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PREFACE:

The Northern River Basins Study was initiated through the "Canada-Alberta-Northwest Territories Agreement
Respecting the Peace-Athabasca-Slave River Basin Study, Phase Il - Technical Studies" which was signed
September 27, 1991. The purpose of the Study is to understand and characterize the cumulative effects of
development on the water and aquatic environment of the Study Area by coordinating with existing programs
and undertaking appropriate new technical studies.

This publication reports the method and findings of particular work conducted as part of the Northern River
Basins Study. As such, the work was governed by a specific terms of reference and is expected to contribute
information about the Study Area within the context of the overall study as described by the Study Final
Report. This report has been reviewed by the Study Science Advisory Committee in regards to scientific
content and has been approved by the Study Board of Directors for public release.

It is explicit in the objectives of the Study to report the results of technical work regularly to the public. This
objective is served by distributing project reports to an extensive network of libraries, agencies, organizations
and interested individuals and by granting universal permission to reproduce the material.
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Whereas the above publication is the result of a project conducted under the Northern River Basins
Study and the terms of reference for that project are deemed to be fulfilled,

IT IS THEREFORE REQUESTED BY THE STUDY OFFICE THAT;

this publication be subjected to proper and responsible review and be considered for release to the
public.

Wrona, Science Director) (Date)

Whereas it is an explicit term of reference of the Science Advisory Committee "to review, for scientific
content, material for publication by the Board",

IT IS HERE ADVISED BY THE SCIENCE ADVISORY COMMITTEE THAT,;

this publication has been reviewed for scientific content and that the scientific practices represented in
the report are acceptable given the specific purposes of the project and subject to the field conditions
encountered.

SUPPLEMENTAL COMMENTARY HAS BEEN ADDED TO THIS PUBLICATION: [ ] Yes [ ] No

/<F 2]

(Dr. P. A. Larkin, Ph.D., Chair) (Date)

Whereas the Study Board is satisfied that this publication has been reviewed for scientific content and
for immediate health implications,

IT IS HERE APPROVED BY THE BOARD OF DIRECTORS THAT,;

this publication be released to the public, and that this publication be designated for: [ ] STANDARD
AVAILABILITY [ ] EXPANDED AVAILABILITY

/¥/**/16

(Date)

(Robert McLeod, Co-chair) (Date)






A REVIEW OF LITERATURE ON THE REMOVAL OF INORGANIC
CONTAMINANTS FROM DRINKING WATER

STUDY PERSPECTIVE

Water is essential to life and it can be an important
vector for conveying contaminants into humans. To
assist the Northern River Basins Study (NRBS)

Related Study Questions

Board in making recommendations about the safety 2) What is the current state of water
of drinking water supplies, the Drinking Water quality in the Peace, Athabasca and
component designed a five-step program of Slave River basins, including the Peace-
studies. The steps included: Athabasca Delta?
1 synthesis of existing data on water use and 8) Recognizing that people drink water and
water quality; eat fish from these river systems, what
2. investigation of odour in water and tainting is the current concentration of
in fish: contaminants in water and edible fish
3. review of health records for water borne tissue and how are these levels changing
diseases: through time and by location?
4, assessment of conventionally treated and
non-conventional water; and
5. preparation of a synthesis report.

This report deals with step four and provides a literature review of the current state of knowledge in the area
of inorganic chemical removal from drinking water. The review considered inorganic contaminant parameters
that include arsenic, barium, boron, cadmium, chloride, chromium, copper, cyanide, fluoride, iron, lead,
manganese, mercury, nitrate, selenium, sodium, sulphide, total dissolved solids, uranium and zinc. Sources
of inorganic chemicals include industrial and municipal effluent, agricultural runoff, and natural sources. The
effects of high concentrations of inorganic chemicals range from aesthetic problems to toxic effects. Some
inorganic chemicals are required for good health although in high doses they can be toxic. Also they can exist
in a relatively safe form that is not toxic and then change into a toxic form due to a chemical reaction that may
be natural or due to industrial processes or other human intervention. The review revealed that conventional
water treatment processes such as coagulation/flocculation, water softening and filtration, can effectively
remove many of the inorganic contaminants. Advanced processes such as ion exchange and membrane
exchange processes were found to be very effective at removing inorganics" but are also very expensive to

apply.

A previous report “Independent Assessment of Drinking Water Quality in the Northern River Basins” (NRBS
Report Number 115) determined that, in general, the raw water sources of drinking water in the Northern River
Basins had low concentrations of inorganic chemicals and that microbiological contamination was more of a
concern. In general, the main effect that inorganic chemicals have is related to the aesthetics of the drinking
water.

The information from this report and its companions surveys, “A Review of Literature on the removal of
Organic Chemicals from Drinking Water", and "A Review of Literature on the Removal of Microbial
Contaminants from Drinking” (NRBS Report Numbers 87 and 132) provide an overview of the current state
of knowledge in drinking water treatment. These and other drinking water projects will form the basis for the
Drinking Water Synthesis report. This report will also support a companion study, "Human Health Monitoring
Program" that will be examining human health issues in Northern Alberta.
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10 INTRODUCTION

art of the Dri krng Water Coméa(?nent of the Northern River B srn Studv Iﬁ ()) three
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removal processes 0f Inorganic contaminants,
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é% eMms SUCﬁSaSettfllgteo alﬂe(?t(l)\(/j%sr dﬁ r0VlnCIa?n¥UB0mamlnantS B
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To asse sthel |m ortance inor anrc cont ma ts in drinking w ter su |?I|es in the NRBS areg,
results roma stu rrnc eta alg)e sumJna ze In Ta %rage |n? é;anrc
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g Water “squrcas, and al t{te resedt no health concerns Iin ferms 0f Inor anrﬁ
ontaminants, they may ave un es rabe aste and odor or other aesthetic problems associated wit
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Table 1. Guidelines for Canadian Drinking Water Quality (Inorganic Limits)

Inorganics

arsenic
barium
boron
cadmium

chloride
chromium
copper
cyanide
fluoride
iron

lead
manganese
mercury
nitrate
selenium
sodium
Sulphate
sulphice
TDS
turbidity
uranium
Zinc

MAC (mg/L)

1.0

0.005

0.05

0.2
1.5

0.01
0.001

45.0
0.01

INTU
0.1

IMAC (mg/L)
0.025

5.0

AO (mg/L)

250

1.0

0.3

0.05

200
500
0.05
500
5NTU



Table 2. WHO Guidelines for Drinking Water Quality (Inorganic Limits)

Inorganics

antimony
arsenic
barium
cadmium
chromium
cyanide
fluoride
lead
manganese
mercury
nickel
nitrate
nitrite
selenium

KL

1993

Gggdrel g8e glues (mglL)

0.05

0.005
0.05
0.1
15
0.05

0.001

10

0.01
e)d by Cotruvo and Vogt (1990)

Gggdreli%vcslues (mglL)

0.005
0.01
0.7
0.003
0.05
0.07
15
0.01
0.5
0.001
0.02
50

3
0.01



Table 3. Inorganic Contaminant Levels irgaDrinking Water Supplies in the NRBS

Inorganics

aluminum
arsenic
barium
beryllium
horon
cadmium
calcium
chloride
chromium
cobalt
copper
cyanide
fluoride
iron

lead
magnesium
manganese
mercury
molybdenum
nickel

NO. andNCss

potassium
selenium

silica

sodium
sulphate

TDS

turbidity (NTU)

vanadium
zinc

Note: MDL = method detection limit

DW
o)

IMAC = 0.025
MAC =10

IMAC = 5.0
MAC =0.005

A0 =250.0
MAC =0.05

AO =10
MAC =0.2
MAC =15
AO =03
MAC =0.01

A0 =0.05
MAC = 0.001

MAC = 45.0
(Nitrate)

MAC =0.01

A0 =200.0
AO  =500.0
AO =500.0

A0 =50
MAC = 1.0

A0 =50

A

MDL
(mglL)

< 0.002
0.0001
0.001
0.001
<0.002
0.001
1.0

< 1.0
0.001
0.001
0.001
0.001
< 0.05
< 0.05
0.002
1.0
<0.08
0.0001
0.001
0.001
<0.02

0.2
0.0001
<05
1.0
<50

<0.1

0.002
0.001

AVERAGE
VALUES
>MDL (mg/L)
0.1
0.00046
0.05
0.001
0.05
0.0017
35.73
147
0.0029
0.0015
0.02
0.0023
0.2
0.06
0.003
12.86
0.02
0.00016
0.0024
0.0036
0.05

2.95
0.00012
3.61
27.39
53.88
293.20
0.63

0.0034
0.008

UPPER 95%
limit > MDL

1.37
0.018
0.18

0.51
0.0041
168.4
36.5
0.0069
0.0037
0.19
0.0053
1.62
0.38
0.0062
50.6
0.19
0.00039
0.006
0.0095
0.53

17.91
0.00022
21.92
307.90
439.46
951.00
4.70

0.0072
0.064

LOWER 95%
limit > MDL

0.007
0.00001
0.014

0.01
0.0007
1.58
1.53
0.0012
0.0006
0.0028
0.001
0.02
0.01
0.0015
3.21
0.0
0.00007
0.001
0.0013
0.005

0.49
0.00006
0.59
2.44
6.61
90.40
0.08

0.0016
0.001



20  OVERVIEW OF INORGANIC REMOVAL PROCESSES
2.1 CONVENTIONAL TREATMENT PROCESSES

There are three conv? Honal treatment Processes fot emovin |nor ante ?]ntamtnants These
InC g ggubatl? occulation, softening, and filtration. t%e eral these ersses are
on3| ered t ective and do_not have any ‘serious concerns wi rePards t0 costs. e {

e Processes are_commonly found in'many water treatment practices and are suitab
utilization in the NRBS area.

2.1.1  Coagulation / Flocculation
Coa uIatl%n/E]occuIat on |sa ro ess utdllzed to agglo e nedt:§)ersedp ticles (c S ?II0|ds in

so can ere In se imentat| n ses. This.usually ¢

[ tatl hi

meve a d| rtat cemlca|s (coagulants an u \ |dfm|f< snee eF

eearg age oaowteco anttomterat % ngt v¥ a a/v

mtxmg tage’to allow the Parttc $ 10 agglomerate. Ium 14 and erric’chloride
are the most common coagulants used in water treatment practtces (Environmental

Llealth Dtreckorate 1993).

Ln order tp make the partlcle% g lomerate, theY ust first deEStablhtZQd Destabilization ¢ noceitr
two |st ct cesses heTirst Proces? the neutra zattong part| e charge usua
at| e so thatelectro tatﬁrepu Ive forces are removed and par ces cana

gn %on Ith each other. p |s ver ort nt actor s the coagula sbe ave

eren an es. 1he best clg ccu atto erformance gan can
ac leved atcertaln va ue as sho vaIues htI less that wst
axim t10 of };)ttatesw ngt atte om nat es IS, os tve ﬁ

Ince t ECO OI reu ne ajl' - this eem tO esto tion. I U
thatint ecaseo errlcc i begtp \9& ue |sa out % P ’

The second |Jorocessforgestibtltzatton involves the en eshmentoradsor hon of particles to the
CoagUANL peCIotant 00 & otin.as e |8¥“e?8et""’”tattt ihe-coa 't) F
aownpan remove E ure |¥Ius test e effe Pap Iry nqV[Iumcg ?an | %8 %ecfs(i
neutraltzatlonjandﬂ] %% locculation ie 1QN. e O,catest g ﬁattvelg low ?
articles are est[a 9 H h %atton he MOre. (0Se IS a% é heexcgs coag
E%%fe“ C et ?Srrm ol g ; t”t'”ngoact‘)?é“t)e chargel i tt“?tn B0t oh &
,f ngra!t%aﬁ t’ sweep f ccuﬁatlon IS0 BT WALGLS 25 % b tlg

ten us ornverwat asthearea arge O[altz
o eneutra Ization’Is used In direct

termine with chan ter qua |t condifions.
d has constant water quallty

%tnﬁnw
iltration, where the raw water normally comes from a farge |

nor anic polymers SsuchasLHOI al numchlonde d activated silica) and or a”'CtP%' mers are
% use t0|Tm rove coagulation / floccu att N pertorm nces ey a3|c t ame as
0t ertneso oagulants or coagulant aids ystrengt ening the oea orme In the
coagulation process;

Ingtecszg low turbjdity water, addtn more artt Ie s ch as entoglte or powde actlvated
G Sl e M R e
Elowever ot ertlactorsq?kec stZ %practtecamtrty prob?ems shoufgtie [)e taken |nto account. ?
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Figure 1. Alum Coagulation (Amirtharajah and O’Melia, 1990)
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Figure 2. Ferric Coagulation (Amirtharajah and O’Melia, 1990)
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Figure 3. Alum Sweep Floe Process (Snoeyink and Jenkins, 1980)
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%eneral, alum is more commonly used in waterwork practices (Environmental Health Directorate,

C0aqu [OCESSES Tor SPegITic Inorganic contaminants.™The Inorganic percent removals vs. p
ale resente In Figures 4

Betjer monrtorg R and contr%I rﬁ) Rgra . iare aIsP necessarg In order to improve the ov o1erall
Ber ormance of t eprogess enc g of S ae experim nts are also ver |m orfant
asicall Provrg qh ant rnformatron bout ¢ %? mum pH, cemrca# rxrngs eed,
temperature, and other factors. Cost and practrcal problems can be'assessed from these studlie

212 Softening

e o PR s e e
%onstrtuentst at Fl?ﬁ(ﬁtO?fe e OVEdP { e 0r soda ash may be u er# orrnri anrcr d(fthVl]

USEPrAtI 1977 ﬁprovr es j? gFral information for inor Hic. removals using iron aird aIum

|mpPrec]J1prtates oth calcium f onate an magne |urrrb|ca onate effectively, whil 19 aas
ﬁ ctrve r the removal of non - cargon ted calctum and ma nestums fs. The use 0
roxide has also been reported to have some softening capab

Directorate, 1993).

ecan also.remove inorganics throu hth s(yv eR tHr]ccuIa jon" process creahrn%calcrum
onate ecr Itate that sweeps all the artrc es down. The o trmum oae leve t axrmum
crumc onate recrptate varres P wever It was reported that pH va ues>12 weretE g
eﬂrra ene aI per or ance of lime softening In removin morg Hrcsg ﬁen In ||grrq
remo r Srgure drcates that Or most Inorganic contaminants, the higher the pH the bette

v

Again, monitorin ?d controlgro%ams are two \mgorant fact?rs to ﬁchre¥ ebeft lrme
50 tenl ﬁ dprocess%)er ormance and pilot scale Studies similar tq t OSB or flocculation /
ggﬁgrtrgns are also necessary to give the most complete information about the optimum

so lum ities (Environment
Health

21,3 Filtration

rItratron curs in twg steps: first the particle must ¢ Toptaetthemedr and s conﬁ the particle must
eretarne eme la. There are marnt es ot filters commonly used In the w ertr tment
gractrcs raffl |Itesand slow san ilters. R drIteBscanc 15t 0T One or moye materi ssc
( eqd a t racite coal granH ar activated caroon éG and gam Hrrrlmenrte A
F Crnfrteraso rs reql crn nt racite. Sand and dual m tersarecommonl
ound, however a substantia |r|peme 1a filfers are also exist. Unstrati |% goarse san

antnracrte c? can aIso eﬁ ter medium. owever It regr{rrres agee? toac geve
esamep rticu atelre movals ow rIter IS another variation araP Ilter in term of flow

rectlont at IS utilized In afeww ter. mentpansrn otner cquntries. Jma consl tti
ows the schematic diagrams of filter

re
retajning grid to resjst the, wate u ift aﬁr ure
contrgurqatgo %orrapr frItratronatC[ea 0%
In regards to filter operation, there are several filter characteristics that must be considered to
optimize Its pergormaﬁce Irst, Pfterﬁeadsloss IS tﬁe prrmaryproLfem that must be overcome. er?r
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Figure 4. Inorganic Removals using Iron Coagulation (USEPA, 1977)
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Figure 5. Inorganic Removals using Alum Coagulation (USEPA, 1977)
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Figure 6. Inorganic Removals using Lime Softening (USEPA, 1977)

Percent removed
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Figure 7. Rapid Filtration (Cleashy, 1990)
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Fow IS erthier ke tci)nstantb contralling éhe va(J E constaqnt rate operation orb aIIowr tg”
w to decline (declinin %rfat oper tron? econ ah Kwash ce sar to re rticles
W |ch arec tu ed.in th ter 15 known gt IH] at(e ckv%rs rn e\rents
%vaf H errorates re tewater nxr(s car owt t%rtb pen
efore terssen tot %n ds 8 rnﬂ meran coagullﬁntrn
aterdecre sest etrmgan tur urin lter ripening sta euseo )(er
coarse and fine) me ormpro es the media eanrn r0CESS Htr?nment t
Irectorate, 1 rna Pﬂratrona control rs not er way't J Prov Iter Der ormanf
xam%Ies Include’continugus manitoring an artrc counts. Conducting rIterco umn tests is also
Very important to achieve the optimum treatment performance.

The slow sand filter is a sand filter operated at ver tes without the use of coaqulant in
retﬁatment The removal me hanisms are both hy broIo ical, Mrcr organism rvrnlgrn

tercauset ere uctl no or anic co strtue ts; eremovals ccurmarng I the “dirty shan

a|eveosonte urface, set 8 d Tilter 1s artra a_ jologic 9ces
Prech orination mjght erqurred sbyl owevera re ted etermen (1 L
|It)er removfs] rtt ortio bmrcr eter artrces Irec vrruse nd h
sunstances ratr ?trsasohrg since the medium needs to be pe rrodrcalycleaned
removrngthetop art of die i

2.2 ADVANCED TREATMENT PROCESSES

Advanceﬁt treatment processes are other options when the conventional treatm grocesses do no(s
work well In"remo ngﬂ ?er In onta rnant lese rocessesmrp not § conomical an
therefore are not common water freatment plants. Some 0 rﬁ%neﬂy

deanced treatment proces estat ma ppp rca%le orteN Sarea are?trscusse
Aeragon cfan bebdefrned S aproc ss ofbrrn n waterrntdncont jg ith arrr orderto exrﬁe?{te the
ce

ter

elow
n 0as between % ases Ae nhastr tlona enuse emove ronen
ue to tast /o orgprro emsa dcar on droxr etore euseo Ime In S

5se ecent ocesrsaso sed to remove trace volatjle organic co tamrnant%
@}POE(} tsrom waeryAnotSh rcat on ot IS rocesrstﬁe addition ot %n {0 errze certain

0X
es frgns such as 1ron to rnso uble orm which 1S eashertor move % 9 tergfocesses
one and potassium é)erm n% nade areottler[alternatrves s the oxidation agents. Sever Hesof
unit oPerat ons canb uding packed towers, i use aeration, spray nozzles, and tray
aerators (Cornwell, 1

Adso f“OB IS 8 process w erea ecr[gsu tance known as the ad orbat muI datthe
Inter etween. twoln §) n[cﬁ lguid or a gas an asodé eso on which
asorH Hgn oceurs Is cae the a sorbent etrahsgortpro esses Inglude bul squt n transport,

m dITfusig trans re fransport, an rtonc or ove
constrtu nis caue CoN er saswel tast odoran 0lo ms ranula
ctivated carbon) | s atet rsc onyuse in columnsor uen passe
t rou n a SO ent adsorpent reac es |is bre rou usted) ‘stage,
araneo eun anted (on. Regeneration,is therefore urre ort
ex a ower activated.carpan) IS andgher adsorbent that can be use
tore uce taste odor problems by mixing it in'water Snoeyrnk 1990).

Lonexrihang IS process in that an unwanted | rﬁn is exchanged with anotger jon. lqn exchange can
e app |fed 0 rem ve] containrnantcatrons such as Hanum strontium, radium, an ot ers. Certain
types of anions suc vates, arsenate, and others can also be removed using this process.
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Similar t gtp adsorption process tt}e rege eration rocess IS re urrEd Wgen the bed has l%een
exhauste ese lons can be Jn Ff] rm strong cid cations, weak acid cations, strong base
anions, and weak base anions (Clr ord,

mbra rocesses can be Ired {0 renlrove gartrcles t&rch eto small to remove u in
or Inar tron rocess process as be eBane sot tit]s ca aI rovr In
su erro rnk ter ua rt wrt com etitive capital, operation, an arnten nce cost] Variou
\z mem ess sexrst verse s rs saRressure |ven proces at Easses

ter thro em ra ebut retal svrrtualr¥ rons T pressurﬁm st excee te motic
ressure, teef re oreing t atert rough and avrn e lon Electrodialysis I
ocess in w Ich 10 sare trans thro hmem rane om a [ess to a more concentrate

ution asaresulto thte assalg rre te Ctric urr nt. Ultra.and napofiltrations are Spressure
rven Proces?es usrng Lers ith verr{ (Pres or actronatrng ana concentrating solutions
containing colloids and other fine particles C n
Drstrlatron rsapﬁocess whereby water rsh ated and t ehotwter por a53es rntoac llection
E) n] er where the steam con endses and anges ha tjp hI qul ahler et 18821
rst atron IS an effective met ofremovrn drsso solids, metas and minerals (Culott

Se uest ring i another process of bindjn tain t fion into a complex form. that is
ﬁcge taEIegaes] etrcatly QIetsr?s co[n 'eg ?Ir even/ﬁral?y egrade Wmtp trxme mSOd?Lm
De?(eactoertaatghris%ate IS very commonly used as the sequestering agent (Environmental Hea
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30 SPECIFIC CONTAMINANT REMOVAL PROCESSES

All i moioanrcs listed mTal”e 1 above will be discussed jn this chapter. Intrdducapw ex Ianatrog
for eac morganrc basrca cover some the chemical properties, natural and Human mag
sources, contentration e els In many waters (such ‘as' surface water, groundwater, an
stormwater), and some health concerns.

Thrs IS foI owed drscussrons a out the aEPIrcatton of c%nventronal treatment p{ocesses for
ovrn an[ nic mwat emgp S| orven to the use of coagulation /' flocculation
f)(r)ao%nclens ation whrc are the standard treatment processes in"most water treatment

The adv%{tced treatment is then bri [I Iscussed as the Iaslt 0 tr% whe[t the conventional treatment
Proces 0es not.seem to work we ese r0Cesses rn d agrp cation of activated carbon,
on exchange, oxidation, aeration, specific membrane filter, and others.

and concentration levels of the Inoyg rche Icals in water, and'm ati” er
Bercent removal 1S noresented or eac tre]atment rocess g ve]r the data are ava* ble. This can
e used as a Rara eter to choose which treatment met the most suitable Tor removing a
certain norganic In water.

ARSENIC

Arsenrc is found | t atrc en%tronmentrn the trrva\Ient arsenite) an Penta alent garse ate
Ic groundwater, while arsenate %n aero C sur ace ter{%n
t

for enrte IS anaero
r@oﬂs rsenrc 1S ve mohile, wrh cyc st rou
Merc rosron o arsenic - co tarzwg [tt(f Cfg ks seems fo he most {omrn%nt

As it will be shown, the remfoval effrcrenc t] |anuenced b}/nthegH , temperature, rors)er Jes

886 sedi
eocc rrence o arsenic . |nt art scrus |sa 5% by wel
tura ?ourc senrc In Water IH/lorc

o ead, an processing Arsenic iS also found in Indust na emrsYo
fuel comb smet some estrcr es, preservatives, and ters

annec er et ) reco e enic coneentrations of 0.024 to.0 |n stormwate

Department of |ona Health a e are 1980) reported that Canadi nsura waters containgd

aﬁsenrcwrt %oncentratrons g anO /L twa] drinking water jn

the United States containe [ }re&o rtedthaton se4n/|ococonc ntrations (n
roundwat erf tFo ?3/ XCe nb%f ? ate an rnolcf1 e%%? Ahcute effect éug 0a enrc
ﬂtestron Include s an deaJt y]v Ieé‘hro,nrc § cfs can e fo ney
egeneration, cardiac damage, and others (Merc

Arsenic can be moved durrn coa uIatr [ flocculation and lime fsoftenrng Pro sses. Thes
[OCESSes de |on sfa eo arsery; typea dose 0 coagul n o and inifia
senrcconc tron Le e and onnor t 3)."In"a laboratory ex erment t Was reporte
at30 m /Lo ernc at coagu a as abeto re ove moret

optimu ues Were repo Alu

Va oS an 000 arsenate In
Yvero mvergﬁeﬁl ltent e asll '?85 Guqled eandno 'Con 9 t

. i T
Lagg%&gn()g aeS 8“2%['%())/% m e '[377&[‘59 % of arsenate in water atp values greater than

o by Cullcge g tdqd%nan%?'t T e SR A Seraed arenits waovery el

Arse IC | use In metal ur%

'ms 0 IVGF
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removed using ferric sulphate / alum coa%u|atron and lime sottenmg R{ocessea However,
removals using'the same processes were relatively poor in the case of non -'chlorinated arsenite.

Advanced treatments such as membrane and ion eﬁ?hanrlr rRroeesses also offer %ood oplbons for
arsenrc removals Reverse osmosis used in a sma éx as re orted to have capa Ihtly In
reducin someo the arsena con atron In water (Sor eta SZeera_\ anionol n
Imon 1973

Br
resdnﬁu? tefg 0nret{enftot\hatahr ESB ﬁr%réeh'cceh'}r%t%n hcrtl ann egative Im %chteo/r?rthe arsenal%
remov Actrva umina {

e to, reduce o ar enate_concentrations, n
roun wat raf ﬁvau $ less t rfr !éellack 1&9 and Sor (1 ség 9%5] However, the
gresenceo sulphate and Tron was found to decrease the remova Fox 9).

3.2 BARIUM

Barium | usuall% B[ﬁsentm nat raI water in the ormso arium salts, Thea etate, h rde and

traes ts are sol e Wwater, ntD hos ate \s/\t) ate nt]ean some ot fe es

sats ﬁoartmento atronaI h rre eocc rrenceo ba

thee S Crust is.about 0 ywer 9 Barr IS also rm m
anu actures and ot ersource er m

em amt S nt crubber o]brrcatm
rporteﬂ 6?arru 0 Ben ratronsmstormwaterruno era
ess t Ta tH arrun(]wt ntratros ere reporte in, ana
ce waters eartmento National Health and Welrare, hre a arrum mean
concentratron 86n%/L was found in finished drin m rrat (9 % & g0 era %II
water and acid soluble gmcon%poun S arg tPrJ 98? te and Am
mention that the acute e ects barlum include roIonged stimu atron of the car rac
gastrointestinal, and neuromuscular systems.
bor tory studies on barium removal found that oth ferric sulphate and alum coa uI nts.at 20 to
8 X gﬁ %[8 ? Barrum I ater Whr\e Itmegso tenrtr]rgn ﬁ

nly remo

re orted to . move Eo most é me ba% g t% water
I&%%evy%hedlga c?urr?rngﬁloha w?thld Irec q?r”at%ﬁ v?rgrsc Irte orte to%be Ca ab?él& usrﬁr(r) nro /L
g? arium in watertoOSpmgL Krause ano Stover, 1 p P ’
Str acjd catjon exchange resins were capable of chrevm up.to 99% reductions of 10t
(/)Egb[arfu | f«h rt]or stud reverse smosérls wasas&péo é? O(Eave more than 3;
e ovals % g %r %ater Onteotherhand G were not reported to
ave 00 remova snz org and Logsdon, 1
33 BORON
Eoron rsausjugt erfoundsrr(t) Sa(r)tir t(t)tle 6r‘rc])r ﬁgnung 3759%361 | ornrc ajrd Thrsr nc§n bren a sovrvbeerg
o/unr?)(n gana acewater gbepartmentof atiorial eamt lWe, are la&% J

0 cgmpLete re{oorfs are a a|I bIe for convientro al treatment groc $S8S. Ho gver since bo[]on ca

f (’TJ ay an er ?pesg soll, the removal fsn]sg materials t roug
Can ation/ flocculation rssuppo ed to be able'to remove some of this inorganic (Environmenta
Health Directorate, 1993).
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re as reported to_be effective in
rpon was tsound to be apag?e

rTet}reoa/?van%ergntrlea\tvrgeenrtV\flnlge crt'v‘StéC |orhexchan of removing up to
90% opgmg Lonoron in water%c 0| an I
34 CADMIUM
d f h |e f |
R T I R
wevert Ison, 1984).

sorption was reported t reatly reduced at pH Ile an N
% |um naturaﬁ ﬁaun mpteeartchs ust\m concentr%ttons o\(v ) ﬁﬁ g\/lerc
ml m IS a ound In such pr cesFes as com utlon me | |n Str

&{ z s, pesticides, corrosion. 0 vanlze meta of ers(s erc r]

admium concentrattons |n ace aWwere oun to be.les than? L
Gui eItng Cana lan Dnnktng I\ﬁ?( |Ie ac ncentration up to 13 {L
as recorded for stormwater run off (Makep eacee a mtum meanc ncentratton 3
nglL was regorteqtntheUnt gd tates r0tind aterﬁ Tatje and Arnold 1990) to ssuch
ariemia, renal dysfunction, and others aré related to the cadmium ingestion erck 1

Int e case 0f 0.03 m /L c%dm m in water, more tg %%removals were achieved usm feme

ate co u[a ent etertp)an ut at h8 ame ca mlumc ncen t|on
%u(?p coau nt dnot peromweﬂ IfS Dest emovalol_F lpFI \MES Si

Y% cadmium removalwas reported using lime so tentng at pH greatert an Al

very large dose of PAC was report Qemove U to 90% of cadmium. GAC did not se
worimgwﬂﬁ i H % Eﬂp ‘ V\?H]I

a maximum removal of 50% of 0. m lum In water.
reverseosmosnswaspreaﬂctedto remove upto70A) otzcadmtu Sqorg tl 5

3.5 CHLORIDE

Chloride |s]notadom|nant lon.in sur d’aﬁ n]/aterwnlthe exception of arid or semi - arid regions and
seawaer his 1on 1S ynreactive an q solu etnwatrtatcannoé ermove rom water
eas nsom ares on el g sent ater from the weat gnng and leachin |mentar

roun water pen n e eoI |ca ormatio

EM 50 oride can (P

Ot er ources |nc e| |ng eets tire roa ew ter re tmen (35
emtcal m%ust les, ert| |zers, and |nsc ea e et a eace eta

ﬁo reported chloride concentratio Jt c% |nsor %’Ef\/l an 10m
oride concentrations were recorded for ana |an sur ewaters

Little to no Wor at*on IS available re%ardn to the utilization ofco venttona reatment FOCESSES
to rﬁmovec dpg] e from water. A de eatme t ép Cesses suc roc 5Ses, |o
exchange, an foh 0

orption are, Suppose €.Capa removin Ch m matlon
g[_[{anup ctlvatetf {g pg Smosis Was reported to I'gd b0 Ch oriae In water

equmat ggga |§<elsngrvv?nt aI?W conce[r)ttratono Hfonde con &Slng Water 1S

er met o to decreas the conCentration (Environmenta HeaItthrectorate 1

36 CHROMIUM

Besides many other forms, only_the trivalent and hexavalent forms of chromiym are significant|
consicere rtl agueous systemyTh (I% |sverysoluglean8 mobile, notaélsor% %clayan%t/
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other t es of soil, btht maj)(lhave some, aftrnrt{ ororganIII ﬁr Cr |sLa stro%8xrdrzrn

Rent tre cts Wit }r]e cing chemicals t HA

ro ' IS?ltntirnntearenatrsthscrelrS hiaﬁtf coon 0Jls, pes |cr? es, ertr |zeesC%rrnr SrIJ(t) ers
!vercE SM 8 8REM 19 Concentr trons Po% 53p Were reporte for Canadian
e“éEttr% FL RED a”WSt‘etOJNa tt’é‘?ﬂn jeatn et”é’t o 80 fmAwmer'rau”nY)t’r“et’s AR
aveO 01 t023 /L of ¢ r miu epeace ef al, 198 ﬁ? Uvg ace ana
oundwaters had values of 10 an 16 g/L of chromium, respectrvel Tate and Arnod
1390 Even t @rs not_considered very Iporsonous Rt ert geso chromium stich a?
damagleumMaeCrlc salt are toxic. They can cause'irritation to the gastrointestinal tract and rena

e

?fﬁ'%ttS
) Cﬁoped‘tﬁr )tﬁ

u I Sulphate oa res ectrve esame oncentratro
annbapo remo edrfr T LAMp ntgova ime remove

e o ol e o
i A o

so ten
at high Hvaues using lime soPt%nrn Was

reported to be poor {Sorg, %) . ?

Cr(I11) and Cr(VI) can be remqved urr lon exchange processes using cation and anion resing

re% o)trve? evgrse 0S os?s](fspg Pt(flg%rfforCr% 8 g 5 movals, whi ﬁe GAC and

Cdo not seem to perform wel org

3.7 COPPER

Cor[) er can pe found as a co mer nbetallrc elemen ofrocks ndmrnerals 70 mfound in the

earth’s.crust and seawgter J(i tlj Hr o

cupric.ions wrt rganic eat Wi

Merck, Opper can In th
lrp]reaterthaﬁangS %Otgéﬁ/rl rﬁore X F Owr%Elourc S0

et oo
Eogfplgrt?necﬁrde K‘?ﬁtf atPcal Pd er AndustrraL ISs{ons, azrrcaltura md%% [t] nﬂrcr S

cides, and others (UC REM 19 and Dannecker et al. 1990} Natural copper conceRtrations
|n Cana |an iurface waters werefound to be less tnanSR /L gCC lfM 199 %oncentr%tro E
tt/l as rego rter |nsor water {uno Ith”mean values o 0ﬂ6 P g
akeoeaeeta el States finished waters Were reported to have less than
g Co oer éTatead rnoIb 0). The solgble copper salt, I.e. copper sulphate Is strong
Itant to skin and mucous membranes (Merck, 1939)

Both aIumHand gerrrc salt ooa%tél nts were redrctedt remove 99.8% and % of copper in
Water at mper et a OWEVer, one stu Yr nP rtS that o of co T Was
emove |n ée era conventron[a ter tr atmrfg /o eductro |n the
arifiers and filters, resPectrve eman enc sca’ n]e 50 enrn% Was
reported to redu gco perin g conta |nate oun ater rom 0.1 mg/L to less than 0.001 mg/L at
pH 9.1 and 9.9 (Stover and Kincannon, 1983).

00d corrosion ontroI including water condjtioning is necessary as dissolut on fco ner from

m |n materrasrs an important source of o rrndrn In water Chester

verseo mosr can.be used to rem veu 0f COPPEr | ter rurka a s cited

vrr nme ta eath irectorate, 1993). Activat d rb ncanaso e used even though the
rsutwrl not e very satisfactory (Sigwortr and Smith,



38 CYANIDE

C a de rs suaII ound In several forms, such as hydrogen cyanide, cyanide salts,
y ecorn, XES. C nr ernt so%so run¥ andg otasgrum salt ?y Fsolu%a] ﬁ:]
o en com ns rev atre an s ﬁ ‘metal com Ie es are insolu reef anide

ent atrcs te rod radatronan olatila Aon Proces Department o Natona ealtt]

are anr source rnc e Industrial effluents, chemical and biolggica
oratorres dec m 0S| on ormetabo mo certarn pesofBIan%andmrcroorr}ranrsms ue -
o er Matéameaecwgt’a %stor ater runogt In a concentration ra f

fne case roundwater, most ¢ nrf?
concentratron eve weere rte to he Iesst anB a/?_ %gartment o?NatronaI ﬁ

Directorate and Welfare, 1930). A_cyanid emean concentratron of 009n IL with amaxrmum
concentréitrono 8 nq/L were found in the nited Staées Inis edw ter su res anide (s rea u
adsorbed from the ung Hr Intestinal tract, an ékrn erse remely toxic In that it
prevents oxygen transpdrt ifl the human body (Tate an Arno 1990

8}1rdatron Uusi % hIorr €0 other 8ct%emr§%Is can remove cyanrd§ effectrvelu froraev¥ater For
a

oring gas, alkaline pH values g arg necessary tg avoig_cyan hloride formation
orcompg eoxr t(!on%fthwﬁ/nate lon. Rchlorrne concen ratrong r/n ﬁgrs require fortreatrng

ronment fl ﬁtholf]rrgctorate %8859 Ozonation can also be use for the same purpos

39 FLUORIDE
Fluorrr eelr:or]tr Utrﬁst% ?6r5%ca eﬁ ight so gpg rﬁla(rgtlt ?n Crus forrnlatron éw(erftk 1?89? \?Iolurces oJ
r?dQ tlon o??uorerderen rirlrjngtn water (Makep eace etal, al}%Lj” [Iu [r]rgo £.0 arltrrfa Cﬁ t‘\uorlre ation
nemrcalsa rr]tB orms ot so g uoride, sodium silicof uor#rle and uorrsr ic. acid
nvrro menta % t) {rec oratecl % [uori earlrttusrtormwat [run o rWas (I)una 0b ]
gfen ration Ieve{n%t' 0.0] t pf% ma(t LBepe)rtgrenta[5 atronq e}hsu%l \e/\S/e ?are 8%\%6
witéi merrczén rrvers ﬂf %roér ers have aho %P $ [es ectrvel\%
1980). Fluoride rs a Water to r duce enta car n rs
ration exc m t[ uorr e INCreases ﬂteo currence o ottl: %@3} eves,
europ ysrologrcae ects aré'also mentioned due to uorrerngestron erc
Urrag re?—?r:v?%vteh[?t ru%utrtd.tttn%ttt °°§tsttdﬁtﬁ gtdﬁrajt%”dttffte%dt emoving
uor| eslrgt ut the remdvals were not satistactory and neede ghc emical doses (Sorg,

aIe actf vated aIumrnalgas reported to redice8m§?L offI orr rnwa to lm%/LéSor

re a ratory - scafe stu o activateg alu urdrze ed wa eortg
tor ovetﬂo ép hol an ev rse SMosIS so Derrorm
Xred crét uorr concentratr ns rom an 2 ? e% [es ectrve%
However, activated carbon was reported erne fective in rémoving fluori

or and Chen. 1979)
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310 IRON

A DR TR
usua O\ow In rrP Ue 10 Ifs mso |Irt Pﬁ%ﬁ%@\gk §%gl ebut 59 0 tﬁe earthl?

0

Crust, rPn IS easl reIeasedftowtebrs%stm 5 d\ores'aS lk Other sources o

|ron InC érde tﬁec rrosion 0 tee coke an f‘ and tee mdusA emrssmns Iron IS
As Ing agents, lectrical materials.

aso used In t ctron ﬁ)gs&rcs antpr po

ron concentratl nso essta areﬂua y foun mar IC slirface water, wever a

c%ngnratron as h leOm /L can efoun #tﬂoundwateran thermal hot rmg
ron was dm tormwater runo oncentration ran eo 0,

Ma e[p ce eta ro mr t cause some co oradtaste problems. rs |on canaso

romote t egrowtho ron - to eran bacteria (AWWA, 1

Remov% of.iron from %oundwater can be done b oxrdrzmg the soltrnle Fe§+ tg drﬂstMble 5

A T SR e%rr%op ?gfaﬁags.a o %

[
griaaatrntrgﬁataﬁaat iy e e e for el enety, i)

Reverse osmosis ysing high - selectivity cellylose acetate, GAC, and electrodialysis_processes
\lr\rr]ecre ano reportedI to%avg goog |ronrmovalll Eamesl\f Montgomery Eonsuftryng ngineers,

311 LEAD
T ! | lead h
i émfs%f“m e dt\jdﬁ(’ ”dﬁare %adc%%rstt%’é%e D b ead gtg&%é'dtfat i é%ttgi

Ith elfare or tion |st e most Im, ort tan Inant'fate process o
tf Fpexsw organr oS that ncreasesrtsasor tive toyf a and other minera
sur aces 979). soccH Jence n the]eart S crust |s 8]30 me
p%v red |cIes and%so In ItIves are t emarr] humap ma esou ce
& ead |?also used In tan mm?s 0 d)w&? eta man Sturrr}g P ot ers 199
anadran sur Fw grs we_re repor g ess than g a a_rltaVﬁrag
concentration 0 /L was found In tanwatersamples rtment 0 atronaI ealt
Welfare, 1980) Inthe case of the United tates surface waters, a mean concentration of 14 nq/L
was reported. c%r tratron of 13 . 3s recorded Ior the Unite A
%Iround aters ean Arn 9 anent r mae ecr foryou gcr
ergnt losses, an anemia are the m mh concems assocra ed th ead exposures (Merck!

It was re ort d that lead was 85% to 90% removed from r{ver at rwrth%%ozto I-fTU in éurbrdrt
i a.§rsetr s e UL O e
mo el(% S r;F% g %/]l[ Lea In riyer water ncoa ant a?g ﬁa tesame
urbrt{) Z}or}et al, 19 vvearsrlr:e rFtJedl ﬁt aIm%usnotteonrbe rnthrﬁe erfi\all\{reet arnaurma
wasa to remove almost’1009 dofO?g Iaeadconcentratp In well water &J%E/i Q)a?ni
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Ion excha ewasre ort dto hav e potential in em Iead from wat reven thou the dplj
g rtb crrtr % 99 ctivate car as also consl ered as ano er gao
alternat] rgworth nd mit

3.12 I\/IANGANESE
t\/l]an anese is us a rl)d Inn turalw teraﬁ anlganou éMn2+ ) and manganic Mn*43 forms.
an anous or Xidized to the other omrnt [esence 0 ox en anganese hﬁ
a lrr/lop%rt toseo Iron, IY)Ian anese can 8% rel eas rom sediment ores an rocs
an anese c? (Srr Ute aboutOO b}¥ werg‘at to the earth’s s g erck
eso rcesrnc e stee manti cturrng emical manu acturrng ertilizers, anri
r75 a peac eta 199 MakeB acgeta 1995) Also r gporte manganese ?aen ations 0
t in st 8rm ater runoff. Several’ symptoms due to mangahese include sleepiness,
weakness, paraI ses and others (Merck,
Theoretrcally 192 mg of chlorine and 13 mg of potassium dichromate at pH qreater than 9 bare
e t0 xr rz gof the soluble MnZ+ to insoluple Mn4+ resgectrve ng % %]
uent ment tion.and rItrgtron ro?esses can be applied arate erns? blg
anese rom water. Lime 8? ash S0 ten ng and zeolite softeners were also found to be
fectr In removing manganese (Clark etal, 1
The injection of oxygenated water can a conduc ed t remove man anese (Ja
Monté;é 8 Consut/% E rneers Inc., lt!) ester manﬁérn(e ? anothé o[nf?erent
t) cess S u Ing reverse osm srs ectro IS, and disti tron nbet 0ds can
ea nvironmental Health Directorate,

e ectrvely pll Ed {0 remove manganese In Water as we

313 MERCURY

Mer ry is found in aquatic stem rms.of uni and divalent ions (Department of Nationa
mlr)brrectorate an]; We re, 1 6? gnemr al E%ecratron sgg)tron apﬁ%roaccum’\tatrf
trans ormation are the a]teso mercury In watg USEPA 199 Urces 0 mercuhrg rom
chemical In strrea coal ¢ ustr aint industries, and d ntlI maﬁ;am Even't ug mercur
rs sometimes atura n so nra concentratron eveso ercury innatur aterT
ry oW, . e |afn an sur ace waters ( ep tme tofNatrona
Directorate an are, & her concentagt[5 s mercury were roun '
st rmw%terr no ug % ke eace et al, 1995). Inor anrc rcury is pogr
aasorbed In the lﬂag intestinal tratt n 1S 10t.as toXIC as nrcm Jy %eer kidne

rnjurymrgh occuT due to the Ingestion o rnorganrcmercury ate and Arnold; 1

Bench scaIe tudres showed that 20 to 30 mg/L faI 9 [7ic sulphate co tsdb ot
wor&ve we n rezmovrn _|Q anic merc gwrt ore uction evenwh etur

Was reatert an Lime soft ng was aso reported to have 60@ 0 mercuriﬁ
remov at H 10.5 (Logsdon and Symons, 197

S e s T tats L R e A
Bﬁg Was arso mentrone to eabeto%n ance t)he adsorpton quaﬂty Fgorg l;
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314 NITRATE

|t ate |sh| lequbJe in watey. Hovr]ever its level in water is not excessive because of natural
o Ica ut?ta e (Environmental Health Directorate, 19V\S 3). Nitrate concent atronsrnsur ace water

tpﬁ g °”rt§ﬁetrgé’s” LA ot“st’r IR Waters. eaPou't' “’gte” %%t“tt%o cott"att' tttttt%”ttttt&
sha OW, gr0 ndwa ay have more proflems with njtrat rﬂr é tgﬂp%gﬁ de SOUrces
ri ?)(( thent ha Hreaterthan

s%rve LnteUnrte States showe thatrn%(ec e o1 1,000 wells
015 (Tate and Arnold, 1990) orstormwaterruno nrtrate conce tratrons?

quere reported %Makegpeace eéa 1995 entrone Tate and Arnodf
1990), nrlI %e ndrrnkrng\ﬁ e fwo adverse, healt e is One rs the induction o
nrtertosearpn?ﬁe(s) inemia especially for infants, and second the potential formation of carcinogenic

Srnce conventional treatment processes don t seem to work well altjernatrve sources and mixin
grh oW - nitrat c%n&entratr N SOUrces ostco mon methods to remove 3

Itrate |n Wate
s D e e giéet‘ t%ra
ome SUOH%D Wead ase |0n EXC a(% resrns Wer reported 1o reduce ? f nitrate
concentration as N. In water to 0,o.m ’{ [ EVerse 0SmosjJs ma e effective,

\(rvaosréeportertt at n the case of Sl esageggystem a nitrate removal up 1 930 e acnreverj

315  SELENIUM

ere are two sofselenrumu ually found in water: Se44 (selenite) dﬁe46 eIenate Botr}
tem a |_e erwrtht el ceasrn concentratron at hj Og eg ent 0
Natronal ea han er are Se eniu contrrbuteﬁ about 070 n h rth’s crust,
ur natg yrn e form eoeso heavy metals, and is als oun othermrneralf
erc Avera rnrn coa an ea refineries are oth rsnurg got sele (Makepeace et a

ese eniu concentratrons In Canadian and United States sur acewaters erefound
to be in the range of 0.1 to 0. Tp (CCREM, 198/). In the case of groundwater onl ew
of §

locations had concen nium reate than . 10 |ig/L (Tate and Arnald, 19
nt atron n tﬁdS%toO%‘??m |9was ounét in stt) mwgterrunoqf (Makepeace e?t al
03}5 l\ﬁ\e/?g Shefects due to selentum include depression, nervousness, liver injury, and

&Eﬁ‘%“'ar“oﬁl flncculatron retm vgdresenlgnlieugto'n eve tbougn merrrev nPtIo/aetr H
er csm?t {)?t ga ter perform; ncegyoremovrng see |um|en g a
iR R i
asoazteong ?JE 959 Jte geV 8 ) Ran 18% Bto%S o?g anH
t\ Vatt o1 'Qteas%” t'tteh Sebr%tt‘ot% A Rl

B vrronmen eath rrector %ﬁ Reverse OSWrOBS |on ex %8§ and adsorption
wereaso reported to have somepotentra Envr nmental Health Difectorate,

re uctions were less t at pH
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316 SODIUM

Sodium is one of the main inqraapic ¢ nstrt ts of natural water. Its occurrence in the earth’s
Crust Is a out283hg] wergchg?Merc §§? Sodium enters natural a atdcs stem tlan ugh
ater contact. with IH oys.ricks, Intrusion of'sea water, wea erm%ofs wts an
mnactrvrtres suc crn too r%% '”ﬁ] water $0 te Ing, Che |ca gta acturing,
B p/pa ﬁrr ust epeace enatura aters. t lum conceln atra
an pe'a ecaeo Nor merrcan nver aso um ean alue 0
>Wormwaterr no

/ L was 0 tarne t(tg [1] sodrurg
cen ation ere e or peace et 199 survey for finis edw rm Ft%Umte
taess o e tat E h tercontarn more than 20 mglL of so |%m an t wa er
moe / 0f S0 lé Sé) um concentra“ range 0 1g a
re or ss re and heart |s§ases are usua corr ate wrélé o |um$ ate an
toa tsslge% not ea th concern of sodium |sment|on by Merck (1989) as “ve

15U

No eonventr%nal tre tment rOCesses W J)orted tQ remove sodrum effectrvel Preventron
srategress aS re ezrng e amount 0 so Ium contarnmglchemrc S In a treatment progess are

y caustic

necessary,. Mixin a low sogjum con alning water 1S also another alternative to reduce the
concentration in water (Lauch and Sorg, 1981).

Arever srs c swrth ellulose acetate was reported to have a good perform nce in the
rem va %a [n éenngtt 1969). Otner options that s ou? gne rPn r?ere including
hange, and electrodialysis processes (Environmental Hea thDrrectorate 1993).

317 SULPHATE
Ful@hhate FSO422 {!sastable oerrzed df%rm of sulp hur Th main natu Isources f sulphate. ar

rom? ﬁtl rqcks,and by the gxi atrono or anrcs nma rcesrnc
srono ossil fuels dertrlrzers an emrclmanu aeturm uents eag(e
ullp IS Very abun &n rﬁaﬁtma on entratronsr eran eo
were e or sur cew ate conc ntr tronsr stormwater ru
were_ rangeo 00 t01252m LI Ma eace eta A* |anvaude
as oun |nthe mteg States water sl % g é)ncen to o sulpnate in drin
tercan result in transitory diarrhea as mentioned by Taté and Arnold (1990).

Conve |onaI treatmentP oces es are nnt effective in removi
water, eucmg 0r avo
therefore necessary (USNR

T A e
SBeto re uceg?]ullp ater}rom %0%0 to 550 t\/ﬂ?E tj-fowever @te excﬁange ca%)ac[fty Was reported to
ecrease at higher pH values {Johnson and MUsterman, 1

disti Iatron |on exc

mg

sulphate due to its high solubility i
g euseo sulphate - contamrné’che?nrcals matreathentprocesrs

318  SULPHIDE

Htc/ldrngen ulphide i ||s the most domi anhform of sul Qrde mntur | water hen the I-||s less
elro%en sulphige 1s forme § h erra ctono su hate an orgamc Qurrn
anaerobr conditions. This compoun |s volatile and there ore can ause serious odor pr lems
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Environmental Health Directorate, 1993). Natural sour es mclude geoc emlcal Weat nn

tmos hen ecom ositions. Hydrogen’su phldec e found In"coal pits, ga u ur
sprin ecaying.organic matter contanlng phur erc Index, '1989). nthro enlc
résmc ud fac Uring processes suc %e tannn 8e m

ﬁ Qers n the oom part oP u?acewa\erﬁ n as the Pm?lcaﬁ) r%Cvevsassl iung aI%S
e aénk ik
repﬂrte sug sco a se et res |rat8 8% allure. At low concentrations, symptoms
such as headache and nausea mig toccur Merck

%erde Iaerﬁtlo§1 Ies han |s abIe tore ?]veh dro%e sulphide éoaconcentrahon less

till, con ns o teae ation gevices and process, systems are
necess rsyH nsure ostc lorination |saso ecessar *o oxidize the trace
re3|dua OWe an Law XI ation can also fe Prac Ice umg?f erentomdants like
potassmm permanganate, ozone hydrogen peroxide, and ferrate (CCREM

No advanced treatment grocesse are necessary as suIBmde can be

effectively removed using
conventional treatment processes (Environmental Health Irectorate

993).

319 TOTAL DISSOLVED SOLIDS

| dissolved solids ( DS% |samﬁaere of t 8tal lons that are present as true sol t|on n wat
con entrations tend to ev arjd reglons or in sub ected to po uJ[JBr%runo
o|I Interactions ar ominant sources o, |n roundwater. can
tra sp orte to surface watert ou osphe]nmreclpltanon evaporation - transgnatlon an
roc |nt raction roce s nt seo Nort can %treams n estim g on
142mngasre orte James ontgomeryConsu ting Engineers, Inc.,

WS in treated w(ater usually increases dug to the addition ofchemlcalls In the Itreatment g (iesses
e use advance Iregtp ”Hé” ocessesi as mem rarﬁ_Pro B35S, eectrodlebggs and distillation
Processes are required for removal (Environmental Health Directorate, 1 5

entration 0

320  URANIUM

Uran um IS usual\y found in_the form of the uranyl lon T[H lon can form stagle car nqate ang
bicar onate complexes. Uranium [s sorbed on natural colloidal materials at pH about 6 (White an
Bond|ett| 19%) Its occurrence. in the ea Ahscrust IS aboutZXIq 500, Uran|um and i1s ﬁalts are
Yergr&xm and can amage, and may pose long term carcinogenic hazards

It was rePorted that municipal water treatment plants with conventional treatment processes were

not aple orgm ve uranium mwate]rwnh concentr thonsof01t8 6ng/L efLecnveI (White ang

Bon lettl, 1 owever, a bench study rep orte atalum and ferri gate coagulants, an
me softenln% [0CESSeS wereaJ %) emO\{e A /‘.dlssolve ur nhum at pH H 6 and
?orcoaoul rocesses, and 10.6 to 11.4 or |me gfteg tg\/a3 reported that the presence
0T magnesium Improve teso tening process (Lee and Bondiettl

Acﬁlvate carbon Was not orted to have an removal capability. On the othe rhﬁnd a hench -
scaestu usin astron Se anjon exch an e was able to remove up to 99% of these carbonate
complexe in water ( Lee Bondietti, 1983)

cause dermatitis, rena
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321  ZINC

Zi cr usual fou d in natural waterr drvalentfor However, this ion can a¢obe found i "]

of er n fhe Handt resenc ther 10ns Or ¢o 0 nds vrronmena
HeaIth rrectoﬁate 1%%3 In ngture zrncs t?r?r 8ro smetaPoxrrJﬁn ? ép

{S
e eart SCT St ISdﬁbO Werg ther sou ceso zrnc C m thﬂ

cur[encbe D dr

olls, bul rra r%tla 8f0 ops. a W ar trres erc

concer ratron ra e? ess than anad ur ace wa ore

menconcen ratio fasf8 grna Aic S8 rment Vironmental rectorat
concentratron ran e 0 0 mg/L was reported for stormwater runoft

(tha]ke%eaee tal, 19 5). While, conc ntra %}s of3 Olpfecq/L were repﬁrted for finished water

nrte States ate and Arno oxrcrtge S Include skin Irritation, Injury to
mucous membranes, eakness and others (Merck

Zemansky (1974 re orted that 40% ofzr as rFmoved fr?m several convF Hronal fuII }ale
Watertret ent um coa antremove? on essthan 30

crn era I-?%% j ﬁ_ Errlrseosroe ot \trvaéi ave hetter performances by remavin
zinc at @g}%Rg % r? eore Ica P}/ greécte(zthat ?errr?
0 A)o ZInc In watef at

/
sulghate an r?alum C0ag ant wou d remove more t ingereta

The us hd also been studied in terms of zinc removals for years, However, it was
conclur?e h A was notef%ectrve%orthatpurpose%Snrgworth anr? SmrP(r 5
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40 CONCLUSIONS

rdeneral drinki Wa er aIrt in the ththern River Basin Studrv (NRBS) in ter]m ofrnorPanrc
hamrnantsrso % ven tho heremaybesomeco cerns with aesthetic problem
of conventrona d advance treatme Ip ﬁesses were refented to qIve iomer ea now eac
conta Inant CO¥ eremgvfed from e conventional processes, dnc uded coagulation
locculation, softenin tr tron ea vance rnrocesses were oxidation, adsor
exchange, membrane processes, distillation, sequestering, aeration, and dilution.

Accordrng olthe literature review, these foIIo rnorcga dncs could]effectrvely be removed Si Og
conventiona treatment rocesss arsenrc an m mru(m chromiym, €0 per Iron,

man ane an zinc. A emr a proc s, SUCh as oxl at cou e used 10 chandete
wate so ernto non sou e atc ul the ber move ectrv 0y mg conventiona
reatme t processes. In t e case o co tro cculation, pH was found 0 be important
|lthough a certain t Peo n ganrc 8suc a c}ou effectively be removed atan H auef
Ime Softening wa eortg rroerf rm Iat values. Frltration was report to be ab
to remove bartum, iro anganese ectrvey

lon, exchange and es ﬁcrglly Fftembrane Processes removed most morganlrcs eff%ctrvelv Whrlg
activated ¢ (5 n e ective In emovrﬂq certain inqrganics on P( such as iron a
ercurg selenium. Dilution_using water wit vvrnor arfncconcentra onwassug[gese or
E)h oride; nitrate, and sodium. Sequ sterrn could be used for manganese an |ror] én\ia(!
|st|Iat|oansmentro tore man anrfse sodrum sulphate an tta drsso ved soli ?
eration cgu for sulp erem V xidation was used for cyanide remova
pr%\évle(veesr I tpreventteuseo advance treatment processes in ‘water treatment

It should he no ed]that th over aI oL water treatmen0| IS dto redyce oncentratrons of
ﬁntamrna s such that possi Ie hea tot e consumer 1s.reduced. It Is there ore Important that

flon, 10n

costgJ mig

syges of contamina ts are consl ere when ma r % ecis|ons on water treatment ?t ma ef
gosh e in an attempt to reduce the concenir ono one contaminant, t eremova effic qh
E er ontamrnan |ver| acted. rs ma ot esutrnareductron 0vera aI
rISKS 10 t ec nsumer rtron information resent rnt sre ort i enea in r]ature |vea
merel an in rcatrono rocesses an rocess eratrng con rtro whr [esu t]rn Incr ase
removals of anousr anrc cont nants srtesecrr aracter
may impact the actua tre tment rmanc rca amore etae an IS re urre t
0 srdessrtehspecr IC. In ormatro ore nrfrcantcag d] Leatmetproces
rea rsreo ten the case In water treatment esrgn an as ssment, pilo bench testing may be
ul
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NORTHERN RIVER BASINS STUDY
APPENDIX A - TERMS OF REFERENCE

4402-D1:  Literature Reviews on Treatment Efficiencies

| BACKGROUND & OBJECTIVES

The quality of drinking water is based both on the %uahty of the source water and the treatment
processes Used. The methods used and proposed for the treatment of drinking water are many and
varied. A great deal of information is available in the literature on the. performance, advantages and
disadvantages of the various processes. A detailed critical review of this information will be
?erformed In this proposed project. The reviews will concentrate on processes that are appropriate
or use and contaminants that are of special concern in the study area. This information will be used
fora general assessment on drinking water quality in the basins. This will be completed by assessing
the raw water quality and treatment systems that various communities use (Project 4422-D1). In
addition the reviews will be valuable information for communities in the study area for selection and
assessment of treatment processes that are in use or are proposed.

Objectives
1 Review and assess existing water quality data for raw and treated water in the study area.

2. Critically review the available literature on the performance, advantages, disadvantages and
appropriateness of drinking water treatment processes for organic and inorganic chemical
and hacterial contaminant removal applicable to the study area.

ll.  REQUIREMENTS

The completion of three literature reviews on the efficiency of drinking water treatment f)rocesses
IS proposed for 1994/95. The reviews will include: assessment of inorganic chemical removal
efficiencies; assessment of organic chemical removal efficiencies; and assessment of microbial
contaminants removal efficiencies. Each review will involve:

1L Assessment of existing water quality data for the study area (inorganic, organic and
microbial). Most of this information will be obtained from provincial, federal and NRBS
studies (4401-Cl, 4421-Cl).

2. Thorough review of pertinent literature. Extensive use will be made of the University of
Alberta Library that is the second largest library in Canada. Information obtained from
various suppliers, past unpublished research _ijects, and personal contacts will also be
incorporated in the review. The following will be completed as part of the review:
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J A literature search carried out using facilities at the U of A Library.

J Review of literature found. _ _

J Review of information from suppliers, personal contacts and other unpublished
research reports, o _

J Summarizing available information in a concise form.

Evaluation of process alternatives. Treatment methods found in (11.2) will be evaluated for
use in the stuay area. Evaluation will include factors such as:

J Effectiveness of the treatment process. _

J The degree of control, skill and supervision needed to achieve good performance.
J Technical support required for operation - special skills needed for maintenance and
repair.

Se?fety and handling precautions required.

Process reliability.

Climatic effects (water temperatures).

Effect of different water quantities and qualities.

Level of development of current technology.

Public acceptance.

Economic considerations,

Write three reports outlining the results of the investigation of I1.1-3 for organic and
inorganic chemicals, and microbial contaminants.

DELIVERABLES

Critical Review of Organic Treatment Efficiencies -10 copies due March 31,1995
Critical Review of Inorganic Treatment Efficiencies -10 copies due March 31,1995
Critical Review of Bacterial Treatment Efficiencies -10 copies due March 31, 1995

Prepare 35 mm slides for use in presentations. These would include photographs of relevant
items such as field work (if appropriate) and a summary of the main findings of your

investigation.

due March 31, 1995
REPORTING REQUIREMENTS
The Contractor is to provide draft and final reports in the style and format outlined in the
NRBS Style Manual. A copy ofthe Style Manual entitled "A Guide for the Preparation of
Reports" will be supplied to the contractor by the NRBS.

Ten copies of the Draft Report along with an electronic disk copy are to be submitted to the
Project Liaison Officer by March 31, 199.
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Three weeks after the receipt of review comments on the draft report, the Contractor is to
Browde the Pro#ect Liaison Officer with two unbound, camera ready copies and ten cerlox
ound copies of the final report along with an electronic version.

The final report is to include the follqwing: an acknowledgement section that indicates any
local involvement in the project, Project Summary, Table of Contents, List of Tables, List
of Figures and an Appendix with the Terms of Réference for this project.

Text for the report should be set up in the following format;

a)  Times Roman 12 point (Pro) or Times New Roman (WPWINGO) font.
b Margms; are 1" at top and bottom, 7/8" on left and right.

c Headings; in the report body are [abelled with hierarchical decimal Arabic numbers.

d)  Text; ispresented with full justification; that is, the text aligns on both left and right
margins.

e) Pagg numbers; are Arabic numerals for the body of the report, centred at the bottom
of each page and bold.
If%hotﬁ)_?raphs are to be included inthe report text they should be high contrast black
and white.
All tables and figures in the report should be clearly reproducible by a black and
white photocopier.

Along with copies ofthe final report, the Contractor is to supply an electronic version
ofthe report in Word Perfect 5.1 or Word Perfect for Windows Version 6.0 format.
Electronic c0ﬁ|es of tables, figures and data appendices in the report are also to be
submitted to the Project Liaison Officer along with the final report. These should be
submitted in a spreadsheet (Quattro Pro preferred, but also Excel or Lotus) or
database (dBase IV) format. Where appropriate, data in tables, figures and
appendices should be geo-referenced (latitude and longitude).

All figzures and maps are to be delivered in both hard co ﬁaper) and digiital formats,
Acceptable formats include: DXF, uncompressed E00, VEC/VEH, Atlas and ISIF. All digital
maps must be properly geo-referenced (latitude and longuitude).

All sampling locations presented in report and electronic format should be geo-referenced.
This is to Include decimal latitudes and longitudes (to six decimal places) and UTM
coordinates. The first field for decimal latitudes / longitudes should be latitudes (10 spaces
wide). The second field should be longitude (11 spaces wide).
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CONTRACT ADMINISTRATION
The Project Liaison Officer (Component Coordinator) for this project is:
James Choles

Office of the Science Director
Northern River Basins Study

690 Standard Life Centre

10405 Jasper Avenue Home Phone; 84032 455-4812
Edmonton, Alberta Bus. Phone: 54 33 27-1742
T5J 3N4 Fax: (403) 422-3055
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