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Dr. Frank Seymour’s Report to the Local
Government Board on the occurrence of
Lead Poisoning in the Urban District of
Guisborough, and its relation to the Public

Water Supply.

e ——— < ——

ArTinvr NEWSHOLME,
Medieal Officer,
9th December, 1913,

In August, 1913, Dr. W. W. Stainthorpe (senr., of Saltburnj,
medical officer of health for the combined sanitary districts of Guis-
horough Union, reported to the Board that a number of persons in the
Urban Distriet of Guishorongh were suffering from illness, the symp-
toms of which suggested lead poisoning. Further, the cause of this
illnesz was azeribed to the presence of lead in the water supplied to
the town,

The Board desiring some further information on the matter, I
was instructed to visit the district. This I did on August 25th and
on gubsequent dates.

The town of Guishorough is situated in the north-east portion
of the North Riding of Yorkshire, in a hollow in the northern spurs
of the Cleveland Hills., It lies on the shaley beds of the lower lias.
The population has grown considerably in recent years, and at
the 1911 census was 7,061,

It is estimated that half the male population of the town is
engaged at ironstone mines in the neighbourhood. The remsainder
follow such occupations as are common in a small town in a semi-
agricultural distriet,

(DCCURRENCE OF CASES OF LEap PolsoNING BEFORE 1913,

I was unable to ohtain any history of prevalence of lead poisoning
in the district before 1909. One of the practitioners in the town,
Dr. W. W, Stainthorpe, junr., of Guisborough (referred to below
as Dr. Stainthorpe), has, however, given me a list of cases of illness,
attributed by him to lead poisoning, that have come under his
ohservation since that year. The numbers are as follows :—

1909 4 cases
1910 !
1911 ¥ 4

IS R e e

Special reference may be made to two of the cases. The first,
coming under observation in 1908, was that of a farmer W., aged 10
at the time. He first noticed pain in right arm and leg, he was
badly constipated and suffered for a time from severe ahdominal
ain.  Subsequently he suffered from right wrist-drop, and a blue
ine was discovered in the lower gum. This man (although not
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i::l’l;-lmudeﬂ} i8 still considerably wealker in the right than in the left
hand, and remains of a blue line are still visible. is wife suffered
:r:lsn from colicky pains, depression and weakness,  She had no lead-
line. In the man’s ease an examination of the urine showed traces
of lead, in the woman’s case no tests were made.

Up to this time the water used at the farmhouse where Mr. and
Mrs, W, reside, and obtained from the public supply, was stored
in a lead-lined tank. Water from this tank was found to contain
lead. The water company replaced the tank by one of galvanised
iron, and the symptoms indicative of lead poisoning in these cases
have since gradually diminished,

The next case was that of a woman living in a new honse also
served by the publie supply, where, it may be assumed, the new
pipes would be especially susceptible to the plumbo-solvent action
of the water if such existed. No tests appear to have been made
at the time, but in the following year (November, 1910) on the
ocemrrence of some further cases, water from a tap in this house
was analysed and found to contain about ), grain lead per gallon.
It cannot now be ascertained whether this sample represented the
ordinary supply, or was that obtained on first turning the tap after
allowing the water to remain in the pipes overnight.

Cases oF LEADp PorsoNineg or SuspreEcTED Lean PorsoNiNe
¥ 1913.

In 1913, cases of lead poisoning or of suspeected lead poisoning,
hitherto oceurring only sporadically as indicated above, were noticed
in considerable numbers, so mucg as to produce what may be
termed an epidemic during May, June and July.

Dr. Stainthorpe has given me a list of 87 eases applying to him
for treatment between March and the beginning of September :—

| | | |
Age Age Age 50 | Age not

= 1-20, | 20-50. |upwards. stated, | Ot
| |

IM. | F. | M. | F. . M.|FP. M| P | M.| .
MEI‘E"I BEE ®ew Y swa : = —_ l —if —— | p— —l 1 —
."l.'[lt'i]. sas wEw (Y i e | e —_— ) | | : - 1 | _— | 1
h{a}' AR sEm wam (LTS == ‘2 :‘J‘ E | 1 W= :? B E 112
Tiitie e s i b g g e | T P e e
"Fll]}r e AN A weE | 1 E 3 '-i.' — | — 1 '1' ! -'-} 15
August aee | —|1|=]| B3 |=|=|—=|=|—| 4
September (to bth) ... e | — | =1 1] 2 | W . 1 | [ et
Total ... 3| 5|17 |24 3| 1| 7278067

Tatal for both sexes... 8 41 ‘ 4 M 87

Since Dr. Stainthorpe has latterly ceased recording all the
suspicious cases which he sees, it may well be that the numbers of
these in his practice during July, and more especially Aungust, are
oreater than those given above, but he is satisfied that the pre-
valence of the illness has distinetly diminished since July,
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Having regard to the insidions onset of lead poisoning, the date
of the commencement of illness has naturally been difficult to fix in
many cases. In others it ronghly corresponds with the date of
calling in medical aid.

REASONS FOR CONSIDERING THE (JASES DUE TO
Leap Porsownixe.

Dr. Stainthorpe’s attention was called to the matter this year in
the following way. He had heen himself ill for about a year with
vague abdominal symptoms diagnosed by various clinicians as
appendicitis or duodenal ulecer. Recollecting previous cases which
he had diagnosed as plumbism, it ocenrred to Dr. Stainthorpe
that possibly his own illness might be due to lead poisoning.
Accordingly in May 1913 he eaused a sample of urine to be tested
by Messrs. Brady & Martin, of Newcastle-upon-Tyne, Lead was
found to be present.

Dr. Stainthorpe then considered that it was quite possible that a
number of cases of illness of a somewhat obscure nature which
had come under hiz observation, characterised by neuralgic pains,
headache, dyspepsia, or other indeterminate symptoms, might
also be due to lead intoxication. He therefore caused a number of
samples of urine to be examined, and of 24 samples sent to the
same analysts as had heen employed in his own ease, 17 were found
to contain lead.

Subsequently, the expense of having samples tested being beyond
the means of many of the poorer patients, Dr. Stainthorpe
obtained the use of a laboratory in Guisborough and made a large
number of tests upon the urine of various persons in whom he sus-
pected the presence of lead poisoning. He }ﬂund lead to be present
in 76 instances out of about 100,

In the case of three patients, samples of urine were also analysed
in Newecastle for Sir T. Oliver, and lead was found in two of them,

while in several other cases positive tests were made by more than
one observer.

From Dr. Stainthorpe’s list of eases from 1909 onward, it appears

that the signs or symptoms of those attacked may be tabulated as
follows :—

Colie .o present in 77 cases.
Headache ... 3t %
Neuralgic pains ... i ;-
Anemia .., 2 7L S
Blue line .., o 1]
Convulsions L i L il
Wrist drop o | S
Ankle drop - | B

I visited a large number of these cases, both those of recent
oceurrence and others of longer standing.

The more prominent and usual symptoms observed were :—

Abdominal pain, usnally severe, extending across the lower part of
the abdomen in some cases, in others across the epigastrium, This

32627 A2
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pain was variously deseribed as ‘colicky,” ¢ gnawing,’ or ‘as if bowels
were tied together.” Often it was found to be worse in bed or

when hungry,

Constipation.—This was nsually a pronounced symptom, although
in some cases diavrhaa was found to exist. Notwithstanding the
prevalence and severity of constipation, I do not think that as
much weight should be attached to it as to certain other symptoms :
for in a given number of persons, two thirds of whom are females,
a conziderable degree of constipation may exist withont receiving
much attention. On the occurrence, however, of other illness in
the individual, constipation, till then disregarded, is likely to be
brought forward as a noteworthy symptom.

In certain of the cases vigsited, indeed, I was informed by the
patient that a state of costiveness was usual, but in others I was
assured that it was a new symptom commencing at the tinte of the
illness in question,

Headauche was very common and usually of a severe character.
Its site was either mn the occipital region extending downwards
into the neck ; across the vertex ; or, less frequently, in the frontal
region.

Neuralgic pains were also of common occurrence among those
visited. They appear more frequently to have affected the lower
than the upper limb, and were often referred to the jointz or to
the long bones.

General weakness and inability to work were much complained of.
That these are entirely subjective complaints, lending themselves
readily to malingering of the crudest type, cannot be denied. Oun
the other hand, I could hardly attribute malingering to such persons
as widows who had to support themselves, or fathers of families for
whom the loss of a number of days’ work is serious and much felt,
or women who, though accustomied to do their own house work, were
unwillingly compelled to call in assistance for the performance of
duties ordinarily readily carried ont.

Anemia.—The presence of anmmia alone is of little importance,
It was, however, obzerved not only in the younger women in whom
an®mia is common, but also in men, matrons and children, and I
was struck, in walking through the town, by the large proportion
of persons met with who appeared anemic. This apparent preva-
lence, and the fact that it was often found in conjunction with
other suspicious symptoms, give anemia some diagnostic value.

Miscellaneous complaints, such as bad taste in the mouth, sweat-
ing, drowsiness and lassitude were also complained of in a number
of the patients seen. Weakness of various muscles was met with,
and generally many of the cases recalled the observation of the
Medical Officer of the Board (Supplement o the 38th Annual
Report, Appendix A., No.10). “ Apart from definite recognisable
“gymptoms” . . . “the frequent ingestion of minute doses of l?m]
“into the system causes lassitude, inability to work, and anemia ;
“and iz probably the eause of much inefliciency and ill-heaith in
“ persons who themselves, and whose medieal attendants, ave
“ ynaware of the cause of the chronie ill-health from which they
“ suffer,”



Cuses of serious illness.

The loregoing are the more salient and common symptoms met
with among the cases investigated. There were, however, some
cases of a much more grave nature, and others in which the
symptoms were very slight indeed.

Among the cases of serious illness, mention may be made of the
following :—

G. H. T. Mule, 41. Married. One child, aged 13. Began to be troubled
with vomiting in autumn of 1912. Vomiting continued at intervals and uolii-
mately ocenrred after nearly every meal during part of the spring of this year.
Then followed abdominal pains: nervous irritability and inability to settle to
work ; severe pains in he:lr}l}: getting worse towards night ; numbness of feet ;
pains in hands and feet ; sleeplessness ; aphasin of a week’s duration. When
examined walked with the help of a stick ;*had marked right ankle drop ; was
considerably wasted, having lost about 2 stone sinee beginning of illness ; grip
weak ; ptosis of right eyelid ; lachrymose ; stated that he was barely able to do
any work whatever. This man had no blue line. His symptoms were suggestive
of early general paralysis. I made enquiries as to possible predisposing cause of
this disease, but neither from the patient himself nor from other evidence could
I find any reason for supposing that the disease was, in fact, general paralysis.
The urine was tested by two independent observers ; both found lead present.
The patient was a copious water drinker, often drinking a glass or two of water
from the tap the first thing in the morning,

Another case was that of a woman, T., who had, for about a year, sulfered
from epileptiform convulsions. These seizures occurred without warning, but
otherwise presented the usual features of an epileptic fit. They were attributed
to chronic nephritis. Subsequently she complained of neuritic pains in fore-
arms. The urine contained albumin and lead. On treatment she improved and
was free from seizures for one month, a longer period than had elapsed between
fits for some time, ;

A third case, A., had been ill about nine weeks at the time of my visit.
She first complained of pain situated in the region of the left kidney, and also
suffered severely from headache, Afterwards colic and vomiting took place. No
blue line, but some suspicions discoloration along margin of lower gum. On the
oceasion of my first visit she was too ill to be seen. Afterwards, however, 1 saw
her, and, although she was semi-conscious, I sueceeded with some little difficulty
in getting her to answer questions. I was informed that at times it was not
possible to do so. Lead was found in the urine of this patient also.

On the other hand, nwmerous cases are included in the list
furnished me, which presented only the slightest symptoms, such as
localiged neuritic pains, In other cireumstances it is not improbable
that the suspicion of lead being concerned in these cases would
never have arisen; their attribution to lead rests upon their
similarity to the more pronounced cases and on the fact that many
of them were found, after Dr. Stainthorpe had made a practice of
testing urines in sugpicious cases, to be exereting lead.

~ The opinion that lead poisoning was prevalent in Guisborough
i8 thus based on the following considerations of facts brought to my
notice, principally by Dr, Stainthorpe :—

(2.) A number of casges of illness amounting to 1 per cent. of
the population, presenting in the main similar features,
were noticed to occur in the town at about the same
time. This pointed to some common cause. '

(h.) These cases were not restricted to persons of any one age-
period, sex, class or oceupation. :
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(e.) Some few of these cases were typical clinieal examples of
somewhat mild lead poisoning,

(d.) In the majority of instances lead was found to be exereted
by the urine.®

On the other hand, the following points required consideration :—

(a.) The presence of the Burtonian line (**blue line”) was
infrequent. This, however, is not altogether surprising
in the absence of any suspicion of inhalation of lead
dust,

(0.) The cases were of a comparatively mild nature as compared
with cases of lead poisoning usually met with in-
dustrially,

(¢.) The reported cases .were confined to a single practice
although there are two other medical practitioners in
the town. I made inguiries of these practitioners and
was informed that no case which they definitely
regarded as lead poisoning had come under their
notice. This was in spite of the fact that their
attention had been drawn to the question by the
reported prevalence of the diseaze in the practice of
their colleague. On the other hand, neither of them
had caused any tests to be made for the presence of
lead in the urine, although the value of such tests in
doubtful cases was not dizputed.

With a view of ascertaining whether in point of fact the
prevalence of symptoms such as observed by Dr. Stainthorpe was
restricted to his practice, I made, in company with the medical
officer of health, a house-to-house visitation which extended to
nearly 150 houses.

The following is an analysis of observations made :—
Houses visited ... e L

No one at home .., 2]
No suspicious symptoms heard of in any inmate of the

house ... 87
Suspicious symptoms heard of or observed in one or

more inmates ... 39

* The significance of lead in urine should be regarded in the following way :(—
Lead is not normally excreted in urine, nor is it a normal constituent of the
human body. When it has gained access to the body, however, it may be excreted
for considerable periods of time, the general health meanwhile remaining unatfected
—in fact, so long as the excretion equals the ingestion symptoms often do not
occur. As soon, however, as any adventitious circumstances, such as chill, feverish
illness, &e., interfere with the excretory function, then lead becomes stored up
in the body and is liable to produce prejudicial effects, 1n other words, though
the health of a person who is excreting lead by the kidney may be unaffected,
yet that person is liable to suffer from symptoms of lead intoxication at any
time. There is a presumption that when symptoms not incompatible with lead
intoxication oecur in a given individual who is actoally excreting lead, then lead
is the cause of the symptoms; and when the symptoms alone are themselves
sufficiently marked to suggest lead poisoning, then the presence of lead in the
urine may be taken as conclusively establishing the diagnosis.
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In the 39 houses the * suspicious ” illness heard of or observed
affected some 50 persons, among whom the following symptoms,
singly or combined, were reported :—

Colic or marked abdominal pain 15
Anwemia ... 29
Headache : 16
Neuritis or neuralgic pains ... 7
(General weakness 5
Pain in back ... i 3

In only one case did I observe a blue line. and that a very
dubious one.

I would not be understood to imply that I found definite
evidence that lead poisoning had oceurred in these 39 houses,™ but
in view of the prevalence of plumbism I considered that in each of
these houses there were persons with slight maladies of which the
symptoms individually were not incompatible with lead poisoning,
and that these symptoms became suspicious when aggregated in the
same individual. I obtained urinary specimens from eight of the
most pronounced cases. In this number were included persons in
the elientile of each practitioner in the town : some of the patients,
however, had not called in medical aid.

Further, I examined 24 women and girls, prineipally the latter,
at a steam laundry in the town. There was a history of headaches
in three and of abdominal pain in two. Anmmia in many of these
persons was very marked in degree, and at least two-thirds of the
number were definitely anmemic. This may in large measure be
attributed to the age of most of the workers, or to the nature of
the work, 1In one case I obtained a urinary sample.

The nine samples of urine thus collected by me were examined for
the presence of lead by my colleague, Dr. G. W, Monier Williams.
Five of them were found to contain lead in amounts varying from
0*1 milligram to 04 milligram per litre. Lead was also found to
the extent of 0'1 milligram per litre in a specimen furnished by a
gentleman who had had a previous test made with positive result,
but who was desirous of having the accuracy of that test put to
further proof.

I also inspected 314 school-children with a view of ascertaining
the presence, or otherwise, of a Burtonian line: in no caze did I
find it present.  About 15 per cent. of the children were of a pallor
sugoresting anemia,

PossiBLE CavusiEs or THE QUTBREAKL,

Lead poisoning may be due to a variely of causes, as—

(.) Employment in connection with the manufacture of lead
compounds ; in Guisborough, however, there were no
manufactures,

(h.) Constant use of lead or lead compounds, as in the ease of
painters, plumbers, gasfitters and others ; but the

* I met with some cases in the course of this house-to-house visitation which
were already included in the list given me by Dr. Btainthorpe, but thesa are
disregarded in the above analysis,
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epidemic in guestion was not restricted to those using
lead or its devivatives in their daily work. It included
all ages from four weeks to sixty-eight years, and among
the number were various persons between whom not the
slightest community of oceupation could be traced,

(e.) Ingestion of lead salts. This may be by means of medicine,
but it iz not conceivable that upwards of a hundred
individuals should by any rational person be so dosed with
lead salts as to produce widespread effects of the nature
already deecribed. Many of the affected, moreover,
had not attended a doctor for some considerable time
before the onset of the illness in question. The hypo-
thesis is in fact so fantastic that I only refer to it
because I was informed that it had been suggested
in the locality. The explanation that the lead had
been ingested quasi-medicinally in the form of
diachylon pills may similarly be dismissed. Lead
poigoning is met with in beer and cider drinkers,
especially those accustomed to partake of a morning
draught which may have lain overnight in lead pipes
leading from cellar to counter. Aerated waters some-
times extract lead from the heads of syphons, but the
distribution and history of the cases were here incon-
sistent with any such explanation, For the same reason
the use of certain forms of cooking vessels, the eating
of tinned fruit, &e., could be eliminated,

In short, no supposition other than the action of an agency such
as the drinking water, common to the whole community, would
meet the case. The water supfpl_-,- was already suspect, and its
relation to the prevalence of lead poisoning may now be
congidered.

Warter SurpLy.

Guisborough has a constant water supply provided by the
Gruisborough Water Company obtained under conditions regulated
by Board of Trade Orders of 1871, 1880, and 1911, made under the
Gas and Waterworks Facilities Act, 1870.

Not all the houses in the urban district are on the supply, but
all the houses in the town are either individually connected to the
mains or have aceess to standpipes common to two or more houses,

The houses, or standpipes, are connected with the mains by lead

ipes. In the majority of instances these average about 30 feet in
Fen th, but it is noticeable that twelve of the individuals in whom
evidences of lead poisoning were found, lived in three houses
situated at the distal end of the mains and having lead service pipes
up to 300 feet in length.

Sources of Supply.—There are two: from a gathering ground
of about 600 acres of open peaty moorland, with a small
wooded area in its central portion, and from springs. The latter
are situated either in the gathering ground or just outside il. The
proportion of the total supply obtained respectively from surface
water and from the springs cannot be stated, but is obviously liable
to counsiderable variations., Surface water from the gathering
ground is conducted by three principal streams and their tribu-
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taries, augmented by cubtings, to a reservoir on the western side of
Westworth Plantation, about two miles sonth-cast of Guishorough
town. The capacity of this reservoir is stated to be about 11,000,000
aallons. It is some 725 feet above ordnance datum and about 400
feet above the town, and from it the water iz piped to the town
by a route which is somewhat circuitous to suit the contour of
the ground. The main leading from the reservoir to the town is
joined, about half a mile from the reservoir, by the two spring water
mains. The water from springs on the west side is first collected
in a *spring service reservoir;” that from the springs on the
east is conducted to the main at the same point without entering
any rveservoir. In its further course to the town, the mixed
water in this main passes first through an apparatus for lime
treatment, and secondly through “ Candy ™ filters, to both of which
further reference is made below. The :wera%e daily consumption
of water is estimated at 130,000 gallons, or a little over 18 gallons
per head of the population, but the meter by which the amount used
to be measured has not been in working order for some time.

Ability of the untreated water to act on lead,

As regards the spring water, the analyses available, including
one made for the district council by Mr, Fairley, County Analyst,
in September, 1913,* do not show any reason for suspecting it of
lumbo-active tendencies. It is a pure water with a comparatively
igh degree of alkalinity. The reservoir water, however, is by no
means free from suspicion. In January, 1909, a sample of reservoir
water analysed by Dr. J. C. Thresh for the water company was
acid in reaction and dissolved “an appreciable quantity of lead.”
In February, 1911, the same analyst found the water still acid and
with a slight action on lead. When tested, however, by Mr. Fairley,
in September, 1913, for the purposes of the present inquiry, the
reservoir water was found to be slightly alkaline and to have only
a very slight plumbo-solvent action (0-70 grains lead dissolved by
one gallon of the water in 72 hours).

Variations in acidity and in plumbo-solvency are to be expected
in such a water on account of variations in the amount of rainfall
which have occurred in the period preceding the time of analysis,
I have no records of the rainfall aEmlt the time of the two first
analyses referred to; but in regard to that of September last a
record of the rainfall at the Cleveland Water Company’s reservoir,
which is about two miles distant from the Guisborough reservoir,
and at a similar altitude, shows that during the summer of this
vear the rainfall has been below the average of the preceding 38 years.
The drought was especially marked in July and August, the rainfall
for these months being as little as 3:35 inches, while the average for
the same months in the preceding 38 years is 6°607 inches. Indeed,
records are unnecessary to demonstrate the dryness of the season,
for at the time of my visit the water in the reservoir was 10 to 12
feet below the overflow weir, and the feeders were reduced to the
merest trickle or to complete stagnation. The water in the
reservoir was discoloured and turbid : the neck of a bottle was
barely visible at a depth of 18 inches,

* See Ad{lendu:ﬂ. p i8.
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I examined such water as was to be found flowing in these feeders
and found that in some cases it was acid in reaction to methyl orange.
Judging from a series of four samples kindly taken for me from
feeders by the medical officer of health, however, the water in
them at the time did nof possess any strongly marked power to
dissolve lead. It is well known that m gathering grounds of this
nature the first flow of the feeders after a drought is markedly
acid in reaction and has considerable plumbo-solvent action,
whereas at the end of a period of drought such water as remains
flowing in feeders is often free from any acidity or plumbo-
solvency. February of the present year was unusually dry
(48§ per cent. below the average of the preceding 39 years),
while in March and April the rainfall was 274 per cent. above
the average. In December, 1912, the rainfall had been 584
per cent. below, while in January, 1913, it was 454 per cent.
above the average. It is therefore probable that while in August the
reservoir was receiving little or no acid water, in January and March
of this year an unusually large amount of acid water had flowed into
the reservoir from the gathering ground,

The above refers to the reservoir water alone ; as already stated
the Guisborough supply also contains spring water, which has a
nentralising effect, but it should be remembered that if heavy rain
followed drought at a period of the year when the springs were
much reduced, the counteracting effect of the spring water would be
relatively less.

As regards * erosive 7 as distinet from * zolvent 7 action of the
raw water upon lead, little information can be given : the matter
had not been investigated previous to my wisit. During my
inquiry samples from the reservoir, and also of spring water taken
from the spring service reservoir, were tested by Mr. Fairley.
These showed no erosive action in one and in three days. Subse-
quently Dr. Monier-Williams examined for erosive action the
samples' from the feeders taken by the medical officer of health :
all of these were found to have some erosive action, varying from
3 parts of lead per million in 24 hours to 34 parts per million in
72 hours,*®

Treatment of the water in relation to ability to act on lead.

That, before 1912, the possibility of some action of the water on
lead was recognised is made clear by the following considerations : —

1. The company then adopted treatment with a view to pre-
venting such action.

2, Analyses had shown that the water as supplied to the con-
sumers ecither contained lead or was capable of acting on that
metal. Thus, towards the end of 1910, five analyses of water from
house taps, made at the instance of the medical officer of health by
Messrs. Pattinson and Stead, of Middlesbrough, showed the
presence of dissolved lead in amounts varying from 007 to 049
orains per gallon. Two samples (representing respectively the
mixed water from three taps in diffevent houses, and water from
the main) analysed for the water company in the early part of 1911

* See Addendum B. (C) p. 20.
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by Dr. J. C. Thresh, showed no lead in solution, but the samples
were reported to be * capable of acting on lead to a slight extent.”
Reporting on two samples taken from town mains on 28th December,
1911, Dr. Thresh said :—* The waters contain an infinitesimal and
quite negligible quantity of lead, but both are capable of taking up
a considerable quantity of that metal, fully 4 grain per gallon in
24 hours,” ‘

3. A few cases of lead poisoning had occurred before 1912 which
were referable to the water.® Definite complaints of the activity
of the water in regard to lead were made to the Company in 1910,

4, The ability of the water to act on lead was recognised in con-
nection with the issue of the Board of Trade Order of 1911, which
contained a clause requiring treatment to prevent action on lead to
be undertaken after January 1, 1914.

Treatment of the water before 1912,

According to the information supplied to me by the water com-
pany, the sole method of treatment of the water up to 1904 was by
means of sand filtration, adopted for the purpose of removing
organic impurities, and without reference to the question of action
on lead. About that time difficulty in obtaining suitable sand was
experienced, and the filters gradually fell into disuse. Two
mechanical filters were then supplied by the Candy Filter Com-
pany, Limited. These filters, which were supplied for the same
purpose as the sand filters, are situated close to the town, and
filtration in them is carried out by means of polarite and sand,
Their size is such that the total superficies of filtering surface
ie about 364 square feet. Since the average daily consumption of
water is 130,000 gallons, the water must pass through the filters at
an average speef%n of about 3 inches per minute ; since the filters
are 8 feet deep the water is only in contact with the filtering
material for 32 minutes, In practice the water will sometimes pass
through the filters much more rapidly, the demand being greater
at certain times of the day than at others.

The filters are washed periodically twice a week. In order to do
this the filter which iz undergoing washing is necessarily thrown out
of action, while a considerable proportion of the water passing
through the second filter is employed to produce a back flow in
the first, so that for filtering purposes about half the capacity of a
single filter is all that is ava?]-a,ble at such times. The result of this
is either that water drawn off immediately after the filters have
been washed has been * rushed ” through the filters, or that the
distributing mains get partially emptied, and when refilled, any
merustation or deposit in the pipes is disturbed, rendering the
water turbid.t

Treatment in 1912 and subsequently.

Two samples taken from town mains on 22 January, 1912, were
found by Dr. Thresh to contain no lead in solution, but one of
them was capable of dissolving about ‘07 grains of lead per gallon,

B 6 L Zorme oy S

T This was pointed out by the Candy Filter Company in 1910,  An effort has

been made to counteract this tendency by washing the filters at a time when little
water is likely to be drawn off in the town.

e m————— — — e e ——
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These samples were taken from the same mains as those of
December 28th, which, as already stated, were strongly plumbo-
active.  During the interval no treatment appears to have been
carried out to inhibit the action of the water on lead. In the
December samples the free carbonic acid was respectively 4'62 and
3'52 parts per 100,000, and in the January samples it had fallen to
2:2 and 3°5 respectively.

Unfortunately no analysis of the reservoir water, or of the mixed
but unfiltered water partly derived from the springs, was made at this
time or useful information would have been obtained as to the effect
of the Candy filters on the plumbo-solvent properties of the water.
Unless we assume, however, that filtration actually inereased the
plumbo solveney,” it is clear that the reservoir water must have been
in a dangerous state at the time. It is interesting to note that the
rainfall in November and December, 1911, had been excessive,

In reporting on the samples taken in December, 1911, Dr. Thresh
advised the Company to treat the water by the addition of lime,
and acting on this suggestion the water company instituted a
system of lime treatment controlled by a method of titration
suggested by Dr. Thresh.

The lime treatment iz applied to the mixture of spring and
reservoir water at a point about half way between the reservoir and
the filter house. (Ground quicklime (containing 80 to 85 per cent.
of caustic lime) is added by means of a hopper fixed in a small
wooden tank. The amount of lime required each day is placed in
this hopper. Water which enters by means of a small pipe from
the main through the bottom of the hopper, percolates upward
through the lime and leaves through a small hole near the top,
thus filling the wooden tank which surrounds the hopper.
Thence the lime-charged water is conducted back to the main and
mixes with the water therein.

The tests by which the lime addition is ehecked and adjusted are
carried out at intervals, usnally weekly, and are as follows :—

A. 100 cubic centimetres of tap water are titrated with
decinormal sodium carbonate solution using phenolphthalein as an
indicator,

B. Another 100 cubic centimetres of tap water are titrated with
decinormal sulphuric acid, methyl orange being the indicator.

If it is found that not more than one cubie centimetre of the
decinormal alkali in A, nor more than 0°5 eubic centimetres of deci-
normal acid in B respectively are required to turn the indicator, then
it is considered that the amount of lime added has been sufficient in
amount. These determinations are carried out by the foreman of
the water company who, although unskilled in chemical manipula-
tions, appears to have become accustomed to this procedure, and
to carry it out in a comparable manner. DBut the tests, however
valuable they may be otherwise, are carried out solely on the
treated water, and at best only show that something is wrong after
the event, and some time must elapse before the ervor, if such exists,
ean be corrected.

® Such an amaumptmu is not untenable nccording to some of Dr. Houston's
experiments. Filtration alone may indeed increase plumbo-activity by removing
from the water the vegetable slime which tends to coat the interior of the lead

pipes.
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[ found it very difficult to trace any relation between the
amounts of lime added and the reaction of the water as shown by
tests. Had tests been made on the water both before and after
treatment the results wonld have been mueh more valuable.

Although the quantity of lime added was supposed to be
regulated by the tests suggested by Dr. Thresh, the company do not
appear altogether to have depended on this method as a working
basis. Thus in April of this year the acidity to phenolphthalein
of 100 c.e. of the sample tap water eqgualled from 05 to 09 eubic
centimetres of decinormal sulphuric acid, 22 pounds of lime being
added daily ; in July, with an acidity of 0°1 or 0°2, 50 pounds of
lime were added ; and in August, the acidity being still 0°2, the
lime was suddenly reduced to 22 pounds.

The increase m July was no donbt made on account of the
allegation that lead poisoning was prevalent ; the abrupt return
from 50 pounds to 22 pounds followed a suggestion made by
Sir Thomas Oliver that the addition of lime had been too
generous,” '

As regards the amounts of lime added I compared the rvecord of
the amounts stated to have been added daily, with the amounts
shown by the invoices to have been purchased., There was a dis-
crepancy of over 25 per cent. between the totals arrived at. This
may be due to occasional omission of lime treatment, or to in-
correctness in taring the vessels in which the lime is measured,
Moreover, I did not find any obvions relation between the amount
of lime recorded as having been added, and the state of the treated
water revealed by the tests made. These cirenmstances make
it doubtful whether the addition of lime has been such as to
constitute a uniform method of treatment.

[f therefore, hoth the water and the treatment are subject to
independent variations it is not unlikely that, at times, water having
in a relative sense a considerable power of acting on lead may have
been admitted to the town mains. It is not inconsistent with this

# Sir Thomas Oliver, who had received samples of water in July, 1913,
informed the water company that he considered the untreated water was
“ obviougly extremely dangerous,” and that the treated water was considerably
better but seemed somewhat beyond the margin of safety. His experiments
consisted in immersing lengths of lead piping in samples of the treated and
untreated water, The untreated water absorbed a comparatively large amount
of lead. On adding a known amount of lime to each sample, the amount of
lead absorbed by the sample of untreated water was reduced to little more
than a tenth of what had been absorbed in the first experiment, while that
absorbed by the sample of treated water wasslizhtly increased. A third experi-
ment was made by adding to the untreated water an amount of lime smaller than
had been added to portion of the same sample in the second experiment, with
the result that the action on lead was less than with the larger amount of lime.
It is not stated what quantities of lead per gallon the figures represent, but this
does not lessen the comparative value of the experiments. I have been unable
to find a reference to similar experimental results. Sir Thomas Oliver also
suggested that experiments should be made with a view ol ascertaining whether
some substance other than lime would be more beneficial. 1t should be added
that the condition of the water supplied to the town about this time was con-
sidered satisfactory by the water company, who had received a report from
Dr. Thresh on a sample of tap water sent to him on July 11th. This sample

Wwas tiepm-tnd to be * free from lead, and neither to erode nor dissolve the bright
metal,”
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view that six samples of the treated water taken in the late summer,
under the conditions above referred to, and analysed by Mr, Fairley,
had ne solvent action on lead, althongh as will subsequently be seen,
three of them had relatively considerable * erosive ™ actions.

The effect of lime treatment on Lhe lead-dissolving properties of
the water.

The lime treatment is earried out to counteract an important, and
usnally the main canse of a water of peaty origin acting upon lead,
namely plumbo-solveney due to acidity ; and while the addition of
lime may have been at times incomplete, it must he assumed that
since the treatment was adopted the water supplied to the town
was, as a general rule, distinetly less acid than in previous years,
and on many or most oceasions was not acid at all. DBut a zalient
point in the present inquiry is that more cases of lead poisoning
have been discovered in the town since lime treatment was com-
menced, than had ocenrred during the years preceding this treatment,
and probably more cases have in fact ocenrred.

It is difficult to aceount for this merely by the supposition that
acid water was sometimes admitted to the town mains in spite of
the treatment, and the facts snggest that during at least part of
the period from February, 1912, until the date of the present
inquiry, some civcumstances hitherto unconsidered must have been at
work which tended to inerease the plumbo-active power of the water.

In this connection reference must he made to the “erosive " ability
of the water in regard to lead ; a property which requires particular
consideration in a place like (Guishorough, where great lengths of
lead pipe are commonly found.

Lrosive ability of the Treated Water,

As regards this property, Dr. Houston in his report to the
Local Government Board on Lead Poisoning and Water Supplies
(Supplement. to 38th Annnal Report, p. 422, Vol. II), says that
lime treatment is seldom quite satisfactory except, of course, as
regards removal of acidity and consequent plumbo-solveney, and
sometimes * seems actually to render the water more prone to erode
lead.”

That the treatment to which the Guisborough water has been
submitted will prevent erosion is by no means certain.  As already
mentioned, no experiments on this point appear to have been made
prior to the present inquiry. It will he seen from the analyses
reported in Addendum % that of three zamples of tap water
taken on the 29th August, 1913, none eroded lead in 24 or in 72
hours ; whereas of three similar samples taken from a tap in Bow
Street on 1st September and examined by the same analyst the
erosive ability was as follows :—

Lead eroded in grains per gallon.
24 hours. 72 hours,

No. 6 :— 8.15 a.m. 1-40 2-31
7:— 9.15 am. 1-76 3-40
8 :—12.30 p.m. 105 1-22

The second of these samples was taken during the washing of the
filters.

* See page 18,
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Now the only known factor which had undergone alteration
hetween the time of taking the first three samples, and Itlu' e rhiest
sample (No. 6) of the second series was that about half an inch of
rain had fallen, The lime treatment was the same in amount, yet
the alkalinity of the first three samples, calenlated as mﬂuun]l car-
bonate, was 1°33, 1°30 and 1:20, while in the second three it was
0°42, 0049 and 0°49,

If, then, in three days, during which half an inch of rain fel]l, the
degrees of alkalinity of the water could undergo a conspicuous
reduetion and the erosive power could rise from »il to 1°40 grains
per gallon, it is clear that the treatment is not at present adequate
to deal with all the variations which may oceur in the water and
affect its action upon lead. Tt should, however, be noted that the
degree of alkalinity and of erosive ability of moorland waters is
not actually great, and the methods for their estimation may not be
so perfect as to allow of undue stress being laid on apparent quan-
titative Huctuations,

Moreover, while it is convenient to eclassify the action of water
on lead into * plumbo-solvent 7 and * erosive ” action, the dis-
tinetion is to some extent arbitrary and both actions may ocenr
simultaneonsly, In the ordinary use of the terms the former
signifies the formation of a soluble lead compound, and the latter,
disintegration of the surface of the lead (particularly when bright)
with the formation of a relatively insoluble lead compound which
tends to fall away from the surface of the metal, leaving a fresh
exposed surface ready for further action. Dut it must be recog-
nised that the circumstances in which the inner surfaces of lead
pipes may be disintegrated are complex, while the chemical and
physical conditions which favour it do not yet appear to be fully
understood. Stress is laid by some writers on the importance of
the presence of free ecarbon dioxide in the water, which results in
lead compounds which would otherwize go into solution being
converted into insoluble carbonates of lead. The lime treatment
may thus in this instance have exercised a prejudicial effect by
removing free carbon dioxide, In the treatment of plumbo-
solvent water Dr, Houston has referred to the advantage of adding
a proportion of sodium carbonate as well as lime.

Framination of lead pipes,

I was able to obtain portions of lead service-pipes that had been in
use in the town. These were found to contain a brown, readily-
detachable deposit. Using a emall circular brush such as is employed
for cleaning Fa.rnp chimpeys, I brushed off a considerable quantity
of this deposit from the interior of pieces of the lead piping.

The piping then showed marked eating away of the{;ea%, chiefly
along the bottom of the pipe. In some cases this was very marked
and had caused bursting of the pipes.

Mr. Fairley kindly analysed this powder and found it to contain
about 42 per cent. of metallic lead. (The full analysis will be found
on page 20,)

The piping from which this powder was obtained had been in use
for many years, and it is not pessible to say when the formation of
the lead compounds began to take place or ceased to do so, if, indeed,
it had ceased. Yet the presence of a large amount of readily-
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detachable lead compound on the inside of a water vipe shows that
the water has at some time, if not continuonsly, ]m:{ marked action
on the pipe. It is conceivable that the amount of this deposit, or
the ease with which it is detached, may have been aflected by the treat-
ment begun in 1912, but this ean merely be a matter of conjecture,

Conclusions as to the effect of the treatment bequn in 1912,

Consideration of the facts set out in the foregoing pages lead to
the following conjectures :— ' '

(«) That the treatment, though it appears usually to have been
regularly applied, is not sufficiently regulated and
governed by tests to constitute a treatment of uniform
adequacy, and that, in consequence, water which has
been insufficiently neutralised and remains plumbo-
solvent may at times have found its way into the service
pipes, notwithstanding the treatment,

(#) That although the treatment may have heen ordinarily
sufficient, or more than sufficient to ecounteract any
acidity or plumbo-solvent property of the water under
normal or average conditions, yet it may have failed on
occasions when the water attained an abnormally high
degree of activity (for example, after rain-storms
tollowing prolonged drought).

(¢) That the lime treatment cannot be regarded as neces-
sarily removing properties of the water, other than
acidity, which enable it to act on lead; in particular
its “ erosive " properties, Indeed it is conceivable that
as a result of treatment, destruetion of plumbo-solvency
may be more than counterbalanced by increased ahility
to erode lead.

GENERAL CONSIDERATIONS ON THE Inquiry.

It has been shown that a large number of cases of illness have
recently come to notice in this distriet, which, though usually mild
and in some cases obscure in their symptoms, may be referred
to lead poisoning, the occurrence and distribution of which can only
be satisfactorily accounted for by assuming that the water supply
wag the agent by means of which the lead had been ingested.

Inquiry as to the nature and origin of the water places it under
serions suspicion of having had plumho-active properties during the
period in question, but the evidence is in many respects unsatisfac-
tory. On the one hand analyses made of samples taken at the
time of my visit showed that the water then possessed little action
on lead, and did not reveal the presence of lead in the water from
taps served by lead pipes. On the other hand evidence was
obtained of great vamability in the character of the water in
respect of its ability to act on lead, both before and after the
supply was subjected to lime treatment. As a result, it is not
possible to say with any confidence that the water will remain in
the comparatively satisfactory state in which it was found at the
time of the inquiry.

In order to safeguard the future and to arrive at more definite
conclugions as to the best method of treatment to adopt it would be
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advisable that the water company should employ a competent
analyst for a period sufficient to enable him to devise and carry out
a series of differential experiments, These should be made in refer-
ence both to plumbo-solvency and to plumbo-erosive ability, and
extend over some considerable time, so that the nature of the water
at different seasons of the year, in storm and in drought, may be fully
investigated.” Laboratory experiments on different methods of
treating the water shounld be earried out, so that not only the widest
possible variations, but also the best possible treatment of this
particular water may be fully ascertained. In this connection, the
addition of sodium carbonate might receive attention.

It must be added, however, that the problem of treating the
water so as effectively to prevent its having any action on lead is
rendered more diffieult by the great lengths of lead piping which
are frequently met with in Guisborongh. I would recommend
their replacement, wherever this iz practicable, by iron or suitable
tin-lined pipes.

I should like, in concluding, to express my sense of indebtedness
to many persons who kindly assisted me during my inquiry, and more
particularly to Mr. W. Richardson, clerk to the urban district
council, to Mr. J. W. Clarke, secretary to the water company,
and to Dr. W. W. Stainthorpe, medical officer of health, who
spared neither time nor trouble in giving me all the assistance and

information in their power.
FRANK SEYMOUR.

ADDENDUM A.

NOTE ON ALTERATIONS MADE OR NOW IN PROGRESS AT THE
Warter Works.

I'm addition to complaints of the water causing plumbo-solvency,
many rvepresentations have recently been made that the water was
ungatisfactorily filtered, being coloured, and at times odorous,
especially when heated.

he water as used for domestic purposes was markedly turbid
and of a yellowish colour. No doubt the drynesz of the summer
caused what water remained in the reservowr to be unduly dis-
coloured, but it did not appear to me that the filtration could
be considered satisfactory, or more of the colour and turbidity
would have been removed. I am informed that since my visit a
quantity of mud and vegetable débris has been removed from the
exposed portions of the bed of the reservoir,

he company have now erected a third Candy filter at
a site nearer to the reservoir, and more elevated than that
occupied by the two filters referved to. The latter have been
removed to this site, where the lime treatment will also be carried
out. A meter is being erected so that the actual daily consumption
of water may be known. After filtration the water will run into a

* In this connection the suggestion of Mr. Fairley (p. 19) that the water
may be intermittently affected hy salphuric acid derived from iron pyrites,
might receive attention. It will be remembered that Dr. Houston found very
little evidence of such action in the course of his investigations of a large
number of gathering grounds yielding waters liable to act on lead, although in

an igolated case (Rochdale) he showed the possibility of irom pyrites Deing
oceasionally a source of serious trouble.

32627 : B
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covered service tank of 80,000 gallons capacity. This will serve
two purposes : it will act to some extent as a sedimentation tank,
and it will prevent water being rapidly drawn through any of the
filters while one of them is undergoing cleansing.

ADDENDUM B.
AxaLyses, 1913,

(A)—HKesults of analyses of various samples of waier from the
Guishorough Water Company’s supply, carried out by Mr.
Thomas Fairley, County Analyst, in September, 1913,

No. 1. Taken from a tap in a private house in Guisborough.
The sample was taken at an early L::-ur, the tap not having been
used since the previous evening.

No. 2. Ditto.

No. 3. Ditto.

No, 4. Takenr from the Guisborough Water Company’s surface
water reservoir,

No. 5. Taken from the Guisborough’s Water Company’s spring
SErvice reservoir.

No. 6. Taken from a tap in Bow Street before washing of filters.

No. 7. From same tap during washing of filters.

No. 8. From same tap about three hours after the filters had heen
washed.

Nos. 1 to 5 were taken by me on 29th August, and Nos. 6 to 8
were taken by George Bradford, foreman to the water company,
on 2nd September.

R No.l. | No. 2.|No. 3.|No. 4./ Xo.b.| No.8.| No. 7.| No. 8,
I | |
Total dissolved solids ... | 719 761 | 702 | 6384 | T8l
Lioss on ignition ... e | L1940 1°68 | 1'77 | 1'66 | 0'28
Iron in solution (as Fe, 0 44 | 028 | 033 | 079 |Trace|

Total Calcium (as Ca0)... | 0099 | 102 | 096 | 060 | 1'77

2L E 4L

sl

Free Ammounia ... e | 0001 | 0002 0-001| 0-003| 0001 —

Albnminoid Ammonia ... | 0004 | 0007 | 0005 009 0001 —

Nitrates ... i ] AL Nil Nil | Nil | Nil | Nil | Nil | Nil

Nitritea ... vun el ] KNil N1l Nil | Nil | Nil | Nil | Nil

Chlorides as Sodinm Chlo- | 2'54 — | 280 | 254 | 280 — | — | —
ride. {

Alkalinity as CaCo, (In- | 1'33 130 | 120 | 056 | 312 | 042 | 049 | 0r49
dicator Methyl Orange.)

Lead in solution ... v | NEE Nil | Nil Nil | Nil | Wil | Nil | Wil

ﬂxﬁ'gen absorbed in four | 0rld — | 016 | 019 | 001 —_— = -

OUre,
Oxygen digrolved... o | 028 | 023 | 037 | 060 | 067 | 030 | 058 074
Smell at 100° F. ... ... | Faint | Faint | Faint | Faint | Nil | — [ — | —

earthy. earthy. learthy.learthy.| -
Colour in Lovibonds | | 10¥F 4 [12¥F4- | 10142074 04 4| — —
Unite 2 feet (red, ;|4R+ 4R+ |32 6K+ |05 0

yellow and blue.) || 14B|15B|+1B| 298
Total hardness in Clarke's | 2:2° — G 1'8° | 36° — — —
degrees,

Lead dissolved in one day | Nil Nil | Nil | Wil | Nil | Nil | Nil | Kil
Lead eroded in cne day ... | Nil Nil | Wil | Nil | Nil | 140 | 1'75 | 1'0b
Lead dissolved in three | 085 035 | 085 | 070 | Nil | o562 | Wil | Wil
days, ¥
Lmdyeruﬂml in three dave | Nil Nil Nil | Wil | Wil | 281 | 840 ] 1-22
Amount of lead in sedi- | (0008 | 0001 G‘ﬂﬂll Xil Nil | 0002 Nil | 0008
ment from one gallon.

N.B.—The results are expressed as grains per gallon unless otherwise stated.
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Remarhks by My, Fairley.

Samples Nos. 1, 2 and 3 are marked as being taken from different
consumers’ taps. Their composition and general character is prac-
tically the same, except that the sediment of No. 1 contains eight
times as much insoluble lead compounds as found in Nos. 2 and 3
sediments, but even in No. | the quantity is very minute. These
samples have practically the same alkalinity to methyl orange—
1'3 grains reckoned as calcium carbonate. In my experience this
is quite sufficient to prevent any material action on lead, and this
opinion is confirmed by the tests for solution and erosion which
appear in the tabular reports, and also by the absence of lead in
solution though the samples had been standing for some hours in
lead pipes.

Sample No. 4 is from the reservoir outlet, and differs from the
above in the much smaller proportions of calcium and alkalinity.
The effect of the diminished aﬁ:a,linity in increasing the plumbo-
solvent action of the water is well shown by the three days’ test for
dissolved lead. This water, however, cannot be said to have a very
marked action on lead. It is very highly coloured, so much so as
to be objectionable,

Sample No. 5 differs in many respects from the above. It is not
a peaty water ; the calcium and alkalinity are much greater, and
the water has no action in lead, as shown by the three days’ tests.

The analyses, and the tests for plumbo-solvency and erosion, do
not explain the cases of lead poisoning which, I understand, are
prevalent among the consumers of this water, and I am of opinion
that acid water (probably containing sulphuric aecid derived from
the oxidation of pyrites) is occasionally passing into the service
pipes ; such water would readily dissolve lead and produce the
effects complained of. The increased use of No. 5, which is a
water of good quality, would form an excellent antidote for such
acid waters.

If feasible, the gathering grounds should be treated with an
occasional lime dressing, and any stagnant pools should be filled up,
espeeially if in the neighbourhood of shale.

Nos. 6, 7 and 8 were only partially tested. The alkalinity, calcu-
lated as caleium carbonate, is practically the same in each case and
is much smaller than in Nos. 1, 2, 3 and 5. It is also slightly
smaller than in No. 4,

These samples (Nos. 6, 7, and &) have no dissolving action on
lead in one day, but for the same period, each has an erosive
action, this being most marked in No. 7.

For the three days’ action on lead No. 6 has a dissolving action
very similar to No. 4 in the previous samples. Nos. 7 and 8 have
no dissolving power. As regards ervosion during this period, No, 7
is the strongest, then No. 6, and lastly No. 8.*

~ No. 7 does not contain any lead in the sediment, and that found
in the sediment of Nos. 6 and 8 is extremely minute.

# The method adopted in testing for solution and erosion was s follows i(—
Pieces of bright lead, “shaved,” measuring 1" x 4° were placed in test tubes






21

Table showing

ADDENDUM C.

RAINFALL IN INCHES.

1° Rainfall for each month from October, 1912, to September, 1913,
2° Average rainfall for each month. From October to March the
rainfall average is for 39 years, and from April to September

for 38 years.

3° The amount by which the rainfall for 1912-13 exceeded or feil
short of the average in each month.

: " gl S| g 5| 2| 8] & &
-]
Y ) s|2|8|&|d18|8 3
1at 10 days 64 |FGS |88 008 103
Ind 10 days 0-14 11701 (0-36G 000 (r20
Bemainderof month |2+ 027 (107 (1'53 061 3 (041
Total rainfall for|2- 106 |2+76 (327 159 164
month.
Average for month [4-273{3:519(2-888{2-075(2:022|2-233/2-118 2290 3 299(3-308|2-403
Amount by which — [0527]1-152 — —
rainfall in 1912.13
excoeded the ave-
mga,.
Amount by which 0972 — | — 0319 1-T08{ 15480 TG4
the rainfall in i
1912-13 fell short
of the average.

The above table is compiled from figures supplied to the Guisborough Water
Company by Mr. W. I'"Anson, Manager of the Cleveland Water Company, whose
reservoir is some two miles distant from the Guisborough Reservoir, and at
abont the same altitnde. No observations had been made by the Guisborough

Water Company.
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