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Where mce water defermifled the 
gakeern ofexplombjapa and seifIemen&it 
now enkmees the beau@ acmd chemcfer 
ofthe hnelsc~pe endpEays apowe$ul 
role in Caaaddan ddenfidy. For ceU these 
remons?and i~ the sheer abundance of 
OUT wafers,Canadianscan saad do fake 
pridee 





Water:the issues 


waeer is the life-blood of the 
environment. Without water ns  

Hiving thing. plant or animal9 can survive. It 
haiong the rivers and zrsund the sea coast 
and lakes that life of all kinds is richat and 
most varied. Water piap a unique role In 
the traditional economy and ~ukure  of the 
Native peoples. I?Eies deep in the concept 
of Canada held by a11 Canadians. 

Water is also a commodity: a 
recewable resource. The availability d an 
dequare and usable supply underpins our 
whole economy. Water is used for 
transportation and power generation, for 
waste disposal, recreation, agriculture, and 
fisheries, and is essential both In 
manufacturing and in the service sector. 
Happily. it is possible to use water without 
depleting it5 supply. But water is a 
fundamental cornDonem of a m m ~ l e x  
ecosystem. Its maximum sustainable yidd 
is set by the effects of its exploitation in this 
totd system. 

Evidence d over-eapbiaaeion and, 
with it, evidence of the linked effect of 
envirortrmnend stress is all roo cle22r.l 
Pollution from human activities has 
destroyed aquatic life, inhibited the 
reproductive capacity of mammals and 
birds, and threatecs human health. Misuse 
of water resources causes widespread 
degradation of soils, disrupts t h  supply of 
potable water and germerates massive 
economic losses. The movement of 
pollutants through the rivers and seas and 
through the atmosphere presents the 
world's ecosystems with. common threat. 

Water facts:a nagmd profiie 
Canada hd& 20 per cent of the wod8s fresh water, but has only 9 per a n t  of 
the world3 fresh renewable water; the rest Is "fossii water,'" legacy of the 
melting Piektmene ice sheets. 

@ A b u t  7.6 per cent of Canada is 
ewered by fresh water; the nation's 
rivers and lakes contain enough water 
to flood the entire country to a depth d 
more than two metres. 
@ Sprtfwhing amuwted for $1761 
million in expenditures and investments 
in 1980,sf which $309 million was 
contributed by foreign anglers. 
@ The measurable wntribntian of 
water to the Canadian m n s r n y  is 
estimated.to range between $7.5 billion 
and $23 billion per year. 

@ Approxhatdy 90 per cent of 
Canadians live within 160 miles sf the 
southern 'border7 but 40 per cent of total 
river discharge runs north. 
@ In 1984only 2144of Canadds 3250 
communities had sewers. Of these 
communities, only 1442(or 44 per a n t )  
had some kind d sewage treatment. 

Approximately 57 per cent of 
Canadians (1980-81 data) %re served by 
wastewater treatment plants, compared 
with 74 per cent of Americans, 
86.5 per cent of Germans, and 
98 per cent of Swedes. 



Sustainable development 

on oar present path 
compromises the basic integrity of 

our total eravirc~nnaentalsystem and, with it. 
ou: economic well-being. The report of the 
Macdonald Commission2 recognized this 
threat. More recently? the report of the 
Brundblarad Commission3 stated bluntly 
that the planet carno: sustain current 
destructive industrial practices when its 
population will double in the next 35 years. 
As a solution the repmt calls for a new era 
of economic growth baed on policies that 
will sustain and expand the environmental 
resource base. Such growth is essential if 
world poverty is to be reduced, but requires 
new that integrate environment and 
econonn~r:and tackle the sources of 
environmental problem, not their 
symptoms.

call for smsalnable development 
has been strongly endorsed by ~anadiana. 
Last f2II a coalition of Canadian 
ealvlronment ministen, bnsiness ieaders, 
and environmentalists accepted the main 
conclusions and recommendations of the 
B~undtland report and urged the Prime 
Minister and the premiers to wake 
fun&menhl changes in the way the 
country steers the economy? The F'edeml 
WaterPoiicy, also issled haa the fall of 1987, 
takes as its overall objective the need to 
enccbuwge tlhe use of fresh water in an 
efficient and equitable manner consistent 
with the social9 economic, and 
environmental needs of present and future 
generations.' 

The health of orir wdbm-ays is an 
index of the health of our environment as a 
whole. Consquentlg... water policy shodd 
be in the nature of a road map for the 
future, charting enviromentally and 
swialiy desirable goals, purposes, and 
directions. We need 60 decide what is 
inrprhnt  and direct our science arid 
technology policies for water accordingly 
2% fail is tojeopardize the future of our 
children; to succeed is to assure for them a 
healthy eravironaent and economic 
prosperity 

Wateris lhe k$e-b!ood of the 
enviroaamenb. Wr'fhoaitW ~ E Pno biv i~g 
thing9planb animal, S @ P V ~ Q -



The need to act now 

ater shortages and poilution wthreaten not only the qaaEity of 
human life, but the existence of fish and 
other aquatic species, b i d ,  rna~nnrrds,and 
plants. Shifts in species mmpsition are oae 
of the most sensitive indicators of stress in 
aquatlc systems. In recent years. pollution 
from farming. forestry, mining, 
manufacturing, and other human activities 
bas seriously disturbed the composition of 
spaies and greatly increased the rate of 
species extinction. For example, it is 
meinaaled that aquatic system in some 
parts sf nochmstem Nostta America have 
lost up to 28 per cent oftheir species 
because of acidification by the long-range 
transfer of air pollertan$P IronicaBly, at the 
same time as we adopt a goal of 
sustaiesabiliep we may already have altered 
many ecosystems to such an extent as to 
make sustainability diffi@ult to achieve. 

The need for urgent action to maintain 
the health of our water systems is already 
directly evident to Canadians. Shortages of 
fresh water and pollution threaten the 
quality of life of many Canadians, and the 
quality of drinking water is a problem in 
several parts of the country. Demand for 
water ir, the southern Prairia and the 
interior of British Columbia already 
asprcraches the limits of supply and 
shortages in dry years are increasingly 
common? Northern and Native 
communities are particularly vulnerable. 
But a seasonal shortage of water can affect 
almost any part of the country with serious 
results. Era the summer of 1987, for example, 
residents in parts of Newfoundand had to 
boil water for drinking, others had to travel 
long distances to obtain water; factories 
closed and buildings burned down, all 
because of a jack of adequatesupplies." 

Pollution is more sften the cause of 
water problems for Canadians than any 
absolute scarcity of supply. Sewage 
treatment is a =e in point. Fiftyseven pee 
cent of the population is served bsewage 
treatment plants. An additional28 per cent 
is served by sewage collection systems but 
this sewage is discharged into a river, lake, 
or oman without treatment. In Ontario and 
povinms further west, nearly ssll sewage 
collected seceivcs treatment prior to 
discharge. But in Quebec, despite a 
pmgaam to provide atleast primary 

Native ~omrnu~itks 
The standardsof water supply and sanitation on the Native reserves in 
some p:& of Canada are much lower than in many developing countries. 

1 @ There are an estimated 330 OW 

1 
Indians in Canada; appeoximateEy1 70 per cent,or more than 220 000,lived 
on reserves in 1884. 

The majority of Indian reserws i~ 

1 
northern ,41krta lack propee water1 supply and sewage disposal facilities. In 
%ashechewan and fiwitoba, where 
Indians represent between 4 and 5 per 
a n t  d tke population, fewer than 15 per 

Gent of the on-reserve houses h d  
running water in 1977and fewer khan 
80per cent of the homes had sewen or 
septic tanks. 
@ Only 58 per cent ofthe on-reserve 
Indian houses across Canada have mn- 
ning water; more than 103000 Canadian 
Indians live in h ~ w awithout running 
water. 



trelitment of all municipal effluents by 
1998,and in parts of Atlantic Canada only 
a small percentage of sewage ~ H e c t e dis 
treated? Even where treated, the sludge 
dumped contains contanrainants that 
generate water probbm. 

Diffuse pollution - from farming, 
forestry, urbikn discharge, transportation, 
construction, and saniknbion kandfith - into 
ground-and surface water suppilesis also a 
major problem, and one much less 
amenable to management md control. Soil 
erosion from agdc<ktural Band is the major 
cause of non-point pol8rationz.'0 The 
problem extends throughont the country. In 
Saskatchewan, annual losses of zhs much ;~s 

5.6 tomes of soit per hedare have been 
recorded. In New Bru~swick and Prince 
Edward Ishaad annual losses of np to 20 
tonne Der hectare are not uammnron.l" 
The eroded material contains fertilizers and 
pesticides, c a w $  severe sedimentation, and 
by its heavy demand on oxygen threatens 
squatic life in st-~eams. 

rite long-range transfer of pollotants 
through the atmosphere poses an additional 
threat to the quality of water. Sulphur and 
nitrogen oxides from srndter plants, coal- 
bnrning thermal power plants, and vehide 
exhausts, as well as from industrial, 
commercial, and residential fuel 
a>mbustionhave been the cause of greatest 
popular concern. k t  acid rain is nor the 
sole titmospheric pollutant. Other toxic 
organic substances, pesticides, and heavy 
mehis threaten aquaticsystems. 
Rbdloactive residues were found in lichens 
in the Canadian Arctic in the aftermath of 
the Chernobyl nudear disaster in 1986,and 
industrial pollutants &ensAsia, Europe, 
and the southern United States are now 
t racd to such previously pristine areas as 
arctipic lakes and the headwaters of the 
Rocky Mountains.12 

All these types ofpdlution lead to 
contamination ofthe groundwater on 
which Inore than one-quarter da11 
Canadians rely for their water supply. 
Pollution from agricultural sources is 
possibly the greatest end most intractable 
threat. The full extent sf groundwater 
contamination in Canada is unknown and 
predictions of future. contarnination have 
not been made at either a provincial or 
national level. Where coratamination has 

Gtomdwater 
The health of a million or more Camndiansmay be affected due to the 
consumptiondconhmhated wdl water. yet the extent ofg~sundwaterwe 
md the extent of contamination is poorly mdentookf. 

@ Twenty-six per cent of Cm~18dians 
{6.2 million people) rely on 
groundwater for CBOm&ic purposes - up 
from 10 per cent in 1960. 
@ Eighty-two per ant sf m a l  
Canaiaws @bout 4 miliisn p p l e )  rely 
on groundwater for domestic pupma. 
@ Thir%y-eight per a n t  of ail QndEan 
municipalitiesrely partly or totally on 
groundwater. 
@ Tke total anmba sf recorded wdls in 
Canada is about 9043 000.The true toti1 
is thought to be as many as 2 manillion. 
@ Groundwater provides nearly all the 
water us& to prdnce livestock in 
Canada. 

@ Organic herbicides spmyd along 
transmission corridors for power lines 
have contaminated bedrock weUs in 
Quebec. 
@ It is often h p s s i M e  is restore 
g0111lntedgroursdwzter b pobbte quality, 
@ At any one t h e ,  groundwater 
represents about 37 times the total 
amount of water contained in rivers and 
lakes. 
@ Groundwater flows through the soil 
at rates as §Stowas BO enthane4res a day 
and may travel only 1-2kilometres in a 
year. thm it may rdde hthe ground for 
thourn& of years from time sf  entry to 
discharge. 



already occurred, its removal, even where 
possible, is difficult, slow, and expensive. 
When discovered, it isusually ber 
so~atarnination bas changed the ta%e or 
smetl of thc water or has had immediate 
effects on health.13 

Although airnost all Canadians have 
r e d y  access to safe drinking water and are 
served by some form of sewage treatment 
facility, few Canadians arc not diheed y 
affected by in~creasing water pollution or 
unaware of its most visible effects. 

Estimates of the lakes at risk from acid 
rain range up to 600 OW;already as many 
as 100900lakes have been damaged.14 
Ailthough all provinces have some caw& for 
concern, serious damage to lakes and rivers 
is found In particular in Ontario, Quebec, 
and parts of Atlantic Canada. Hundreds of 
Ontario laka  have no h h  because of acid 
rain. In Nova %otia several rivers no 
Ionger have salmon rum, while sthers have 
salmon fsheries bordering on extincdoa. 
Acid rain is also threatening waterfowl and 
arnphisians by destroying imeds and small 
aquatic plan$ and animals vital tc. the food 
chain. Inaddition, there is recent evidence 
d acidifiatisrr in shallow groundwate~.~~ 
@ Between E968 and 1972 the dumping of 
used oil wastes, mainly from the chemical 
and petrochemical industries, pol!utett the 
groundwater betweern the towns of Mercier 
and Ste-Martine, Quebec. Several thousand 
residents had to switch born local wells to 
suppliesof water piped in from outside the 
region. More important, residents were 
subjected to pstentaal h d t h  risks from the 
water they consumd before the 
contamination was r~cgnized.By 1986the 
direct cost of the contanination wa5about 
$10 rniEion. Even %e expenditure nf =any 
more millions of dollan may not ensure 
that the aquifier will o ~ c e  again yield 
potable water.'h 
* The liaternationd Joint Commission has 
identified more than 360 chemical 
compounds in the Great Lakes." Many are 
potentially dangerous t~humans. Their 
prmence in fih laas caused Ontario to set 
guidelines on conswrnption. Tamours and 
lesions have been found on various species 
of fib, including buliheds and salmon, and 
their capacity b reprod~ce has been 
questioned. Fish-eating birds such as 

The Great Lakes: a stressed ecosystem 
The Great Lakes, with a total area of wppraxirnateiy 246 050 square kilometres, 
are the largest freshwater system in the world. The lakes supply one-third 
of all Canadians with drinking water. 

@ More than 40 million people live in 
the Great Lakes basin. The basin 
mctains three-quarters of Canada's 
industrid activity, almost two-thirds of 
the population, and almost half the 
dollar value of Canadian agricultural 
production. Various human activities 
within the basin have harmed the water 
quality and aquatic Eife forms. 
@ More than 350 chemical compounds 
have been found in the Great Lakes 
ecosystem. Among them a x  a number 
of persistent toxic chemicais, including: 
Alkylated lead 
Benzo(a)pprene 
DDT and metabolites 
Diddrin 
HexacEorohenzene 
Mercury 
Mirex 
Polychloranated biphenyls 
2.~,7,8-tetrachloradihenzofura1: 

2,3,7,8-tetrac~orodibenz~-p-dioxin 

Toxaphene 
@ The wetlands along the Canadian 
side of Lake Ontario covered about 

4500 hectares in the late 28th centarp 
Little more than 2508 hectares remain. 
@ While the commercial catch in 
Canada's Great Lakes fishery doubled 
between 1891and 1585,bke poportion 
of preferred, high value species fell from 
50 per cent to spproxirna?ely3 per cent 
of the totat catch. 
e Of the 10most highly valued species 
of fish in Lake Ontario, seven have ~ u w  
almost compietely disappeared. 

However, there are some positive trends: 

@ Pinssphorom loading in the Great 
Lakes and m the St. Lawrence down to 
CornvvzIl fell from 32 562 tomes per 
year in 1976to 28 786 tomes per year 
in 1983 - a reduction of more than 
I k per cent. 
@ Concentrations 3f DBT in lake trout 
have decredsed in Iakes Superior, 
Michigan. Erie, and Ontario. 
@ Herring gdl  egg  indicate a 
significant decline in li wide range of 
coatan-rinants between I974 and 1986. 



herring gulls and baldeagles have been 
affected and some of their populations 
areund the Great Lakes Rave seriously 
dedind. Regional dechkes in mink have 
been I i~ked to contaminants in the fish they 
ea",Evidence also links a recent sharp 
increase in deaths among b luga  whales to 
the consurnpti~nof 51hpoBlbkted by 
contaminated sediments in the Great 

These problem are immediate and 
real. In the longer term, no-one knows 
precisely what pressures on water resources 
future c!imatic change might briag. 
Projestions sf the '~reenhonse" effect 
t~cHndeincreased precipitation ie the Arctic 
and southeastern Canada, with n s  change 
GP even a reductic~nin most of the rest of 
the conntry. The seasonal distribution d 
precipitation would change: wiqter 
precipitation is expected to increase 
dramatially :n the west, with no change or 
a decrease in the cat. Summers wouid be 
drier with more frequent droughts except in 
the Arctic and in the St. Lawrecce-Atlant~c 
region. 1nc:eases in winter precipihhion 
would add to soil erosion and increase 
drainage prohlems. Irrigation could expand 
into southern Ontario and southern Qtaebec 
and the demands an water for irrigation in 
the West couid increase and intensify. 
There could also be major adjustment 
problems In matching suppiy of water to 
demand iupatterns of settlement and 
economic activity extend into new areas 
ar~das individual communities decline or 
incrmw.19 

The future is unclear. What is clear is 
that water9 already high on the kist dpuMdc 
concerns, must move to the top of the 
political agernda. As its availabiiity alters 
and demand shifts,contlicts between water 
users - d l  increase. The availability of water 
and it9 quality will be secc)griized :el as key 
determinant of economic and environ- 
mental health; its absence a pressing threat 
to national security and well-being. 
Sdeaatific research is long-term and requires 
commitmer~t.To avoid reliance on forced 
response under crisis and to use science and 
technobgy to anticipate and prevent 
problems requires that the necasary 
policies for water science are put in plaso 
n6PW-



I water facts: regional profiles 
Canada as rr whole has more than its share of fresh water. UnfortunateEy, this water is not always we want it when we want it. 

Brm'd&hColumbia 
e BE.  hss the greatest flowof water 
among the provinces. Hdf corn@from 
the me-sixth sf t h  province9$ area 
occupied by the C o s t  and Island. 

@ Despite local water shortages, the 
province has 114W t h e s  more water 
than it consumes. 
@ 1W 800hatares of land are under 
irrigation in B.C. 

PrairieProvinces 
@ With only 2 per cent of Cmda's 
water, Alberta in drier years accounts 
for more than 50 pa cent d the water 
cslmsmed. 
@ More &an half of Canada's irrigated 
land and most of the water-intensive 
secondary recovery of oil and gas are HE 
Alberta. 
@ More than 58 per c e ~ t  d 
Saskatckewans rely on w e b  for 
hoasekold water. 

Quebec 
@ Only 19.5per cent sf Quebeckers are 
served by sewage treatment plants, 
compared with the national average of 
66.0 per cent (1886 data). Since the late 
1970s Quebec laas k e n  undertaking a 
program to provide at l a s t  primary 
treatment of all eflloene by 1990. 
@ Fish in the James Bay region contain 
higher levels of mercury than fik 
anywhere dse in the world. 
@ Toxic chemicals originating at points 
along the St. Clair and Niagara Riven 
have k e n  found in water, sediments, 
and fish as fir down the St. Lawrence 
asQuebec City. 

TheAtlantic &ovince.~ 
@ Since 1979,500 wells in New 
Brunswick have beerr contaminated by 
!=king petr~%&urntmks. 
@ f i e  entire population of Prince 
Edward hland relies on wells for 
homeheld water. 
@ Only 12.7 per cent of the population 
in Ne\wSoundlmd is served by sewage 
treatment plants; the national average is 
66.0per cent (I986 data). 

Onlff Pi0 
@ ABmat 25 per cent of Ontarians rely 
on wells for household water. 
@ Northern Ontario alone could bse 
up to $230 million in income from 
tourism each year as a resuit of acid rain. 
@ In August 8887 all beaches in 
Toronto were posted as unfit for 
swimming becaw of the risk to heaitk 
posed by pesUntion. 

The LVor$h 
@ The Yukon and the Northwest 
Territories are home to fewer than one 
in 200 Carradians but contain 30 per 
cent of Canada's f s h  water. 
@ Canada's glaciers mntain more water 
than do the Great Lakes. 
@ The North is an arctic desert with 
low precipitatior,, so many mnsmuaities 
5nd it difficult to g t  dqndabk 
supplies sf safe drinking wztea, Some 
communities insulate or beat water and 
sewage lines and draw water from hkes 
and rivers below fizzing depth. 



11the major eavi;cpnmentid trends 
&bat threaten the planet impinge 

directly or indirectly on the availability af 
fresh water or the need for it: degradation 
of water, soil, atmosphere, and fcrrests form 
interlinking processes of cause and effect 
that span the continents. Their impact, in 
terms of hunger, overppd~tion, erosion, 
climate change, and species diversity are di 
major themes about which our water 
scientists mmt be con~erned.~O Policlm to 
respond to these issues weed to be long-
term, csrnprehemive, and iilrerrelated.And 
they should be baed on science. 

Recognition of the need far water 
science has already led Canada tu build up 
internationally re&ge?ized expertise in 
physical hydrology, engimmring 
applications to water management and 
deveIopment (such as in irrigation and 
diversions), and the treatment sf 
conventional po11~tmts.2~Past research has 
helped resolve many grobleans in these 
areas. For example, our capacity to manage 
csnventionaE water pollution -such as 
contamination by bacteria, oil, phenols, and 
over-abundant nutrients from the 
traditional sources, such as sewage pipes -
ha.. been greatly increased. Scientists and 
engineers also know well enough how to 
predict the frequency of extreme droughts 

1 

and Boods, and how to determine water 
levels for optimum design and csperation sf 
dams and other river and lake control 
structures. There is considerabie expertise 
in river basin planning for multipie uses. 
Same expertise atscr exists in the economic 
and social dimensism of water problem, 
such as pricing and allmatisn. 

Neverthe%ess,more research related to 
the above questions iurgently needed. 
Basic gaps in understanding remain on key 
technical issues. Far example, knowledge of 
pollution af the snow pack and its effects 
during spring melt is not secure. New 
knowledgecan still lead to improvemeats 
and could avoid many millions of dolhrs in 
damage to ?he envirormment and to people. 
And in addition to mew knowledge, wore 
specklists are needed who have the 
ikigination to predict and prevent 
conventional water ~ollutisn: emanded 
banks of ohervatioial data are &eded to 
guide them. However, tPpaditIsnral Bines of 
enquiry in water-quality research, 
hydrology,md the mcimon~rnicsaf 
water management should no longer be the 
main fmus of Canada's overall research 
effort. A new agenda for hydrological and 
other water-related research is now 
required. 

Depriving arctic waders ojeas Ii#He kas 
5 per- -cent cjfheir supply o jfresh water 
WOUMwarm $heArctic am'trigger 
ciimatic changes ovw a wick area -
P O S S ~ ~ ~on 6a gbhd ~ ~ d e ~  

The freshwater-marine environment 
Wiver water rianaing into the sea is w d  wasted. 

I 

@ Freshwater runoff into arctic waters 
helps maintain the low d i n k y  upper 
layer. This a& like a lid preventing 
warmer, deep walr from reaching the 

1 surface a d  increasing the Bow of heat 
and moisture into the aimmphere, 
hereby altering global weather patters. 
@ Depriving arctic waters of little as 
5 per cent ef their supply OF fresh water 

1 	 would warm the Arctic and trigger 
dimatia:changes over a wide area -
pssibEy an a global sale. 

Even a minor reducion in fhmk 
I water runoff could affect ocean currents 

in the Arctic and patterns of formation I 
I 

and break-up of sea ice. 

@ The flow of fresh water into the 
m a n s  f~n&men~Illlyaffects fiih 
populations. Barns and diversica~shave 
decrmed the freshwater runoff into the 
St bwrer,ce and reduced lobster 
catches along the Gulf 
@ The creation of hge  dams and 
rmrvoirs in the Ssvid Union has led to 
a serious decline in the Mack Sea fishing 
indusey. The byel of the Caspian Sea 
has fanen and Fiheries are threatened by 
i n ~ r e w dsalinity and altered water-flow 
patterns. 
@ h 3 pX Cent of ~ ~ d f ' s  1 
water is fresh, and most of that is I 
haccessibie. Little more than 0.01 per  
cent of the Earth's water is in hkes, 1 
river% soil, and the atmosphere. 1 



Research issues 

mong the most evident, and most 
serious, tanraesoived research issues2" 

facing Candians are: 
1. The transport of acidic and toxic 

substances from the atmosphere into 
water bodies; the effects sf such 
substances on aqmtic systems and 
fitness of water for various uses; and the 
volatilization of toxic sub;r;bnces from 
Iakes and rivers to the atmos~hereand 
their subsequent dispersion. 

2. 	The changes in water supply9 which will 
probably be brought a b l ~ tby air 
pollution-induced climate warming, acd 
options for adaptation or responses to 
such changes. 

3. The movement of toxic chemicals into 
groundwater from damp shes and 
nndergound storage and disposal sites; 
nonpsint sources of chemimis wed in 
agriculture and fo~esbry~the behavionr 
sf these chemiais, and tbeir impact on 
water supplies and uses; md the lomti~n 
of "safe" undergound disposal sites for 
toxic and radioactive wastes. 

4. 	The ddeminatioisn of the future 
economic and social value of water near 
its glacesf origin and in-chmel, and 
the need to give proper weight to this in 
considering p ro jab  to withdraw or 
divert water. 

5. The effect fin aquatic ecosystems of 
increased ultravioter radiation due to 
9zone depletion. 

4. 	 The relations between fresh water and 
the marine environment. 

5. 	 Mechanisms for resokvingconflicts 
between competing users, 

8. 	 'khe emlogical effectssf diversions of 
water both from one river basin to 
mother and out sf one ocean drainage 
$%in into another 

9. 	The nlthate fate and impactsof Iow 
levels of toxic chemicals discharged into 
the environment. 

Theseissues all have two ehrackristics 
in common: they require an inter-
disciplinary approach to water research, to 
water policy development, and to 
implemenktbn; and they are international 
in scope. 

I Add rain: maeihde and costs 
Acid rain is now a gloM phenomenon. Canada ranks as both mntcibubs and1 unwilling victim: 

I 

@ North American industries and @ Twenty-four speck  sf birds are 1 autamobiier annually discharge M endangered in astern North America 
million tonmes of acidic suIphur and asa result of the imp& of acid rain on1 nitropen into the atmosphere. the C o g $  chain. 

The ENCB Ltd. smelter at Copper @ The growth rates d spruce, pine. 
Cliff,Ontario is the largest point source and fir in some p r t s  ~f Ontaris and1 
sf sulphur dioxide in Canada, emitting Quebechave more than halved. This 

1 866 W.3 toones per year. le wold cost dramatic decline, cawed iin part by acid 
INCO about 3 to 23 cents per pound of rain. isb d  news for the forest industry, 1 	 nickel to reduce these emissions by which indirectly employs 1in 10 
58 ger cent (1980 dues ) .  Canadians. 
@ Some prts sf Batem Canada @ Half the automobile mrrosion inI 	 receive asmu& as 45 hilograms of acid Canada may be due to =id rain. 
per htxtare annm1191 Acid rain causes at least $285 million@! @ Approximately 14 000 lakes in damage sannuazallyto building makrils. 

I 	 Canada are biofo&cail!y dead and, 
onless acid depositionsrtbe reduced, 
another I0 to 40 OW will die. 



The institutional framework for research 


epeated reviews and Inquiries have 
examined the state of Canadian 

water science and the organ~ation of 
research." Several of these studies have 
focused ow the role of B~zvironment 
Canada. As the department responsible for 
more tharr 50 per cent of all water research 
this is the l e d  federal tigency- But many 
different federd and provincial departments 
and agencies are invdvd in water research, 
or in the me of research findings, awell ns 
municipal governmen& private firms, 
im6emationz8Mies,  and the general public. 
The very diversity of actors mmpiimtes 
analysis. 

Federal departments involved include 
Environment, Fisheries and Ocmns, 
Agriculture, Trampart, Communications, 
External Affairs, MedbR and blehfare, 
Indian and Northern Affairs, and Energy? 
Mines and Resources. Environment 
Canada administers the Canada Centre for 
Inland Waters and the Nationd Water 
Research Institute, both in Budingtsm, and 
the Naeiawaj Hydrology Research Institute 
in Saskatoon. Fisheries and Oceans 
administen the Freshwater Institute in 
Winnipeg, The Padfic and Freshwater 
Service of the department also carries out a 
oon~bersf activities related to water 
research. Other federal bodies involved 
include the International Joint Commission 
and the National Research Council as well 
as the major granting councils, especially 
the Natural Sciences and Engineering 
Research Cooncll. 

At the proviwciak bwl, key 
responsibility for water rests ~ 5 t h  
departments of environment, natural 
resources, and agriculture. Mmt universities 
are b v d v d  in ssme wabr-rekited 
research. Major cen~res include the 
Westwater Research Centre at the 
University of British Cdumbia, INRS-Eau 
at the Universitk du Quebec (Ste-Foy), and 
the Institute for Bnviromenertb Studies at 
the University of Toronto. 

The federal government provides over 
70 per cent of the funds wed for water 
research and spends 98 per cent. Provincial 
governments contribute 16 per erne  of the 
total. Industry provides a b u t  4 per cent. 
The remainder comes from municipal 
governwen&, aaivenitiei, and other 

groups." The predominant role sf federa8 
funding and the i m p o m m  of government 
research activities has %eftwater research 
particularly vulnerable in the late 1980s 
period of financial restraint. The result is an 
ageing science population and Isw 
rnorale.ZS 

The organization& arrangements that 
met past needs are ill-suited to future 
rq~irements.In particular, most emerging 
issues require that psiicy makers are &kc: to 
me the basic research generated in many 
diEerent disciplines. T h q also require a 
tong-term csmmitmenn to research; a 
commitment that a n n b  be wet mder 
management practicx3"J~igrred to meet 
day-today regulatory needs. 

Attempts to devdop better insti~dtiond 
arrangements Rave foundered. The 
establishment of the Cmada Centre for 
Inland Waters (CCPW) in 19% was one 
attempt to encourage interdisciplinary 
work. Until 1972, the attempt was 
successful. Scientists from Energy? Mines 
and Resources, the Fisheries Research 
Board, and Health and Welfare worked 
together to address the problem ofpdlutioa 
in the Great Lakes. The signing of the Great 
Lakes Water Quality Agreement in I972 
did result in coordinated research on 
pollution in the Great M e s ,  but 
departmental reorganization tended Is 
discourage an te repamend cooperation. 
This further dkwuraged s~iemists from 
different departments and dkdplines from 
working together and the research effort at 
CCIW became f~agrnenkd.~~ Specific 
attempts to encourage moperalion met 
with only s p r d c .  success. More r~entdy 
(in 1987) the Marine Ecology Laboratory, 
an intewatiomIly renowncd inter-
disciplinary ~ w r c b  cenbe at the Bedford 
institute for Oceanography, was disbaradd. 
These moves have pushed water science in 
Canada toward short-term, managed 
research with a naprow disciplinary fwm 
and reduced its capacity to anticipate and 
prevent, and to respond to long-term 
strategic n d .  



A vested interest 

aintaining the quality of theMCanadian environment is primarily 
a domestic; responsibility. But we arc 
moving beyond a period sf acute, Localized, 
a d  relatively simple environmental 
problem to one of chronic, global, and 
extremely complex problems in which 
Issues of ecoEogica1 stability and economic 
development are closdy intertwined. Just 
as water d m  not stop Wowing at political 
borders, so poilutantotransferred through 
the atmosphere are ROE necessarily 
deposited on their sotirce rcgion. EfCanada 
k to assure and improve its own water 
resources It must increase its participation 
in biiateral 2nd mraiti!ateral negotiations cana 
environmental smnd8rds and mntroEs. 

C a n a u s  international role in 
env~ronmenkd issues hkes many form; it is 
evidenced En such achievements as rhe 
Great Lakes Water Quality 
rind in the Imdemhip provided by 
individual Candraras in, for example, the 
World Climate Programme, and in the 
development of the Br~ndtland Report. 
bhny  Canadians also contribute eheir 
technical and managerial skills to other 
countries through the Canadian 
Enternational Development Agency 
(CIDA) and through many o t h e ~  
government and nongovernrnent organiza- 
tions and agencies. Ow image as an 
environmentaliy aware pespk (particularly 
vaieh regard to water), the legacy of 
generations of good Canadian water 
scientists, and the importance of our 
engineering consulting fimsaI%bdsrer our 
international repaamtion. Recognition of the 
g10bal nature of many water pfoblenss now 
remires that to meet om own needs we 
assume an even greater responsibility - as 
leaden in a move to rm!ve the critical 
water problems facing dmmt all parts of 
the wor8d 

Theoretically, glohl water resources 
might be suEcient to meet demand until 
2015. However, the demand for water and 
its availabihty are unevenly spread. 
Amording to current paerjedans, even 
comprehensive and well integrated water- 
management schemes will be inadequate to 
sustain eke h c r w e  in population in Europe 
and South and East Asia. Africa will also 
face acute water problems. In addition, 
although Levels 0%wastewater treatment 

will probably be much higher than they are 
t&y, continued growth in industry's need 
tor water threatens a continued i ~ a e a s e  in 
the coldearnination of the world's fresh 
~ a t e r . 2 ~Above aII loons the threat posed 
by deforestation. Between 7.6 million and 
10 million hecares of tropical forat are 
eliminated each year; at l a s t  a fiirther 
10miElion hectares are grossly disr~pted.~9 
This is musing serious erosion m d  soil loss, 
dimptimg complete drainage system and 
destroyinga iarge proportion af the worid9s 
plant and animal spmies. Deforestation 
threatens g!ohal dimatic change and poses 
a long-term threat to ecological stability 
throughout the wodd. 

Canada already plays a signific'aca~trole 
indevelopment projecb reiated to water. 
Canadian involvement in the Third World 
combines idmiism and m m  sense of moral 
responsibility with hard practicality In the 
Bong rua at least. the T'nird World offers an 
enormous market for Canadian technology? 
and work overseas provides hvaimble 
training and experience for Cmdian 
scientists. CIDA funds water-related 
programs under three main headings 
including water and sanitation, energy 
(hydroe!ectricity), and agriculture 
(irrigation). The total vdue sf bilateral 
program in the Water Sector in 1986was 
$60.5 million or 3.2 per cent of the total 
ChDA budget.30But the tohi share of 
ClDA's budget for water r a s u r e s  is 
probably about 10 per cent. 

ClDAs role In water development 
projects in the Third World lkks doIEas aid 
to the provision of skilled personlaei md 
?.ecbnology; and in particular to training 
indigenous penonnel. But if Canadians 
accept the need to pay greater attention to 
those ecological impaa?ives and planetary 
consideratisns on which sound policies 
depend, they mist also strengthen their 
contribution to the rlsdution of water 
problems in other parts of the world. 
Chadian research ow such issues as 
the pollution sf the Ghat h k e s  and 
St. Lawrence, groundwater contamination, 
iamdlast~ial spills, a i d  rain, and sewage 
treatment is sken more wmpadble with the 
neck of other developed countries than 
those of the Third World. Yet the ways an 
which Chadians might empby this 
expertise a b r o d  are p ~ % ydefined, 



An adequate, safe slapply of water is a basic:Pluman right, yet: 

@ Worldwide, 1.3billion people 
(24 per cent) Hack safe daiaking water 
and B .? billion (34 per cent) iack water 
for sanitation. 
@ Eighty per cent of the rural 
population3 of 73 African and Asian 
countries, whsse populations are mostly 
rurai, da not haire access to safe 
drinking water. 
@ Sne-quarter of the world%pmple 
lack safe drinking water and sanitatlsn. 
Water-borne d i s w a  kill at least 
25 aillion people in developing nations 
each year. An inadequate water supply 
is implicated in trachoma bhicdness 
(500 naillion sufferers), scbistsscrwiasis 
(250 million), 3rd elephantiasl~ 
(250 miilion), 
@ Diarrheal diseases resulting from 
impure water a&ct 500 million people 
cach year and are the largest killer of 
children under 2 years old. 

However, significant progress has been 
made: 

@ The proportiom afswal people 
without access to safe drinking wafcr 
dec~eascdby 25 per cent betwen the 
1960s and the 1980s.(However, thc 
sa l e  d rural to urban migration has 
prevented any increme in the 
percentage (apprsxirnikfe1y 78 per cent) 
sf the urban population that has a safe 
water supply.) 
@ Between 1973 and 19?8,%?0million 
people gained a c e s  to a safe water 
supply and 180 lahillion ob~ained 
adequate sewage treatment. 
@ Third World governments and donor 
nations qewd about [U.S.) $1500 mil-
Eion each year on rural water supply. 
@ The swnudl expenditure of 
$28biElisnr necessary to provide all 
people on Earth with safe drinking 
water and adequate sewage treatment 
by 1990 represents about 4 per cent of 
annuaa global military expenditure. 

A ccbo?-dinglo ~uP"P"e~~p~ojecdti~nsS~i .~en 
comprehensivessnd wen in&cgr~ted 
wafer-mnagementsch~meswi/!be 
i~adeequert~ the ia~cremeto S U S ~ G ~ ~  in 
pop&ibatio~in Europe and ,70uth asid 
EasfAsia. Afrtc6i aviEI alrof~cee;ac?e 
avalcrpi-obderns. 



Spin-offs from science 

cience can clearly wratrbute to water 
policy by clarifying how m ~ c hwater 

?here is, where it is, at.what ratt: it is 
repieniished and purified,the sources of its 
poIIution. and how it can be deaned up. 
But the results of research must aBo be put 
to full use. The application of science in 
new technologies provides a mans  to help 
preserve our environment and protect 
water resources against abuse. Such 
technologies could dw crate  jobs and 
gmrdte a valuable wwce of income. 

To date, the quality of water sience in 
Cmada has allowed Canadians to 
contribute to the iaeernationai pooE of 
knowledge abmt wabr md water-related 
k ~ u e s . ~He has h d p d  provide a basis for the 
development in Canada of some of the 
largest engineering consulting companies in 
the world. However, It has not I d  to h e  
development sf a strong, domestic 
manufacturing industry for dean-water 
technologies. 

f i e  treatment of water and 
wastewater involves a wide variety of 
different Water beatment 
for mmt mranicipaiand industrial 
applications has trditimaliy involved only 
simple methods of fihration and biological 
control. However, even this level of 
treatment has many variations and involves 
a wide range sf technologies for filtration, 
pumping, instrumentation and control, and 
chemical storage and f e d .  

Canadian researchers are heiping 
shape a number of different technological 
trends in water and wastewater treatment. 
These include the means to deal w<th 
synthetic organics, biological approaches to 
the removal of contaminants, and $ant 
automation. Such :hen& are in response to 
more stringent regulatory requirements, the 
need to manage an expanding range sf 
cnnhminants: and an increasing emph i s  
on product recycling and energy recovery. 
Tkcse needs cannot be met without the 
careful deploymen: of available 
techndogies. Necessary upgrading and new 
plact construction is expected to increase to 
an annual Level of $400million during the 
next 5 years. 

However, Carada's record of 
commercializing research results in the field 
of water science is as dismal as it is in other 
fields - few of the potential industrial 

benefits are realized in Canada. The 
artificially low price of Canadian water - at 
$8.33 per cubic metre compared to $4 in 
pane of the United States or $7 in Japan -
h s  undoubtedly helped to discourage the 
commerciaI explsltation of clean water 
technologies developed in Ca~ada.3~Some 
sf the work by the Canada Centre for 
Inland Waters md by the Ontario 
government - on wastewater trmtment 
technology, developments in storm sewer 
design and river ice wntro1, the 
micaobiologiml degradation of wastes, atre! 
new or improved instruments for water 
measurements Imm Id to innovative-

products or concepts that had extensive 
commercial potential. h dmose no 
instances have these inwvatisms been 
turned into prducS, or con~u%tingservices 
exp'acsitedby Canadian rnm~n ie s .3~  



1I Watecaebted indus~es:neglected poten@&? 
Canada has an international reputation in wata science but bas failed to I develop s strong manufacturing sector to supply dean-water t~Rno10gies The1 potential is enormous. 

@ A b u t  10Wjobs would be directly 
created by Canadian fim supplying 
just 1per cent sf the current U.S. 
demand for pollution abatement 
equipment. (Currently Canada exports 
less than $30million worth of water 
resources equipment annuallp) 
@ Only about 55 per cent of the 
Canadian water resources market i 
satisfied by Canadhn equipment and 
this market share B declining. 
@ Canadian industry spends dmaost 
$100 million annually em water 
poEIuti6ian control equipment. 
@ In tbe next 5 years?capital 
expenditures required by municipIities 
and industries meet wzstewalcr 
skatadards could createbetwen 3%BOO 
and 178 000jobs in Camda. 

Canada imported more than 
$56 million worth of water and sewage 
treament eqdpmect in 1986- at the 
cost of one Candiaw job for every 
$50 000 worth of domestic production 
lost to imports. 
@ Between 1981and 1985 
approximately $2.2billion a year was 
spent in Canada on water and sewage 
works including treatment piants and 
collection and distribut~on systems. 

The value af constauction of all types 
of waterworks and sewage systems in 
Canada in 1986was almost $3000 
milkion. 
@ The mtrhad for water and wastewater 
treatment quipwent in Canada will 
grow from its current Ievel of at least 
$4Wmillion per year to almost $600 
miition antnually by 199%. 



A nationsE program for water 


b'
vidence of a looming env~ronmenta! 

crisis indicates a scale ;and depth of 

disaster Far exccding any wet by earlier 
geileratiows.The nuclear age holds the 
potential for total destruction. A more 
fundamental threat yet b the accelerating 
pasure of human activities on the natural 
TCSOLEPCB and ecosystems on which life 
depenQ.35 

Several recent r e p a  have depicted the 
symptoms of the crisis :Plat confronts the 
world com~unity.Others have f(>cusedon 
particular Canadian csnerrs."Quch 
reports have heightened pubiic awareness 
and raised environmenkI issues to a par 
with economic issues (and omionally 
some other items) in their importance in 
public dixision making. Blue this mims the 
p i n t .  The evidence susestrs tha: human life 
itself is threatened unless we dop t  a value 
systen that piaces environmental integrity 
above dl but the most basic human needs. 
This means treating the natural environment 
as a context for poiitid and c~onornic 
deckion making eather than as rserely one 
consideratiurm among many?' 

The water-me problem. facing 
Canadians can ornly be solved when we 
decide what we want and apply scienceto 
achieve our goals. As are overall principle (PP 
objective, the Science Council cormsideps it 
essential to: 

Maoqe wzker use $0meet present 
needs haan eqpel86abBemanner and 
without c a ~ m p ~ ~ d 8 h gthe abity of 
h h r e  generations to meet their @WEB 

w&. 


Such a prin~+pleis consistent with the 
overailgoal set in the Fedrral WderPolicy 
and provides an objective toward which 
policies for water science might be directed. 
The Scieme Council preseab nine goiicy 
recommen&tisns im three areas of critical 
importance to water science: science 
leadership;interraatisreal aEa'srirs;and sppaied 
science. Thee r~ommendatiomare 
directed to federal government since it alone 
a n  provide the wources and the hdership 
ceded to achieve the goal of smtainabke 6lse 
for water, However9the Coundh recognizes 
the need b e  dl Eevds of govmnrnent -
federal,proviacia!. rand municipal -awe2 
as individual Cgnadims to play a prt.The 

importance of nationd commitment and 
shared sense of purpose in tackling emerging 
water issues mnnot be eqhrisized too 
strongly. 

Weare mP928mg Qeyodaperiod 09' 
acuts, ~oc~iize$, simpleand reba~ivek 
envi~snme;ndaHprnblemsto one of 
chronic>gbbai, and extreme&compBex 
g.obiems 



Science leadershipand institutional change 


water science can play a cm~ial role 
in radving m a q  19fthe emerging 

issues in Canadian water w.Until now, 
however, water science has too often ban 
viewed only as.is remedy for enviroamend 
mismanagement.Thk Baas diminished its 
potential to anticipate and prevent 
problem. The gnwing sale of culr8tural and 
technological devdopments, which pose 
new threats to water quality and to the 
environmentasa \%.hole,requira that water 
science become central bn policy decisions. 

Emerging water prablemsare chronic, 
global, and hvdve a wmpHex inategmtim d 
~olcgia%and economic mrnponents. 
Rewhtion of these pr~blemrequires bag-
term, strategic research srr an inter- 
disciplinarybask. Such research must also 
be responsive to policy nee& and able to 
meet the applied science needs d many 
different departments and agenda at zlI 
Ieveb of government. 

The power 9f all environmental 
research? and water research m particular, 
lies in i~ ability to influence decisions. 
Consequently,if d e n %  is to scantribdtefully 
to the mo8ration of future water probjems, 
whether within Can* internatismily, or 
through the dvdopmermt d environ-
mentally sound rechnol@a, strong 
nnhonal leadership is mentiat.The Federal 
E%f@r6301k-y acknowledgesthe need far 
federal leadership in water science. It wars za 
need echoed araoss the country in a series sf 
regional workshops on water science hdd 
by rhe Science Cousndl in 1987.38 

There is little evidence of fdad 
leadership in water science today. Tke 
resareh effort is fragmented among many 
d8ennt  departments and ampergtion 
between departments is weakik. The needed> 
wide-ranging, long-term eeologimi studies 
are absent, and the "big9'issues such as 
mtoxicdgy ,  eb impact of river 
diversions: and studies of the marine-
freshwater interface are neglected in favour 
of short-term ogx,wtiond requirements. 

Similar problems plapae sther 
countries. There is internationalquestisnhg 
of existing institutional nilegkhadve 
arrangements as effective vehida lo tackle 
emerging hues and maage long-term 
research needs In large part, the solutions 
props& reflect the b rod  &c~nomic and 
social climate d the country mnemed. In 

Great Britain, in particuiiw, a lms%2611water 
raearch is now client-oriented and many 
government Iaboporatorim have 'men 
privatized. However, privatized laboratories 
in Great Britain (as in the Netherhnck and 
Denmark) continue to receive the bulk of 
their funding from government and seem to 
have at least as mm:_lchsecurity of fu~diesg8s 
before. 

Radial change has intrinsic appeal, 
but it risks the desfruction of much that is 
valoable for uncertain gains. Moreover, it is 
aiso clar  that the existing Canadiaa~ 
research systern already permits the 
establishmentof programs that meet long-
term, st?ategic needs. The Atmospheric 
Environment Service (.IBES) ofEnviron-
ment Canada is a case in point; all 
deliveries of AES are science based, and its 
staff recognize this, as do its @lien&. Above 
all, AES has a clear seme of mission and 
agreement on that mission. And it has the 
necessary corporate structure to secure it? 
goals. 

Canadian water science requires s t ro~g 
federal !eiderskip. Environment Canada is 
already the lead federal ageccy in spending 
on water research. However, the burden of 
its operational mandate has encouraged an 
unacceptable and unnecessarily narrow 
intaprebation &its mandate for research. 
This limits its ability to influence the psiicy 
process in other departments ilnd agencies 
at all Ievds of government.To help resolve 
this situation and to strengthen 
Environment Canadds own ~0rnmLfmemt 
to federal leadership in water science: 

8 .  E8avimnm~~entBCzwada should publish 
its strategic interests and Isag-tern 
researchplans in w&er science. 

Such a move would help effect 
Environment Canadz9s own mrnmitrnent 
to science leadership and in so doing, aEow 
ohhef federal departments and agencies, 
provincial governments, universities, and 
companies involved in water research and 
water management to coordinate their 
activities is, ways that better meet national 



1 Water diversions I 

Canada transfers more water kc~iecnbasins than the combined total flow 


1 transfend iam the next two leading countria for water diversions - the 1 

, United States and the Soviet Union. If this flow were eo~lcentratedha single 1 

( river, it would be Ceaad's third hegat after the St. Lawrence a d  the I 


I @ Three enormous hyQoe%ethis: 
 cornmereid fishery dec&nd rapidly. 1 

I largest dams are used togenerate
I electricity; 7 per cent supply water for
' irrigation. 


tempmatma d a r e a d .  The mercury 
content in fish mared. And the quantity I 

1 

i of the problems associated with large-

I 

I @ The CBpmhiU River diversion on 
 higher than 150metres) around the 
1 Southern Indian Lake illuserates many 
 world. Forty-fom more are planned. 

I 

1 A philosophy ofsuppt?ymbaagrmnd is 

no longer approp~atein theface 04 , soaring conslrudion c@.~js, 

I e~eviro~i?rneralt2I btnddeg~aCqlEfbn, 
inndequnrefuirndr lo moi&ain even rhc

I rxistirrg sup&inframceure. 
I 


, Mackenzie. 
 I 
I 

I 

@ More thaa: 80 per cent of Canada's 


I

phosphorous availability. Water I 

and quality of whitefish taken in the 

I projects completed in the 1970s together 

account for two-thirdsof the water 


1 errsmasfer~edin Canada before 1988. 


The traditional Native emnomy was 
destroyed. 1 
@ There are 65 "'hgh"dams (dams II 

I sale diversions. Results ificlude 

@ Throughsat the world, Iapproximately 13 p a  cent of annuai 

I increased shoadineerosion, 

1 sedimentation, turbidity, md 


river fiow is already 6rlk~r~pkdby 
dam or some other ~wstructisn. 1 



A corporate structure 

anada's water institutions evolved 
with a philosophy of supply 

management thd is inappropriate to 
solving emerging water probkerns. Reliance 
on such a philosophy - and continued 
attempts to augment available supplies -is 
no longer appropriate in the face of soaring 
construction costs, environmental 
degradation. and inadequrate funds to 
maintain cven (he existing supply 
infrastructure. 

The federal governmeat h a  a 
dominant role in water resources research 
in Canada." Today, in some federal 
departments, sciecbific exce!lence is 
imperilled by a dispirited rewarch 
popukation struggling to find appropriate 
research challenges and an effective policy 
role. Cats in research funding and in the 
number orresearch personnel provide an 
incomplete explanation. Other reasens 
i ~ d u d ethe failureto encolarage and 
support experienced, reputable research 
scientists as senior manageas and the 
reliance on administrators with no science 
background to be managers of scientists; 
the Limited opportunitim for good scientists 
to achieve the level of senior scientist in the 
public service due to Treasury Board 
quotas; the difficulties individual scientists 
experience in obtaining sabbaticals or 
pemni?sssion to attend scientific conferences; 
and the overall iow status accorded to 
water science even within Environment 
Gaaada.AIl thae problems are fully 
documented and well known."O Although 
improvements have ommred, for instance, 
it is now easier f ~ r  scientists Po get 
permission to atfend carpferenccs, what 
stands ault is how little has been done. 

The greatat need in government water 
science is for its QWP. management to act 
boldly - in carving out a unique research 
niche, attracting new programs to it, and in 
phying hardball b~areaucratic politics to 
reinforce and strengthen the= initiatives. 
Canada must invest in people, not 
buildings, if its water science is to achieve 
the results necessary to overcome ftiture 
problems. ImtirrutbnJ change m ~ s tbe 
designed with this in view. 

The Pmrse Report recommended that 
Envi~ornment Canada replace the Inland 
Waters Directorate with a water service, 
headcd by an assistant deputy minister. 

However, such a move neglects the 
fundzmeatal role of scielitific ~eseachin all 
aspects of environmental management, the 
need to coordinate environmental resesrch, 
and the need for a long-term perspective. 

To demonstrate that Environment 
Canda is a science-bsd department 2nd 
to signal the importance of weter to all 
Canadians: 

Enrirommerat Csaessdaa should: 
(a) 	appoint an assistant deputy 

minister for science; 
(b) 	replace the Inland Waters 

Directoratewith a water 
service; 

(c) 	 appoint a director general of 
water research. 

These changes wc)uld show that 
remrcla was recognized irs the fam~dation 
of gotd environrnentai plicjr; provide a 
suitable level nf reparting for the directors 
of water research institutes; and offer an 
effective way to Ikk the findings of research 
to policy development. 

TDsupport szlch changes and to ensure 
loflg-term improvement in the management 
of science: 

3. 	 Environment Canada and the 

lo integrate the disciplinary expertise 
scatrered among different government 
departments. At gresent government 
researchers have trouble cutting across 
mandate lines, and this hurts research. 

'Phe example of groundwater research 
highlights many of these prublem. 
Research is carried out by several different 
consuiting firms and other private 
companies, as well as a number of 
universities, difFerent federal departments, 
provincinl governments, and crown 
corporations. Environment Canah bas 
only five PhD-leveI scie~tists III 
groundwater working at its two national 
:starch institutes in Burlington and 
Sashtoon. There is no national long-term 
coordinated research program in 
groundwater. At ieasist partly as a 
consequence of this, Environment Canada 
has lost many scientists to the United States 
in the last 5 yeanP1 

The largest concentration of effort in 
groundwater research in Canada is at the 
University of Waterloo, which has about 
half of all the graduate students and one- 
quarter of the professors in groundsvater 
sclenlce and engineering in Canada. The 
govern=@nt of Onbrio h a  recently 
designated the groundwater group at 
WiterEw) as a "ceorre of excellence." This 

D e p ~ m e e tof Fisheriesand ~ c e a n ~will g43 part way toward solving the 
shoulddevelop ss clear ppoiicy to 
identify nnd train sepa~talalescientists 
as sdence mmsgers0 

Therc remains a need to establish 
institutions that provide a setting outside 
any line department for long-term strategic 
research on a multidisciplinary basis; 
responsive to policy needs: and able to meet 
the applied science need? of line 
departments. En ra move toward a solution, 
the Notional Water Research Indtute of 
Envirocrnent Canada has ratmc~ured its 
research groups on the basis of high priority 
research issues rather than on a ~01111mos 
disciplinary focus. But despite this progres 
the expertise in the np,ierersdty community 
and in the private sedor is not f~a!iy 
employed and the contribution of social 
scientists, at least in thds own eyes, is 
~glected.Moreover, such reorgalli~ation 
renuins vulnerable to the whims ofthe 
bl~reaucracy and does not resolve thc need 

research dekiencies in Ontario; it will not 
solve, however, all of Ontarao's deficiencies 
in thb area and will do little to resolve 
many of the specific prob!ews in other 
provinces OH m e t  broader, national needs. 
And although the Watertoo group has goad 
links with the private sector, its links into 
the policy process are weak. Meanwhile, as 
maEy as a million Canadians may already 
be risking their health by drinking 
contaminated groundwaterP2 

A cornsdidationof federal water 
research should encourage more 
interdisciplinary work and a greater 
emphasis on Iong-term strategic issues. It 
would at k.ast ~rovidaless excuse for 
neglecting tssuls that fall between time 
crach in deprtmental mandates, and 
reduce any overlap in rasearch efforts. By 
providing one focus for federal water 
research, consolicktion might also make it 
easier to coordinate research with 
provinciah management needs. But all 



ve11icles tc rachicve consdicbtion - whether 
a new department or agency, crown 
corporation, or private water research 
centre - have substantial p r ~ b l e m  that 
could outweigh potential benefits. Any 
comcsli&ationwithin government could 
narrow the perspective on water, whereas 
the devdoprnent sf any am's-length 
organization could widen the gap between 
research and policy. hdeed, It might weU 
be argued that insted of sonsdidatition, 
water research in Canda requires more 
voices and more participants. 

Equally, a simple, direct transfer of 
sexarch funding to the universities anmot 
be expected to provide the necessary 
research to meet policy needs. Disciplinary 
boundaries and bureaucratic rigidities w 

thwart E~ng-terin strategic research. Where 
u3iversB'ties have achieved success as centres 
of water research, as at INRS-Eau 
(Univenit6 du Qdbecj,  Westwater 
Rssearch Centre (U.B.C.), the Institute for 
Environmental Studies (Tor~nto),and the 
Institute for Groundwater Research 
(Waterloo), it has been in spite of, not 
because of. the basic structure sf the 
university syhtem. Nor are the links 
'&ween university research and 
govermnemt policy needs easily forged. 

Much could be achieved without any 
new policies; what is needed, pfllcohrly in 
the fedem1government, is a fuller 
expioitation of the existing rules and 
regulations affecting scientists and research 
managers. Strongr links between 
university and government scientists -
secondments and sabbaticals - should be 
encouraged. Joint research projects could 
be fostered using the existing systems of 
contract research. The hkrdepart~nenta! 
Committee on Water could be strengthened 
to ensure that work that crosses 
departmentai sandates is done and 
research gaps are filled. A I ~scientists couid 
be better funded to visit hbratories 
whether rue1 by their own department or 
another, to meet with their p e n  in 
universities, and tsattend conferences. 
These actions would help promote a 
stronger water research sommunit4: 
stimulate research, and promote 
interdisciplinary work. A&Ithis wuld be 
achieved if there was the polithi  wilt But 
we need to go further. 

To encourage long-term strategnc 
research that crosses traditional disciplinary 
boundaries. is responsive to national policy 
needs, and not amstrained by any narrow 
interpretation of ihe operational 
requirements of individual federak 
departments: 

4. 	 Eravksasment Canada sbuiaf take 
joint adioar with the departments of 
Fisheriesand Oceans, Agrieuiture, 
Health and Welfare, and d1other 
federal departments involved in 
water research and sh~uldseek 
funding af $40 nan3liw a year b 
establish associate Iaboratories. 
These Isehratories should be zt leas4 
50 per cent seIEhndiaag within 5 
years. 

Each Iahrabory skodd be attached to 
one university and skodd indude at lease 
five scientists to ensure the necessary critical 
mass. Where possible the location of the 
laboratory skolild be linked to existing 
centres of expertise, but it may be necessary 
to initiate new centres to ensure aIH rgional 
interests are met. Federal departments 
should be encouraged tca manage and fund 
the laboratories on a joint basis. The private 
sector should be encouraged to partic~pate 
in the rexiarch program; examples of 
participation might indude personnel 
exchange% funding. and involvement in 
research design. Government scientists 
should work in the laboratories for a fixed 
term; their departments should pay %eir 
regmIar salaries and benefits and zover their 
research costs. Government funding to 
academics in the laboratories should be 
determined by the extent to which their 
research meets long-term poIicy needs. 



Strengthening research experience 


Fe capacity of water scientists to deah 
with F~eure probkms may be 

seriousIy reduced by the inadequacy of 
their basic training. Water science h% hiled 
to emerge as a university discipline in its 
own tight and remains am appendage of 
other dihciplirmes includkg geography? 
lirnnology, and civil engineering. Water 
science isgeneral!,yunavaihble as the focus 
of an undergrzduateeducation. The 
reluctanceof university scientists invoao?veci 
in water science to break away f r m  their 
paxnt disciplinesand come together as a 
unit or department promotes narrowness 
%ithin water science. For example,an 
engineer may graduate and obtain 
employment in water science with no 
knowledge of biology; equally92 3iologisl 
may obtain employment in water science 
with no knowledge of engineering. Such 
Inadqaacics in basic training arc 
prticularly unsatisfactory in view of the 
complexity of emerging water problems. 

To mmake reearch training in water 
science more interdisciplinary, university 
scientists must be encowaged to come 
together as :esarch groups, to developjoint 
research projects, and tn invdve students in 
their w x k .  One sumsfu1aaorsach to.L 

resolving a similar problem is the Nartherp: 
Scientific Traipliwg Program (NSTP) 
managed by the Department of Indian and 
Northern Affairs to faster research expertise 
in science and tecltnc~logyin the North."" 

The NSTP helps Canadian universities 
to give students a training that includes 
professional experience in the North and 
encourages their commitment to northern 
studies. The aim is to increase the number 
of graduates who have specialized in some 
aspect of northern studies and who kave 
northern :amrch experience. Unda the 
NSTP urmivenlties are encouraged to form 
interdisciplinary foa1 p i n t s  fcsr northern 
studies aid are given financial assilance for 
students to help offset the cost of fieid 
research. Funding is allocated as a block 
gwwt b promoteeools@ratiolmat the 
university level. 

A program coimpr&ble to that for 
northern studies is required to increase the 
availabilityof personnel with appropriate 
research experiencein water science and to 
encouragethe development of university 
foci for interdisciplinarywork in water 

science. To this end: 

5. E~BV~OHEHBB~BB~Canada should Lake 
joint action with E a k  federal 
depar%mentsinvolvedinwater 
researchto estabI'i a water sciewce 
pewarch training program funded at 
a levei a~f$1miBEm per sanum. 



Involving public interest groups 


ihas haeen powerfully argued withI respect to the report of the Brunddmd 
&lorn&issiaw &at salutioras to the world's 
environrne~a?aI problems m n o t  be 
achieved by relying sddy on existing 
government structures and that new 
mechanisms are neededbharnea the 
knowledge and enthusiasmof the informal, 
nongovernmental sectorf@ 

In Europe eenviroamenratal interest 
groupsmrnrnenly piay an hfiuenrti! role in 
setting the agenda for water research. 
Government scientists monitor the interests 
a d  activities of the major environmenta1 
groups as a way to "keep ahead of the 
game." Many scientistsare also active 
rneaibers of these group and work to 
ensure lthat the isues raked by the groups 
are soundly based in science.Their 
participation is encouraged by their 
employers. 

Many of the eprvirmwentalinterest 
groups and industrial mmia t io~sin 
Canada have a pa~ticular interest in water 
issues. The W!er invocolawmentof these 
goups in shaping the research and pslitgcal 
agenda is rawwary if Canada is to develop 
strategies to sawsome cut-rent and fume 
mvissnmead problem and muster the 
political will for their imp~ennelmtation. 
Canada is alredy wrestling with a whole 
series of issues concerning water uw, water 
science, and a range of international, 
national, and regional water programs. Just 
at the federd ~evel,cument initiatives such 
as the Freshwater Fhberies Policy, m fedexal 
water pdicy, fte Drinking Water Standards 
Act, the Envir~lmmeartal Protection Act, the 
Arctic Marine Comerva60s Strategy, and a 
host of Native claims issues all require 
sustainedand informed public participation 
and response. 

Involving public interest groups, such 
as Poll1~ntisn Probe? to best effectrequires an 
informed ~ublic. ha this. ali scientists can 
play an important rsk. In prticuirar, 
however, government scientists should be 
encouragedby theif employersto 
participate in these group anad to v o i ~  
their opinions in publk as illformed 
citizens.TQdates there is little evidence that 
such encouragementis forthmnaing. In 
only one area - agriculture- has the 
respomibiiity of scientists to work closely 
with public interestgroups to ensure that 

research findings are widely understood 
and applied it maximum eflwt been fulully 
accepted.In Alberta, the responsibility of 
yricultiral scientists to commlaraicate their 
research fmslhgs to the farm community is 
specified in provincial employment 
wntrac3.s. Such an approah must be 
extended to environrnentai issues. 'Fs this 
end: 

6. 	 EarvkoaamentCmada, the 
Depmtmeat of Fisherice8and Ckeans 
wd other federala d  prsvhci l  

eats and zgemdes hv~tved 
Zsn water research should recsgpize 
the right and re~nsiblBtgrof their 
%crbeat&ts&Qga&icip%kin pbEc 
hBk-~k?Stgr0BpL mf§dgh6 md 
respsaadblibahodd be heladed h 
dIemp!apymewt eapntmets. 

Public Interest groups should also be 
invited to priicipate in the assessment of 
water research programs funded by 
govermments. Rmntly, the federal 
government established external advisory 
boar& for federal water research centres so 
that research could be better matched to 
policy needs. The Science CoundI suppoHts 
the principle of such bar&.  But tkeir value 
hat Ieat partly determined by the critetia 
for ~nembership. Some boar& exclude 
members facam other kderal departments 
although these departments are aften the 
main usen dresearch radts. No bard  has 
specifidly recognized the need for 
representatives frim public a n k ~ ~ tgroups. 

As an initid step to increase the 
partisiption of public interest groups in 
water research and policy development: 

4. 	 EnGrwmemt Cma& and elre 
Deparmentof Fisheries and Oceans 
&odd ensure aha$public kkr& 
@OU@i WB!~ @ P B w & ~OW &h& 
external advisory bards offederal 
w ~ t e tresearch centres. 



Enlightened self-interest 

cIDA is the dominant federztl agency goveirrment scientistswodd meet many 
employing Canadian expertise meeds. It offersa source of revenue and a 

abroad. But the Department of ExternaI practical rneam of contributing to the 
Affairs, the Bnternatiomi Development asalution sf global water issues. It presents 
Research Centre, Environment Canada, m invaluable source of experienceand 
and other departme3ts and agencies are training for Canadiansand a shop window 
also approached to provide assistance to for Gandilna water science to the world. 
other countries and international bodies. 
hndividuzlls are seconded - usually o? ii 8. The Department of Hndaestry9 
short-term $asis 42 to 3 weeks) unless Science a d  Technology should 
special arrangements can be ma&. There is recognize the existence of an 
Iittte opportunity to offer a comprehensrve envfrenmentA ttechmiaagy and 
package of expertise. Assistance is ~sualty services sector.The depadment 
in response to a specific request, and in should take a lead agency rsk  and 
recent years of government "downsking" estdelsh zt diector%tets work with 
even the short-term semndrnent of ~rivate -entssbrise in devdoerim- a 
icdividalal scientists h a  become diEcdt to itrateLYfor {his setm. 
secure. And when a department or agency Ape international csnsukrhasmcy rokejbs 
wishes t~ meet a request it is not always govern me^ scientists wsuM meet many 
easy to identify the ncmmry personnel. ne~ds.If o$%ersa sa0814~eefrevenlbe and 

CIDA has now gone some way to apuaclkal meaapo j c o n ~ ~ b ~ t i ~ gto the 
establish the range of expertise available. r e ~ s h ~ i o nsfglobal water ~ s u ~ ~ Y .  
A recent report induds estimates of 
personnel in the Canadian water industry, 
grouped by economic sector, topic arm, 
and rglon."* Cornpilabion of these data was 
difficult. Over 100009 individualswere 
identified, including those in more than 22 
federa! departmen& and agencies and over 
200 private consulting firm. D a b  on 
personnel working in the water sector in 
nongovernment organizations are not 
rezdily available and were not included. 
The next step for @IDAis to atablish 
precisely who is avsillrhle for development 
work, their area of expertise, and their 
conssct address. Only then can 66DA fully 
employ Canada's water expertise in its 
development projects. 

Other countries have developed a 
more aggressise stance in depioying their 
indigenous experrise to meet global weds. 
Britain, Sweden, rend Denmark, for 
example, dl have active, profirable 
consultawcy services that use government 
scientists. Privatization in Britain has 
strengthened this sob and the Water 
R a ~ ~ r c I a  has recently opened anGe~tre  
c)fi?cein Philadelphia to help secure 
contractsin the United States. It recently 
bid on contracts in Onh8io.Certainty, 
many countries see overseas experience as a 
vita! e!ement in sttractingand maintaining 
topflight personnel. 

An international mmaltiincy role for 



Applied science 

m  e  deveiopment and application of 
1 new and ~ m p r o v d  tec-&oiogics a n  
reduce water needs and demands, and 
prevent or relieve pollu~ion. Technologies 
that we already possess or are deveioping 
could provide a means to avoid the 
problems of the past. Both the Federal 
bVa$~>a120/icyand the Report of thc Aiationul 
T i k  kbrcc.on Environmt>ntund Economy 
recognize this fact. The development and 
sale of such technologies a h  presents an 
emormuus upportunity to generate income 
from Calmadds international reputation for 
leadership in water-use management and 
water ssiemceP6 

The Canadian market for 
manufactured equipment in the water 
resources sector is over $@Cl million per 
annum. it is expected to grow to at least 
$680 ~miilionby 1992 Projected investment 
elsewhere in the world during the same 
period totals many billions. Yet this 
increase in demand is occurring at a time 
when Canada's position in cornrnercia! 
reclznology 1s weak; Canadian firms hdd 
only 55 per cent of'kke donraestic market 
and exports may total as little as 
$30 million per ymr. 

Despite attempts by Envlronrnen~ 
Canada, the Department of Industry, 
Sciencc and Technology7 and provincial 
bodies i3 Ontario and Quebec to gather 
informalion, there is a lack of sound data 
covering must aspecb of the water 
resources industry. The low priority of this 
industry in thc planning prows? is reflected 
in the back oT an eEfective classification 
system for the water resources iiadusrry; 
Sktistiss Canada has no sitrgie standard 
indwtrki classification code b r  the 
prOd'dlcb manufactured by this industry. 

What we have in Csnada is a smeIB 
number of individual firms with dispanatc 
roles and IittIe scnsc of cummon identity as 
an industry. Approxin~ately 396 c ~ m p n i e s  
manrehcture, sell, or distribute equipment 
to reduce water pollution. hlm additioml 
36 companies sell treatment chemicals. A 
few companies provide b t h  equipment 
and chemicals. Out of aII these firms, 
probably fewer than 20 p e r  a n t  
manufacture products in Canada;of those 
abat do only about 30 control any ulaique or 
proprietary technology. 

Few f i rm carry out research on water 

and wastewater treatment. In I984 the 
industry invested only $2.4 million of its 
own funds on research. 'This represents only 
about 0.6 per cent ofthe value of annual 
product wle.5. The remaining $5.6 mil!ion 
invested in research was spread among 
several dceiffereilt federal departments, a few 
provincial and municipai governments, and 
tiniversities. Yet despite a weak industrial 
structure and a low kvel of investment in 
research. @anaka could stiil establish 
manufacturing industries for clean water 
6echnoBogies and capture more 0oE the 
burgeocing domestic and international 
maket. 

To be in the forefront of the water 
industry during the next few decades the 
Canadian industry must exploit the most 
up-to-date research in areas including 
reverse osmosis, adsorption, advanced 
separations, biotechnolagy, piant 
alatornatisn software, and nnemhrawe 
technoHogy. Candian researchers are 
activcly pursuing =ost of these areas, but 
there is littic evidence of the nrccssary 
facilities to transfer the bow%ebge gained 
to the manlafxturing sector. 

The example of membrane technology 
illusirates the genera! w e .  A synthetic 
membrane material that permits mernbrene 
desalinization systems to be economically 
viable was discovered in the early 1960s. 
The inventor was Dr S .  Ssurirajan at the 
University of California in kos Rngeles. 
SkortZy afterwards he joined the National 
Research Cuumsii in Ottawa where he:built 
a strong technical group in membrane 
science. A!though their work amtinues and 
Cansda remains near the forefront in 
membrane science, commerciai production 
is dominated by the United States and 
Japan. C a n d a  i an importer of 
cornmercia! membrane products. Instead of 
being a frormt runner, Canada is now left in 
a '"catch-up" positioc. 

The opportunity for Canadian science 
and tcchno!ogy is enormous and warrants a 
c8ose partnership between governments and 
the private sector to emmurage and support 
research on water technology, to eraserre the 
transfer of results to industry9and to 
support the commercial development and 
marketing of water technosogy to meet 
Canadian and world needs. Such a view is 
echoed in the Federal WaterPolicy and is 

supported by the Sciemw Council's own 
work for this report. What is cow vrgently 
needed is a development plan to 
consolidate efforts by interested federal and 
provincial departments and agencies, arid 
individual firms. This requires a meeting of 
all the playcrs. To this end: 

9. 	 The Minister for !mdustry, %knee 
and Technology s&auae[dtask the 
Sdewce Council to hold e workshsp 
to adviseow a strategy to devebp a 
Canadian water remuaces jlasdustry 

identify the urgent prsMems in water 

purity and svaihbility: 

identify the gap  in water science; 

identify existing technologies and their 

markets; 

suggest future bechndogies and their 

markets; 


@ clarify policy meeds for industria! 

development. 




Conelusionsand sum ry ofrmmendatiom 


ven if@itidly amptable? 
tmditiond solutionsto problem of 

water supply will be diEcult md mtly  to 
implement. A c h g e  in water-we gractkes 
is inescapablein the face d evidenceof 
inamsing ea%ogicalb g e . the cost of 
maintaining the existkgsupply system, ma% 
the need for arefid kmhndq of r s s u r m  
to emsure a smtceinableeconomy. 

Science rrnd technobogy me powerful 
essls to help secure our gods. %is report 
supports the BmdtlmdCombion,the 
Canadian @sunidof % & a u r aand 
EnvironmentMinitea, md the Fe&.rak 
WaterPolicy in the need fora radially new 
attitndi: toward our mvkomeat -and 
water in prticular. 

But the c h o n i ~complex, and global 
p~0b;~eLBS $'&S(PUKCS 8hethat k e  QU' W&@r 
quitedifferent from the relatively simpre, 
acute, localized problem of lhe pb. 
re~~lutisn mmitmeffitr q u k e s  a nsrti~na8 
to align the akors in a common purpose and 
a number of Importantchmges to realign 
OW resources for science and techao1agy-
Ira brief: 

@ The federal government must implement 
its commitment $0~~baBesBaipim 

ry racearch isput in 
placenow to tackle futureprobHem. 
e The fragmeated water ~~mmllmitymust 
be enmuragedto come togetherin a 
concerted effort to resohe water me 
problem. 
@ Canna& must capitalize on i$ npaaktioa 
and ex^^ in water science to meet global 
n&. 


The results of water r a m c h  must be 
c s m e r d d w  to promote mnoaraic 

n e  remmmen&~onshthk repR 
slappori these imperatives. ln presenting 
them, the Council r~~~ that many of 
the thraLs to water quality and avdability 
we essentially imvenibk Mormver, for 
many dthe key water &&a facing 
Canadianshere remainpofomand seintific 
mcertainties. There remains a continuing 
challengeto develop policy objectivesthat 
can e n m m p  u n m ~ n 8 ~especially for 
those water %suesfor which the cons -
qnenm of policy inaction m mo great. 

Summary of recomlnendations 
1. 	 5nvP Cam& &odd pubIB 4. Eaavkanraaent Canada, the 

i@sstrategic LCrestswad bnsetem Departmeat a ~ o fFisheries md Oeeams 
research p h s  hwater sciem. hand &her federal md paovhclk# 

depsmentsand agencies ienvolvd 
im water researchI o u W  recognize 
the dght md responsib~litgrof their 
scientiststo padcipate in pabk 
interest groups. This right and 
respon&bili$yshould be kdaaded in 
all emp!oyment contracts. 

7. 	 Envimnment Qnda and the 
Department dFisheries 2nd Oeeans 
should ensure that public kterest 
groups are repeesmted onthe 
exkmd advimry Bsomds of kderai 
water reseai~ehcentres. 

4. 	 En*onmwt Canadashould M e  8. The Department d Idustry, 
@htacti~g~ Scienceand Techno!qy shauMwith thed q m e a % &of 
Fishdes and &ern, Agriedbe, 	 recognize the existence s f  an 
Health and WeEm, a ddl other 	 envire~nmemta1twha4~1ogy 
f&ed a%epWesehkvoived in 	 services secsbr. The depif88aa%emt 

skomBdtake a lead agency role a d  
establish a directom& to work with 
private eaterprise in devebphg a 
strategy for this sector. 

50 per c a t  sdf-&w&g 5 
yeas. 9-	 The Minister far Haed~stry,Science 

and Teehmdqy shouldtask the 
5. 	 E~p*mwmt Canada&add M e  ScienceCouncil ta hold 8workshop 

joint acb:Gonwith f & d  to advise on e strategy tcs devdsp a 
nsioIvedinwater Cangdian water rewwcesindusiry, 1 
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