BIRZEIT UNIVERSITY

Civil Engineering Department

Sanitary Lab Lecture Notes
ENCE419

Dr.Ziad Mimi
&
Eng.Haneen Alterawe

September,2016




Table of contents:

Laboratory EQUIPMENTS..... o csrereessesesesessesessssmsesesessasessssssassssssasessssssesesssesssssasasessssases 3
00 [T o o 4
EXPIrEMENtHL: BOD..esesesssssssessssssssssssssssssssessssssssssssssssssssssssssssssssssassssassssssasssssssssssass 5
EXPIrEMENTH2: COD..orssssesmmsesssssssssmsssssssssssssssssssssssssssssssssassssassssmsssssssssassssasesssssssssassssas 8
Expirement#3: AMmonia DeterMiNAtiON......rreresesesessssssmsesessssssssssasasasesesssesssssens 11
Expirement#4: Total Kjeldahl NitrOgeN.....rrereresesesesesessssssesesessssssssssasasesasens 14
EXPIreMENTHS: SUITALE.....cc et sse s ssnse s essms s ssmsssssessmsesssssssssssssasesessssesssnsnases 16
Expirement#6: Ortho-Phosphate......ssmmsssssssssssssssssssssssssssssssssssssssens 19
EXPIrement#7: AIKAINItY . ssssssssssssssssesssssssssssssssssssssssssmssssssssssssssasassssssssssnes 21
EXPIreMENnt#8: SOlIUS...uvvrereresesssrssesesesssssessssssssessssssssssssasssssmssssssssssssasassssssssssssssasasasassses 23
Expirement#9: Fecal ColifOrMu. i neesmsmmessmsessmsessnsessssessssssssssssssssssssssssssenss 30
Expirement#10: PhySIiCal Properties. ... msesmssessssmssssesssssssssssessssessmsessmsessnsessasnaeas 33



Laboratory Equipments:
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Figure 1: spectrophotometer Figure 2: DO bottle Figure 3: Incubator
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Figure 4: DO meter Figure 5: Volumetric Flask Figure 6: Buret

*

Figure 7: Magnetic stirrer Figure 8: Crucible Figure 9: Filtration or suction

Figure 10: Heating block Figure 11: Digestion Tubes Figure 12: Dessicator



Introduction:

In general experiments in this lab can be classified into three groups:

Water Quality Parameters

Chemical Physical Microbiological
BOD pH Coliform
COD EC

N, TKN TDS

PO, Salinity

SO, Turbidity

Methods of analysis:

1-Volumetric Analysis: the analyst measures the amount of a solution of known concentration that
reacts with a particular substance in the solution of a weighed or otherwise measured portion of the original
sample. The weight of the material is found indirectly from the amount of the known (standard) solution that
is required. The means of detecting the completion or "endpoint” of the volumetric reaction is the indicator.
The process of finding the amount of the standard solution required is called a titration.

2-Gravimetric Analysis: the analyst measures the wastewater or sludge sample and then isolates and
weighs an element or one of its components. Examples of gravimetric analysis are total solids (residue on
evaporation) volatile solids, and suspended matter determination.

3-Colorimetric Analysis

4-Electrometric Analysis



Experiment # 1
Biochemical Oxygen Demand (BOD)

The BOD test measures the strength of the wastewater by measuring the amount of oxygen used by the
bacteria as they stabilize the organic matter under controlled conditions of time and temperature.

In the presence of free oxygen, aerobic bacteria use the organic matter found in wastewater as “food”. The
BOD test is an estimate of the “food” available in the sample. The more “food” present in the waste, the
more Dissolved Oxygen (DO) will be required.

The BOD test is used to measure:

1- waste loads to treatment plants
2- determine plant efficiency (in terms of BOD removal)
3- determine the effects of discharges on receiving waters

A major disadvantage of the BOD test is the amount of time (5 days) required to obtain the results.

When a measurement is made of all oxygen consuming materials in a sample, the result is termed “Total
Biochemical Oxygen Demand” (TBOD), or often just simply “Biochemical Oxygen Demand” (BOD).
Because the test is performed over a five day period, it is often referred to as a “Five Day BOD”, or a BOD:s.
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Figure 1.1: Carbonaceous and autotrophic BOD
Refers to Figurel.l:

Large numbers of nitrifying organisms which are developed during the treatment process. These organisms
can exert an oxygen demand as they convert nitrogenous compounds (ammonia and organic nitrogen) to
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more stable forms (nitrites and nitrates). At least part of this oxygen demand is normally measured in a five
day BOD.
Sometimes it is advantageous to measure just the oxygen demand exerted by organic (carbonaceous)

compounds, excluding the oxygen demand exerted by the nitrogenous compounds. To accomplish this, the
nitrifying organisms can be inhibited from using oxygen by the addition of a nitrification inhibitor to the
samples. The result is termed “Carbonaceous Biochemical Oxygen Demand”.

Experiment Procedures:
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ePhosphate buffer solution

eMagnesium sulfate solution (MgSO, .7H,0)
eCalcium chloride solution (CaCl,)

eFerric chloride solution (FeCls)

\J
Beaker J (» Jals Jsdy Wit 2l 300m| 422BOD Bottlejbaal ol <

Blank Sampledisll o3 auiy
{

N o

Figurel : Blank Sample

(sample 1)
\
it 300 ml x“-2>>BOD Bottle_taal oy «
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Figure 2: W.W Sample Waste water Samplediall ola auiy
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Figure 3: DO meter
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p

Amount of W.W added to the flask(ml)
Volume of flask( ml)

eFind dilution factor (p) =

Where:
D,: DO for sample immediately after preparation.
D5: DO for diluted sample after 5 days incubation at 20°

P (Dilution factor): decimal volumetric fraction of sample used.



Experiment # 2
Chemical Oxygen Demand (COD)

The chemical oxygen demand (COD) is an indirect measure of the quantity of organic material in water and
wastewater. The organic material in water is oxidized with a strong chemical oxidant (dichromate). The
quantity of oxidant used in the reaction is measured calorimetrically and expressed as mg of O, per L of
water.

The main limitation the COD test:

1- Dichromate (Cr,0)? will react with almost all organic compounds.
2- Test cannot distinguish between biologically-oxidizable and non-biodegradable compounds.

Advantages of the COD:

1- Needs only 2 hours to be completed.
2- Strong oxidizing conditions are somewhat independent of variations in experimental conditions and
procedures.

Typical BOD5 and COD values for the wastewater are usually as follows:
COD =2 BOD (in raw wastewater, influent)
COD =4 BOD (in treated wastewater, effluent)

Experiment Procedures:

» Standard solution for COD test is (KHP): Potassium Hydrogen Phthalate.

02
1ml KHP =1000 —=
1-Bring 5 volumetric flasks with 50 ml volume.
Blank sample 1ml KHP 3ml KHP 5ml KHP 3ml W.W




2-Fill all flasks with distilled water.

3-Bring 5 digestion tubes then from each flask 2.5 ml of the standard solution were
transferred to the digestion tubes.

For each digestion tube add:

¢1.5 ml digestion solution
3.5 ml H,SO,

for 2 hours.

device @ 600 nm wave length.

Then put all tubes in heating block at 150°C

Read the absorbance by Spectrophotometer

Sample (KHP) mg/1 W.W Concentration Absorbency

Blank 0 0 0 0
1 1 0 By equation
2 3 0 By equation
3 5 0 By equation

W.W 0 3ml 222

» . Amount of KHP mg 02
Concentration = X 1000
Flask volume=50 ml L

2-Draw Calibration Curve (the following curve just example).




Absorbency vs. Concentration
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By using linear equation find X which represents the concentration of diluted W.W sample.

Amount of W.W added to the flask
Volume of flask=50 ml

eFind dilution factor =

X
Dillution factor

COD for W.W sample =




Experiment # 3

Ammonia Determination by Direct Nesslerization Method (NH3)

eTotal nitrogen is comprised of organic nitrogen, ammonia, nitrite, and nitrate.
eOrganic nitrogen is determined by kjeldal method (J)aks).

eKjeldal nitrogen = organic nitrogen + ammonia nitrogen.

Figure 1: Nitrogen Cycle
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eThe nitrogen present in fresh wastewater is primarily combined in protenaceous matter +urea.
eNitrogen is important for bacteria in treating wastewater.
eThe age of wastewater is indicated by the relative amount of ammonia that is present.

eDecomposition (Jsill) of organic nitrogen by bacteria changes the nitrogen to ammonia (NH3)

Organic N bacteria decomposition NH;

eThe nitrogen forms of interests are: organic, inorganic, and gaseous nitrogen.

eIn aerobic (') environment, bacteria can oxidize the ammonia nitrogen to nitrate (NO3™ ) and nitrite (NO;" ),
and this is called nitrification

NH; + O, nitrifying bacteria NO,  (Nitrite)
NOZ- + 02 NO3- (Nltrate)

eNitrate can be changed to N, gas by bacteria and this is called denitrification

NO; bacterial denitrification N, T

eThe inorganic nitrogen (NHs, NO,-, NOs-) are water soluble (sWdl & o13) and serves as plant nutrients in
photosynthesis (s sall Jiaill),

Inorganic N + CO,; sunlight green plants

eAmmonia can be air stripped from solution at high pH.

NH,OH Air stripping NH3T

eFeces, urine and food processing discharges are the primary sources of nitrogen in domestic waste.

eThe predominance of nitrate nitrogen in wastewater indicates that the wastewater has been stabilized with
respect to oxygen demand.

eNitrates can be used by animals to form animal protein. Death and decomposition of plants and animals protein
by bacteria yields ammonia.

12



eNitrate (NO3) can be reduced to nitrite (NO,) which can be observed by blood, oxidizing the iron of
hemoglobin. This interfaces with oxygen transfer resulting in cyanosis (3%,)) and giving the baby a blue color.

eQrganic nitrogen: is associated with suspended solids in wastewater and can be removed by sedimentation.
Ammonia nitrogen changed to ammonia gas

changed to NO; and NO,”

eNitrate nitrogen: if not removed by treatment plant, it will percolate to groundwater.

Experiment Procedures:

P Standard solution is (NH4CL).
1 ml=10 ug (N -NH3)

Where: 1 milligram/mL = 1000 microgram/mL

1- Bring S volumetric flasks with 50 ml volume.

[ Blank sample | [2ml NHCL] [7ml NE,.CL] [ 2mIW.W |

2- 2 dropsof Rochelle salt and 2 ml of Nessler reagentwere added to the 5 flasks.

3- Fill all flasks with distilled water.
4- The flasks were closed, mixed horizontally, and then left for 15 minutes.

5- The absorbency of the solutions was found by the spectrophotometer device that has a
wavelength of 425 nanometer.

6- Draw calibration curve in order to find concentration of W.W sample.

. Amount of NH4CL x 0.01 mg N
Concentration = Ty xX 1000 5
Amount of WW

D.F

" Flask volume=>50 ml

13



Experiment # 4
Total Kjeldahl Nitrogen Determination (TKN)

Aty dal e 30 I 4 el s2a andl

organic J Jissi dde (e 35l a5 Digestion J) Als e iy SN As s 9
i Gua ((HpS04) el bl Jglae 2ladiuly (NH4)2S04) il sas o 5iisal () nitrogen
borate buffer 4«.u reagent (= 50 mL s <wastewater J (e 50 mL 48 aaiy sl
e Al G 53 s zla ) Gl Ll s HOOD (oot a4 je (8 i) a8 el (3,31 43
Aleall jainiiy dhan ol dlaall o3a (o @ A (55505 450 °C 5,0 all da s o Si5 Alda
Ot L 3.l

Organic Nitrogen + H;SOs —>  (NH4)2S0O4

sl JAK jlea 8 Al amy (e 3 )le a5 Distillation J Als jay s 2300 ds Ll
Jauyl 8
@l dadl el M Jis Al A <
(e pasall od eid Buric Acid s s
Skl iy Buric
sy sael Jolae dila) o5 As ) b i Acid
Alg Al A (NaOH) S sm asisa
N O Lags Mgl () asaisat) digad ol (e
2 A1 sl G Jiy ¢ plaie NH; LiseY! Run > End
(e 4 eid Buric Acid J) daie dusy
82 20 Aulaall o3a yaiusig ¢ pumdl ) ety

2NaOH + (NH4),SO4 ——> NaySO4 + 2H,0 + 2NH;

2
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g s Jslae Ailz) Ll Gaedy 6 el Titration J) dls jay oy 2000 dls ,d 3
J S (e o dlliyy il ) oill glasy oy Buric Acid J1 oY (HaSO4)
comstitl) 1 oyl pla Y A 330 A€kt (H,S0)

i) i) s Total Kjeldal Number J) sy o

(A—B)#(0.02+14+1000)
volume of sample (mL)

Total Kjeldal Number (mg/L) =

A: mL titration required for sample
B: mL titration required for Blank

Organic Nitrogen Determination:

Since TKN represents the sum of the organic and ammonia nitrogen concentrations, the amount of
organic nitrogen normally can be determined by subtraction.

Organic nitrogen = TKN - Ammonia nitrogen

15



Experiment # 5
Sulfate (SO,)

e Sulfates are a combination of sulfur and oxygen and are a part of naturally occurring minerals in
some soil and rock formations that contain groundwater; it is formed from decomposing
underground deposits of organic matter such as decaying plant material.

e Sulfate found in deep or shallow wells and also can enter surface water through springs.

e Sulfate is reduced biologically under anaerobic conditions to sulfide, which in turn can combine
with hydrogen to form hydrogen sulfide (H,S).

Organic matter + SO,2 " g2+ H,0+CO,

S2+2H* — - H,S

e Hydrogen sulfide is released to the atmosphere and causes a bad smell. Accumulation of H,S can
be oxidized biologically to sulfuric acid which causes corrosion, Corrosion is most severe at the
crown of the pipe, where the acid collects, and leads to a weakening of the pipe (or structure) and
potential collapses if left unattended.

e Sulfurous acid dissociates to form HSO™ which reacts with free chlorine to form chloride and

sulfate ion.
Sulfuric Acid Hydrogen Sulfide -
2 (H,504) Gas (Hs5)
The
Sulfate
Dissolved Hydrogen
1 Sulfate (SO.%) Cyd € 3

Sulfide (H,S)

lonic Sulfide
(%)
2

Figure 1: Sulfate Cycle
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Figure 2: Hydrogen sulfide effects on sewer system

Relatively high levels of sulfates in drinking water do not seem to be harmful. The US Public
Health Service recommends that drinking water contain no_more than 250 mg/L of sulfates,
people can taste sulfates at a concentration above 200 ma/L.

Water used for irrigation should have a sulfate concentration below 200 mg/L..

It has been reported that fifty percent of good fishing waters have a sulfate concentration below
32 ma/L.

Sulfate concentrations above 300 mg/L increase the amount of lead dissolved from lead pipes
often used in domestic water systems.

The major observed health effect of sulfate is its laxative action (J!). No observed health
effects have been noted for concentrations of sulfate less than 500 ma/L..

o\ DTS, PR

i b (pH) Lagand) ot o3y s Buffer J Jasia o o

BaCl, + SO,2 ——>BaSO0,

Y Aa e e 4 2l £ 3 g M suspension JSé Ao o) Gl 058 BaS0, S sl 12 e
.settlement <&y
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Experiment Procedures:

The sulfate determinationuses the barium sulfate turbidimetric method. Barium ions react
with sulfate ions to produce insoluble barium sulfate.

Ba™? + SOs2 -->BaSO0;
» Standard solution: Standard SO42 ——> 1mlSO4>= 100 ug SO4*

1- Bring S volumetric flasks with 100 ml volume.

Blank sample | [ 5ml SOs> |  [10ml SO4?|

| 15ml SO,

| 2mIW.W |

2- Fill all flasks with distilled water.

3- Put the content of each flask into 250 ml beaker.

4- For each beakeradd 20 mL of buffer A solution and mix with magnetic stirrer.
5- Add a measured spoonful of BaChL and stir exactly 1.0 min.
6- After S mins, measure the absorbanceby spectrophotometerat 420 nm.

7- Draw calibration curve and find W.W concentration.

Concentration mg SO42%/ L= Amountof SO42 X 100 pg SO4* X103

100 ml x 1073

Then:
Concentration mg SO4%/L= Amount of SO4*>

18



Experiment # 6
Ortho-Phosphate (PO,)

e Phosphate is the most significant inorganic phosphorous which occurs in natural water and in
wastewater.

e Phosphorous is essential to the growth of algae and other biological organisms like “Plankton”

which can be defined as free swimming and floating organism.

e Phosphorus is often the nutrient responsible for accelerated eutrophication which is responsible
for many problems such as fish kills, noxious tastes & odors.

e Most phosphorous entering surface water is from man-generated wastes and land runoff.

e Domestic waste contains approximately 1.6 Kg/capita/year, most are (60%) from synthetic
detergents (Aiksiall LS all)

e Most common forms of phosphorous are organic phosphorous and orthophosphates (H,PO, ,
HPO,?, PO,?), and polyphosphates P,O; * and P3Oy

e Total phosphorous = All types of phosphorous
70% of Total phosphorous is soluble.

PO, +NH; + CO, _sunlight . Green plants (photosynthesis)
Organic P bacterial . POy
decomposition
Polyphosphates  hydrolysis PO,
in water

e In this experiment Phosphate will readily react with ammonium molybdate in the presence of
suitable reducing agents to form a blue colored complex.

19



Experiment Procedures:

» Standard solution is (POy).
1 ml=35 pg (PO4P)

Where: 1 milligram/mL = 1000 microgram/mL

1- Bring S volumetric flasks with S0 ml volume.

Blank sample | [3ml POy | [7ml PO, | [10ml PO, | [ 4mIW.W |

2- For each flask add 8 ml of combined reagent which consist of :
Ammonium solution= 15mL
Potassium solution= SmL
H,S04=50 mL
Ascerobic Acid= 30 mL
3- Fill all flasks with distilled water.

4- The flasks were closed, mixed horizontally, and then left for 15 minutes.

5- The absorbency of the solutions was found by the spectrophotometer device that has a
wave length of 880 nanometer,Draw calibration curve in order to find concentration of

W.W sample.

Concentration mg P/ L= Amount of POy X 5 ng PO4X 10°

50 ml x 107

20



Experiment # 7
Alkalinity

e Alkalinity: is the capacity of water to neutralize an acid; it is the measure of how much acid can be
added to a liquid without causing a significant change in pH.

e Total alkalinity is the number of equivalents per liter of strong acid required to titrate the solution to
a pH of 4.5, this point is called alkalinity end point.

¢ Alkalinity is not the same as pH because water does not have to be strongly basic (high pH) to have
high alkalinity.

.acidity J) a3 il s pH ) dasd (e Ji Lae (HY) O 0l 3855 2125 (HS04) Jie sldll ) (e dila) 2ic @
Jalayi s pH J) dad 0o 23 es (OHY) J) Sl s ae 3520 (HY) J) iy s 2535 (NAOH) Jis eld) ) saclidilin) dic @
.alkalinity

» There are three major classes of materials that contribute to alkalinity in natural water:
1. Hydroxide (OH")
2. Carbonate (CO5™)
3. Bicarbonate (HCO3™)

But most of natural alkalinity in water due to (HCO3) which is produced by the action of CO, and
H,O on limestone, as the following equation: (See Figure 1 and Figure 2)

CO; + H,0 <===> H,CO3 <===> H* + HCOj3 <===> 2H" + CO; 2

eCarbonate alkalinity (or phenolphthalein alkalinity) refers to the quantity of strong acid required
to titrate the solution to the phenolphthalein endpoint. At this point, all CO3? has been converted
to HCO;™. If the pH of the solution was at or below 8.3, the carbonate alkalinity is zero or
negative.

e Hydroxide alkalinity is the number of equivalents per liter of strong acid required to reduce the pH
of an alkaline solution to 10.8

eAbove pH 9.5 (usually well above pH 10), OH™ alkalinity can exist or CO52 and OH" alkalinities
can coexist together.

e Environmental Impact: Alkalinity is important for fish and aquatic life because it protects or
buffers against rapid pH changes. Living organisms, especially aquatic life, function best in a pH
range of 6.0 to 9.0.

21



HCO3

& 1(:;_ This figure represents
3 80 the relationship
g 20 between COzand
Q3 &0 (OH:, HCOs', COs?)
SE so with respect to pH
f’;’ 40~ measured for water
E 30 @ 25 °C.
2 20
o 10
85 9 o5 10 105 N
pH |
Figure 1

Figure 2: Carbonate equilibrium diagram

Sa (100 ML) sf (50 ML) cigne paa <l slal) o die i 1
Jelil) &igaad H&3aS Green indicator wisdad s ddall 4uladipH J) oubds asdi 2

J ka8 058 WY (H,S0,) J) 4lal o i gl baie 5 osll) sl s (H,S0,) e gaea dilal; fad 3

:Alkalinity J) clwa o

Jeldil) & gaal &3S Green indicator hwal

PpH=45

Alkalinity (mg CaCOs/L) =

a: amount of H,SO,4 used
N: molarity of H,S04=0.02

V: volume of sample

axN+50000

|4
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Experiment # 8
Solids

eSolids: any material suspended or dissolved in wastewater that can be physically isolated through
filtration (=_5), or evaporation (_a3).

Aial) o 358 (g2 il W W ddle A Baga gall Aibiall 3 gal) Ao g &3aS Gilesn 98 ole JSSu 4 oadll b @
W.W JF dadlaal Luaibiall (3 pdal) agaaid 8Ll Aaaal) 5elES b 9 (Adiil) ddaae Jo W il 4y g

e The amount of solids in wastewater describe the strength of the W.W sample

More solids stronger W.W
Solids
Inorganic organic
(Creates more pollution problems)
Solids
(235 Se) Filterable Non-filterable
Settleable Non-settleable
(B O 0Sa)

o(Materials setting out of a sample within 1 hour period, measured in ml\L)
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See two Figures below which summaries all experiment procedures:




General definitions, Procedure, and Calculations:

Part 1

\ Dishl /  (WI1)§ 8 sa5ds¥W Gehall 5380 ]

Dish 1 & =i sW.W Jl (=25 mL s

o

(W2) L )8 o 28 ol sell A LS yii g diuall o )35 Baalf gl a3 5 Aol 24 Baad ) il B Akl puias 3

Oven @ 105 °C
for 24 hours

Dish 1

s Total Solid (T.S):
Jelig 105 5l dsa e Aol 24 5adl 8l & 4z g 20 Dish 1 8 4aall o) sall &

—— Total dissolved solid
——> Total suspended solid

w2-wi
volume

T.S (mg/L) = * 10°

<+ Total Volatile Solid (TVS): In general it is Organic Material.
550 5 s A (e Al (e ol S sall 8

W2-w3

volume

TVS (mg/L) = * 10

38 (i LS 5 g L i Baall elglil 32y 5 550 C 50 a da 3 (o sfielus Baad Lgmadai g o 5l (M Adall 2imi 4
& AS Al o volatile solid I 0o sS5Ala yall 038 3 (W3) L )5

Oven @ 550 °C
for 2 hours

R —

. Dish 1

\




+ Total Fixed Solid (TFS): In general it is Inorganic Material.
OS5 38 ) 5all 5 550 30 s e Al 8 Ly (e (fiels 23 20 Dish 1 & 4l Al o gl 4

— Dissolved

> Suspended
_ W3-w1 6
TFS (mglL) - volume * 10
=TS -TVS
Part 2
o) (W1) o355 tube Jals Lexais filter paper sasi .1

(W) &8 25 AU Gkl 55380 2

filtration J Jleas Jabh rnisww J) (2 25 mL s 3

Add 25 mL

/9 Air source for suction

Filtration Equipment

26



Tube J) JAI Lgmazai g Lo & jadal A1 3 gall xa filter paper J) 43,5 3306 4
Dish 2 J3) filter paper J) J34 (s & ye () wow Jl ke puaas 5

O e pga A3 Baall elghil dny g Aol 24 5ad 105 °C Bl o Dish 2 IS Tube + F.P Jl i 6

PEIFS
Tube + filter paper > W2
Dish 2 s W2

a5 elld a5 550 °C 51 ;a o Gfiolubad agS g o il addat 7

w

Tube + filter paper > W
Dish 2 —> W

W

+ Total Dissolved Solid (TDS):
filter paper J' JO& e Wow J) e (30 & e Al 3 sall o

w2—-wl

x 10°

TDS (mg/L) =

volume

% Volatile Dissolved Solid (VDS):

550 )~ e Dish 2 8 dc s sall diall (0 jla A ) 5l o8

w2-w3

VDS (mg/L) = x 108

volume

+ Fixed Dissolved Solid (FDS):
5505~ e Wiy (e (ielu 22 Dish 2 (8 4sdiial) o sall &

TFS (mg/L) = 2= , 106

volume

= TDS - VDS

For the last 3 equations:

w1l: weight of Dish 2 empty
w2: weight of Dish 2 @ 105 °C
w3: weight of Dish 2 @ 550 °C

27



s Total Suspended Solid (TSS):

filter paper J e & xisl Al solid J) oe 3 ke 4

TSS (mg/L) =

WwW2-w1i
volume

x 10°

+ Volatile Suspended Solid (VSS):

550 3, )~ = Tube + F.P (s« & s 1 ol sall o

VSS (mg/L) =

W2-W3
volume

x 10°

+ Fixed Suspended Solid (FSS):

550 5 ) ke ¢ ill i ena s e il 20 Tube + FLP e il 3 5a) o

FSS (mg/L) =

wW3-wi1

volume

= TSS - VSS

* 10°

For the last 3 equations:
W1: weight of (Tube + F.P) empty

W2: weight of (Tube + F.P) @ 105 °C
Wa3: weight of (Tube + F.P) @ 550 °C

In General:-

» TS=TDS + TSS
» TVS =VDS +VSS
» TFS =FSS + FDS

D e laa gl Jasal Jal (e Alaad) ¢l g8l a4 106

ml into Litter
gram into milligram
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Experiment # 9

Fecal Coliform

The main groups of microorganisms found in surface water and wastewater are:
1. Eucaryotes ( Algae, Protozoa )

2. Eubacteria ( most of the bacteria)

3. Archaebacteria
4

Viruses

The pathogenic organisms (<bs_Si) are found in wastewater and the main source is human who
are infected with disease or who carries a particular disease, person discharges 100 - 400 billion

coliform organisms per day in addition to other types of bacteria.

L i 28 Al a1 5 Lol (el i 5aS i olaall (8 g Sadl) 350 50

Because the numbers of pathogenic organisms present in wastes and polluted water are few and

difficult to isolate and identify, the coliform organisms, which are more numerous and more

easily tested for, is commonly used as indicator organisms.
The presence of coliform organisms is taken as an indication that pathogenic organisms may also

be present.

Coliform Bacteria

T

Fecal Non-fecal
(Can grow @ higher (grows @ 35-37°C)
Temperature than non-
Fecal, about 45 °C)
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e Coliform bacteria within 48 hours and 35 °C form rod shaped bacteria that ferment Lactose sugar.

¢ In recent years, tests have been developed to distinguish among:
> Total coliform: used for potable water supply ( «_r&ll Zallall oluall )
» Fecal coliform: performed on non-potable water, wastewater, bathing water, and swimming

water.

Reagents: Bacto-Rosolic Acid, NaOH

Technique used: Membrane Filter (MF)

Calculation:

. colonies counted
Fecal coliform/ mL =

dilution chosen

This equation applies also for the Total coliform.

Colonies are counted according to the color.
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Experiment Procedures:

<l e &G dilution ¢ sable 2 séi s wastewater J' (= 1 mL s 1

3 2 1
avaigflask 2 (= 1 mL 2aG 4wz flask 1 (e 1 mL &l Sww ) e 1 mL aa
slalls 03kai s flask 3 2 slally s3kat g flask 2 8 M el o3lat g flask 1
100 mL 100 mL 100 mL

filtration J Jlea Ao Lz (0.45 pm ) 0855 filter paper st 2

A

Filter paper |—

Filtration

Air source for suction process

o dcls 24 sadl |y i Aila o g petridish 8 Ll Lo Aaddl o ol § filter paper I 33l 3

37°C syl
Oslll G (e Lagin 3iai g coliform colonies J) ey a st cadll olglil 2y 4
Fecal coliform - Blue

Total coliform ———> Pink to dark red
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Experiment # 10
Physical Properties

Physical Parameters

Water Quality Parameters

- LT

Chemical Physical Microbiological
BOD pH Coliform
COD EC
N. TKN DS
PO, Salinity
SOy Turbidity
o pH
pH: it is the hydrogen ion concentration
pH=- Log (H")
(H)+ (OH) =14
I ] |
0 «—Acid ——> 7 <— Alkali —> 14

Acidic solutions have a pH between 1 and 6.9
Alkaline solutions have a pH between 7.1 and 14

Lagalluy 5 CO+H,O —> HCO; JM—) H*

il yy 5 NHy+H,0 — s NHO —= S OH
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Importance of pH:

e most living organisms require pH's close to neutrality

e pH changes can completely wipe out biological processes in wastewater treatment plants

e Low (acidic) pH's also cause corrosion in sewers systems and increase the release of toxic
sulfide gas

e pH unit less and measure by pH meter.

s Turbidity
e Turbidity: light-transmitting measurement (sl 3 sS<)

e il lade aaiay g e jallall oda 8 Cud elall JAk Gl ja 3 g dagiisbiall (B ey Ledie ¢ guall 05 Wl e B le 4y @
Al allae ]
i) g 2
Gliiallaaa 3

Nephelometer jle> alaxiuly & s Nephelometric Method <—— Turbidity J) oabs! dessivd) 43,k ol o

(N T U Turbidity J sidsass o

SN

Nephelometric Turbidity Unit

TSS (mg/L) = (TSS factor) * T (ru

TSS: Total Suspended Solids

O i) g 5 5 NTU e S il sl turbidity JV s85 of s (WHO: world health organization) J) Jslas Jle sl o
A NTU 0e 8 oS8

e Importance of turbidity:

sy s elall b annskVI 38 55 e JlEy Lae 5 ¢ Uy ST a3 Sl olpall Jray Lae ¢ el dail (40 3 ) all Gaial Suspended particles @
aL,}AS\EJ\JAK.AJA&mJ\cAQ}ASQUELﬁ\
ol sl ddae e % Llae (uadill dail paiaiSuspended particles @
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s Salinity

Salinity is the presence of soluble salts in soils or waters.

7 Salts
1
Salinity = 2 — = = ppt
1Kg 1000 gm
—

solution

ppt: parts per thousands < salinity Ji sbé s

The three main types of salinity are:

ULl gaigdy Al ailiad to s laa s pall s ol U Al slaall o st Levie &uaaiz dryland salinitye
A olae aladiul & Lol 3Y) die i sirrigation salinitye
Aalalidl slaliall 8 48 sall sliadl) A5 jaUall o2 Sastisaltwater intrusione

Salinity depends on:
e Landscape characteristics eclimate ehuman activities

The sources of salts:
erainfall eweathering and erosion of rocks egroundwater

> Salts Effects

1. Industrial effects:
A el s il aeda e i alsall 8 o Dlel] A £ ) o)) LS a5 Aiaeal) a1 JSU (A Gy e Ay 20N S 5mn
2. Health effects:
et allall e el I (g2 elall (& 412l iy dad) A ¢ 165 )
Gl sbis aada a3 (A& (C1) sl il ja A p i)
(laxative). Je) o 250 mg/L oo « 3 sl A (MgS0,) 5 (NaS0O,) Sl HS gl )l =
el sall elaill (o) ol aensi 4 s Toxemia s (Na*2) assall o5 58 iplay)l

 EC

Conductivity can be defined simply by Ohms Law (V= IR), the conductivity depends on the number
of charge carriers (number of electrons) in the material and their mobility.

Conductivity is measured as micro-Siemens per cm (uS/cm) OR micromho, mho
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s TDS
It is amount of mineral and salt impurities in the water TDS measure as parts per million (ppm).
Acceptable range for drinking water, TDS < 500 mg

Acceptable range for irrigation water, TDS< 1200 mg\L

eSalinity of irrigation water is determined by measuring its Electrical Conductivity (EC) and is the
most important parameter in determining the suitability of water for irrigation.

e The Electrical Conductivity of water is used as surrogate measure of total dissolved solids (TDS)
concentration and there is a correlation between them:

TDS (ppm) = EC (uS/cm) * 0.67

O Leld Sy Al il Gailiaddl sl e il 5 and GulSail agraen s salinity Js EC Js TDS JI o 4sla 483 cliln
odle | daia sall Aucaly I Y aladll pladiul Glld 2y g EC JI sl oy AR (10 531 5 conductivity meter o 2aly Slea A
Yol ol Aslla il 1) Lo sbial) e aSall Gpallall juleall ae Lt jlaa g paibadll 36 Ol
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