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Dear D r  G r a i  nger -. 

LOWERMOOR I NC I DENT 

We have discussed the  Lowermoor i nc iden t ,  and i t s  imp l i ca t i ons  f o r  t h e  
D r  h e a l t h  of consumers l o c a l l y ,  on several occasions recen t l y .  

Lawrence's r e p o r t  on the  i nc iden t  conta ins a t o x i c o l o g i c a l  assessment 
We agreed, however, 

t h a t  i t  would be o f  value t o  have another more d e t a i l e d  assessment from 
t h e  standpoint  of one who has c l i n i c a l  experience and whp was no t  
fnvolved i n  t h e  immediate aftermath o f  t he  i n c i d e n t  o r  i n  D r  Lawrence's 
enqui ry. 

. which i s  t o  t h e  p o i n t  and, I be l ieve ,  accurate. 

I n  p repar ing  my repo r t ,  I have been able t o  use t h e  spec ia l i sed .  
t ox i co logy  in fo rmat ion  source based here, and I have discussed t h e  
f ind ings  w i t h  D r  Matthew (who a l so  spoke t o  you and o thers  l o c a l l y )  and 
o ther  co l leagues.  I n  t h e  attached document, I have t r i e d  t o  r e l a t e  
Informat ion from the  publ ished s c i e n t i f i c  l i t e r a t u r e  t o  t he  rahge o f  
exposures which people may have experienced a f t e r  t h e  i n c i d e n t .  I n  t h i s  
l i g h t ,  I have a l so  considered t h e  var ious symptoms which have been 
repor ted  i n  assoc ia t i on  w i t h  the  i n c i d e n t .  I have accepted those 
repor ts ,  and t h e  in fo rmat ion  prov ided by SWWA on t h e  water q u a l i t y  
fo l low ing t h e  i n c i d e n t ,  a t  t h e i r  face value. I have n o t  of course 
undertaken c l i n i c a l  o r  labora tory  examinat ion of any o f  those who may 
have su f fe red  i l l - e f f e c t s ,  and have n o t  been i n  a p o s i t i o n  t o  v e r i f y  any 
of these c l i n i c a l  r e p o r t s  o r  water q u a l l t y  data independently.  
You w i l l  wish t o  show t h i s  l e t t e r ,  and t h e  at tached document, t o  

I f  i t  becomes c l e a r  t h a t  my unde;standing 
of t h e  events surrounding t h e  i n c i d e n t  needs t o  be co r rec ted  o r  added 
t o ,  o r  I f  t h e r e  a re  f u r t h e r  p o i n t s  which I should address, please l e t  me 
know. I would be pleased t o  come t o  Cornwall i f  you or others  t h e r e  
feel  t h a t  i t  would be h e l p f u l  t o  meet f o r  f u r t h e r  d iscussion.  

Yours s incere ly -  

ested p a r t i e s  l o c a l l y .  

M WARJNG MA, MB, FRCS 
Senior Medical O f f i c e r  

D i  v i s i o n  o f  Toxicology & Environmental Hea l th  



LOWERMOOR INCIDENT AND EFFECTS ON HEALTH 

chemicals -in the water was 
ca l  adviser t o  Dr Lawrence's 
Water Authority. Add i t iona l  

ed i n  l e t te rs  from a local resident, Mr Cross, t o  
rtment of Health, and others. 

ons of aluminium were provided t o  me from 
ment. Dr Lawrence's enquiry 
g i v i n g  r i se  t o  the abnormal 

rted symptoms was gathered, from con 
Fawell, from Or Lawrence's report and  
la1 analysis by Camelford 

Panel of over 200 responses t o  i t s  questionnaire, and  from reports i n  
n a t i o n a l  newspapers. 

3. I have accepted a l l  the information a t  f a c e  value. I have not 
undertaken c l i n i c a l  or laboratory examination of any, of those who may 
have suffered i l l- ef fec t s ,  a n d  have not been i n  a position t o  verify any 
of the c l inical  reports o r  water q u a l i t y  d a t a  independently. 

4 .  The presence o f  abnormal concentrations o f  a l u m i n i u m  sulphate i n  the  
l y  lowered t h e  pH of the water, and  resulted i n  the release of 
ad and perhaps z i n c  from plumbing  systems. SWWA has reported 
hemical abnormality i n  t h e  water supply. W i t h  the exception 

o f  aluminium concentrations, w h i c h  have remained sl ightly higher t h a n  
the Maximum Admissible Concentration i n  the relevant European Community 
(EC) Directive, the SWWA d a t a  indicate t h a t  w i t h i n  a few days of the 
inc iden t  the water p u t  i n t o  supply was w i t h i n  the limits set by the 

I n  areas ef the distr ibution,  or I n d i v i d u a l  properties, 
t l e  water was used t h a t  t h e  polluted water was s t i l l  present' 

a t  a l a t e r  date, then the effects of the inc iden t  would have been 
del ayed. For any i n d i  vidual consumer, however, 1: t t  appears t h a t  exposure 
t o  the polluted water would have lasted for a t  most a few days. - PH ' 

The lowest pH recorded i n  the SWWA resul ts  i s  3 . 7 ,  from a hot-water 
There are several other readings o f  4 and s l ight ly  greater, -from 

various sampling points. Lower readings (from pH 3 upwards) were 
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mentloned by M r  Cross, as we l l  as one uncorroborated reading o f  between 
2 and 3. The lower end o f  t h e  acceptable pH range s t i p u l a t e d  by 
Department of t h e  Environment i s  5.5. The World Heal th Organisat ion 
(WHO) Guidel ines suggest a gu ide l ine  value oT pH 6 . 5  as t h e  lower l i m i t .  

6. LI,mits on pH i 
metals from pipework: these metals 
red  l n d i v l d u a l l y  below. Short- term 

a t e r  w i t h  a pH even as low as 2 t o  4 would n 
t h i n g s  t h a t  we ea t  and d r i nk  - i n  
- are I n  t h i s  range. f r u i t s  and s o f t  d 

A 1  mini um 

t e d  by SWWA 'was 109 mg/l ,  recorded 
n t h e  day f o l l o w i n g  t h e  i nc iden t ;  

a t  Slaughterbr idge. On t h  
detected concent r a t  i ons were repo r te  
Thereafter, t h e  h ighes t  concentrat ions were up t o  3 mg/ l ,  on occasions, 
du r lng  the  next  two weeks. L a t t e r l y ,  they have f a l l e n  t o  below 1 mgl l , .  
but  i n  some areas were not  back t o  below t h e  D i r e c t i v e  l i m i t  of 0.2 mg/ l  
by m i  d-AUgUs t . 

0 t h  the  EC D i r e c t i v e  l i m i t ,  and t h e  WHO Gujdel lne Value, 
ntum per l i t r e .  This number was chosen becaus 
n t r a t i o n s  would be l i k e l y  t o  lead t o  d isco loured water t e s p e c l a l l y  
e presence of i r o n ) .  No e f f e c t  on h e a l t h  was considered l i k e l y ,  

from t h i s  o r  even s u b s t a n t i a l l y  h igher  exposures. Aluminium i s  very 
absorbed from t h e  gut,  and i s  excreted e f f i c i e n t l y  and r a p i d l y ,  

p a l l y  by t h e  kidneys. There i s  long experience o f  t he  use of 
lum s a l t s  as food add i t i ves ,  -and i n  medic inal  preparat ions such as 

antacids, and the re  has been no evidence o f  harm except from prolonged 
i n g e s t i o n  o f  very h igh  doses (several thousand m i l l i g rams  d a i l y ,  fo r  
months). 

9 .  Water con ta in ing  aluminium a t  t he  h ighes t  recorded concentrat ion of 
10 would be d iscoloured,  and have a no t i ceab le  t a s t e .  Anyone who 
d r  he water desp l te  these aspects cou ld  conceivably have been 
na d. I f  however, t h e  water was n o t  vomited, then t h e  alumlnlum 
co d i n  i t  would n o t  have had any adverse e f f e c t .  To pu t  i t  i n t o  
context ,  t h e  109 mg o f  aluminium i n  1 l i t r e  o f  water would have 
represented about f l v e  t o  t e n  t imes t h e  average d a i l y  i n t a k e  from food, 
bu t  i t  would be p e r f e c t l y  poss lb le  t o  i n g e s t  t h i s  amount from food on 
any g iven day. It would be equ iva len t  t o  t h e  alumtnium contained.1n two 
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s l l c e s  of c e r t a i n  America 
with . aluminium-containin aking-powder, o r  i n  two- th i rds of 
aluminium hydroxide t a  taken t o  t r e a t  ind iges t ion ,  or  from 
swallowing t h e  toothpa.ste used a t  one brushing. 

e has been recent  i n t e r e s t  i n  o s s i b i l i t y  of a l i n k  between 
and Alzheimer's disease, a f dementia I n  the  middle-aged 
.. It i s  a very t e n t a t i v e  h s i s  t o 'wh jch  there  are some 

c t ions ,  and i s  framed i n  terms o aluminium in take  over many 
s. The add i t i ona l  amount o f  a l u  which people a r e  l i k e l y  

have consumed from the  water as a r e s u l t  o f  t he  Lowermoor i nc iden t  

11. 
__ d a i l y  i s  known sometimes t o  a f f e c t  b s and ( i n  p a t i e n t  

r e n a l  f a i l u r e )  t he  bra in ,  but  such exposures were no t  app 
resent  i n c i d e n t .  

e g l i g i b l e  i n  t h i s  context .  

Long-term i n g e s t l o n  of several thousands of  mi l l i g rams  of aluminium 

I n  summary, t h e  aluminium concentrat  
r than render ing  t h e  water d i s t a s t e f u l .  

13. The concentrat ions of sulphate recorded by SWWA d i d  n o t  exceed t h e  
D i r e c t i v e  l i m i t  of 250 mg/ l  o r  t he  WHO gu ide l i ne  value o f  400 mg l l .  The 
e a r l i e s t  of these r e s u l t s  dates from 3 days a f t e r  t h e  i nc lden t .  A 
sample analysed f o r  t h e  Camelford S c l e n t i f i c  Advisory Panel by t h e  
County Analyst  i s  repor ted  by Mr Cross as con ta in ing  more than 1000 
mg / l .  For comparison, concentrat lons s l i g h t l y  more than 1000 mg 
sulphate per  l i t r e  a re  found i n  some con t i nen ta l  b o t t l e d ,  na tura l  minera l  
waters. Regular consumption o f  water con ta in ing  4400 mg/ l  has been 

14. Aluminium sulphate i t s e l f  i s  sa id  tr, have a "sweet as t r l ngen t  
tas te" ,  and a sa tura ted  s o l u t i o n  t o  be " m i l d l y  caus t ic" .  Less 

cent ra ted  so lu t i ons  o f  5-10 percent  have been used as l o c a l  
l i c a t i o n s  t o  t r e a t  u l ce rs .  Aluminium potassium sulphate I n  

concentrat ions o f  1-4 percent  has been used as a mouthwash and garg le.  
These concentrat ions are  f a r  g rea ter  than those noted i n  the  wate 
supply f o l l o w i n g  t h e  Lowermoor i n c i d e n t .  

r t e d  from an A f r i c a n  v i l l a g e .  

15. I n  a popu la t i on  n o t  accustomed t o  water con ta in ing  h igh  sulphate 
leve ls ,  1000 mg/l  would be expected t o  produce a not' iceable t a s t e ,  and 
t o  have a l a x a t i v e  e f f e c t .  Sulphates such as Epsom s a l t s  and 'Glauber's 
s a l t  a re  used a axat ives, i n  doses corresponding t n  a sulphate tn take 
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of 700 t o  12000 mg i n  a day. The laxative actlon ' I s  due t o  the 
er  t h a n  usual i n  the g u t  because of the poor 
, and  i s  not due t o  an i r  n t  effect .  Since 

oorly absorbed, these h i g h  Intakes t lead t o  effects  ' 

on other organs. 

16. In summary, the Only effect  expected from the sulphate 
concentrations would be a mlld laxative effect .  

17. The h i g  e s t  concentration of co SWWA appears t o  
s standard advice t h a t  

water for d r i n k i n g  or cooking should only be taken from a "cold" tap 
drawing direct  from ns supply, b u t  I t  i s  no t  uncmmn i n  practice 

sed al.so. The highest concentration of 
upply was one reading of 8.8 m g l l ,  b u t  

s were no higher t h a n  1.8 m g / l ,  and nearly a l l  

18. The EC Directive limit i s  3 m g / l ,  se t  t o  vent an unpleasant 
t a s t e  I n  the water; the WHO Guideline Value i s  1 r a t  1 m g / l ,  based 
on the risk of s t a i n i n g  of laundry and p l  mbi n g  f ixtures.  

provide the 2-3 mg red d a i l y .  The effects  of ingestion of 
excessive unts of r are well descrtbed, and there have been 

era1 reports o f  the c t s  of water or soft  drinks contaminated w i t h  
per. I n  several s ports,  the copper level was about 30 - 40 

mg/l, and the symptoms were abnormal t a s t e ,  nausea, v o m i t i n g  and 
imes w i t h  abdominal pain, headache and  dizziness. No 
ess or ulceration of the mouth appears i n  these 

Utes intermittent nausea and stomach c 
ations of 5.6 t o  7.8 mg/litre experien 

I n  every case, recovery the effects  seems t o  have 
omplete, and no residual bi  1 1 t y  was recorded. 

i t i v i t y  t o  copper and i t s  compounds appears- t o  be 
even from relat ively h i g h  exposures i n  the industrial 

set t ing.  There I s  one report of a s k i n  rash i n  a mother and child, 
attributed t o  copper concentrations of 4 t o  7.6 mg/l i n  the water 

. - rsupply. The rash disappear following the use of other water. No 
other consumer o f  the water over the previous ten years had cane t o  
demonstrable harm. 

. have been 20 m g / l ,  from a hot-water su 

19. Copper i s  an essential nutrient,  b u t  the diet  4s adequate t o  V 
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! .  

tas te ,  nausea, 
t h e  most severe 

eading suggestion, 
.&. ' 

a )  t h e  processes w i t h i n  the  human body f o r  s t o r i n g  or  e l i m i n a t i n g  
copper are d i f f e r e n t  f r o m  those i n  ruminants; 

b) no c o n d i t i o n  o f  chronic  copper poisoning has been es tab l ished I n  
humans; and 

c )  on ly  a b r l e f  exposure t o  untoward copper concentrat ions r e s u l t e d  
from the  Lowermoor i n c i d e n t .  

23. I n  summary, t he  h ighes t  recorded copper concentrat ions would be 
expected t o  cagse nausea, vomlt ing, diarrhoea, abdominal pains, headache 

n rash would be' a very r a r e  e f f e c t .  The symptoms 
y and r a p i d l y  on changing t o  water w i t h  a normal ly  

1 ow copper concentrat ion.  

. 

24.  Out of a l a r g e  number of analyses i n  t h e  f i r s t  f i v e  days a f te r  t h e  
i nc iden t ,  on l y  a few'exceeded t h e  EC l i m i t  o f  50 microgrammes per l i t r e .  
The h ighest  repo r ted  by SWWA was 4$0 p g / l  i n  a hot-water sample. The 
h ighes t  concent ra t ion  f rom t h e  c o l d  supply was 220 y g / l .  Such b r i e f  
exposure t o  these concentrat ions 1s of no consequence. 

5 '  
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Z i  nc - 
25. The concentration of 7.83 mg/l  i n  one SWWA sample, from a hot-water 
tap ,  exceeded the EC li.mit, and  WHO Guideline Value, of 5 mg/litre. No 
other samples breached the l imi t .  A concentration of 7.83 mgll would be 
expected t o  impart a t a s te  t o  the water, b u t  t o  have no effect on 
health. Zinc i s  a n  essential element, the daily requlrenent being i n  
the  range 4 t o  15 mg. There i s  a report of i r r i t a b i l i t y ,  muscular 
s t i f fness  and pa in ,  loss of appetite and nausea I n  +wo adults whose 
drinking-water contained z inc  a t  40 mg/litre. However, daily oral doses 
of up t o  660 mg z i t i c  sulphate ( c o n t a i n i n g  270 mg zinc) have been given 
for long periods t o  promote wound healing, apparently wi thou t  adverse 
effects .  

Symptoms assocl ated w l  t h  the i ncl dent  

26. A wide range of symptoms a n d  ailments have been mentioned i n  
newspaper reports of the incident, and elsewhere. Many are similar t o  
the nonspecific, common, minor conditions which occur commonly i n  
c l inical  practice, for w h i c h  i t  i s  often d i f f i cu l t  or impossible t o  f i n d  
a cause i n  i n d i v i d u a l  patients,  and  w h i c h  resolve without treatment. 
What follows i s  a discussion o f  the reported symptoms i n  the l i g h t  of 
the recorded chemical composition of the water supply a t  the time of the 
i nci dent. 

27. T a p  water, particularly from the h o t  water system, c o n t a i n i n g  a 
variable mixture of these substances, must have been very unpalatable i n  
some households. This by i t s e l f  would be enough t o  induce nausea and 
vomltfng i n  some of those who h a d  swallowed a q u a n t i t y  of i t .  The 
sulphate content would have had a laxative effect  i n  some people. I t  i s  
n o t  possible t o  derive, from the published reports,  a threshold t o  the 
irri tant effect  o f  copper b u t  i t  seems possible t h a t  t h i s  may have  added 
t o  the gastrointestinal symptoms experienced. 

28. The  complaints of sore throats,  bl is tering and mouth ulcers are n o t  
readily explicable on the basis of the water q u a l i t y .  A l u m i n i u m  
potassium sulphate solutions have been used as mouthwashes, and 
a l u m i n i u m  compounds are frequently taken by mouth i n  large quantities. 
Zinc sulphate by m o u t h  does n o t  cause these ef fects ,  nor are they.. 
described i n  cases o f  acute copper or copper sulphate poisoning. The pH 
of the water was comparable t o  t h a t  found i n  many soft drinks. Sore 
throats and mouth ulcers are common and could well have occurred 
coincidentally. Although ulceration commonly occurs ,without apparent 
cause, the mouth can be i r r i t a ted  by a variety of substances, sometimes 
w i t h  short-lived, superficial ulceration. Such ef fects  are no t  
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described- i n  t he  publ ished repo r t s  i n  r e l a t i o n  - t o  any of these 
substances. Severe, widespread or  prolonged u l v e r a t i o n  would not be 
expected. 

. 
. 29. 

have r e s u l t e d  from t h e  change i n  water q u a l i t y .  
copper compounds has been described, bu t  appears t o  be ra re .  

30. 

Skin rashes i n  s e n s i t i v e  i n d i v i d u a l s  ba th ing  I n  t h e  w a t e r  cou ld  
Spec i f i c  s e n s i ' t i v i t y  t o .  

Muscle pains,  j o i n t  pains and recrudescence o f  a r t h r i t i s  h 
escr-ibed as consequences o f  any o f  t h e  agents, w i t h  the  poss ib le  
i o n  o f  z inc  a t  gher concentrat ions than are re levan t  (see para 

25 above). Muscle c s are another common s y m p m ,  o f ten  occur r ing  
fo r  no p a r t i c u l a r  reason. They can be a consequence o f  dehydration, bu t  
I t  I s  probable t h a t  anyone w i t h  t h i s  degree o f  dehydrat ion would have - .  - 
sought medical advice. 

s u r i n a r y  symptoms 
diarrhoea o r  avo ld  

u r i n e  passed 
r i a ,  haematuria and 
a te  poisoning, bu t  

ioned. Oehydratlon from 
ng d r i n k i n g  cou ld  have resuJted i n  dark 
i n  smal ler  amounts than usual.& 

rena l  f a i l u r e  are consequences of severe 
he doses necessary are very much greater  

than the  exposures f r o m - t h i s  i n c i d e n t .  Anyone who be l i eves  t h a t  they  
have passed b lood i n  t h e  u r i n e  and has a t t r i b u t e d  i t  t o  t he  Lowermoor 
i n c i d e n t  would be best advised t o  seek medical advice u rgen t l y  f o r  t h i s  
t o  be checked and so tha t ,  i f  haematuria has occurred, t h e  t r u e  cause 
can be ascer ta ined by appropr ia te  i n v e s t i g a t i o n s .  

Groups who may have been a t  spec la l  r i s k  

32. It i s  u n l i k e l y  t h a t  t h e  unborn c h i l d  would have been af fected.  The 
b r i e f  maternal exposures t o  s l i g h t l y  e levated amounts of lead and z inc  
should have no consequence. Aluminium i s  p o o r l y  absorbed from the  gut,  
and f a r  g rea ter  maternal exposures r e s u l t  from t h e  use of an tac ids .  
con ta in ing  aluminium i n  t h e  treatment o f  hear tburn  i n  pregnancy. 
Sulphate i s  l i k e w i s e  poo r l y  absorbed. Tab le ts  con ta in ing  copper 

hate as one component are sometimes prescr ibed throughout t h e  
antenata l  pe r iod  t o  prevent  anaemia, t h e  d a i l y  dose con ta in ing  2.5 t o  5 
mg copper sulphate. Studies i n  animals have shown no e f f e c t  on the  
foetus, even from very l a r g e  amounts o f  copper compounds taken 
throughout t h e  pe r iod  o f  ges ta t i on .  

33. B o t t l  
suscept ib le  
r e l a t l o n  t o  
unpalatable, 

e- fed babies and young c h i l d r e n  cou ld  have been more 
t o  t h e  abnormal water,  because t h e i r  i n t a k e  i s  greater  i n  
body weight. Feed made up w i t h  t h e  water may have been 
and i n  some instances i t  may n o t  have been poss ib le  t o  make 
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i n g  m i l k  featured i n  some consumers' complaints).  

ent  i n  t he  area on home d i a l y s i s  was ewhere a t  t he  
t i m e  o f  t h e  i nc iden t .  

35." Given t h a t  Wilson's disease, an abnormal i ty of co 

A p a t i e  
i n  on l y  5 p e out  of one m i l l i o n ,  I t  1 s  

e r  from t h i s  c 
1 son's disease u l d  no t  be a t  r i s k  from t h e  
o f  copper, s ince  t h e  treatment ensures adequ . In a p a t i e n t  w i t h  undiagnosed Wilson's 
able t ha t  t h e  onset o f  symptoms cou ld  have been accelerated 
t o  e a r l i e r  d iagnosis  and treatment.  

t i o n  was i n  t h e  area. 

e re  is no reason t o  expect long term 
dent ef fect  of these s t e s t j n a f  t ract , .  

m ef fects on o ther  o n o t  be expected f o r  several 

( a )  t h e  amount of t h e  substances absorbed and re ta ined  a t  the  t ime 
of t he  i n c i d e n t  would have been very small 

he per iod  of exposure w a s  r e l a t i v e l y  shor t ;  where- long term 
t s  o f  chemicals on hea l th  are described i n  t h e  absence of 

effects., p ro t rac ted  dosage, u s u a l l y  over many years, i s  
r e d  t o  produce a s i g n i f i c a n t  r i s k  o f  harm 

t c )  no long term e f f e c t s  are repor ted  i n  t h e  s c i e n t i f i c  l f t e r a t u r e  
the  most o f  these substances, even i n  r e l a t i o n  t o  l o n g .  

cont inued exposure a t  moderate l eve l s .  The main except ion i s  lead 
but,  as a l ready ind ica ted ,  no i l l - e f f e c t s  w i l l  be expected from t h e  
t o t a l  q u a n t i t i e s  o f  lead a t  issue i n  t h e  i n c i d e n t .  

. -  
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