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Answer all the questions

1 a. (i) Lakes are generally classified into three types. What are they?
(ii) What do you understand by “Thermal stratification™? .
(iii)Draw a labeled diagram to illusirate stratific ation of a lake.
(iv) Show the stable forms of carbon, sulphur, nitrogen and iron in a stratified
lake. T e o
' o (40 marks)

b.(0) Namg and state the law that describes the distribution of X in gaseous and
aqueous phass asinX g &= X (o equilibrium. '
(ii) Write the mathematical expression for the above mentioned law.
(iii) Write the importance of dissolved oxygen
(iv) Show that one liter of water saturated with oxygen at 25°C is capable of .
oxidizing 8.2 milligrams of polymeric CH,O. '
Partial pressure of O, in dry air = 0.21 atm;
Ky at 25°C is 1.3 x 107 mol I atm™
H=T, C=12; 0=16
(40 marks)

¢. What is meant by the terms “Ground water” and “surface water”?
(20 marks)

2 a (i) Distinguish between autotrophic and heterotrophic organisms giving one
example of each
(ii) Write down three main physical properties of a water body that affect aquatic lifc.
(iii) Briefly explain how they affect aquatic life.
(30 marks)

b.(i) What do you mean by
{c) Bio Chemical Oxygen Demand (BOD)
(B) Chemical Oxygen Demand (COD)
(ii) Write the balanced equation for the half reaction wsed in the COD fitration,
which converts dichromate ion to Cr **.

L



(iif) A 25 ml sample of river water was titrated with 0.001M Na,Cr,07 and required

- 8.30 ml to reach the end point. What is the chemical oxygen demand, in
milligrams of O, per liter, of the sample? : '

| | (40 marks)

¢. (1) What is Hard water? o
(ii) Briefly describe the chemical difference between permanent hardness and
temporary hardness in water. | '
(iii) Calculate the total alkalinity for a sample of river water for which

phenolphthalein alkalinity is known to be 3.0 x 10 M, pH is 10.0 and
bicarbonate ion concentration is 1.0 x 10" M.

(30 marké) '

3.a (@) Define the term pE _ _
(ﬁ)WhatarcﬂleusesofapEmpHdiagram? S B
(iii) At pH 6.00 and pE 2.58, what is the concentration of Fe®* in equilibrium with
Fe(OH)? S ‘ B
PEy for the equilibrium Fe¥* + ¢ == pe?* i 13.2 '
and the equilibrium constant for Fe(OH)y(s) + 3H" sm——=2 pre?* 4 3H,0

i89.1x 10°
(40 marks)
b.(i) Briefly describe the sonrces and environmental effects of the following trace
metals in an aquatic system:
Hg, Cd, Pb and As '
(40 marks)
¢. Briefly explain how chelation can affect cotrosion g
: (20 marks) e
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Thermal stratification

During a sunny spell (in the summer), solar radianon heats up,a surface layer
(epilimnion): because of its lower densnty, it floats.upon the bottom layer '
(hypolimnion). We call this phenomenon as Thermal stratlf catlon

re . , L
i)

N\ 91 Cigoy .

¢ epiimnion v j
.Chernical species in oxidized form

o, FHO *huraHo Q)
\ Thermaocline B

- Hypolimnion-. » -

iii) Epilimnion- aerobic conditions

iv)

VI C-COxH :CO; HCOy ,_
S-S0, " exist in there most oxidized forms
N- HNO; .
Fe-Fe(OH)

_Hypohmmon anaeioblc condltlon e

L d
C-' CH4 e Exrstm there most reduce forms

S- HaS
N-NH;. NH,*
ey )




b. (i) X(g) ===X(aq)
Henry's law its v its state that the solublllty of a gas in a liquid is proporttonal
- to the partial pressure of that gas in contact with the Ilqmd ;
(i} Mathematical expression Gg=KxPs :
K — Henry's law constant
PG - partial pressure of gas
G(aq) — the solubility of a gas, G in water.

(iif) Importance of the dissolve oxygen_

It provide oxygen for respiration of aquatic plants and animals.:
helps to the degrade organic matter

(w) ~ The atmnsphere contents 0 21 atm of oxygen
Ky 8t 25°C ='13%10° mol I atm’!
so the bO|Ublllt}’ ‘of oxygen in water”
Oﬂ(ﬂq) KH P(Oﬂ)
=} 3x10 mol I atm™'x 0.21 atm
=2,7x10"* mol [
we convert 2.7x10™ mol I' into mg dm>

0. {aq) =2.7x10™ mol i'x 32 gmor‘ x 1000 mg/g
=8.7mg dm -

This represent the amount of oxygen wh|ch is in equdlbrlum with the
atmosphere,
(CH-:O) +0; —> CO-: +H1O

Based on this reaction, we can’t calculate the weight of organic matter
required to consume 8.7 mg of oxygen in a liter of water in ethbrlum
with the atmosphere at 25°C.

L

30 g7=8.156 mgof'(CH-pO)

.3

=samg

C. Ground water
Ground watet may dissolve mmerals from the farmatlons through which it
passes. Occasionally the content of undesirable salts can become:
excessively high. However, most microorganisms ongma!ly present in
ground water are ‘gradually filtered out as it seeps through the ground.

Surface water, ; s -
* In surface water, many substances elther dlssolve or become suspended in
it on its way to the ocean. in a lake or reservoir that contents mineral
nutrients essential for algae growth. the surface water supports & heavy




- l growth of algae also surf‘ace water WIth a hlgh level or blodegradable
" organic material used as food by bactena, .normally contams a lal ge
populatlon of bactei ia,

o 2) i) Autotrophlc- Algae SR L
.- *Autotrophic orgamsms utilize. solar or chemrcal energy to ﬁx elements from sample
-~ non living i 1norgamc materlals mto complex lrfe molecules that compose llvmg :
'orgamsms I :

Hetemtrophrc Bacterla and fungr .
L 'Hetelotrophlc organismis utilize the. substances produeed by organlsms as energy
- _'sources and as the raw 'naterlals f’or the synthems of thelr own blomass

_ u) Phys:cal propertles of a water body

‘__::Temperature
" Transparency; - -
Turbulence

-orgamsms and of waste products away rom them |t piays a role in the transport of ..
'0a. CO; and other gases thr0ugh a body of water, |t also plays a part i the exchange
: of‘ there gases at the water— atmosphere mterface.

' v')lume of‘ water rs degraded brologlcally

- 'COD- is dehned as the quantlty of a spec:f' ied oxrdant reacts wrth a sample urlder
- controlled conditions; the quantity of oxidant: consumed is expressed in terms of its
_ oxvgen equtvaleme COD is expressed m mg/L 0s,

Ry R R L ] :f"':f:

_:i_i_) CI-ZOF' + 14 H + .6_"-‘ : u___, 2Cr3+ 7 H,0




i ‘ample volume 23 ml

0 mol LhO; l 3mol 0~

—————0 001”10"\8"3:111. , o T
. 1000 . it e -
' R '"'L'—S_axlof‘mol oL
"'(lﬂO-,r 70-14H +6o_;‘—“*"’Cr3++7HvO = '
 Ox 4 Highde ooy 3 HAO RIS A S G
= !6]! +7(_r«07 ——»4 C1 "'+301+8 HaO

'lhe :umber of‘ moles or Na',Cl"aO? req' uire

_Thcre.ioms 3x IO" mol of Cr@;‘ =1 5:\83x 10"’ mol oi 0:

E _:39% 4 X IOI mg 0; 0q . ' It

R __C oncenllatlon 0! Og_ 5 o —————-—039_?:0 mg/L '

C()D = 1592mglL.

ﬁ”c) 1) H;ud water js \\alu that has hlgh mmeral content (maml) Ca and Mg, |ons ) and ' _7; _ -

R somenmes other dlS‘it fved compounds such s, b:carbonates and sulphates

o '_ hcatuw I|berdtmg CO and HaO and formmg prec:pltate cnL CaCO or Mrr CO

SR :_'m) mm alka[mlt} = ]OH 1- + v[co3 ] ; [HCO;]

u) H ldness due to hn arbonarea of (.a and Mgﬁ, :ons which can be removed sunply b\'
boiling the wateris called temporary Hardness Blca ona te ions are decompose_q_

P =4
nn-« - log [()H[ IR 4
. |0H] = X 10~ M o
l'hcnophdlmc ail\alnw N

'1 ‘otal alkalinity'= [OH- ] +2[CO + {Hcoj]
o= 10T M 6.0 % 107 M+1~<|04M~

= 2.6 K\GI"H
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- pBSllCIdES and..funglcwles
‘-Laborator}':_ hem:cals :
Coal, papermllls :

iwuonmenta[ effect- neurological damage; irritability, paralys:s bh dness or'msamty
cluomosome breakage and birth defects; depressmn :

. pesticides, m
produce as a- bv product of_Cu _Au and P reﬁnlng

Carcinogenic.
CAcute pmsonmgs_
chronic pmsomng

iii) corrosion M-ne =M™ i gy e
When there are chelating agents in the watu' that w:ll form complex wnth M”“' Theref'ore’ o
he fDl’Wdld reaction w_lll facilitate. So corrosion Wl“ he mcreased




