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Figure 15.1. COMPA RATIVE INVESTIGATING: Aluminum in Drinking Wat er

The three newsp aper article s reprint e din this Fig ure appeare dov er about a one -we ek per iod in The Globe and Mai l in
1995; they deal wit h the pos sib le relation s hipbetween long-ter mex pos ureto alum in umin drinking wat e rand deve lopment of
Alzhei mer’s dis ease.

EM9502: The Globe and Mail, Mar ch 30, 1995, page s A1, A12

Can ada to limit tap wat er alu minum
__________________________

Li nks to memo ry, brain imp air ment

BY WALLACE IMMEN
The Globe and Mail

He a lth Cana daplans to set lim its on alu min -
um in drinking wat e r in lig ht of res earch
li nking the ele ment to brain damage and
memo ry los s.

An Aust r alia n re search team repor tedthis
we ek that alu min um, whi c h is added to
drinking wat e r in tre atment pla n t s , can
accumulat e in the brain, whe re it may kil l
off cel ls and caus e memo ry los s. Mos t
Cana dians liv ing in cit ies drink wat e r that
ha sbeen tre ated with alu min um, alt hou gh at
leve ls that are consid ere dsafe.

The Sydney-base dAu s trali an Ins titute of
Bi ome dicalRe search said inorganic alum in-
um , the type added to wat e rdu ring pur ifi-
cation, col lect s in the brain s of rat s ,dama-
gi ng neurons.

Althou gh the res earche rs did not say that
alum in um in wat e r caus es Alzhei mer’s
disease, they said the for ms of mem ory
im pair ment the sub stanc e caus es is
charact e ris ti c of symptoms of the illness.

Institute res earche r Ju die Walton not e d
there has been a worldw ide sur ge in Alzhei-
me r’s ove r the past 70 years, as many peo -
ple’s wat e rha sbeen tre ated with alu min um.

Some res earche rs con tin ue to link hig h
leve ls of alu min umin the brain wit h Alzhei-
me r’s, while other studies have cast doubt
on the conne ction.

"B ase don what we’v ese en of the res earch ,
the cor relation [of alu min um to memo ry
lo ss] is con clu siv e," Dr. Bar r y Thomas said
ye s terday.

Dr. Thomas, hea dof the criter ia section of
He a lth Cana da’s Env i ronment alHe a lth Direc-
to r ate, said the Dep artment wil l ask a com -
mitt e eof federal and provincia l officia ls to
set health lim its for alu min um within the
next year.

Althou gh wat e raccou nts for only a sma l l
fr actio n of the amou nt of alu min um people
cons ume in food, the type of alu min umthat
ent e rs wat e rdu ring pur ific ation is the mos t
li kely to reach the brain, the Aust r alia nstudy
fo und .

The finding , repor tedTu esday in the jou r-
nal Ne uroTo xicol ogy, draws con clu sio ns that
are sim ilar to those in a study of 2,000 On-
tario men repor tedin Janu ary in the Cana-
di an Jou rnal on Agi ng. "Gene r ally you get
a risk alm o st 10 tim e s as big in are as that
have hig h alum in um leve ls in the drinking
wa ter", said the study’s author, Dr. Wil lia m
Fo r bes, distinguis hed profe sso r em eritus of
the Unive rsity of Wat e r loo.

Dr. Forbes said his res earch shows that a
leve l abov e300 mic r ogr ams per lit re is defi-
nitely harmful. He said the re is no evidenc e
of harm from long-ter m us eof wat e rwith
alum in umleve ls bel ow100 mic r ogr ams per
li tre, a lev el com mon in Cana dian wat e r
suppli es.

Mo st tre ated wat e rin Cana dais kept be-
low 100 mic r ogr ams per lit re becau se any
mo re than that affects its look and taste,
said Met ro Toron t o wa ter-sup ply directo r
Hi roshi Tanigu chi.

Dr. Thomas said that "no cou ntr y current-
ly has a health standard for alu min um in

wa ter. We’re in the foref ron t on this." Health
li mit s have been unde rdiscus sio n fo r at lea st
two years, he said, and "as is often the case,
there is a wid erang eof opi nio n."

At a conferenc ein Burlington, Ont., last
ye ar, some exper ts argue dfo r a health lim it
as low as 50 mic r ogr ams while others said
100 is necessar y to avo id compromisi ngthe
purifying effect of the alum in umsalts in the
wa ter.

"This is not just added for no rea son," Dr.
Thomas poi nted out . The process rem ove s
bacter ia and protozoa that are ser iou shealth
risk s.

Wa ter in some are as of Cana da, especia l ly
the Prair ies, is natur ally hig h in alu min um,
but that is not con sid ere d a health risk, Dr.
Thomas not e d. The organic for mof alu min -
um in food and grou nd wat e rdoesn’t rea dily
ent e r the blood sys tem , he said. It is the
inor ganic alum in um salts used to clarify
wa ter in tre atment that are the con cer n.

Hy drated alu min um sulphate, als o known
as alu m, is use d to rem ove fine particle s
fr om wat e r, said Pet e r Chis hol m, associat e
profes sor of eng ine e ring at the Unive rsity of
Guel ph. The compoun dor a relat e dalum in-
um salt is use d across Cana da, any whe re
where the re is pre -treatment of wat e rex trac-
ted from lakes and stre a ms."

The chemical for ms snowflake-li ke clu s-
ters known as floc. The posit ive ly charged
floc att r act snegative ly charged min eral par-
ti cle s in the wat e ras it settles to the bottom
of a tre atment tank. Howeve r, some alum in-
um rem ain s in the pur ifie dwa ter.

REFERENCES: Wa lton, J., Tun iz, C., Fink, D., Jacobs en, G. and D. Wilc ox: Uptake of trace amoun t sof alu min um in t othe
brain from drinking wat e r. Ne uroTo xicol ogy 16(#1): 187-1 90 (1995). [DC Library call number: PER RC321.N437]

Fo r bes,W. F. and N. Agwani: Geochemical risk facto rs for ment alfunction ing, base don the Ont ario Lon -
gitudinal Study of Agi ng (LSA) III. The effects of different alum in ium-con taining compoun ds. Canadi an
Jo urnal on Agi ng 13(#4): 488 - 498(1994). [DC Library call number: PER HV14 75.A1 C3X]

1995 -06 -20 (cont inued overleaf )



Un ive rsity of Wat e r loo STAT 231 – W. H. Che rry
#15 .2

EM9504: The Globe and Mail, Mar ch 31, 1995, page s A1, A11

Al uminu m in drinking wat er poses no risk,
Can adians told

_________________________________

Fe deral health officia lsdelu g ed by wor rie dcallers

BY WALLACE IMMEN
The Globe and Mail

Dr. Bar r y Thomas spent yest e r day assuring
Cana dians that their wat e ris safe to drink.

Af ter announ cing that the federal Health
Department wil l ask for lim its on the
amou nt of alu min um adde d to drinking
wa ter dur ing tre atment, he was deluge dwith
calls from wor rie d officia ls and inqui ring
me dia.

"A s far as we can tel l , there is no evidenc e
there is a health risk any whe re in Cana da,"
Dr. Thomas, hea dof the criter ia section of
He a lth Cana da’s env i ronment alhealth direc-
to r ate, said in a telephone int e rview.

Bu t he added that enoug h qu estio ns hav e
been raise dabou t the effects of alu min um
on the brain that "we wou ld be rem iss is we
didn’t est ablis ha safe lim it."

Alum in um sulphate, known as alu m, is
us ed by tre atment pla n t sacross Cana dato
purify wat e r.

Bu t un til now, no one has mon ito red how
mu ch of the sub stanc e ge ts into the wat e r
people drink.

Re c ently repor ted studie s in Aust r alia,
Cana daand Britain indicate that inor ganic
alum in um is par ticularly adept at getting
in t o the bloodst ream and col lecting in brain
tis s ue, Dr. Thomas said. This kin d of alu -
minum, als o called fre e alum in um, bin ds
ea sily wit h body tis s ue.

The conne ction bet ween alu min um and
memo ry imp air mentwa snot seen cle arly in
the past becau se previou s studie s did not
have the sophis ti c ated ways of int e rpreting
the dat a that are availa ble today, said Dr.
Wil lia m Fo r bes, a geron t ologi st and distin -
guis hed profe sso rem eritus of the Unive rsity

of Wat e r loo.

In a 35-ye ar study of 2,000 men, Dr.
Fo r bes fou nd that the incid e n ce of mem ory
lo ss was up to 10 tim e shigher in are as of
Cana dawith hig h alum in um leve ls in the
wa ter.

In the past, the re were wid e variation sin
the way that wat e rwa streated, but sin ce the
1980s more rig orous provincia l st andards
have res ult e d in mos t cities reducing the
amou nts of alu m us ed in wat e rtreatment .

Officia ls beli eve that for ms of alu min um
ot he rthan fre ealum in umpose lit tle risk.

"A lum in um is the thi rd-mos t-com mon
elem e n tin the world; the body is desig ned
to rej ect natur al alu min umin food and wat e r.
Only a trace get s in t o the sys tem ," Dr.
Thomas assure dpeople who are conc e rne d
abou t the pot entia l fo r long-ter mex pos ure.

Othe rassuranc escame from indust ry and
re searche rs:

• "We’v e been getting calls from people
asking whether they shoul d throw out thei r
alum in umpots and pans," said Steve Rudin,
a spoke sma n fo r the Alzhei mer Socie ty of
Cana da. Alzhei mer’s dis ease affects about
250,000 Cana dians. Alu min um cookware
wa son eof the origi nal suspect s in Alzhei-
me r’s, but the alu min um fr om pots is not
re adily abso r bed in the body. The amou nt
that ent e rs food is min ute, eve n if you stew
acid i c food in an alu min um pot, a spoke s-
ma nfo r Alcan Alu min ium Ltd. said.

• Alum in umcans are coated with lacqu er
or pla sti c to preve n tfood or drinks from pick-
ing up any met al, the Alc a n repre sent ative
adde d.

• Ant aci ds con tain alu min um and some
people take many table ts a day. "Yo u might

think this wou ld add a lot of alu min um, but
studie ssh ow it doesn’t seem to make much
differenc e," Dr. Forbes said. After a con tro -
ve rsy five years ago, ant aci d ma kers reduced
the amoun tof alu min umin their produ cts.

• Deodorants con tain alu min umco mpoun ds,
but it is a coating on the outsi de of the skin
and tends not to be abso r bed .

• Ma ny Cana dian com mun ities have hig h
natural lev els of alu min um in their wat e r.
Fact ors such as aci d rain increa s ealum in um
leve ls. In Newfo undla n dand Manitoba, for
in stanc e, natur ally aci dic wat e rab s orbs more
alum in umfr om the soi l . Bu t this alu min um
is the organic, or bou nd, for m,and does not
pose a risk, Dr. Thomas said.

Exis ting provincia l re commendation son the
leve l of alu m are set for technical rea son s,
rather than health con cer ns.

A meeting on setting a health standard
will be called this year, but Dr. Thomas has
no idea what the final number will be. He
said cit ies that repor ted to him yest e r day
in d i c ated that their wat e rha dfre ealum in um
in a range from100 to 200 mic r ogr ams per
li tre of wat e r.

Anyt hing bel ow 200 is con sid ere d a safe
rang e, alt hou gh Dr. Forbes said his study
fo und a hig h risk of mem ory imp air ment in
men who drank wat e rwith more than 215
mic r ogr ams per lit re.

Me a nwhile, tre atment pla n t swill con tin ue
to use alu m. Alt e rnative s are eit her more
ex pensive or not as effective in eli min ating
cont aminants from wat e r, said Lar r y Wil -
li ams of Alber ta’s env i ronment alprot e ction
age n cy.

Describe con cis ely the Ques tion that is the primary con cer nof the three article s reprint e din this Fig ure. If you identify
mo rethan one Que s tion, des cribe them in the order you con sid er to be of decrea sing impor tanc e.

1

Fo r the (mos tim por tant) Questio n you identifie d in the previou squ estio n, brief ly des cribe the fol low ing :

• the targe tpopula t ion; • the main explanator y variate;

• a targe tunit; • anattr ibute of interest of the targe tpopula t ion;

• the main re sponse var iate; −− ex pre ss this attribute symboli c a l ly.

2

What is theaspect of the Que s tion? Justify you ranswe rbriefly.

• Explain brief ly whether the inv estig a t ion sof hum an popula t ion sdes cribed in the article shave experimenta l or ob ser va-
tional Plans, and indicate what sta tis tical is s ueis raise dby this matt e rin the con tex tof the Que s tion bei ngaske d.
−− What inve s tig a t ion wit h anexperimenta l Plan is mentio ned in the article reprint e don the thi rd sid e (page 15. 3) of the

Figure? Exp lain brief ly.

3
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Figure 15.1. COMPA RATIVE INVESTIGATING: Aluminum in Drinking Wat er (co ntinued)

EM9506: The Globe and Mail, Apr il 7, 1995, page A8

Va riations noted in alu minum leve ls
_____________________________

Some wat e rre ading sastonishingly hig h, can vary wit h season s, geogr aphy, exper tsays

BY WALLACE IMMEN
The Globe and Mail

TORONTO – The amou nt of alu min um in
mu nicip al wat e rsuppli es can vary dramati-
cally, figure sbeing repor tedto federal health
officia lssh ow.

Studie sof mem ory los sdue to alu min um
suggest that 70 years of drinking wat e rwith
leve ls above 200 mic r ogr ams per lit re (parts
per bil l io n) mig ht raise the risk of mem ory
lo ss in old age con sis tent wit h Alzhei mer’s
disease.

Bu t in 1993, one pla n t in Ont ario tur ned
ou twa ter with 20 tim e sthat much.

"Some rea ding sare astonishingly hig h, ove r
1,000 mic r ogr ams per lit re," said Dr. Bar r y
Thomas, hea dof the federal Health Dep art-
ment section that is pla nning to set nation a l
st andards for alu min umin drinking wat e r.

Sea son a l variation s can affe ct alu min um
leve ls. Experts say leve ls tend to be hig her
du ring win ter and sum mer as wel l as after
sto rms, whi c hstir up sedim e n tin riv ers and
la kes that sup ply wat e rfo r cities. Hyd rated
alum in um sulphate, or alu m, is added to
remove silt and harmful bacter ia from wat e r
du ring tre atment . Some alum in umrema ins
in the wat e rpi ped out to con sum ers.

The maj or problem may be in hot weather,
said John McGrackan, mechanical assessment
offic e r fo r Ontario’s Env i ronment Min is try.
"Tre atment pla n t s have to produ c e mo re
wa ter in les stime dur ing peak sum mer de-
ma n d." Adding more alu m speeds the clarifi-
cation process.

Geogr aphy als oplays a role. Dr. Thomas

said that, in gen eral, the Marit imes repor t
low alu min umleve ls becau se mos ttowns use
gr oun d wa ter not tre ated with alu m. Cit ies
on the Prair ies appear to hav e the mos t
consis tent problem . Mo re of the alum in um
salts used to clarify wat e rmu s tbe added to
ov ercome hig h natural lev els of lim e that
ma kes wat e rharder.

Sa sk atoon repor ted leve ls as hig h as 700
in its wat e r, said Bla ine Ganong, acting direc-
to r of the mun i cip al branch of Saskatche -
wa n’s Env i ronment Dep artment .

Alum in umadde din tre atment, known as
inor ganic or fre e alum in um, is con sid ere d
the big gest health risk becau se new studies
in Cana daand Aust r alia show it has an
ability to reach the brain, whe re it col lect s
in cel ls responsib le for mem ory.

An Aust r alia n study fou nd that fre e alu-
minum at the lev el of 100 mic r ogr ams per
li tre accumulat e d in sig n ific a n t amou nts in
the brain s of six of eig ht rat s after bei ng
inje cted with the equ ivalent of just one gla s s
of wat e r.

Ajax 220 55 136
Br acebridge* 44 30 34
Grav enhurst 690 120 317
Hamilt on 120 49 81

King s t on 250 53 144
Me tro Toron t o(Harris Pla n t) 240 81 134
Me tro Toron t o(Clark Pla n t) 11 0 65 83
Ohsweke n 4, 350 66 1,088

Ottawa 220 57 11 5
Port Dov er 389 78 189
Rainy Riv er 1,530 170 623
Su dbury* 19 7 11
Win dso r 230 60 11 7

Dr inking Alu minum
Amou nts unde r200 mic r ogr ams per lit re of wat e rare safe but 1993 testing
sh owe dma ny com mun ities wit h mu ch hig her lev els

Commun ity Maxi mum Mi nimum Av erage

* Br acebridge and Sudbury do not tre at wit h alum in um
Ohsweke n’s phenomenally hig h peak rea ding of 4,350 was the res ult of mechanical
proble ms at the federally operated treatment pla n t, officia lssay

In the table of alu min um leve ls in the article reprint e dabov e, theaverage is use das a mea s ure of location; outli ne the ad-
vant age(s) and disadvant age(s) of this use of the ave r age for thes edata .

• Su gge s tanoth er mea s ure of location and outli ne why its use wou ld be more appro priat ethan that of the ave r age.
−− To inc rea s ethe effective nes sof the data pre sent ation, what wou ld be better than using eit her mea s ure of location by

it self? Exp lain brief ly

4

What mea s ure of variation is provide din the table of alu min um leve ls in the article reprint e dabov e? Outli ne the advan -
tage(s) and disadvant age(s) of this mea s ure for thes edata .

• Su gge s ttwo oth er mea s ure sof variation and outli ne why they wou ld be more useful than the measure provide d.
−− From the perspective of effective dat apres entation, what wou ld you prov ide in the table to quantify dat avaration?

Ju s tify you ranswe rbrieffly.

5

Na m ethe components of a mea s uring process.

• In the article sreprint e din this Fig ure, two variat es inv olv ing measur ing are alu min um leve ls in wat e rand the degree of
brain imp air ment. What infor mation is provide din the article about the mea s uring processes for thes etwo variat es?
−− What is athir d majo r mea s uring diffic ulty? Exp lain brief ly.

6
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−− Rank the three mea s uring issues in order of increa sing diffic ulty; justify you r ranking brief ly.
−− Fo r each of the three mea s uring processes, descr ibe briefly the main sou rce(s) of pos sib le mea s uring inaccurac y and

mea s uring impre c isi on; make it cle ar whi c hvariat e(s) are inv olved in you rdiscus sio n in each case.

6

In the secon d-last parag raph of the article reprint e dov erleaf on page 15. 3, .....(two) new studie s in Canada and Austra lia
..... are refer red to. What infor mation is provide din the three article sreprint e din this Fig ure about the two study popu lations.

• In each case, indicate brief ly how this infor mation, or lack of it, about the study popula t ion affects the Answe rabou t the
role of alu min umin drinking wat e rin brain imp air mentwith regard to theinaccurac y and theimpre c isi on of this Answe r.

7

Identify the main ways in whi c h sa m p ling is involved in the hum an studies that are the primary con cer n of the three
ar ticle sin this Fig ure.

• Fo r each use of sampling that you identify, des cribe briefly the main sou rce(s) of pos sib le sampling inaccurac y and
sampling impre c isi on; make it cle ar whi c hvariat e(s) are inv olved in you rdiscus sio n in each case.

8
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