_—-—-?J ool
/ Correspondence from Dr. E, I

Reports on Associated Ethyl Op

including analytical data on mer

No. D-12521%

Mznufectured By

Browne-Morse Company
MUSKEGON, MICHIGAN



/ ,5 OCIATED ETHYL COMPANY LIMITED
NORTHWICH CHESHIRE

7
e Alephone: NORTHWICH 3241/7 Telegrams & (ables: ETHYLPORT, NORTHWICH.
L rvad Office:

ARTILLERY RQUSE, -~
ARTILLERY ROW, . <, .t’
LONDON, S W1 OUR REF fecte

ABBEY 3874 .~

8 ) YOUR REF® AR DATE l[;.th December, 1950.
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FKettering Laboratory of Applied Physiology,
University of Cincinnati,

College of Medicine,

Cincinnati,

CHIO,

U.S.4A,

Dear Dr. Kehce,

I have been instructed by Mr. Bevan to give you the details

of an incident which occurred here recentl:y. Ve have no data of any
value for comparative nurposes, nut are sure that you will have some in
7our possession, and will be able to advise Mr., Bevan on this natter,
I understocd from ir. Bevan this morning that when the case is complete,
so far as completion is possible, the Company will give the findings to
Haf. Inspector of Factories (Alkali). We will forwaxd the analysis of
grass samples by cable when we finish them.

The incident is as follows:-

In the early a?te:noon of Tuesday, Q5th November, I was informed
by the Works! Tanager that ir. Wilson, Veterinary Surgeon, Northwich,
had informed him that a colt foal had been found dead in a field adjacent
to the Plant. I contacted Mr. Wilson, and arranged to be present at a
post mortem on the animal on the morning of the following day. At the
post mortem on the coli, on the morning of Wednesday, <9th November, it
was estimated that the colt had been dead a 1ittle more than 24 hours.
It was in good condition, and the immediate cause of death was pneumonia.
A considerable part of the lung had progressed to the stage of hepatisation.
I had o vague idea that in the Selby Smelter Commission report, the death
of horses had been the subject of comment, and that pneumonia of inhalation
or asviration type was not uncommon in animals suffering from chronic lead
poiscning, the result of varalysis of the muscles of degclutition. There
was no evidence of any foreigsmn lLodies in the lung, and nacroscopic
examination of the trachea, which was full of fluid, appeared ncrmal. There
was alsc a slight excess of fluid in the abdominal cavity. The owner, a
local farmer, had not noticed anything wrong with the animal, ncr anything
peculiar in its behaviour. The veterinary surgeon was satisfied as to the
cause of death. I took the following samples as a nrecaution: ’iver,
¥idner, urper end of femur, teoth, lung and spleen. The colon was loaded,
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end some of the contents were stripped into a bottle.

The same afternoon, the velerinary surgeon rvhoned me, and stated
that the mother of the colt, which had been lost, had been found dead, and
that anothar grey horse was seriously ill. The latter was subsequently shot,
and I attended the vost mortem on voth these animals the following morning.
The mare was partislly dismember=d when I arrived. Most of the organs were
in an advanced state of decomposition. This animal probably died at about
the same time as the colt, There was no obvious cause of death. Samples
of tissue were taken from the following organs: 1livsr, kidney, femur, muscle
and lung. The grev horse had an apical pneumonia, which the veterinary
surgeon stated was not sufficient to account for the illness. Samvles of
the following organs were taken from this animal: liver, kidney, radius,
neart blood, brain, muscle and lung. The veterinary surgeon took dunlicate
sanples. Fortunately, another horse came in from a farm at Little Leigh,
five nmiles from the Flant, This animal had died from a septic arthritis.

To me, this seemed to be a synovitis of the joint between the hooves Znd the
legs. Samples taken from this animal were liver, kidney, radius, heart blocd
and muscle. 411 semples of tissue were definitely from the animals described
above, witih the excention cf the sample of the fermur of the mare, which was
taken from a bin containing dismembered varts of animals, and which was stated
to belong to the mare.

The analysis was carried out by the method of Bambach and Burley, and
the results are shown on the attached table. During analysis, a little lead
nay have been lost, as some of the dishes cracked, and the samples had to be
transferred.

The three animals, which had grazed in the fields near the Plant,
had absorbed significant quantities of lead, and in the case of the colt, it
would arpear that the absorption had been going on for some considerable time.
The colt was from & to & months old at the time of death, If the immediate
cause of death was not directly the result of this lead absorption, it is not
impossible for the terminal illness to have been aggravated by it.

As long as twe years has elapsed bstween the bursting of autoclave
discs. Of recent uonths, there has been a spate of these. So far as I am
cware, four occurred during the mcnth of Hovember, and there were at least two
in October, associated with fire, one of which lasted for 50 ninutes. Some of
the lead-bearing material from the autoclaves does find its way to the adjacent
fields, but in my opinion not to any great concentration.

You will remember the lead recovery building; +this has a
reverberatory furra e, which deals with the dried sludge. The chimney from thi
is 130 feet high, and the fumes from the furnace have direct access to the
atmosphere through it. The estimated quantity of lead going up this chimney
is 200 pounds per day, and as the furnace is in operation alout 340 days a year,
1t would seem that approximately 30 tons of lead per annum are deposited over
the countryside. The Fsase-Anthony scrubber has never been satisfactory, and
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at best has only worked intermittently. Apart from technical difficulties
in construction, there has never_been enough water to operate it. At times,
this chimney "snows® on to the surrounding ground, and has been a source of
complaint on my part for years. I feel that it is the most 1likely source of
lead contanination of ‘the fields in the vicinity of the rlant.

The enclosed map shows the locations from which samples of various
crops were cbtained for analysis, and alsc the approximate areas from which
grass samples were taken recently. The crop sample analysis has been accepted
as correct after some discussion. The analysis for the first time was carried
out by us by the Bambach and Burkey method. The grass samples, wrich were taken .
by the Plant Management subsequent to the death of the horses, have not yet been

4

analysed, but ve will cable these resultis, we hope,towards the end of next week.
The prevailing wind here is from the South-West.

We would all be most grateful for your cpinion and comments cn this
matter. .

ith kindest persomal regards to you all, and all best wishes for
nristmas and the New Year.

Yours very sincerely,

—u1Cl,

R




Pb. 7.7 mgm. per gramme ash.
Pb. 23 mg. per 100 grammes.
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\ HORSi SAMPLES. 7th Dece
\\.
Y 3
FOAL M AR E, GREY HORSE, CONTROL HORSE. {|M
‘SAMPLE. |Mt. of | Mg.Pb/ | Mg/100 Wt. of |Mg.Pb/ |Mg/100 Wt. of |Mg.Pb/ [Mg/100 Wt. of |Mg.Pv/ | Mg/100
Sample, | Sample.| gis., Sample. | Sample. | gms. Sample. | Sample, | gms. Sample. |Sample. | gms. :
Liver 1100 g. | 3.68 3.68 50 g« |1.519 | 3.04 100 go |42 42 85 g. |.103 Ja2 =
.ﬁ%& {1150 g. | 3.68 245 105 % }1.679 |1.60 100" |1.0 1.0 100 " 031 .031
Ferur 50" 1.4 [22.8 50 b4 1.28 | I
Radius 41 .68 1.45 51.5 go |25 48
Tooth || 13" | 1.350 |10.4 . |
Blood 50 089 178 100 g. |.0086 | .0086
Brain 100 % 11.24 1.24
Muscle 100 g. +094% 094 60 " ..omw .035 100 g. |.0106 .0106
Lung 100 g. «133 133 100 26 ) 50 ® o155 «31
Spleen 100 +699 .70
a '
Foal, ‘ >
Colonic Contents. Mw




'HORSE ' SAMPLES.

—

L. MARE, GREY HORSE. CONTROL HORSE, [[MAXIMUM OF HUMAN NORMAL.
_ . (R.A. KEHOE).
Mg/100 Wt. of |Mg.Pb/ [Mg/100 .|| Wt. of |Mg.Pb/ [Mg/100 Wt. of [Mg.Pb/ | Mg/100 Mg/100
o| gas. Sample. | Sample, | gms. Sample. | Semple. | gms. Sample. |Sample. | gms. gms,
3.68 50 g. |1.519 |3.04 100 go 4.2 442 85 g. |.103 .12 28
2,45 105 % [1.679 |1.60 - - {] 100 1.0 1.0 100 ® .C31 .031 16
¥
122.8 50 RYA 1.28 3.59
47" .68 1.45 5145 g. |25 48 3459 ‘
110.4
50 ® .089 178 100 go |.0086 .0086 06 = ,07 (Circa)
100 " |1.24 1.2 .09
10C g. <094, <09 60 " 021 .035 100 g. |{.0106 .0106 W17
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22xd loevember 1950,

Sample Hotional t. of , ligmi. Pb/Yem.

X . Sanple ligms..pb, or

N < Y £ (=3 o~

tfo. Type. Crlg Ref, Palen. 100 cans . Depalie

1- C‘ats 7066—74:65 50 2 024 22 04
Chaff. 45 133.2 1332.C
Strav 50 ¢ 160.C 1660,0

2, Ttheat 707774320 100 1.22 12,2
Chaff 25 11,28 112,8
Stray - 50 gm: 3.04& 30.4

3. Octsz,Barley  6560~7453 50 1,84 18,4
Chaff 25 5468 56,8
Stra 50 4,84 £8,.4
Strav 50 g 68.0 680.C

5. Hay 7063-7480 50 62.C €20.,C

e Trevor .arleom,.
23.11.5C,
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POTENTIAL SOURCES OF CONTAMINATION OF THE COUNTRYSIDE.

thiéh Flant.
Main Source. - East side of Plaht.
High Level.
| Inorgenic "BY Building.

) From chimney and exhaust ste

Constant Organic "A" and "G" Building. ) wastes. = Dust deposited fr«

these on?roofs, etc.

Occasional. Burst autoclave discs or ventlng of autoclave vapours and
fumes to atmosohere.

1. August, 1950.

2. August, 1950.

General view of exhaust stacks and chimmeys from the S.W.

Main Source - Chimney of reverbatory furnace, "B" Bldg. Total lead
11berated to atmosphere about 200 lbs. per day in 1950.

Size éf.Particles. Those causing heavy local dep031tﬁon are the sizZze:of’

snow flakes, confetti, sand and pepper.

Wind very variable, mainly S.W.

/. { \)\(:?y




Main Source. - East side of Flant. ! ,:

High Level.

Inorganic "B" Building. ) From chimney and exhaust ste
Constant Orgenic "A" and "G" Building. ) wastes. Dust deposited fi«
' these on roofs, ete.

Occasional.

Burst autoclave discs or venting of autoclave vapours and
fumes to atwmosphere. '

1. August, 1950. 2. August, 1950,

General view of exhaust stacks and chimneys from the S.W.

Main Source =~ Chimney of" reverbatory furnace, "BY Bldg. Total lead

liberated to atmosphere about 200 lbs. per day in 1950.

Size of Particles. Those causing heavy local deposition are the size: of -
snow flakes, confetti, sand and pepper. Wind very variable, mainly S.W.

3 3. August, 1950.

L. August, 1950. 5,

August, 1950.

Note variation in direction over a short period.
Taken from Consulting Room window.

. KE 0010348




6. August, 1950. 7. August, 1950.

Teken from N. door of input fan house, - Same chimney waste as 6.
AW Building. This deposited a heavy depgsit
' of sandy material on the floor
of the fan house.

*8; _ Augq'stk,a 1950.

~

Particles of confetti size weﬁe depbéitéd on the fanﬁyard from this..

RE 001004y




6. August, 1950. : 7.  August, 1950.

Teken from N. door of input fan house, Same chimmey waste as 6. ,
BAY Building. This deposited a heavy deposit
’ - of sandy material on the floor
of the fan house.

8. August, 1950.

Particles of confetti size were deposited on the farmyard from this.

9. 3;8.1950.

The white patches on the concrete at the East of "B" Building are from
snow flake" sized flocculatlons from "B" Building chlmney.

KE 0010059




Low Level Sources.

l. Drum graveyard - broken down scale, etc.
2. Dust from roadway on East side of Plant, including Farmyard
dust and fumes.
3. Liquid contamination:
Surface washings, "G" Building.
Blocked chemical drains,
Surface washings, "B" Building area, includlng overflows
from "pad" of sludge water.

10. 31.801950Q ) 11. 18.8019500 . 120 3108019500
Lead bearing material Close-up of 10, Heavy deposit.
on concrete. background, earlierxr

date.

10, 11 and 12 are intermittent.

KE 0010951




13.  11.8.50. e 11.8.50. 15. 11.8.1950.

Back flooding of chemical Contaminated water in 13 and 14
drains. Intermittent. flowing through opening in
: fence into diteh . in lloss
Lane,

Farnyard.

16. March, 1950. 17. 3.8.1950.

Incompleted incinerated material, some of which is lead bearing. Field
beyond is the one in which the animals died.




13.  11.8.50. : 1. 11.8.50. 15, 11.8.1950.

Back flooding of chemical R ‘ B Contaminatéd water in 13 and 14
drains., Intermittent. flowing through opening in
- : fence into ditéh. in Moss
Lane.
Farmyard.

16.  March, 1950. . 17.  3.8.1950.

Incompleted incinerated material, some of which is lead bearing. FieLdv
beyond is the one in which the animals died. :

18. 18.8.1950. , 19. 3.8.1950,
Incompletely incinerated organic lead Open hearth burning of lead bearing
bearing material at incinerator in : material.,
farmyard. ' :

Fuanes froq}incinerator and hearth gre at léw level.

KE 00610553




20. March, 1950.

Trench for decontamination
of large parts of
equipment. Note
deposition of rubbish

by wind. ©Note rails

in background.-

21.
Close-up of rails.
Note deposition of lead
bearing material,

3+8.1950.

>

22. March, 1950.

Serap metal. Rubbish
in interstices on ground
was blown there by wind.

ATl sources other than "B" Building chimmney and bursting of autoclave
discs are not by themselves of great importance.

The degree of contamination of vegetation by a burst autoclave disc
under the worst known conditions gave rise to contamination of the following

orders: Samples were provided about a week after the incident.
Deposition on Cabbage after Burst of Autoclave Disc.

$8.11.1950. Size of sample Mg. Pb on*ll sg.in.] Mg per sg.in.
| 14 sq. inches.
; of heavily contamlnated
:i leafo |
| Amount in water ) Soluble :
i used for washing) in water. 0.85 0.061
| off surface ) Insoluble

; contamination. ) in water. 47.0 3.55

, _

; Soluble chloride as chloring 0.5 mg. per sq.| inch.
™10.11.1950. VMg.Fo/1 | Vig.Pb/ | % wbe] pepem.] Yig./100 gme }
i sg. in. 1 sq. in.

i Cabbage leaf '

after washing. ‘ -

i 1/ sq. ins. i
j Wt. 3.2 gnms. VAVA © 0,314 ¢ 0.14 | 1400 - 140
i. Leaf of whole e o AL |
| - et KE | 0010054
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20. March, 1950. 21, 3.8.1950. 22. March, 1950.

Trench for decontamination Close-up of rails. Scrap metal. Rubbish
of large parts of - Note deposition of lead in interstices on ground
equipment. Note bearing material. was blowm there by wind.

deposition of rubbish
by wind. Note rails
in background.-

ATl sources other than "B" Building chimney 4nd bursting of autoclave
discs are not by themselves of great importance.

The degree of contamination of vegetation by a burst autoclave disc
under the worst known conditions gave rise to contamination of the following
orders Samples were provided about a week after the incident.

Deposition on Cabbage after Burst of Autoclave Disc.

]

8.11.1950. Size of sample

14 sq. inches.

of heavily contaminated

Mg. Pb on*ls sqg.in.] Hg per sq.in.

leaf,
Amount in water ) Soluble
used for washing) in water. 0.85 0.061
off surface ) Insoluble
contamination. ) in water. 47.0 3.55
: Soluble chloride as chloring 0.5 mg. per sq.}inch.
*10.11.1950. Mg.Po/14 | Mg.Pb/ | % wte| pep.m. lg./100 gnm.
. sgd. in. 8g. in.
g Cabbage leaf !
! after washing. : .
| 14 sq. ins. :
; Wt., 3.2 gms, bedy 0.3 ! 0,14 ; 1400 140
§ Leaf of whole i
| cabbageo .
14 SQ. in50
i Wte 3.8 gms. 3.8 0.271 | 0,15 1500 150

The photographs are not intended to indicate present conditions. A
proper incinerator has been located elsewhere, and the farmyard is little

used at the present time.

KE 00103555




Table 3 shows the degree of contamination of vegetation over a period
of years. The figures for 1949 are excluded as the method of analysis was
inaccurate.

Notes.

1. All samples were collected by the Management 1942 - 1950, with the
exception of one water sample, (Point 5), which was taken by the
Medical Department on 30.11.50. <~ - Result, 0.29 p.p.m.

The vegetation analysés 1942 ~ 1947 inclusive were done in the
Research Laboratories, I.C.I., Winnington. 1In 1948 and 1949 the Courtauld
Institute methods were used. In 1950 the Bambach and Burkey method was
used by us. Water samples have been done by the Northwich plant works
laboratory with the exception noted.

2. Location of animals - see map.

- Grey horse ) A.B.C.

January or February to
Mare and foal )

March - to end of August

Late August - November. Mare and foal. ) ’ D.E.
Late September - November. Grey horse. )

November, for four days. All three animals., .o

November, seven“days
approximately before death. All three animals. . G,

) | »

E. Daéison.
5th January, 1951;

KE 0010056




THD HARGEPU L BIFECTS OF LEAD ON ANIMALS.

Review.

In the early part of the nineteenth century, it was not uncommon
for cattle, grazing on the hillsides in part of Co. Durhem, to die frdmza
disease attributed to lead, which had been deposited on the herbage from the
chimneyg connected with local lead—smelting furﬁaces. | In thé early thirties
of this century, similar deaths of livestock occurred in various districts of
the same county, but all had the common factor in the presénce of coke ovens
adjucent to the grazing grounds implicated. Dunn and Bloxham (1, a and bf
found lesd (14 p.p.m;) and copper (4.7 pep.m.) in herbage in one such area.
One farmer lost about thirty animals which had grazed én such contaminated
pastures, and had others ill. The water supply for the livestock was not

involved. Lead was found in the organs of some poisoned animals to the

concentrations: Liver 2.6 pep.m.
¥idney. le7 DeDelna
Stomach tissue 0ed DPeperie

Pyrites in coal may contain lead in varying proportions from 20 to50 p.p.m.,A
and it was inferred tha£ this was the source of the contamination of the
vegetation. ‘ ‘ | ) -

In continental countriés and Ameriéa, the problem of lead absorption
in animals has been investigated from time to‘time,'and somé of the more

recent work is included in this short review, although the value is not great

for purposes of comparison with the problem at the manufacturing plant in

»

" Horthwich.
Gabel (2) considered stbacute lead poisoning a frequent disease in

veterinary practice, and found the concentrstion of lead in liver tissue e

usefxl 5u1de wnen con81dered crltloally. he presumed lead coald have been ,nt - e

R )

“*xoaaﬁw¢~.paamﬁﬁw;,am@fﬁﬁw«u

nubatanoe of> orso or CUW. In bis experience thne irnaidannm B 20 =
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for cattle, grazing on the hillsides in part of Co. Durham, to die from.a
disease attributed to lead, which had been deposited on the herbage frowu the
chimneys connected with local lead-smelting furnaces. 1In the early thirties

of this century, similar deaths of livestock occurred in various districts of

the same county, but all had the common factor in the presénce of coke ovens
adjacent to the grazing grounds implicated. Dunﬁ and Bloxham (1, a and b)
found leud (14 p.p.m;) and copyer (4.7 p.p.m.) in herbage in one such area.
One farmer lost about thirty animals which had grazéd on such contaminated
pastures, and had others ill. The wster supply for the livestock was not

involved. Lead was found in the organs of some poisohed animals to the

concentrations: Liver 2.6 pep.m.
Kidney. le7 DePolie
N Stomach tissue 0ed PePeite : -

Pyrites in coal may contain lead in varying proportions from 20 to50 p.p.m.,'
and it was inferred'thaé this was the source of the contamination of the b
vegetation.

In continental countries and America, the problem of lead absorption
in animals has veen investigated from time to time, and some of the umore
rscent work is included in this short review, although the value is not great
for purposes of oomparison with the problgm'at the manufacturing plant in ' ﬁ

Worthwich.

Gabel (2) considersd sybacute lead poisoning a frequent disease in

veterinary practice, and found thie concentration of lead in liver tissue a

usefdl gulde when con31dered crltlcally he presumed lead could have been g,ﬁ /;F*‘

: l ' Gt 3
M:Lfe wa.en 't.he 1ead wa.s :Ln exoess of o. 2 mg. per lOO gns.' of liver R

substance of horse or cow. _In his experlence tho 1ncldence of the i1l effects
of lead varied with the season. It 1ncreased oradually durlnw the summer,

fell during thes awtumn, rose again in Novembsr and fell to a low level

throughout the winter. He considered inhalation of lead~bearing dusts as
contributing to the lead absorption of animals. MNot all the observations
made by tnis writer conform to the current consensus of opinion on lead

metabolism. ueyrauch and Hecke (3) found that lead absorption 1ncraased

. KE OOlDubd




with the feeding of‘green food.

Dankwortt and Holl (4} determined the lead conteht_of cows, pigs
and horses, wnich had been slaughtered in the municipal abattoir in Hanover,
and also from material obtained.in the open market. Three analytical pro=
cedures were used, including the electrolytic metinod of Schupidt &nd Weyrauch (s},
whose work is considered subseqpenﬁly. They considersd the gquantitative
determination of lead with dithizone by the Fiscﬁer method'unsatisfactory, as
its accuracy is disturbed by organic material.  Their finéings vy the

electrolytic method used were:i-

Tissue. Concentration.
Mg. PH/100 gm.
I.E.ml
Liver 0.02 | .2
Kidney 0.015 15
Spleen 0.015 } «15
Brain 0.015 | .15
Bone 0.07 07

Other investigators have had difficulty in finding any lead in 6rain,
especially of smaller animals such as thé-fabbit, even when these had been
given lead by various routes for significant periods.

In summarising their findings,lDanbkwb¥tt and Holl (4) state that
in‘ cows, values of 0.81 - 0.1 mg. Pb per 100 gm. of an organ is normal.

In Dbones of cows, lead in concentrations of 1.15 mg. per 100 gm. is norml.
The mean value of liver, kidney and splezn is 0.025 mg. per 100 gm. and

0.66 mg. for bone substance. In pigs the mean value for organic concentrations
of lexd is six times more than in cdws, and for bones the concentraiion is
double. This is probably due to a greater ingestion of lead by the oumniverous
piy than by the herbiverous cow. ‘Weyrauch and Luller (6) state that allowance

should be mde for the state of the tissue belné analysed, the fresh weight
belng approxlmately four tlmes “the- dry welbht. ’ \ o

et Y et A b lnd Smamnnca f3 T an A ahamrntd A mav ha bast




cedures were used, including the eiectrolytic metinod of Schmidt and Weyrauch'(5);giif

whose work is considered subsequently. They considered the quantitative
determination of lead with dithizone by the Fiscner method unsatisfactory, as
its accuracy is disturved vy organic material. Their findings by the .

electrolytic method used were:-—

Tissue. Concentration.
Mg. PY/100 gm.
P.p.m;
Kidney C.015 .15
Spleen 0.015 .15
Brain 0.015 .15
Bone 0.07 % .7

Other invegtigators have had difficulty in finding any lead in Erain,
especiaily of smaller animals such as the fabbit, even when these had beenf
given lead by various routes for significant periods.

In summrising their findings, Danckwortt and Holl (4) state that
in. cows, values of 0.8l - 0.1 mz. Pb per 100 gm. of an organ is normal.

In bones of cows, lead in concentrations of 1.15 mge. per 100 gm. is norml.
The mean value of liver, kidney and splezn is 0.025 mg. per 100 gm. and

0.66_:f. for bone substance. In pigs the mean vaiue for organic concentrations
of lead is six times more than in cdws, and for bones the concentration is
double. This is probably due to a greater ingestion of lead by the omniverous
piy than by the herbiverous COWe deyrauch.and mnller (6) state that allowance

S Sk ‘.:1

.., should be made for the state of the tlssue belng analysed, the fresh weight

;Jbelng approxlmately four tlmes tne dry we ;ht..‘

Pfrieme (7) considers that increase in lead absorption may be best
determined from ocone analysis, and next in the liver and kidneys. - Traces
are present also in the spleen, out the brain was alwags found lead fréé.

He determined particularly the lesd contsnt of teeﬁh, which should be relative

to that of bone. Human and animal teeth frommny sources were analysed. He

found le.d in the teeth of normil individuals, snd found more in individuals
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of older age groups. Lead is normally present in the teeth of carnivore, and
herbivora, less in the latter. An omniverous animal, the pig, holds
an intermediate position. The maximum normsl concentration found in horse
teeth was 0.04 ng. ﬁef 3'§m. of ash. Other investigators have found lead
in higher and lower concentrationsthan in bone. The cohsensus of opingon
appears to be that greater conéentrations are to be found in teeth, and in
the greatest concentration in the dentine of the teeth roots. In man,
accuwmulation of lead in teeth as great as 7.9 mg. per 100 gm. ash has been
found.

Weyraucn (8) considers that lead.is present essentially in théi
bones, kidneys, liver and blood. He is &l so of the opinion of Barth (9)
and iorrisz {10) that the lead value in'bone increases with age, but does not
run parallel to the age. Lehmenn (11) found the goat relatively resistant
to lead, and Weyrauch (8) has confirmed this. In the experiments of Lehmann,
& goat was fed with 0.5 gm. of lead chromate daily for 91 days, without
apparent ill effect. Weyr&uch'fed & goat with 180 gm. of 1ead~acstaﬁe
with 280 gm. of white lead, i.e. 330 gm. of lead over a period of ten months.
The animal femained in good'hg;lth and gained weight. On analysis of some
tissues after slaughtering, considerable qyanﬁi%ies of lead were found, espscidlly

in the bones, kidney, liver, brain, spleen and pancreas.

Goat.  Mg. Pb/I0C pm. dry tissue.

sDom,
Liver l.4 14
Kidney Cortex ) 4,1 41
ifedulla 1.7 17
Lung : 0
Spleen 0.53 5.3
Long bone 13.8 138
brain 0.95 9.5

&é{"‘.ﬂ{_ L e SR

The distribution of le:.d in a cal
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in higﬁer and lower concentrationsthan in bone. The congensus of opinion
appears to be that gré&ter concentrations are to be found in teeth, and in
the greatest concentration in the dentine of the teeth roots. In man,
#ccumulation of lead in teeth as great as 7.9 mg. per 100 gm. ash has been
found. | .

Weyrauch (8) considers that lead is present essentially in the
bones, kidneys, liver and blood. He is &l so of the opinion of Barth (9)
an& Morris (10) that the lead value in bone increases with age, but does not
run parallel‘to the age. Lehménn (ll)ffound the goat relatively resistant
to lead, and Weyrauch (8) has confirmed this. 1In the ékperiﬁants of Lehmann,
a goat was fed with 0.6 gm. of lead chrouate daily for 91 days, without
aprarent i1l effect. Wéyr&uch fed a goat with 180 gm. of lead acstate
with 280 ym. of white lead, i.e. 330 gm. of lead over a period of ten moﬁ?hs.
The animal femained in good he.lth and gained weight. On analysis of some
tissues after slaughtering, considerable quantities of lead were found, espsciilly

in the bones, kidney, liver, brain, spleen and pancreas.

Goat.  Mgz. FB/100 gm. dry tissue.

sPeme
- Liver 1.4 14
Kidney OCortex 4.1 41
Kedulla 1.7 17
Lung . , 0

Spleen 0.53 23
Long bone - 13.8 -138

Brain 0.95 9.5

E

The distribution .of le:d in a calf and a mre wiose decease was

attributed to lead are shown in ths following tavle. The immediate cause

of deatn in the sars was azparently pneumonia, and th:s source of lead,

dust from a foundry.




SOLUBILITIRES TN WATER OF LEAD CCrrCUNDS.

The 1950 edition of Perry's Chemical Engineers' Handbook

gives the following figures in 5ms/ 100 gm. water.

]
Temperature °C. 0° 10° 18° ! 20° 25° 30°

;
Lead acetate. | 155.04
Lead bromide. 10,4554 - lo.85 1.15
Lead .carbonate. : \ 0.00011
. Lead chloride.- 0.6728 _ 0.99 1.20
Lead sulphate. 0.0028| 0,0035( - |o0.00a 0.0049
‘Lead sulphide. 0.00009 -
Lesd iionoxids. 0.0068




Mg. Po per 10C gm. dry tissue.
Tissue.

— Calf. Mare. - Normal Horse.
Liver 5.0 1.5 Trace
Kidney 27.0 7.0 0
Lung l.4 - -
Spleen 24 2.5 0
Bone 7.7 4.0 0.5
2lood 1.0 0.13 0
Intestine 78 - -
{(witn contents) ‘

"Should these results be used for comparison with our investigations
ghowm sabseauently)allowance should be made for the possibly zreater accuracy
of the method used by us, and also for the fact that our results are caleulated
on the weight of fresh tissue, which is stated above to be four times as

"r

heavy as dry tissue. The method used by Weyrauch is probvably not very
inaccurate, which would permit the inference that, for purposes of comparison,
our figures are low.

Weyrauch states that in human and animal lead polsoning, it is
necessary to examine the livef, kidney, épleen, brain, vone and blood.

In children and young animé;s, there is good evidence that lead is
deposited in the growing ends of bones in a selective manner. X-ray
examinations have shown aresas of increased densit& which in lonz bones appear

g

as a series of transverse lines in the diaphysis (end of shaft) .immediately

- g

w .. . .

P below the epiphysis (growing end].

@ . : - . . . " .

2; The relative toxicity of lead and lead compounds reguires consideration
< as well as the distribution of leadin tissues, vhich has occupied most attéentim
l ' : ‘
5;2 in this review. Fairhall and Sayers (12), from their experiments with juinea

pigs, consider lead arsenate, carbonate, monoxide and sulphate to be

more toxic than lead and other lead compounds when fed to animals, ﬁossibly

-due to theixr greater solubili ig di estlve juices. xThe solubilitles of

_various Jend compounds are snown'ohvtable 1, which vas “repxred Dy

st

'D:. W.T. uarlum frou recont litorature. rairizll and Savers found lead in
. . ax A




e otk 2e) 0
Bone 17 4.0 0.5
3lood 1.0 0.13 0
Intestine 7.8 - -

{with contents)

Shoﬁld these results be used for comparison W th our investigations
g own subsequently]allowancé should be made for the‘possibly gie&ter accuracy
of the method used by us, and ;lso for the fact that our results are calculated
on the weight of fresh tissue, which is stated above to be four times as
heavy as dry tissue. The method used by Weyrauch is prebably not very
inaccurate, wﬁich would permit the inference that, for purposes of comparison,
our figures are low. !

Weyrauch states that in human and animal lead poisoning, it is
necessary t0 examine the liver, kidney, spleen, brain, vone and vlood.

In cnildren and young animals, there is good ‘evidence that lead is
deposited in the growing ends of bones in a selective manner. X-ray
examinations have ghown areas of increased density which in long boqes appear
as a series of transverse lines in the diaphysis (end of shaft)lgimmediately
below the epiphysis (growing end).

The relative toxicity of lead and lead conmpounds reguires consideration
as well as ‘the distribution of leadin tissues, which has occupied most attéentim
in this review. Fairhall and Sayers (12}, from their’experiments with 5u;nea
pigs, congider lead arsenate, caraonate, monoxide and sulphate to be . .
more toxic than lead and other lead oompounds when fed to anlmals, p0331bly

K

'due to thelr greater solubillty 1n dlvestlve gulces. _ The solubilities of

'varlous le«d compoands are shown on table 1, wnlch wag prepared by

~

Dr. W.T. Barlam frouw recent literature. Fairhall and Sayers found lezd in
the liver, .ore in the iidney, and wost in the bone, in an apprbximate ratio
of 1:3:7 aufteringestion. After inhalation of lead only theiliver kidney bone

ratio was approximately 1:2.5:1.8. In another experiment in which a dog

was fed large guantities of lead the liver kidney bone ratio was 1:25:1.8.
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Consideration of the report of the Selby Smelter Commission has
purposely been left to this stage. It should be appreciated that this
admirable report was published in 1915, since which time the methods of
analysis have greatly improved, and knowledge.of lead from the mesdical
point of vigw has made great advances. In.fact, the entire pfoblem of lead
metabolism in the animal organigm.h&s been established in a very different
light. The following points from the report are of interest. The amount
of lead found in grass after a dry summer was 21 p.p.m. (maximum), which
asounted to 0.9 gm. Pb per 100 lbs. of hay. There was no evidence that
tnis degree of contamination, or that the ingestion of 0.25 gm. of leadﬁpér’
day by a horse would result in symptoms of chronic lead poisoninze. The rate
of discharge of lead fume up the chimmey after passing through a bag filter
wvas 96 - 113 1bs. in 24 hours. | They considered that the amount of lead
deposited on s0il was s0 small that it would take many years to bring about
an appreciable increase in the lead contont of soil. It was estimated that
leaé‘vould rejguire to be present in a concentration'of aboaut 1200 parts per
million Before it would interfere with the growth of vegetation. The mean
concentration on exposed surface soil in the smmoke zone was 15.2 Pepem.
In thg livestock survey, injury to horses is noted. Mo injury to cows, pigs
and sheep is noted. Horses develop a parélysis of the throat :mscles in
caronic lead poisoning, and are more liable to pneumonia, possibly due to
inhalation of food particles into the lungs owing to the paralysed condition.
Lead i3 present in the milk of huwan and animil feuales, and is
incroased under conditions of excessive lead ausorption and lead poisbning.
The contamination of foodstuifs Ly lead deserves mention wnere

relevant to thils review. The lead in water in the Horthwich area is about

Ad taka up mu.oh of tho 1ead o

vcountry. O 3 p.p.u. of load in water is congider:d aafe,
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point of view has made great a@v&nces. In fact, the entire problem of lead
metabolism in the animal organism'has been established in a very different
light. The following points from the report are of interest. The amount
of lead found in grass after a dry summer was 21 p.pem. (maximum), which
amountéd to 0.9 gme. Pb per 100 1lbs. of hay. There was no evidence that
this degree of contamination, or that the ingestion of 0.25 gm. of lead per
day by a horse would rgsult‘?n syﬁptoms of chronic lead poisoning. | The rate
of discharge of lead fume upﬂihe chimey after passing through a bag filter
was 96 - 113 1bs. in 24 hours. | They considered that the amount of lead ‘
deposited on s0il was so sumell that it would take many‘years to bring about
an appreciable increase in the lead content of soil. It was estimated that
lead would reguire to be present in a concentration‘of about 1200 parts per
million Before it would interfere with the growth of vepetation. The mean
concentration on exposed surface soil in thé simcke zone was 15.2 p.p.m._*f
In the livestock survey, injury to horses is noted. Wo injury to cows, pigs
and sheep is noted. Horses develop & pafalysis of the throat mmscles in
chronic lexd poisoningz, and are more liable to pneumonia, possibly due %o
inhalation of food particles into +the lungs owing to the paralysed condition.

Lead is present in the milk of human and animal females, and is

increaséd under conditions of excessive lead absorption and lead poisoning.
The contamination of foodstuifs oy lead deserves mention wnere
relevant to this review. The lead in water in the Northwich area is about
0.93 p.p.m. It is congidered by some authorities that potatoes and oth;r
vegetables, when boiled in water containing lead, take up much of the lead
present. In this countfy, 0.3 pepeme of lead in water is considered safe,
0.5 pepeme. is the maximum permiésible concentration, and 0.7 p.p.m. is
dange:ous. = Kehos holds that 0.1 p.pem. is the axirmm ?ermiSSible for
potacle water. Liost human foodstuffs contain less than 1 pe.p.m., although
some one, two or more p.pe.m. IO general regulation governs the awount :

permissible in foodstuffs, out the general opinion is that it should be kept
KE 0010667




out of food as much as possible, and should not exceed 2 p.p.m. in most

" instances. Under fegulation, the maximal amount of lead permigsible in
edible gelatine is 10 pe.p.m. The Food énd Drugs act, 1938; gives a blanket
cover in prohibiting the addition of injurious substances to food.

Lead arsenate is used as an agricultural insecticide. The
present United States limit is 7.2 pepems It would appear that the
natural lead content of wheat may be higher than was previously thought.
Kent (14} found 0.9 p.p.m. in wheat flour, and 3 p.p.m. in the bran. The

pericarp of wheat contained as rmch as 4.8 p.p.m.
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Lead iletabolism.

A& vast amount of work on lead metabolism,‘nqrmal and abnormal, has
been and continues to be publisned. Most of this is not directly arplicable
to the problem presently to be discussed, and our basis for this purpose is
now given succinectly.

The earth is a lead-bearing plénet, and therefore smsll quantities of

lead are found normally in the soil, the flora that flourishes in this, the

water draining it and the fauna vhich drink and feed on these, and in some

cases on themselves. Lead does not play an essentisl part in the metabolism
of vegetation, only minute amounts are to be found in the profoplasm.
Excessive amounts of iead in vegetation sre due to deposits on the surféée
through man made agencies, an& such lead bearing materisl may adhere so
firmly to vegetation that it ma& be considered part of the vegetation. Wind
and rain may remove gome of the deposited lead, but in most cases the
reduction in concentraiion per unit of surface will not bs sufficient to
reduce to any material extent the superimposed lead.

Under normal conditions, all men and animals absorb wost of the lead
for their tissues from food and drink ingested. Under circumstances in
which there is excessive exposure to legd, man usually inhales it, his

food sources reimining normal, but in animals the main portal of entry remains °~

the alimentary tract, as the source of lead is usually contamineted vegetation,éufﬁ

and conéeqpently animals most dependent upon this for nutrition, such as the
herbivora, are likely to absorb most, although herbivora normally ingest and
absorb least lead. No definite statement can be uade 6n the relative
susceptioility of animals. There may possibly be no such condition as
relative susceptibility to lead poisoning. The result may depend upon the

dose ingested and absorbed relative to the body welght, with due consideration ‘

of other possible variants, such as growth, age, storage and rates of excretion .

of lead. , KE 0010069
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1 now given succinctly.

The earth is a lead-bearing planet, and therefore small quantities of
lead are found normslly in the soil, the flora that flourishes in this, the
water draining it and ihe fauna wvhich drink and‘feed.on these, and in some
cases on themselves. Lead does not play an essential part in the metabolism
of vegetation, only minute amounts are to be found in the profbpl&sm.

&xcessive amounts of lead in vegetation are due to deposits on the surface

through man made agencies, and sucin 1éad bearing material mai adhere so
firmly to vegetation that it maj be considered part of the vegetatiqn. Wind
and rain may remove some of the deposited 1e£d,‘but in most cases the
reduction in concentration per unit of surface will not be sufficient to
reduce to any materisl extent the superimposed lead.

Under normal conditions, all men and animals absorb most of the lead
for their tissues from food and drink ingested. Under circumsténces in :
whnicn there is excesSsive exposure to lead, man usually inhales it, his
food sources remaining normal, but in animals the main portal of entry remains
the alimentary tract, as the source of lead is usually contaminated vegetatién,
and conssequently animals most dependent upon this for nutrition, such as the
herbivora, are likely to absorb most, although herbivora normally ingest and
absorb least lead. No definite statement can be made on the relative
susceptinility of animals.‘ There may 'possibly be no such condition as
relative susceptibility to lead poisoning. - The result may depend upon the
dose ingested and absorbed relative to thevbody.%eight, with due consideration

- of other possible variants, such as growth, age, storage and rates of excretion
of lead.

In anim&ls,vit is cdnsidefed that most lead is absorbed into the portal

+ blood stream from the alimentary tract, and carried by that system to the liver,
which acts as a filter, barrier,‘and temporary store. .The portal blood flow
‘may be looked upon as passing through the liver, and connecting the intestine

to that organ. From the liver, it yill pass into the systemic circulation, and
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be carried to all tissues in that.vehicle. The liver may pass a liﬁtle via
tis bile back into the alimentary c@él. The_kianeys, being the min filter,
will eicrete the lead cafried to thembin the‘ﬁidod as a non;essential and inert
substance. The amount found in the liver depends upon the quaniity of lead
ingestsd daily, aﬁd the periéd over which this dose is ingested. If large
amounts are taken consistently, then the liver concentiation will.be:high
compared with other tissues. An exchange between the blood and tissues is a

continuous process, and most will be passed from the former to bone for

psrmanent storage. It may be anticipated that more will be storea in the mofe
dense béne and at the growing end. In the preseﬁos of intense or high

constant absorption, the power of excretion of the kidneys and rate of storage | ;i
in bone may be incapable of keesping ths conceﬁtration in blood and the tissues
within a reasonaovle level, with the inevitable result that signs of intoxicatioﬁ‘

will arise from the protoplasmic poison ~ lead.

The Fresent FProblem.

The'foregoiﬁg notes, we feel, present succinctly current views and
findings on normal and abnormal lead metabolism in animals. - ... - Three horses
diedxover a snort period near the'NorthWiéh pléﬁé, and it was‘éu """" ested by
the local farmer that these animals wight posslbly have dled as a resalt of _
lead poisoning. Our flndlngs are presented in chronologlcal form. _

The owner of the three anlmals, thu tenant of Lanvford Farm, stated
that he purchased the grey horse or geldlng at a fhlr in Wrexham in either
January of February of last Qear. Tge nare, which was abbut five years old,
was vought in foal from a farmer in the dovberley area, which is about seven
miles or so from the plant. The colt was vorn in Langford Farm in Lay.

The geldlng was worked 1nterm1ttentlj and had addltlonal feeding w1th purchased'

bran and chopped-zp hay, Whlch had beun groun locally. All three anlmalsbhad;v
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amounts are taken consistently, then the liver concentration will be high
compared with other tissues. An exchange between the blood and tissues is a
continuous process, and most will be pﬁésédifroi the former to bone for
permanent storgge. h it may .be anticiﬁétea thai more‘will be stored in the more
dense ©vone and at the groﬁing.end{ In_the prééenca of intense.or high
constant absorption, the power‘of'excretioﬁ of the kidneys and rate of storage

in bone may be incapable of keeping the concentration in blood and the tissues

»
v

within a reasonavle level, with the 1nev1table result that 31gns ‘of 1ntoxlcatlon~jff

will arise Irom the protOplasmlc p01son - lead.

The Present Froblem.
The foregoing notes, we feel, present succinctly current views and .
findings on normal and abnormal lead metabolism in animls.

» .
died over a snort period near the Northwich plant, and it was suggested by

... Three horses

the local farmer that these animals might possibly have died as a result of
lead poisoning. Our findings are presented in chronological form.

The owner of the three animls, the tenant of langford Farm, stated
that he purchased the grey horse or gelding at a fair in Wrexham in either
Janua;& 6f Fabruary of laét &éar. Tﬁe mare, wnich wa.s abbut five years old,
wag vought in foél from a farmer in the prberley area, wvaich is about seven

miles or so from the plant. " The colt was born_in- Langford Farm in MAy.

The z eldlnb was wor&ed 1nternlttent1 and had additional feedlng w1th purchased -

bran and chopped-zp hay, Whlch had been grown 1oca11y. -All three gnlmals had
. been in fields in the vicinity of Langfard Farm untll about £h§ end qf
August, 1950. The water supply of these fields is through an I.Cele pipe line,
the soufce of the water being Cransge Brook. The water is, iﬁ”éiitcasés,
delivered into a trough. About the end of August,”the mre and the~foal were

put to graze in two fields, one field North and the other North—aaot, of the

plant. These fields had had cereal crops on them, and the grass was short

%X  One of these was siot. ' HE’ 0010 ’3'7 2




and new. (owg also grazed“on these fields. There are a'feﬁ surface collections
of water on these fields. The main water supply for the horses and cattie
is a trough, which fills from the town main supply. About a month later,
that is avout the end of 3 ptember, the gelding was also put into this field,
and thereafter its movements were similar to those of the mare and colt foal.
All three reﬁained in these two fields until some time in November, when they
were rexoved some distance away, to a field South-Bast of the plant, the water
supply of which was two ponds, supélied by surface water. They remained here
for approximately four days. Someone is stated to have left the gate of this
field open, and the horsés found their way on to lioss Lane, and were foﬁpg the
following morning near the plant, and were placed in a field immediatelyﬁﬁast
of tnz plant, in wiich iuralam farmstead is situated. This field had also had
cereal crops. There are five ponds in this field, all filling from surface
water, and one of these is adjacent to lioss lane at the level of "G" Building.
The others are approximately 200 yeard from the plant. About a week later,
the foal was found dead, and the mare was stated to be wigsing. This wos
on the morning of Tuesday,.zeth November. On the morning of the 29th Wovembs
one attended a post mortem on the colt, with the Veterinary Surg seon,
kre. . W@ilson, The Willows,_Hartford, North&ich..~ The imnediate cause of the

death of the foal colt was obviously a massive pﬁeumonic consolidation of the

73

lungs, which mst have commenced some days before deatn. There was a slight

N
4

excess of free fluid in the abdominal cavity. . Pneumonia in colts was stated
to be very rare in this area. The colt was also stated to be in good condition..
saaples of various tissues of this animal were ‘taken. ' The same afternoon,

the Veterinary 3urgeon informed us that ths mare had been found dead in the

KE 0019

sarie fisld, and that the gelding wvas in a dying condition, and passing micus
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in its stools. The post mortem of these two animals was attended by the

Veterinary Surgeon and us thao followznf mornlnv, on wnich the gelding nad been

-

shot. “Ths post mortcns in all casss wrere pviformbd at tna yard of




and thereafter its movementa were similar to those of the :mre and colt foal.
411 three remained in these two fields until some time in November, when they
were rexzoved some distance away, to a field South-Zast of the plant, the water
supply of which was two pbnds, supplied by surface water. They remzsined here
for approximtely féur dayse Someone is stated to have left the gate of this
field open, and the horses-found their vay on to Moss Lane, and were found the
following morning near the planﬁ, and were placed in a field immediately: Bast
of ths plant, in waich Gral&m'farmstead is situated. This field had also had
cereal crops. There are ‘five ronds in this field, all filling from surface
water, and one of théée is adjacent to lioss Lane at the level of "G® Building.
Tne others are approximately 200 yeard from the plant. About a week later,

the foal was found dead, and the mare was stated to be missing. This was

on the uorning: of Tuesday, 28th Yovember. On the morning of the 29th Novembs
o e

one sttended o pdst mortem on the colt, with tne Veterinary Sdrgeon,
lire il. Wilson, The Willows, Hariford, Northﬁich. The irmmediate cause of the
death of thes foal colt was obviously a massive pneumonic consolidation of the
lungs, waich must nave commenced some days vefore death. There was a slight
excess of free fiuid in the apdominal cavity. Pneunonia in colts was stated

to be very rare-in this area. The colt was also stated to be in good condition.
Sauples of various tissues of this anilmal were taken. The same afternoon ’

the Veterinary Surgeon informed us that ths mare had vesn found dead in the

same field, and that the gelding was in a dying condition, and passing mucus

in its stools. The post mortem of thesé two'aﬂiﬁals was attended by the
Veteripary Surgeon and us the folloﬁing morning, on which the gelding had been
shot; ‘The pos£ mortems in éll cases‘wefe performed at ths yard of
lessrs. Warburton, Licensed Slaughtersrs, iLoss lane, Altrinchaum. The mre was
in an advanced stats of decomposition, and had besn, in dur opinion, dead for
some tims, and it is most likely that it had died before the colt. The
gelding had a small patch of pneumonia at ths apex of one luny, which the
Veterinary Surgeon stated was insufficient to cause’the illness from wailch the
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imal was suffering. Samples were also tuken from these two animals, and
é‘lso from another horss from a farm in Little Leigh, about five miles from
the plant. This latter had been shot on account of a septic arthritis. The "9‘4
Veterinary Surgeon obtained dupliCate samples of ths tiséues of ,‘the gelding

or grey horse. All samples of tissue were seen to come from the animals in A

question, with the excepﬁi'on of ihe sample of bone from the mare, and a limb
stated to belong to this a,nimai We.s *Ba:keﬁ from a bin, and a sample of bone ‘
taken from it. it was not poqsib.ie'to obtain samples of urine from these
animals, as the bladders’wéi'é empty. The blood sé.mples were obtained from

the heart, and consisted of blood clot, which was similar in condition in

the two samples taken. The results of the analysis of these samples are

shown in table 2. Further samples are being obtainedvand analysed to - -

complete the control animal. : .-
The farmer stated on the 29th December thot he had had no cows or i

other animals i1l with Any condition similsr to that f?om winich the gelding

suffered. The farmer deals in horses as a side line, and it vas ﬁis opinion

th:t adult animals would eat about 40 pounds oflgrags per day. The foal

colt, ne felt, would be suckled by its mother until about a year old, and as

it was qnly seven months at thne ti@e of death, he felt that & would not be

eating muich grass. The Veterinary Surgeon’s opinion on this is that the

colt foal would eat grass to supplement its diet of wilk, which would be

failing in the mare at this time of the year.

; A sample of witer from thepnd in the field East of tie plant, near ' “‘\
g Rlel Building,xwas obtained on the 30th December, and contained .23 parts of L
:;' lead per willion. Samples of grass from some fields round the plant were

\Q ootained on the 30th November. In the fields North and I=!o.1"t.11-_‘.*‘.ast of the

%é plant the lead concentrations were 1181 and 1921 parts of lead per million,

and in the field Bast of the plant 1348 and 1350 parts o;f_‘ lead per_millic}z;. o
All these sauples were collected by the Works Management, and we had no knowledé_e g
of the locations from which they were collected duripg analysis.

In cases Of reputed lead _oisoning, iv 13 necsssury 1o estarlish i




;ﬁ:érey horse. All samples of tissue were ssen to come frow thd animals in
/qﬁestion, with the exception of the éample ¢: oone from the mare, and a limb
stuted to belongAtovthis animal was taken frowu a bin, and a sample of bone

taken frou it. It was not poésible-to obtain samples of urine from these
animals, as the bladders were'enpty. The blood samples were oﬁtained from
the heart, and consisted of blood clot, which was similar in cqndition in
the ﬁwo samples taken. The‘resultéyof the anulysis of these samples are
shown in table 2. ‘Further samples are being obtaineé and analysed to
complete the control animsl.

The farmer stated on the 2yth Decembar that he had had no cows or
other gnimals 311 vith an&‘condition similsxr to that f;om which the gelding
suffered. The farmer deals in horses as a side line, and it was his opinion
thut adult animals would eat about 40 poﬁnds of grags per day. The foal
colt, he felt, would be suckled by its mother until about a year old, and aétv
it was only seven months at the time of death, he felt that i wuld not bve
eating much grass. The Veterinary Surgeon's opinion on this is that the
colt foal would ezt grass to supplement its diet of milk, which would bve
failing in the mare at this time of the yesar.

A sample of w:ter from the pnd in the field Hast of the plant, near
nEH Building;xwas obtained on the 30th Decemﬁer, and contained .29 parts of
lead per million. Samples of grass from some fields round the plant were
ootained on the 30th Novemver. In the fields North and North-Sast of the
plant the lead concentrations were 1181 and 1921 parts of lead per million,
- and in ﬁhe fieid_Eaét of the plant 1348 and 1350 parts oé lead per million.
All these samples wefe collectgd by the Works lansagement, and we had no knowledge
of the locations from which ihay were collected during analysis.

In cases of reputed lead coisoning, it is necessary to esiablish
(1) th;t there has been siénificant exposure to lead, (2) that the symptonms

and signs are those of lead poisoning, (3} that the tissues or other biological

samples contain lead in concentrations greater than normal, when analysed by a

x Point 5 on map. . REOO}.{):}?S




precige tecnnique, ﬁith all due precautions and allowances béing made for
the pos3ibility of contamination, and (4} +that there is>no other evident
cause for the condition.

From. the forezoing, it is obvious that the first condition is
present, namely contaminatioh of pasture by lead to a very coﬁsiderable
degres. The condition of the animals prior to death is not knbwn, but wnat
little is known of the gelding does conform to what may be anticipated in
lead poisoning in horses. Some tissues of the animals had contained
hizh concentrations of lead, and there is no evident cause of death other.
than the pneumonic conditions in the lungs of the colt and the gelding, which
are considered to be due to intercurrent disease, which has been previodsly
described as associated with lead poisoning in horses.

Consideration of the figures on table 2 shown a nigh concentration of
lead in the liver of the foal, mare and grey horse compared with the control
animal, and at a highér ratio than that found in the results for the kidney
and bone. This, interpreted by us, means that there was very intensive
and possibly prolonged absorption of lead from the alimentary tract prior to
death. The kidney concentrations of lead are sufficiently high to warrant
the conclusion that these animals were excretipg,lead via the kidneys in
some considerable concentration. The findings in the bone of the colt
indicate that this snimal had been absorbing lead for some considerable time
before death, and the cohﬁentration of lead in ths colon contents of this
animal, wh;ch to us aéemed to éonsist of a grassy-looking material, when.
expressed "either per 100 grammes of the sample.or in terms of the ash, is
also beyond normal limits. The bones of the mare ana gelding contain lead
in concentrations slightly in excess of normal. Nevertheless, we feel that
these animals also had veern ingesting lead bearing material for some
considerable period before death.

“The mwain source of the lead bearing material in the adult animals

i




present, namely contamination of pasturs by lead to a Very considerable
degrse. The condition of the animals prior to death is not known, but what
little is known of the gelding does conform to what may be anticipated in
lead poisoning in horses. Some tissues of the animals had contained

hizh concentrations of lead, and there is no evident causé of death other
than the pneumonic conditions in the lungs of thé colt and the éelding, which
are considered to be due to intércurrent disease, which has been previously
described as associated with.lead poisoning in horses.

Consideration of the figures on tablé 2~sh0wn a high concentration éf
lead in the liver of the foal, mare and grey'horse coﬁpared with the c¢ontrol
énimal, and at a higher ratio thgn that found in the results for the kidney ‘

and bone. This, inferpreted by us, neang that there was very intensive

and possibly prolonged absorption of lead from the alimentary tract prior to
death. The kiine& concentrations of lead are sufficiently high to warf&ﬁt
the conclusion that these animals were excreting lead via ths kidneys in

some conaiderable coﬁcentrabion. The findings in the bone of the colt
irdicate that this. animal had been absorbing lead for some considersble time
before death, and the concentration of lead in ths colon contents of this
animal, which to us seemed to consist of a grassy=looking material, when:
expressed either per 100 grammes of the sample‘or in terms of the ash, is‘
also beyond normel limits. The bones of the mare and gelding contain lead
in concentrations slightly in excess of normal. Nevertheless, we feel that
these animals also had been ingesting lead beérﬁng material for some
considersble pe?iod befqré-death.‘

The main sourcé of the lead bearing material in the adult animals

is, in our opinion, the vegetation consumed. The amount contained in water

~ coupared wﬁth tiis is insignificant. The amounts found in water in the fields
in the area are shown on the tabls overleaf, and of these points, 4 and 5
relute to the fields on the East of the plant, and 1,2 .and3 to the fields

on the North and Horth-Egst.

RE 0010578




~12-

The possibility ofvthe inhalation of lead cannot be excluded, as
frequently the smoke, fume, dust and mist from chimnéy ﬁasies and inorganic lead
vapours may cross the fields in which the horses have grazed at the level of
the breathing zone of animg;s. ‘It is understood that on the night of the
27th November o:‘eaily morning éf the 28th November, a considerable: amount of
organic lead was liberated to the atmosphere- from an autoclave, and that no
tetraethyl lead was obtuined from {he re&ction‘mass remainiﬁg afterwardé.
There is the remote possibility that tais may have had some‘detrimental effect”
on the gelding, but at thé time of this ocecurrence, it is our oéinion‘thit
the colt was already dying, and the mare already dead. The pneunonis in;the
colt at this time was, in our opinion, already advanced, aﬁd perts of the lung
solid. The inhalation factor is, in our opinion, insignificant compared wiﬁh
that of ingestion of lead deposited on vegetation. We are not prepared to say
definitely that the lexd on the vegetation was due to eithsr inorganic or
organic lead, but.we do  feel that the evidence points to inofganic lead being
the wost likely form in which the deposition occurred. It is not inferred,
from tae concentrations of lead found on the graas after the event, that’such
or more

concentrations existed for the some eighty dayg/om wialch these animals grazed
on these fields. In farts, the leaa concentration” was probably much less than
that found, particularly after the crops had;been removed. On the other hand,
.consideration- of the findings indicate £o us that it was very prqpable thétk
a guort time prior to deatﬁ\these'animalé had ingested vegetation containing
lead at a mch greater concentration than the findings for vegstation indicate.

It is not knovm, and can mnever now be determined, whether or not these
animals ingested leud from the grass on the roadside on ioss Lane in the vicinity
of the plant on the night on which they escarel from the field near lLangford
Farn. Thig area nas vbeen at times heuvily contaminated by lead bLearing materials,
and no doubt ﬁhat part of the field adjacent  to lioss Lane has, at times, contained

high concentrations of lead. N E 0010379




27th vaember or early morning of the 28th Noveumber, a considerable amount of
organic lead was liperated to the atmosphere from an autoclave, and that no
tetraethyl lead was obtsined from ﬂhe reaction mass remaining afterwurds.
There is the remote possibility‘that this may have had some detrimental effectv
on the gelding, but at the time of this occurrence, it is our onlnlon thut
the colt was already dylng, and the mare already dead. The pneumonia in the
colt at this time was, in our opinion, already advanéqd, and\parts of the lung
éolid. The inhslation factor is, in our opinion, insignificant compared with
that of 1n°sstlon of lead deposited on vegetation. We are not prepared to say
definitely th&t the lead on the vegetation was due to either inorganic or
organic lead, but.we do feel that the evidence points to inofganic lead being
the wmost likely form in which the deposition occurred. It is not inferred,
fron tne concentrations of lead found on the grass after the event, that sach
or more
concentrations existed for the some eighty de?/On winich these anizols arazed
bn these fields. In p&rts, the lead concentration was probably much less than
that found, particularly after the crops had been removed. =~ On the other handg,
consideration of the findings indicate to us that it was very probable that
a guort time prior .to death these an*mals had ingested vegetation contalnlng
lead at a much'g;eater concentration than the findings for vegetation indicate.
It is hot,known, and can never now be determinsd, whethsr or not these
animai;#i£gested 1eéd from the zrass on the roadside on ioss Lane in the vicinity
of the plant on the night on which they escarel from tﬁe field near Langford

Farm. This area has been at tlmes heav1ly contamlnated by lead bearing matarlals,

and no doubt that part of tha fleld addacent " to lloss lane ms, at times, contained. |

high concentratlons of lead.

There are several ways in vaich the amount of lead ingested by
the adult animals over the period may be aprroacaed, and from our hypertinetical
calcuiations over the time at which the adult enimals were exposed, we feel it is
possible that thsy had ingested ons half to one kilo: LTalme , perhaps more, of

lead vearing material, in the vez:tation consumed by them, and possibly 5% of

KE 0010050
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this aﬁount could be ingested from water.

It is therefore our opinion that, whilst the evidence is not
unequivocal, there is mdre than presumptive evidence to indicaiathat these
animals suffered from lead poisoning, the possible sources of which are

discugsed in the subsequent section.
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'+ Iable 2. - LR HORSE _SAMPLES.

FOAL M AR E. GREY HORSE. CONTROL HORSE.|}
SAMPLE. [T "oF [¥g. To/ [Hg/100 | Wt. of [ Mg. Pb/ | Mg/100 | Wt. 6f | Mg. Pb/| Mg./100 | Wt. of | Mg.Pb/ | Mg./100
| Sample. | Sample. | gms., | Sample.] Sample. | gms. Sample.| Sample, grs. Sample.| Sample. gms.

Liver [100 g. | 3.68 | 3.68 3| 50g. | 1519 |3.04 200 go | 42 | 4e2 85 g. | 0,103 [ 0.12
Kidney |150 g. | 3.68 205 | 105 g | 1679 | 1.60 | 100 8. | 1,0 1.0 | 100 g. | 0,031 |o0.031
Femur 50 g |11.4 22,8 50 g. | 0464 | 1.28 % | -
Radius | S 478, | 0.68 [ 145 | 515, 0.25 | 0.48
Tooth 13 m.,_. 1.359 | 1044 - | -

. Blood | s0g. | 0,080 | 0,178 | 100 g. | 0.0086 | 0,0086

| Brain _ | 100 g | 124 | Lt S Co

m Muscle N 100 go | 0,094 | 0,09 60 g. | 0,021 | 0,035 ! 100 g, |-0.0006 0.0106

W Lung 100 g. | 0.133 | 0,133 100 go | 0426 0.26 50 go | 0,155 | 0.31 - - L

| Spleen 100 m.. 0.699 0.70 ! .,

Colon Contents - Foal.

Wt. gnms. Hmm.m _ . # Not observed to be from this animal, Taken fromt
Mg.Pb. /Sample. 29.5 c ,
Mg.Pb. /100 gms. 23,0 + This animal was killed with & lead bearing bullet.

Mg.®,/lgm. Ash 7.76 gﬁm of brain without evidence of trauma. b




HORSE _SAMPLES.
. MARE. GREY “HORS X CONTROL H OR S B H_.m.guﬁmmu‘,m%oma.zoaﬁ.
"1 Tig/100 Wt. of | Mg. Pb/ | 4g/100 Wt. 6f | Mg. Pb/| Vig./100 | Wt. of | Hge.Pb/ | Mg./100 1ig+/100 o
gns., Sample,| Sample. | gmse Sample.] Sample. grse Sample.| Sample. gnms, TS
3.68 50 go | 1.519 3,04 100 go | 4e2 fo? 85 g. | 0,103 | 0.12 ,W 0.28
2,45 105 g | 1.679 | 1.60 100 go | 1.0 1.0 100 g. { 0,031 | 0.031 M 0.1%
22.9 50 g, | 0.4 1.28 * 3.59
L7 go | 0.68 1.45 51.5 ge| 0425 0.48 3.59
10.4 !
50 go | 0.089 0.178 100 g. | 0.0:086 | 0.0086 0.06 -~ .07 (cirea).
| 100 go | 1.24 1.2 ' 0.09
100 go | 0.094 | 0,09 60 g | 0,021 | 0.035 100 g. | -0,0106 | 0.0106 0.17
0,133 100 g. o.wo + 0426 50 g. | 0.155 0.31 _ 0.06
0.70 W w 0.07
- / . s !

¥ Not observed to be from this animal,

+ This animal was killed with a lead bearing bullet,
half of brain without evidence of trauma,.

Taken from bin.

(See notes).

Sample represented




Table 3.

VEGETATIOUN ANALYSIS.

Fnor0En

Foint. Year. Grain. Chaff. Straw. Hzy. Remarks.
2 1942. Oats. 2.7 123 11 - )
- 1943.  Oats. 549 123 1 - )
1944  Wneat. 2.2 57 40 - )
1945.  Hay. : = - - yal ) No significant
1946.  vheat. 4.3 211 39 - ) change except
1540.  Hay. - - - 24 '} increase ir
1947. Oats. 2.0 T 18 - wheat grain.
1948,  Cats. 48 20 - and grass.
19439. - - - - )
1950.  hneat. 12.2 112.8  30.4 = )
{(Gross. - - 263.5) )
7 1942, - - - - )
1943. - - - - )
1944. Oats. . 0.9 38 9.5 - )
1545, - - - - )
1945.  Oats. 1.9 104 23 - ) Hich rrass
1947, - - - - ;] fizures in
143, - - - - J 1950,
1543, - - - - )
1950.  ({srass. - - 29248 - )
1 1942, - - - - j
1543, - - - - )
1544, QCats. 5e8 607 90 - )
1945,  Qats. 2.2 111 38 - | Larked and
1945. v .- - - - ) dangsrous
1947, Oats. 4.0 208 2l ) increase in
Hay e - - - 78 ) 1930.
1548. - - - - 1)
1549. - - - - )
195¢.  Oats. 22.4 133.2 15660 - )
{Grasc. - - 1350 - )
4 1942, - - - - )
1943.  Hay. - - - 139 )
1944, - - - - )
1943. - - - - ) ©High figures
15406. - - - - }  in 1350,
- 1547 . - - - - ) Compare with
o 1948,  Hay. - - - 235 ) point 5.
pes 1549. - - - . )
o= 1950.  Oatus. 28.4 512 680 - }
L {Grass. - - 1348~ -) )
<>
=)
5 1942, - - - - )
b 1545, - - - - )
X 1942, - - - - )
1345, - - - = ) Hi.h fi_ures
\

19440 Jheot. Tl 270 5 _




Lyad wheut . 2.2 57 40 - } .
1945.  Hay. - - - 71 ) lio significant
19450.  hext. 4.3 211 3 - ) change except
154c.  Hay. - - - 24 )} dincrease ir
1947.  Cats. 2.0 71 14 - wheat grein.
1y48. Cats. 48 20 - and grass.
1949. - - - - )
. 1950.  heat. 12.2 112.8  30.4 - )
(Grass. - - 263.5) )
7 1942. - - - - )
1943. - - - - )
1944. Outs. 0.9 38 9.5 - )
1945. - - - - )
1940.  Oats. 1.9 104 23 - ) High crass
1947. _ - - - J figures in
1943, - - - - } 1550,
1949. - - - - )
1950. (srass. - - 292.8 3 )
1 1942, - - - - )
1543. , - - - - )
1544. Qats. 5.8 507 90 - )
1945. Oats. 2.2 111 38 - ) ilarked and
1945. - - - - )  dangerous
1947. Oats. 4.0 208 21 )  increase in
Hay. - - - e } 19%0.
19483, - - - - )
1949, - - - - )
195Q.  Oats. 22.4 133.2 1660 - )
{Sras.. - - 1350 -) )
4 1942, - - - - )
1943.  Hay. - - - 139 )
1944, - - - - )
1945. - - - - ] fign figures
. 1346, - - - - }  in 1550.
1947. - - - - ) Coumpars with
19438.  ay. - - - 235 ) wpoint 5.
1949. - - - - )
1950,  Oats. 28.4 512 680 - )
{Grass. - - 1348 - ) )
5 1942. - - - - )
1543. - - - - )
1944. - - - - )
1945« - - - = } Hiih fi_ures
1940  Jhsate 7.4 270 56 - ) in 1950.
1947, - - - - ) Coupare with
1948. Qats. 39 31 - }  point 4.
- 1949, - - - - )
1950.  Hay. - - - 620 )
(Grass. - - 1921 =) )
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Year. Grain. Shaff. 3traw. Hay. Remarks,
1542. - - - -
19{3_3. - - - -
194'4'0 - - - -
1945. - - - - -
1945, - - - -
1947. - - - -
1348. - - - -
1949, - - - -
1950. ({Grass. 1181)
1942,  Oats. 0.14 6.6 2.2 - )
1943. Oats. 0.9 35.0 5.9 - )
. Hay. - - - 22,0 )
' 31.0 )
1944. QCats. 0.4 14.0 2.4 - )
iheat. 0.5 1.2 0.7 - )
1445.  Oatse. 1.l 35,0 15.0 - ) A Ycontrol® .
day. - - - 5. ) point.
17‘[11:) . “heat. 0.9 18.0 3.4 - )
Gaye - - - 263 )
1447, Oats. 0.0 35 4.9 = )
SRy e - - - - }
1;43. Hay. - - - 7.6 )
1549, - - - - )
1950. Cats and 18.4 56483 43.4 = )
Zarley. : )
(irass. - - - - 55¢3) )
Control.

Gress sample with sooty deposit from lawn in Rudheath, Northwich.

8.9 p.p.m. lead.
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