 th June 1852. 

Number of Men 

of Troops ac*ual|y P^f.ent lt 
individuals ad- 

Bra Ellin, New?ra E!lla' at mitted into Hos- 
v'arious times, ... 

nnA ftr mnpfl 

87 4 

between the 
12th February 

and 
10th June 1852. 

101 

Actual number of 
Actual number of | men never in 

Hospital for colic, 
although all, with 
one exception, 
were present 

during the whole 
time the epidemic 

lasted. 

pital, one or more 
times, for colic, 
during the epi- 

demic. 

74 27 

Proportion of men attacked in 1000= 732. 

ANALYSIS OF ADMISSIONS INTO HOSPITAL. 

Number of attacks 
occurring in the 
same individual. 

One attack,. . 

Two attacks, . 

Three attacks, . 

Four attacks . 

Totals, . 

Proportion 
of men so 
attacked. 

28 

28 
14 

4 

Died at 
New era 
Eilia. 

Died at Kandv, 
sent sick from 
Newera Ellia. 

28 

50 
42 
1(5 

1 = 7 142 

Total 
of 

Attacks. 

Proportion of deaths to the number of men attacked, in J 000?94. 
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Table No. 3. 

Description. 

Officers, . 

Non-commissioned Officers, 
Rank and File, 

Officers' Families, 
Soldiers' do., 

Totals, 

Number 

present. 

101 

4 

13 

Number 
attacked. 

2 

74 

4 

123 80 

Pti0Pn?r" Number 

in 1000. 
of deaths" 

400 

732 7 

307 l 

050 

express the number of attacks and deaths, and their relative pro- 
portions, among all individuals connected with the military, and at 
the time on the station. 
Of non-military residents, 3 families, including 3 males, 2 females, 

and 4 children, were partially attacked, all the men, and 1 woman 
having suffered. No death occurred; but it was not until each 
individual attacked had for a time left the station that recovery, 
or even a complete interval of relief, took place. 

It cannot be ascertained with certainty that the epidemic ex- 
tended to any of the native or half-cast residents. 

During the time which has elapsed since my first report was 
written, 1 have used every endeavour to make myself acquainted 
with what has been already made known, on the subject of lead colic, 
and the other forms of poisoning by lead, and I have employed every 
available means of collecting information likely to throw additional 
light on the nature and cause of the late outbreak at this place. ' 

The knowledge derived from all these sources has but added 

strength to my former belief, that the symptoms described in my 
previous letter were those invariably caused by the poison of lead ; 
and it has further induced me to think, that they were those of a 
complaint identical with the so-called " dry belly-ache" of the West 
Indies, " Devonshire colic," and " Painters' colic;" and with 
that colic to visitations of which Poitou, Madrid, and many other 
places on the continent of Europe, have been, and I believe still are, 
frequently liable. 

1 am fully aware, that, in expressing my belief in the identity of 
the known symptoms of poisoning by lead with the above-named 
diseases, I only repeat a statement already in part made by others, 
of the truth of which, however, doubts are still entertained by some. 
I would therefore hope that the facts recorded in the present and 
previous reports, may be found of some slight assistance in more 
clearly establishing the identity in question. And I cannot but think, 
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that, were such relation clearly made out, it would lead to results 

highly beneficial, not only to the service, but to society generally, 
as a perusal of writings on the subject of colic, and a knowledge of 
all the circumstances connected with the medical history ot the 

outbreak which has called for this report, leave me impressed with 
the belief that much suffering is endured, and many lives are lost 
from unexplained visitations of colic, against a recurrence of which 
it might be possible to direct means of prevention. 

It will be unnecessary again to enumerate the symptoms of the 
disease under consideration; but a special notice of one sign oi 

poisoning by lead, which, in importance, more especially in its bear- 
ing on military medical police, appears to me to outweigh all others, 
will not, I hope, be found devoid of interest. I allude to the so-called 
" blue line" in the gums. 
By a careful special health inspection of the troops, together with 

the facts recorded in the Medical Registers, the condition of every 
man on the station at the time of the epidemic was accurately 
ascertained, with the exception of that of one soldier, who did not 
suffer from colic, and who had left the place before his state could 
be noted. 
Of one hundred individuals so examined, the mark in question 

was distinctly seen in each. The presumption is therefore strong, 
that, had he been examined, the soldier who escaped notice would 
not have been found an exception to a rule so general. 
The marking of the gums varied much in degree in different 

individuals, but its general characters were the same in all. Men 
whose gums and teeth were naturally good, showed least of it, and 
were the last to present that appearance ; whilst, in those under 
opposite circumstances, it was much earlier and more decidedly 
developed. In the more remarkable cases, the mucous membrane 
of the lips, where in contact with the discoloured gum, was also 
similarly stained ; and, in a few of the worst examples, there Avas, 
in addition to the dark line, an apparently retracted and ulcerated 
state of the edges of the gum, a condition which more than usually 
exposed the necks of the teeth, and bore a close resemblance to that 
seen in scurvy. 

In the greater proportion of cases, the marking was visible in the 
gums on the sides of the teeth, not only towards the lips and cheeks, 
but also within the mouth proper. 

After death, the seat of colour was seen to lie in the margin of 
the gum, close to the surface of the tooth, and the dark grey matter 
causing it was found arranged in minute radiating lines, generally 
perpendicular to that of the waving margin of the gum,?a form 
probably caused b}^ its deposit in the smaller blood-vessels of the 
part. 

* 

Hie belief that the omission of all care to preserve a clean state oi the teeth and gums is favourable to the occurrence of the "blue 
line m the latter, during the introduction of lead into the system, 
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is strengthened by the fact, that of all the individuals who suffered 
from colic at this place in 1852, the only instances where no such 
mark was seen, occurred in the cases of two officers and a Ceylon 
civil servant, all in the habit of regularly using the tooth-brush. 
The cause of the deposit in the gums would therefore seem 

readily to admit of explanation. 
Of the exact time when the action of lead on the systems of the 

men first began to show itself by the state of their gums, it is 

impossible to speak with certainty, because the marking was neither 
perceived nor looked for, until after it had been detected by myself 
at Ivandy, in the course of April, in a few of the soldiers, who, 
among the first to suffer at Newer a Ellia, were afterwards sent to 

head-quarters for change of air; and, owing to a few months absence 
from Ceylon, I can form but an indifferently accurate idea of the 
length of time it remained visible after the epidemic had ceased. 
On my return to Kandy, however, nine months after the latter 

occurrence, I examined the greater number of the men wlio suffered 
at Newera Ellia, and had, in the meantime, been removed to the 
former place, and found that, with the exception of one man, who 
even now is too weak in the arms for regular duty, all had regained 
their usual health, and that in no case was the staining of the gums 
visible. The general reply made to my questions on the subject 
was, that the mark had gradually disappeared, in the course of 
about three months after the date on which a change was made in 
the sugar issued to them. And I must add, that in this instance 
the soldiers own statements on the matter are deserving of more 
credit than might at first appear; because their curiosity, excited by 
my constant examination of the state of their gums, and the degree 
of mystery which hung over their complaint, led them not only to 
watch the condition of their own mouths, but even to observe that 
of their comrades. 

In order to test the value of the dark mark in the gums, as evi- 

dence that lead is being introduced into the system, I have, during 
the last two years, carefully watched every case in which acetate of 
lead has been given for the cure of chronic bowel complaint, a dis- 
ease of which, in a tropical climate, there are but too many instances. 
The remedy lias always been administered thrice daily, in doses of 
three grains, with opium, and the amount of bowel-complaint for 
which it has usually been given, has not, upon the whole, much 
varied. In every case, the marking, sooner or later, made its appear- 
ance, and was identical in degree with that seen during the epidemic; 
but in no two instances was the time required for its production 
the same, although the conditions under which the medicine was 

given, could scarcely be said to have varied. The period necessary 
seemed to run from three or four days to a week, or even longer, 
and the rule mentioned above with regard to the state of the gums 
and teeth was found to hold good. 
The earliest indication of the approaching mark was always found 
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to be a very delicate fringe of minute pink-coloured papillae, situated 
in the extreme margin of the gum, and frequently seen so early as 
the second or third day; and in these papillae, after a time, the 
dark grey deposit could first be detected in points which seemed 
gradually to coalesce; and a little practice in observing it enabled 
me readily to distinguish the pink fringe caused by lead from that 
condition of the gums consequent on the use of mercury, the colour 
in the latter case bein^ deeper, and its seat more diffused. 
The acetate of lead was discontinued when the mark threatened 

to become unusually distinct; but in several instances it was 

employed for weeks, with benefit to the patients, and without a 
symptom of colic ever having appeared. In one individual, however, 
within three days from the time the first dose was given, there was 
a sudden attack of colic, which, at first, I believed to be peritonitis 
from perforation of the gut, until convinced, by the slowness of the 
pulse, that its nature was different. 

In one patient, whose mark was unusually distinct, more than 
two months elapsed before it had completely disappeared, after the 
use of lead was discontinued; whilst, in other less marked instances, 
it had in about one month become almost imperceptible. 

I have failed to verify the statement made in my previous report, 
that the mark was generally first seen on the gum of the second 
molar tooth of the upper jaw; and I believe that of late I have 
seen it earlier on that of the lower incisors than in any other 

situation. 
In connection with the same subject, I have also carefully observed 

the gums of patients to whom sulphate of copper was being adminis- 
tered, but without having been able to detect in them any percep- 
tible change during its use; neither have I noticed, during a mer- 
curial course, any appearance in the gnms, which could for a 

moment have been mistaken for the dark grey deposit caused by 
lead; although, as already stated, there is an apparent similarity 
between the pink fringe first seen where lead is being used, and 

the 

state of the gums caused by the action of mercury. 
I l'om the experience, such as it is, which 1 have had in the 

matter, I believe myself justified in arriving at the following con- 
clusions on the subject of the 

" blue line." 

1st, That in non-commissioned officers and men, soldiers' wives 
and children, and in persons in private life, whose habits nearly 
approach those of the above, the marking in the gums will sooner 
or later, in every case, show itself, provided lead continues to be 
taken with the food or drink for a sufficient length of time; and 
that, provided the poisoning has been slow, it will always be dis- 
tinctly visible before death results. 
, 2d, That there is no more any fixed time in which it will 

make 

!ts *?PPearance on the gums, than there is a certainty that different 

individuals, placed, in every respect, in as nearly as possible the 

vol. ii?N0_ JDLY 185G> B 
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same circumstances, will, after the lapse of an equal interval of time, 
or even within a very considerable variation of that interval, begin 
to suffer from the more severe symptoms of lead poisoning. 

3d, That in cases where the usual daily care is bestowed on 

cleansing the teeth and gums, the absence of the 
" blue line" will 

afford no certain evidence that lead, either when given as a medi- 
cine, or when known to be* present in minute quantity in the food 
or drink, may not be acting injuriously on the system. 

4th, That in countries liable to outbreaks of lead colic, known as 
the " dry belly-ache," the state of the gums of soldiers, from time 
to time carefully examined, will give due warning of the approach 
of an epidemic; and the appearance of the 

" blue line," will at once 
indicate the necessity for an analysis of all articles of food and drink 
used by the troops. 

5th, That the dark marking in the gums, known as the 
" blue 

line," is caused by the gradual introduction of lead?and of lead 
only?into the system. 
Of the cause of the epidemic of 1852, I hope that what follows 

may in some measure assist in the satisfactory explanation. 
My examination of the food and drink led me to suspect that, of 

all the articles at the time used by the soldiers, lead was present in 
the sugar and arrack alone, a belief which has been?so far as the 
manner in which samples sent to England would permit?to a cer- 
tain extent confirmed by the chemists employed by Her Majesty's 
Home Government. 
At my suggestion, both the arrack and sugar were discontinued 

in the end of May. The last case of colic occurred on the 10th 

June, and from that date the health of the men steadily improved. 
But, whilst both the sugar and arrack were suspected to have 

participated in causing the disease, and it was undoubtedly observed, 
that men, much given to arrack drinking, suffered earlier and more 
severely from the complaint, than could perhaps have been 
accounted for by the effects of dram-drinking alone on their consti- 
tutions, I nevertheless feel convinced, from a number of circum- 
stances, that one special sample of exceedingly coarse sugar, used 
by the men between February 1852 and the end of May of the 
same year, was the chief cause of the epidemic ; although, from what 
I have yet to state with regard to the arrack of Ceylon, I think it 
highly probable that the latter may, in not a few instances, have 
materially assisted the action of the sugar. 

That the epidemic was mainly caused by the sugar, I conceive 
the following to be satisfactory reasons :? 

1st, The arrack drank by the soldiers at Newera Ellia, had been 
in use at that place for more than a year before the epidemic 
appeared, without having caused any apparent injury to the health 
of the men?or, at least, not such as was likely to attract notice 
before the attention was specially directed to it; and, as it had 

originally formed part of the general commissariat stock, arrack 



ARllACIv AND SUGAR. 11 

possessing the same properties, must have been used at other mili- 
tary stations in the island, where, however, no outbreak of colic 
took place. That remaining, after its issue was discontinued in May 
1852, has again been regularly used at this place, from June 1854 to 
the present time ; and, whilst, in a good many instances, it produces 
signs, which in my opinion indicate that through its means lead, 
in small quantity, is being gradually introduced into the systems 
of the men using it, there has not been any return of the epidemic. 

2d, Two officers, one civilian and two children, who never drank 
arrack, and several women as well as men, who rarely tasted it, but 
all of whom used the sugar in question, suffered from colic in its 

average severity, and some of them were more than once attacked. 
3d, In all the European families which escaped, the sugar used 

was either purchased from a different source, or bore no resemblance 
to that made use of by the troops and others who suffered ; whilst 
the native residents, none of whom seem to have been attacked, 
used only the palm-sugar, known as jaggery. 

4th, The beginning of the epidemic corresponded with the arrival 
of the first portion of the particular sugar above referred to. It was 

purchased in Ivandy, on the 4th February, and it is probable that 
a portion of the same was at Newera Ellia, ready for issue, on the 
evening of the 6th of the same month, because the purchasers 
think, that, so far as they can recollect, some of the sugar was at 
once, as is usual in such cases, sent to this place by coolies, in anti- 
cipation of the heavy portion sent by cart?the former performing 
the journey in two days, although generally allowed three, whilst, 
at the time in question, a cart could not pass between Ivandy and 
Newera Ellia in' less than a week. Six days might therefore have 
elapsed between the arrival of the sugar and the first appearance of 
colic. 

I he remainder of the stock from which the soldiers were regu- 
larly supplied, during the time of the epidemic, and which every 
man, not under medical treatment, used in the proportion of about 
three ounces in twenty-four hours, exactly corresponded, in price 
and appearance, with that purchased on the 4th February, and fol- 
lowed it to the station in the course of March and April. The whole 

quantity amounted to 15 cwts. 8 lbs.; it was purchased from one 
person, and was prepared on the same estate. 

5th, Throughout the epidemic it was noticed, as an invariable 

rule, that, whilst men on hospital diet got well, and returned to 

duty on an average in about a fortnight, other individuals, not so 
treated, and who, when sick, provided their own food, never ex- 
perienced either a complete recovery from the disease, or in some 
instances even a perfect remission of its symptoms, until they either 
had for a time left the station, or had complied with the request, 
that the sugar they had hitherto used might be discontinued 
under either of which conditions, improvement was steady and per- 
manent. 
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The explanation of tlie above peculiarity will, I think, be found 
in the fact, that, to men on hospital diet, sugar, differing both in 

appearance and quality from that used in barracks, was regularly 
supplied from the commissariat store, whilst that used in barrack 
rations was daily purchased by a marketing party in the bazaar. 

In consequence, therefore, of the above arrangement, soldiers, 
when under medical treatment, and on hospital diet, ceased to have 
the exciting cause of the colic mixed with their food; whilst, on the 
other hand, persons not entitled to hospital treatment, continued, 
during their illness, to use the sugar which must originally have 
caused their complaint. 
From the chemical report, above alluded to, as having been made 

to Her Majesty's Home Government, on examination of portions of 
sugar and arrack sent, for that purpose, to England from Ceylon, I 
have ascertained that the " sugar of commerce" is usually found to 
contain a minute trace of lead, an impregnation, however, to which, 
from its very small quantity, little importance seems to be attached ; 

and I have also learned, that there is some reason for suspecting, 
that a similar impurity exists in that some time ago sent for exami- 
nation from this island. The tenor of the report, however, leads 
me to infer, that the quantity of lead suspected, if present, was not 
sufficiently large to excite alarm, and certainly not enough satisfac- 
torily to account for the sickness of 1852. 

With a view, therefore, to ascertain, 1st, The cause of the slight 
trace of lead usually present in the sugar of commerce, and sus- 

pected to exist in that prepared in at least one estate in Ceylon ; 
and 2d, Whether any unusual process for the manufacture of sugar 
had been followed in this island, the employment of which would 
explain the occurrence of lead in it in quantity unusually large, I 
lately visited all the principal sugar estates in the command, and 
thus obtained, by personal observation, the information given below. 
The estates examined were four in number, viz., Paradua, Shau- 

don, and M. Gardette's, in the southern part of the island; and 
Perodynia, near Kandy, in the central provinces. 
As a few natives have recently commenced sugar-making, on a 

small scale, one of their plantations, of three or four acres in extent 
near Galle, was also inspected. 
The estates above named give an aggx*egate of 47<H acres of cane 

in regular bearing, and it is roughly estimated, that, on an average, 
they yield annually 400 tons of sugar, and 30,000 gallons of rum ; 
and as, from all I can learn, the total produce of Ceylon in sugar, 
does not probably exceed 500 tons, they may be considered fairly to 
represent the whole sugar-manufacture of the island. It must, 
however, be stated, that, at the present time, the quantity of sugar 
made will fall below the usual average, whilst that of rum will much 
exceed it, because, at the Shaudon estate, the whole produce of a 
year in cane juice, with many tons of jaggery, made from the Pal- 
myra palm and imported from the coast of India, is converted into 
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rum, almost exclusively for the Australian market, at the rate of 

about 5500 gallons a month. 
The processes usually followed in Ceylon, in the manufacture of 

cane-sugar, do not, 1 believe, materially differ from those employed 
elsewhere for the same purpose, and may be divided into two classes 
?a simple and a more complicated?the distinction having refer- 
ence to the treatment of the syrup after it has left the last of the 
series of common boilers in which the separation of impurities and 
concentration have been, to a greater or less degree, effected. Up 
to that point, the plan usually adopted is, with the exception, per- 
haps, of a few modifications in detail, essentially the same in every 
case. 

The cane juice is, as soon as possible, after expression, mixed with 
a portion of milk of lime, and raised to the boiling point. The boil- 

ing, moderate at first, is by degrees increased in violence by the 
juice being ladled from one to another, along a series of boilers, 
each more heated than the last. The boilers, in number from three 
to six, according to the size of the establishment, are generally con- 
structed of one entire piece of copper?a few, however, are of iron. 
They are arranged in a row along the centre of the " boiling 

house," and placed over the same flue, the fuel for which is intro- 
duced immediately under that at the end of the series which the 
juice last reaches, and where the boiling is most violent. 

Around each boiler, to the height of about a foot and a half above 
its actual edge, a sloping ledge is constructed to guard against the 
1 1*111 l ? ?? i 
loss which would result from a vessel u boiling over;" and thus, be- 
tvveen every two in the series, as their edges do not touch, by several 
inches, a partition is formed, the sloping sides of which give a double 
inclined plane. 

Over these partitions, the boiling fluid is baled from boiler to boiler, 
and it is down the inclined planes formed by them, that splashings 
and drippings run to the boiler on either side. 

Both the ledges and partitions are, as a general rule, covered with 
sheet lead. 

In the more simple process that followed at Perodynia, M. Gar- 
dette's, and the native estates?concentration is at once completed 
in the hottest boiler. 
The resulting syrup is then removed to a broad and shallow 

wooden trough, where cooling and granulation are effected, after 
which it is placed in casks with perforated bottoms. These are set 
on end on a stand, under which is a gutter to receive the molasses as 
it gradually drains off, leaving in them the unrefined sugar of com- 
merce?the finer qualities near the top, the less pure at the bottom. 

In the process of a more complicated nature adopted at Paradua 
and Shaudon, the syrup is early removed from the last of the boilers, 
and its concentration completed in an evaporating-pan, heated by 
steam ; whilst undergoing that process, it is assiduously stirred by 
machinery attached to the steam power, and at Paradua, the tem- 
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perature is further kept down, and evaporation hastened by the con- 
stant passage of jets of air from a force pump through the body of 
the liquid. 
From the " air pan," on due concentration, the syrup is run 

into the wooden trough, and there cooled. It is then placed in 
iron vessels, shaped like inverted cones, until granulation has been 
completed, when the crystallized sugar is freed from molasses by 
means of an apparatus called the 

" centrifugal machine," and which 
is merely a circular sieve of brass wire, the gauze part forming its 
perpendicular sides, made to revolve with great velocity inside an 
iron reservoir. 

By that contrivance, the molasses is wrung, by centrifugal force, 
from the sugar which remains in the sieve. The sugar is then 

washed, to improve its colour, by the addition, from time to time, of 
portions of water impregnated with sugar. The molasses, as well as 
the washings first mentioned, as collected by the reservoir, in which 
the sieve is made to revolve, flows by a pipe into a wooden spout, 
leading to a series of troughs. In these, after a time, a second 
deposit of sugar occurs, and that again is separated by a second 
application of the centrifugal power. The process is continued as 

long as any sugar is yielded, but the quality of that obtained dete- 
riorates with each repetition. 
When no more sugar can be collected from it, the remaining fluid 

is, together with the scummings of the contents of the boilers, and 
the washings of the apparatus, fermented to yield rum. 
The above is a rough sketch of the processes which are at present 

and have been, for some time past, generally followed in Ceylon, 
and it now remains to point out the sources which the trace of lead, 
said to be found in most unrefined sugars, is probably derived. But, 
whilst the observations which follow have been exclusively made on 
the apparatus of this colony, I cannot but think that the information 
gained may prove of value in directing a similar inquiry into the 
cause of a like impurity in the sugar of other British possessions, 
because, from all I can learn, there seems to exist a close resem- 
blance between the apparatus used in different parts of the world. 
The inquiries I have lately made, lead me to conclude, that there 

are three sources from which, at least, in the apparatus of the colony, 
sugar may, in the course of its preparation, derive a trace of lead. 

1st, From pieces of sheet-lead, used to connect the different lengths 
of wooden spouting, for the conveyance of the cane juice from the 
mill to the boilers, as seen at Paradua, Shaudon, and Perodynia. 

2d, From the ledges and partitions surrounding and separating 
the boilers, and which are, as a general rule, covered with sheet- 
lead, of which they present a large surface?a condition likewise 
seen at the three estates above named. 

3d, From a leaden gutter, of considerable extent, for the convey- 
ance of the boiling syrup from the last of the boilers to the cooling- 
troufh ; to which must be added, a short leaden pipe, by which the 
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molasses and washings flowed from the reservoir of the centrifugal 
machine, hut likely only to affect the qualities of sugar subsequent 
to that first obtained. Both the gutter and pipe were seen at 

Shaudon estate alone, but the former has been either entirely dis- 
continued, or only occasionally employed since the introduction of 

the evaporating pan heated by steam, although it is still allowed to 

continue as part of the apparatus. As neither the cane juice nor 
syrup is at any one time long in contact with the portions of lead 
above indicated, it seems probable that both chiefly act by washing 
off the coating of carbonate formed on the surface of the metal in 
the intervals of working. No care is taken to wipe off the remain- 
ing traces of syrup and juice after the process has been completed, 
and, in a warm climate, the atmosphere rapidly causes their decom- 
position. The result is a very decided coating of carbonate on all 
parts of the metal touched by the saccharine fluids; and, of the 
actual existence of such coating, I was able to satisfy myself by 
personal examination. 
At Shaudon, the action in the leaden gutter had been so great, 

as, in several places, to have caused perforations, which had been 
patched by fresh portions of the same metal. 
At M. Gardette's small estate, sheet-lead is not used in any part 

of the apparatus ; and, if a trace of the metal is present in the sugar 
manufactured by him, it can only be derived from the solder em- 
ployed in joining a few plates of copper used as a ledge to the last 
of the boilers. 
At the native manufactory, the boilers were of iron, and had no 

ledges; whilst the simplicity of the apparatus rendered it unneces- 
sary to employ either lead or copper, and I could detect nothing 
from which a trace of either of these metals could be derived. 
On endeavouring, at the estates where it was employed, to explain 

the objections which exist to the use of lead in the construction of 

apparatus, I was informed that, at a small cost, it could be entirely 
renewed, and its place supplied by other metals, or its presence 
rendered unnecessary by contrivances which would equally answer 
the purpose, while, at the same time, their use would be unattended 
with danger. But, whilst all expressed their willingness to comply 
with my request, that the alteration might be made, I feel confident 
that no change will take place unless her Majesty's Home Govern- 
ment may deem it necessary to issue an order on the subject. 
On the second part of the inquiry?whether any unusual process 

has lately been employed in this island, by which the presence of an 
unusual quantity of lead in the sugar might be explained?I have 
ascertained that the manufacturers in Ceylon are fully alive to the 
importance of any discovery likely to render more valuable the pro- 
duce of their estates, now barely remunerative by the ordinary pro- 
cesses, even when aided by better machinery. 1 have also learned, 
that, in addition to the improvements in machinery already noticed, 
various processes, of late years recommended in Europe, have been 
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tried, but without yielding results which appeared to justify their 
continued use. Among those openly named are the following:? 

1st, The process of M. Melsens, by Bisulphite of Lime. 
2d, That of the " Arcanum 

" of Dr Edward Stolle, of Berlin, 
which appears to me to be identical with the process of 
Melseus. 

3d, The " Carbonic Acid Gas process." 

Each of the above plans has reference to the treatment of cane 
juice before it is boiled, and I have satisfied myself, by a full inquiry 
into their details, that the use of a preparation of lead forms no part 
of any of these processes. 
At length, however, after much inquiry, the following undoubted 

facts have come to my knowledge, and I believe myself justified in 
thinking that they clearly point to a satisfactoi'y explanation of the 
cause of the epidemic of 1852. 

In the course of 1851, there was present in Ceylon a person who 
endeavoured to obtain money by at least two secret processes con- 
nected with the commercial produce of the island. One of these 
referred to the manufacture of sugar, and it was professed that, by 
its employment, an amount of sugar could be extracted from cane 
juice unattainable by any method hitherto in use. On the estate 
which alone supplied the sugar used by the troops during the epi- 
demic, the individual in question conducted the sugar-making, 
according to his peculiar method, on one or more days during the 
working of the crop which must have yielded the suspected sugar, 
and which extended over the latter part of 1851, and the greater 
portion of January and February 1852. 

For the regular use of his process lie demanded a large sum of 
money, and his object in then employing it was to show its supe- 
riority over that usually followed on the estate. 

I have had information, which appears to be trustworthy, to the 
effect that at least part of the above process consisted in the addition 
of acetate of lead, instead of lime, to the cane juice ; and I have also 
ascertained that, at a time which corresponds with the working of 
the crop of 1851-52, on the estate in question, purchases of acetate 
of lead were made within a few miles of it, in quantities so unusual, 
as, at the time, to have attracted attention and excited suspicion, to 
allay which, a reason was given which it seems*impossible to recon- 
cile with any of the known properties of that substance. 

I think, therefore, that there exist grounds for a strong sus- 

picion that the process just noticed was either indentical with, or a 
modification of that method of preparing sugar, brought under the 
notice of the Chemical Section of the British Association, at Edin- 
burgh, in 1850, by a Dr Scoffern, in which, instead of lime, acetate 
of lead is added to the cane juice, and sulphurous acid gas and fil- 
tration afterwards employed for its removal. The process was re- 
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presented to yield an unusually large proportion of sugar, the use 
of which, it was asserted, could not be attended with danger, because 
any lead which might remain in it would be in the form of a sulphite, 
?a salt believed to be insoluble and inert. 

In a report of the proceedings of the Association, abridged from 
the Athenceum, which I have read, it is recorded, that Professor 
Christison at the time stated his belief, that proof was wanting that 
the portion of sulphite of lead likely to remain in sugar prepared by 
Dr Seoffern's process, would be without action on the human body, 
when taken for a length of time, since the influences of the sol- 
vents it might meet with in the system, and of vital action, had to 

be taken into account. 
I lately succeeded in obtaining an interview with the possessor of 

the secret process, and was informed by him that he was fully 
acquainted with that of Dr ScofFern, which he considered a highly 
dangerous one; that in another British colgny, where sugar is 

manufactured, he had made trial of it on the small scale, with a 
professed chemist, and in his laboratory, but that he had never 
employed it on any sugar estate. 

h rom what I have already stated, however, notwithstanding his 
assertions to the contrary, I cannot but think that there exist 

grounds for more than a suspicion that either he, or some one acting 
under his instructions, or?and I have of late seen reason for be- 
lieving this to be the most probable explanation?profiting by infor- 
mation received from him, did use acetate of lead, in the course 
of 1851-52, at the estate in question, and that sugar so prepared 
caused the outbreak of colic at this place. 
Why sugar thus manufactured should, out of all places in the 

island, have found its way to Newera Ellia alone, may possibly be 
explained by the following considerations:? 
At the time of the epidemic, it was a subject of general remark, 

that the colour of the sugar then used by the troops was darker 
than had ever before been witnessed, and by that peculiarity the 
different supplies of it sent, at short intervals, from the estate on 

which it was made, were identified as having been, throughout, parts 
of the same sample. 
At the estate where the suspected sugar was made, the molasses 

is always separated by means of the casks mentioned in a previous 
part of this report, and at the bottom of these the sugar of inferior 

quality is found, darkened in proportion to the amount of impurities 
present. If any portion of lead should happen to be mixed with 
the general mass, it will, therefore, ultimately, in all probability, 
subside, with other impurities, to the lowest level in the casks; and, 
whilst a considerable part will escape with the molasses, much may 
still remain with the coarsest sugar, since, at the estate referred to, 
it is not usual either to wash it, or to use other means for removing 
impurities. 

v?t,. ii.?j JULY io5(5. c 
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Owing to the extreme state of neglect into which the roads lead- 
ing to Newera Ellia have been allowed to fall, the expense of car- 
riage is proportionally much greater than to any other station in 
the command at which European troops are stationed. It therefore 
becomes necessary for the storekeepers of the place to purchase sugar 
of the lowest quality, in order that it may be possible for them to 
retail it to the soldiers at a rate within their limited means. The 
result is, that sugar of a quality which can with difficulty be dis- 
posed of in the low country, finds a ready market here. 

Jn a previous report, I have stated my reasons for believing 
that the arrack of Ceylon is impregnated with lead ; and, I have 
shown that, whilst the epidemic of 1852 would seem to have been 
chiefly caused by the use of a particular sugar, there are some 

grounds for thinking that, in a few instances, the action of the 
latter was assisted by the inordinate use of the fox-mer. 
My suspicions of the condition of the arrack made in this colony 

having been, to a considerable extent, confirmed by the chemical 
report already mentioned, I have endeavoured to ascertain whether 
there is any reason for supposing that its habitual use has, under 
ordinary circumstances, any influence on the health of the troops. 
An average of the climates of Ceylon, in which European troops 

are stationed, may be fairly represented by those of Galle, Kandy, 
and Newera Ellia; and the manner of provisioning troops is, as 
nearly as possible, the same throughout the island. 
At Newera Ellia, in August 1854, I carefully examined 87 

soldiers of the 15th and 37th Regiments ; whilst at Galle, in Octo- 
ber, and at Kandy, in November of the same year, I also inspected, 
respectively, 91 men of a detachment, and 164 of head-quarters, of 
the 15th Kegiment. 
The followino; table will show the results obtained 

Station. 

Newera Ellia 
Galle 

Kandy 

Totals, 

No. ex- 
amined 

87 
91 

164 

342 

With sound 
Guins. 

24 
21 

90 

135 

With the 
" Pink Margin.' 

42 

63 
55 

160 

With distinct 
"Blue Line." 

21 

( 

19 

47 

Totals. 

87 
91 

164 

342 

At Kandy, my inquiry was limited to the state of the gums, but 
both at Newer a Ellia, and Galle, I also, in addition, noted from each 
individual as examined, the quantity of arrack which he believed to 
be his average daily allowance, one month with another. 

Soldiers estimate their drink by the 
" dram," and I find that the 

measure so named by them is stamped g^th of a gallon, and holds 
a little over two and a half ounces apothecaries' fluid measure. 
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Subjoined is a statement of the daily allowances, as given by 
themselves in the 21 men at Newera Ellia, whose gums presented 
a distinct blue line. 

Number who 
drank. 

21 

Average daily allowance 
in ounces. 

n 
3f 
5 

n 
10 
15 

Average of whole about 7f 

Remarks. 

lias had delirium tremens. 

Every man drank more or less, and the total average of the daily 
allowances of the remaining 66 was 5 ounces. 

J- lie following, also, refers to 7 men stationed at (jalle similarly 
marked :?- 

Numbers who 
drank. 

Average daily allowance 
in ounces. 

Remarks. 

2\ 
5 
71 
? 2 

10 
15 

Total average 8 

The average allowance of the remaining 84 was 4^. 
The above observations must, however, be received with consider- 

able caution, because I was compelled to trust entirely to the men's 
own statements ; which, although on the whole tolerably accurate, 
I have ascertained were not so in some instances?the average given 
having been much under that actually drank. 
The general conclusion which has been forced upon me by the 

inquiry is, that, whilst many discrepancies exist between the men's 
own statements regarding their habits and the appearances pre- 
sented, there cannot be a doubt that, on the whole, the soldiers 
most marked by the characteristics of slow poisoning with lead, 
were those most addicted to arrack drinking, and also, as might 
have been expectcd, those whose general appearance was least 

healthy. The accuracy of the above statement is, in some measure, 
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supported by the fact, that at this place within the last two months, 
slight cases of colic have occurred in three men. One of these is, 
to my knowledge, among the hardest drinkers on the station, and 
has given his average allowance as six drams daily, whilst the other 
two return themselves as drinking more than the general average. 
In each of the three the pink fringe on the gums was distinctly 
marked. The attacks, however, were of so short duration, although 
characteristic in their degree, that, but for the present inquiry, I 
might have passed them over without much notice. 

I believe that, what I have above stated, is quite sufficient to 
show that there exists an urgent necessity for a full inquiry into 
this matter, not only on account of the immediate danger to many 
soldiers from attacks of colic, but also because I suspect that lead 
cannot long enter the system without eventually impairing the gene- 
ral health, even when colic does not follow ; and thus not only pro- 
ducing a peculiar liability to attacks from the diseases of tropical 
countries, but also inducing a condition of the body, during the 
continuance of which, it will be less likely to pass safely through 
such complaints when they do occur. 

[Dr Smith's report contains, in addition, a detailed account of 
the palms in Ceylon, which yield a saccharine juice employed for 
making sugar and arrack, and of the processes for manufacturing 
these articles. This part of the report will appear in the number 
for the present month of the Edinburgh Philosophical Journal.] 


