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~ A questiond) s Ses
A water sample contains ¢!l @l o0 0 <S5

40 g/L calcium ions Cat+ rsed=s 0ss! ssd 2 ¢2 40 61
23 g/L sodium ions Na+ ts9c+ cos) xasd 2 p=E23 )

1 g/L of hydrogen ions H* ¢gs¢" ass! sasd et

Which type of ion is most abundant?
Gl Al Dl O Oss!) g0 plas
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md molecule has a mass<s! oJS 1l J5Ssdlas a sl e
[t is measured in atomic mass units =S o310} a sl sJS G 55 o
3 3 s
e 1amu is approximately the mass of one hydrogen atom
o Ol Gzt ast) S azz T BD a s s S S s S
e (Carbon has a mass of 12 amu<us! a3 azz Qoss 12 G @)l ge)lS
e Oxygen has a mass of 16 amu <! e 58 a7z SO 16 sl sl sz eusS)
e Sodium has a mass of 23 amu ©us! Ge D a7z SO 23 Gl Gl aa s
e (Calcium has a mass of 40 amu S Gp 50 sz 05 40 Gl Gl ausdS
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Atomic number

This particularly clear version is from a5
Los Alamos National Laboratory Atomic meajssadm _
http://periodic.lanl.gov/index.shtml  (sa st
ld Dl sl yald D eagi sada o305 s ws!
9012 s plad)
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T wer to our g '
o sle s @l

Calcium is 40 times heavier than hydrogen, so S s G Sous Oz s s Sy s ja 40 assdS
40 g/L calcium is exactly the same number of ions as40 (55! S ses GsE Josd Sis s ol xS

23 g/L sodium ions Na* 23 a2 Oss) s S pl L

1 g/L of hydrogen ions Hrogsxush oxsl el s

In fact 40 g of calcium ions is 6 x 103 ions s Sl ol s asdS Gss) o) 3= 40 SEssE o

23 g of sodium ions is 6 x 102310n523 s Sl sl o a3 s O s Al S

1 g of hydrogen ions is 6 x 1023 ions 6 s Gl Jl o Oz sk O

H+
1 amu




“Moles and Millimoles $das Jsp

A Moled s

A Mill mole Jse sda
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~ A Scaling FM
G

A mole is simply a fixed (macroscopic) number of particles, namely
6 x 1023 particles per mole.

u)juéudj i 36“—-‘U“df‘5L5L5‘JC‘
e J‘J&u)dcsujdu»w se(sdsar

This is the number of particles in 1 g hydrogen atoms.
Oz 503l a sl al X8 S 0 o) ) ) dag s ey
e Thus,1mole Na=23¢g
e 1tmole HO=18g
Conc. in mmol/l = conc. in mg/l / molar mass
Ise oz oo s96d K6 0 dsp sde wbdy = j8ed S 0 e sda lade
l[mmol/l]= [mg/l]/[molar mass g/mol]



Another questiony=Se2 J

lum nitrate is a salt with the formula
NaNO3 8y

If Na = 23 atomic mass units, N = 14 amu and O =16 amu

What is its molecular mass ?

Cagilase oz O UIdsSedse ez

What is the mass of 1 mole of NaNOB ?

P T P
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If you dissolve 85 mg of sodium nitrate in 1 L of water

d gy JCQ? Gl e ALs g (“J‘S LSde 85 o\cﬁ‘)o

NaNO3 < Na* + NOB‘

What concentration of sodium ions and what concentration of nitrate
ions do you get?
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Equivalents &Jalga —

One mole of calcium ions reacts with one mole of
sulphate to precipitate gypsum:
de\&u Silad g O 5! D) dj? S I ype ELSU-‘U‘S G ) dﬁ? S
JJL}“LS(’ Cgﬁ Q)& u&\u °'JJ(°U
* Ca** + 50, + 2H,0 < (aS0O,.2H,0
but, two moles of sodium react with one of sulphate to
precipitate mirabilite
Jalg & Gladums o) ) Jsp Sl | pe agasus 0! ) Jsp 53¢ al
3 sise Csldal susa D Sp e s gayy
* 2Na* + SO~ + 10H,0 <« Na,S80,.10H,0
Thus, one mole of calcium is equivalent in terms of
charge to two moles of sodium
o e Dz sp 02 S Jalg e assdS ) J g Scseo 58 s
ALSR 9y dje 5
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Equivalents<dale

1 equivalent = 1 mole of charge

z e s S s=dale s Ses

Conc. in meq/l = conc. in mmol/l x charge

Imeq/l] = [mmol/l].z = [mg/l].z/[molar mass g/mol]

Thus 10.02 mg/l Ca*+ (Ca = 40.08 g/mol)
= 0.25 mmol/I
= 0.5 meq/l

11.5 mg/1 Na* (Na = 23 g/mol)
= 0.5 mmol/l
= 0.5 meq/l



~AlkalinitysJdad

This is a constructed concept. sl s Gaspcey Sl ) S o)
Sl
Alkalinity is )} @l dad!
e the capacity of a solution to neutralise acids
o 1
e the total (in meq/l) of basic species in a solution
o LU g0 Ll ) sd e Qusdss S s o (8 sz 2
Sl Jsdze
Alkalinity = 3 [OH"] + 2[CO,7] + [HCO,]
where | | = concentration in mmol/l
48sd s Jse sdp s e =lmeS



7\A/H<alinity e —

“Alkalinity is measured by a titration.
i) 838 8 31 Oufics e o g s ad)
e A known volume of sample is taken and stirred with a
magnetic stirrer. A pH electrode is inserted

ngd.k\u@e Y IS ‘L‘JJCE .lau.ujtb oI s oLL\LJJ‘S o) 5ol J\ c’ﬁdﬁr’ 25T S5

JLSLS‘?O dt\a ) GLS\ G D9y <A S
e A strong acid (hydrochloric or sulphuric) is added drop by
drop until the pH has dropped to a given value, often pH 4.3
o S
di 3.4 SpsB o gl B S Ule I sasa xSk,
e The amount of acid (meq) required to neutralise one litre of
water is calculated.

e e plza G )sd S ) )) i) s S sda( 2o L1aGe
Dl sz Lo e Guel @5 0=



v pH a3 347 e

CO;” + 2H* - HCO;= + H* — H,CO;=H,0 + CO,
pH pH
8.2 4.3

At pH 4.3, almost all HCO4™ has
been converted to carbonic acid.

Sy s IS alas Toas 5380 3.4 ) o L2
s ise dusand S s )lS Gl jed ea

Alkalinity is cited in meq/L

o4sd 0 ddga se de s Ssdad)
A suisa el OlUEG

log CONCENTRATION (MOLAR)

ol -
N
/
N\
N\

Old unit isew s32ls ©oss mg/L
CaCO, -8 | \

1 meg/L = c. 50 mg/L CaCO;, PH

1 meq/L = c. 61 mg/L HCO4 after Stl{lrggns&
organ
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pH &) <
pH is a measure of the activity of hydronium (hydrogen)
ions (protons) in solution
Jsdze S 02 1) )usDso(uz sl Oas) Qudls s el 71 e
B350 Ol

pH 5 _loglo(H+)

Thus, in water of pH=7, there are 1077 mole/l hydrogen
ions or 0.0001 mg/l.

In water of pH = 3, there are 103 mole/l hydrogen ions or 1
mg/l.



Why is pH a o
Master Variable ??
J@d&ﬁ C‘ S ‘JC 10-2
Sl g

Aft = 107~
er Stumm & b
Morgan 1996 -
o
E

* It controls the solubility ¢ § 107
elements, such as metals :g’
and Zn ©

s - : ; g 108

Sz s Geheassised) Jdas de
10-10

AI(OH)3
1 A1) }
| Al(OH)3(aq) ~ -
Al(OH)
L1 1
2 4 6 8 10 12



Electrical conductivity (EC)c@ns Uz Sl
Total dissolved solids (TDS)Jz e iz 3se & seze

The more dissolved ions there are in water, the better it is at conducting
electricity.

OISz st Jagu s adlis ja o)) e sk s e S 2 a gz 5 b a Je e A sle 3!
A BB

EC varies with temperature. We normally cite it at a standard temperature of
either 20 or 25°C

D103 Dlsg el 25-20 sz 0 1 spg e o000 st e )z szt s DBY B g sl
PO
Rule 1: 1meq/L of cations (or 1 meq/L of anions)
results in 100 pS/cm of EC up to around 2000 pS/cm
Rule 2: TDS (mg/L) = EC (uS/cm) x f
e where f = 0.55 for a water dominated by sodium chloride

e f=o0.75for a water dominated by calcium bicarbonate

06/12/15 16



14000 200
180 - .
12000 -

3 160
%: 10000 S 140
£ 8

S
8 8000 - < 120
3 S 100
€ 6000 A g
° 5 80
0 €
= 4000 - @ 60
S 40

2000 -
20
0 . . 0 - . .
0 5000 10000 15000 0 5000 10000 15000
EC (uS/cm) field EC (uS/cm) field

TDS=ECx0.8 1 meq cations = 82 uS/cm of EC
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W‘eceive the resultso is.f laborat ould do

some basic checks<xsls )2 1 lol ois jz e ) 58l yld ZsI agh sSsla )
2sslel sl Sz o) ek sl 2spSca

-

® Are the laboratory’s methods documented ?

° \

® Have the analyses been calibrated or verified against known standards?

o Ol o3 o sl Ba b LlsEa loa a5 s s 5 35 0353 38 Jlisg el o e <l
e What are the accuracy / precision of the laboratory’s methods?

J Q

® |sthere alarge ion balance error?

° \

* Are the results realistic?<us) s3sir zulaw 16!

* Are the units of measurement clearly documentedz =l s &) spac Gzl 5 ls)
Sl 0308 (5 3l A0S
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Mtrically neutral, thus:) )l cGow Dez Cosuaw ) sl @iz <
Sudlsa

> cations (meq/l) = X anions (meq/1)

3 cations = 2.[Ca**] + [Na*] + 2[Mg**] + [K*] where [ | = conc. in mg/I
40708 WEDI00VEDABT WWaG

> anions = 2.[SO |=| + [alkalinity] + [Cl-] + [NOB‘]
96.06 35.45 62.0

IBE = (2 cations - X anions) x 100%
(2 cations + X anions)

-



Solublility...Is It realistic? “eser =6 Us! ...

—

In most circum-neutral 10°
groundwaters, the
concentration of dissolved
aluminium should be very
low.

10

S 1R S Qlelo bagra S| ) 10~

GssIe Jlsuw sl Jdroe
3l

AI(OH)3

AI(111)ye,
10—6 =

Concentration (M)

| AI(OH);(aq) ]
, AI(OH);
If not...particulate

. . 108
contamination??

o0& Oy e )de ...... o) LU= A 10 L
Do Az 102 ; 6 . " 2




Solubility...is it realistic? S&wes! ... <edldz o)
S O

| | | I T TS |

I 0
The solubility of fluorite Bankapatti(Nagaur) aaviam - X
(CaF,) often limits the
solubility of fluoride.

luag o Gl sda wsdidz o
) At sd— Sedidz o
2 lpscse 2937

Thus, high fluoride is

usually found in low

Ca waters :

i : . I | T T T 17711719 .
DI spg a A5 s s ue 7' 0 20 30 50 100

s IS HlaEa oS (glol Ca ppm

AAAI 2 From Handa 1975. Geochemistry and genesis of fluoride-
Q_\LJ\LE Ju.n\k_\ e&i U‘ containing groundwaters in India
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Some common mistakes!Slelal bl (s uar o

Don’t confuse mg/L with pg/L
A0SO I i) aole |y ilar) 5 feadad]

1000 micrograms = 1 milligram!

Some labs cite nitrate as NOB‘

NO3- 00l 1) S sl e s )old suag

Other labs cite it as nitrate-nitrogen
(NO --N )Joo‘e 1) s slo soSesa sl sl ald
3

Remember that
50 mg/L NO, is c. 11 mg/L (NO,=N) oS &l gl dlg o

Be careful how laboratories cite alkalinity or bicarbonate

[s it really bicarbonate
(HCOB- ) BUEG Uilse lgselSen nasir $li) auslase 25310 GlosalSien s cedadl b i ald o € 500) sl 8

Or is it total alkalinity in
meq/L or mg/L CaCO, equivalentd) Jge Slag)s o Ssdidd) g seze eolss



