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Refer ences:

1. "Standard Methods for the Examination of Water and Wastewater",
AWWA, Edition 21.

2. " Water Treatment Plant Operation ", Office of Water Programs, College of
Engineering, and Computer Science, California State University,
Sacramento. (Fifth Edition), 2008, Volume I1.
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(-)
(ppm)
(ppb)
(-)
(mgiL) [/ /
@L) [/ /
(ppm) /
mi)y / /
(g/ml) / /
(Yowt) % / X
(Vol %) % / X
(N) /
(M) /
(L) /
/ 0




()

%

(mg)

(1g)

(ng)

(pg)

(fg)

(ag)

18-

(z9)

(%)




NaOH + HCI = NaCl + H,0O

Na,COs3 + 2 HCI = 2 NaCl + H,0 + CO,

=()
(

MnO;,- Mn,+

MnO4- = MnO,



(-)
1 Fe ¢ Feo'
2 Sn2+ Sn4+
6 2crt Cr,0%
2 A33+ A85+
2 21 I
1 282032- 84062-
6 I 105
3 Mn** Mn’*(OH)
5 Mn2+ Mn7+ (H+)
1 ce® ce™
2 cr oCI’
Ag+ + Cl- = AgClI
0 0
|| [
H-0-C-CH, CH-C-0-H
N-CH,-CHN
0 > < 0
I I 2+ _
HOCCH meon | T Ca

EDTA




(NXV=N XV

() /
()

() /
() (X

(mg/ equivalent weight = N X V)



(%

%

%
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Meniscus

[—

Indicators



(10-4 X 2V4/10-1 X V1) x 100 = - 0.2 %

= (

[ 10-(14-9) X 2V /10-2x V1 ]x 100 =+0.02 %

Indicator Error

) %

V2, V1

) %



pH
01-20 Crystal violet
1.2-2.8 Thymol Blue
2.9-4.0 Methyl yellow
3.1-4.4 Methyl orange
3.0-4.6 Bromphenol blue
4.0-5.6 Bromcresol green
4.4-6.2 Methyl red
5.2-6.8 Bromcresol purple
6.2-7.6 Bromphenol blue
8.0-9.6 Thymol blue
8.0-10.0 Phenolphthalein
01-20 Crystal violet

Methyl orange

Phenolphthalein




pH
85-95 2-Naphthol -3,6-disulfonic acid
35-45 Chromotropic acid
12.0-13.0 Naphthionic acid
25-35 Salicylic acid
10.0-14.0 Eosin B
1.0-35 Eosin Y
4.0-45 Fluoroscein sodium
(-)
pH=7 pH=0
-0,29 +0.24 | Neutral red
-0.29 +0.24 | Safranine
-0.11 +0.29 | Indigo carmine
+0.01 +0.53 | Methylene blue
+0.23 +0.67 | 2,6-Dichloroindophenol
- +0.76 | Diphenylamine
+1.06 +1.14 | o-Phenanthroline
Diphenylamine
o0-Phenanthroline
( )




Bromids, iodides

Eosine B

Bromine, peroxide

Fluorescein acid

Chloride , bromide, iodide

Fluorescein sodium

Nitrates

Alizarin saturated

Br omide , chloride

Bromophenol blue

HO ] (@]
LT

Fluorescein

EosinY
Eosin B (NO2 instead of Br)

Sodium alizarinsulfonate
Bromophenol blue
Bromophenol blue sodium salt
Ferric ammonium sulfate
Potassium chromate

Eriochrome black T
Murexide

Morin
Eriochromocyanine
Hematoxylin
Sym.Diphenylcarbazide
Xylenol Orange

HN

HN

Eriochrome black T

(0] O
NH
N
=N
(o] (o] NH4*
Murexide



Buffer Solutions

pH = pKa + log [A-]/[HA]

pKa
[AH]
[A-]
(-)
(-)
(-)
Ka pKa
1.75x 10° 4.75 Acetic acid
7.54x 10° 2.12 Phoshoric acid
6.23x10® 7.20
4.78x10™ 12.32
4.47x 107 6.35 Carbonic acid
5.62x10™ 10.25
8.7x 10™ 31 Citric acid
1.8x10° 4.7
3.9x10” 6.4
5.8x10™%° 9.24 Boric acid
5.01x10° 1.30 Oxalic acid
5.13x10° 4.29




Kb pr
1.75x107 4.76 Ammonia
1.07x107 8.97 Pyridine
6.6x10” 8.18 Hydroxylamine
6.53x10” 3.18 Triethylamine
pH = -log [H+] :

[H+] =2.0x10°M

pH  =-log (2.0x10®)
=3-log 2.0
=3-0.3=2.70

pH + pOH =14.00

[POH] =2.0x 10° M

[POH] = -log (2.0x107%)
=3-log 2.0
=3-0.3=2.70

pH =1400-27=113




HA= H" + A
HA-Xx X X
K= [X] [X)/[HA-X]

A-OH =A " +0OH
A-OH - x X X
K = [X] [X]/[A-OH-x]

X
10° x 1.75
K = [ x]/[HA-x] = 1.75 x 10
K = [ x]/[AOH-x] = 1.75 x 107
1.00x10° M

1.75x 10 = x*/ 1.00 x 10

x =1.32x10*M [H or OH]
pH =-log 1.32 x10* =3.88
pOH = -log 1.32 x10™ =3.88

pH = 14.00 - 3.88 = 10.12



Volumetric analysis

NxV=N xV
mg = Eq.wt x N x V

V N
Eqg.wt
mg
Spectrophotometric analysis
A=gxCxL
g/ ml = Ax MW
Lxe
A = 2-log (%T)
= A
Molar absorpitivity =
= C
= MW
= mg/ml
= %T

Potentiometric analysis

E=E°+ ﬂIogC
nF

E=E°xSlogC



Conductometric analysis

G:i: Ké
R L
A=1000 —

Cconductance

Equivalent conductance

Specific conductance

(

O »w ®» - >» 1 o
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(%
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%

%
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.OH-

(pH)

H+
OH-
H+












* Water Treatment Plant Operation. Volume 11. 5 edition. California State University. Sacramento 2006.










(-) (=)

0




(Ultra-filtration)




[/

(NTU)

///////////




as (NOg)
as (NOz)
(NH3)

Alachlor

Aldicarb
Aldrin and dieldrin

Atrazine

Bentazone
Carbofuran
Chlordane
chlorotoluorn
D.D.T

1.2-Dibromo 3-chloropropane (DBCP)

2.4-Dichlorophenoxyacetic acid (2.4 D)

1.2-Dichloropropane (1.2-DCP)

1.2-Dichloropropene (1.2-DCP)
Hexachlorobenzene

Isoproturon

Lindane

Methylchlorophenoxyacetic acid (MCPA)
Methoxychlor

Metoachlor

Molinate




Pendimethalin
Pentachlorophenol
Permethrin
Propanil
Pyriproxyfen
Simazine
Trifluralin
DB-2.4
Dichloroprop-2.4
Fenoprop
Mecoprop
245-T -
Monochloramine
chlorine
Bromate
Chlorite
2.4.6-Trichlorophenol -
Trihalomethanes
Dichloroacetate
Trichloroacetate
Trichloroacetaldehyde
Dichloroacetonitrile
Dibromoacetonitrile
Trichloroacetonitrile
Carbon tetrachloride
Dichloromethane
1.2-Dichloroethane -
1.1.1-Trichloroethane -
Vinyl chloride
1.1-Dichloroethene -
1.2-Dichloroethene -

Tetrachloroethene




Toluene
Benzene
Benzo[a]pyrene 0
Monochlorobenzene
1.2-Dichlorobenzene -
1.4-Dichlorobenzene -

Trichlorobenzenes (Total)

Di (2-ethylhexyle)adipate ( -)
Di (2-ethylhexyl)phthalate ( -)
Acrylamide

Epichlorohydrin
Hexachlorobutadiene
Edetic acid (EDTA)
Triacetic Nitril
Endrin
Chlorate
Bromoform
Chloroform
Chloralhydrate
Dimethoate
Formaldehyde
Cyanogens Chloride
Tributyltin oxide

Phenol
Di- and Trichloramine
Xylenes
Ethylbenzene
Styrene

Bromodichloromethane

Trichloroethene




poured

plate method

% “MF” “MPN”
Total Coliform
/
/
Blue Green Algae
/ (o)
/ (B)
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(Accreditation)

(
















































Primary)
| (Secondary)






%

(Tolerance)

% .






Uncertainty
Measurement









.(Repeatability)

.(Reproducibility)

(W)



(Student’s t)

[W/(2V3)]

% )

(Confidence interval)

%
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(Ground-fault Circuit

Interrupter)



(Circuit Breaker)

(Fuse)










%









Minimum half-hour
= fire rating

L W
t i

»










%

(MSDS)












(Fume Hood)



(Face

Shield)









%



()

()



()

()



(-)
(-)

























(MSDS)
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(Heyroth Water Sample)



g

SAMPLING IRON

NECK HOLDER

BOTTLE

eall el



(Kemmerer)






%



n @@%Z\ﬁ







%
EDTA %

(Animal) (Plant) Phytoplankton: Algae

.Zooplankton: Protozoa



AR

(Holding Time)



\Y-

:(Grab)

:(Composite)



Time Composite (TC)

Flow Proportioned Composite (FPC)

(TVCV)

(TCVV)

Areal Composite

Vertical Composite

VY- ( )



VE-




(Blank)




(Duplicate) (

(Replicate)

(Spiked, Standard Addition)

V-



‘Y-




VA=

* Small water System Operation and Maintenance, 5™ ed., 2009 California State University, Sacramento




V4-




()
()

()

()

()

()

()

()

()
()
()

Q)

()

()

()

Q)

()

()

()

()

()

()

()

()

()

()




()
()
()

()
()
()

AN AN AN N /N

SN N N N N

AN AN AN N/
N N N N

()
()

()
()

()

()

()

()

()

()

YY-



()

()

()

()

()

()

()

()
()

()

()

YY-




>

()

()

()

()

()

()

()

()

* Standard Methods for the Examination of Water & Wastewater, 21% ed. 2005
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=()
=()
=( )

(

()
() C)
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Spectrophotometer

Flame Photometer
Atomic Absorption Spectrometer

Inductively Coupled Plasma

Ion Chromatograph

Gas Liquid Chromatograph .

High Pressure Liquid Chromatograph

I.C.P



Mass Spectrometer.

Infrared Spectrometer .

( )
UV-Vis - Spectrophotometers
( )
Single Beam (
Double Beam (
(-)
( )



Diffraction

Light Source 1Y

Srating

sSlit 2

Refaerance

>I Mirror 1

Light Source wis

Reference
Cuvette Detector 2

Half Mirror

L

Bearn L]
Lens 1
Mirrar 2 Sample
Cuwette Detector 1
Sampls f ™
Mirror = Beam = ] I|.||Ler’|s b=
. [}
. [ J
[ J
[ J
[ J



Holmium Oxide filter

+ 1 nm

360.8, 385.8, 418.5, 453.4,459.9, 536.4, 637.5 nm

SRM

NIS

(A)

(nm)

0.747

0.869

0.293

0.644




:Flame Photometer




[
/
[ ]
nm
[ ]
[ ]
nm , nm nm
nm
Turbidimeter and Nephelometer
(-)
Dispersed )
(Particles
.(Nephelometry)



(Turbidity Coefficient)

.(Beer‘s law)

Species Method Suspension Reagent
Ag’ T,N AgCl NaCl
CI T,N AgCl AgNO,
Sulfate T,N BaSO, BaCl,
Se T Se Cl, SnCl,
Ca T CaC204 H2C204

N: Nephelometry

()

T: Turbidity

()

() ()

()

()




.(NTU)

(NTU)

pH-meters

(Glass electrode)
(Reference electrode)

(Ag/AgCl electrode) (Calomel electrode)



To
pH meter

To
pH meter

— Glass electrode,
| o
ind

Saturated calomel
elecirode, Egep

— E =
Filling port —— c .
—Filling port
— L —Wax or pel
= insulation KCl__ |
Lori
Solution of Eciution ;’:g;?rﬁ;srermnce
™
unknown pH ™~ | Heavy-walled
[~ " glass
5
-Ag wire ~
//_‘// 2 “‘-‘H“-\\_
5 — 0.1 M HCI = —Glass frit
saturated with — ™
AgCl
Magnelic stirre \\\ Thin pH glass ///
‘membrane 7

(-)



.pH



lon Selective Membrane Electrodes

(Ton selective electrodes)




(Semi log)

:Conductometers

)



.141.2 mS/m or 1412 pmhos/cm

I+

(mS/m) =[141. mS/m]/[1 +0.0191 (t-25)]

( umho/cm] =[1412 pumho/cm) / [1 + 0.0191 (t-25]



Dissolved Oxygen Meter

(=)

(Diffusion Current)




(MHSO4.4H20)

(MHSO4. HQO) (MHSO4.2H20)
( )
NaQSQO3 SHQO
( -)
( )
( )
( )









( N,N-Diethyl-p- phenylenediamine )

:Cyanide Analyzer
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;(e.‘a:d\) o Al rry|



Drying Ovens and Muffle Furnaces -

(Drying Ovens)

(Mechanical Convection Ovens) °
(Gravity Convection Ovens) L
(Vacuum Ovens ) °

(Muffle Ovens)






() ()

( ) (Autoclaves)

- ° ) (30 psi)

(Geobacillus Stearothermophilus)

(Spores)






I+

(Incubators)




(Top Loading Balance) Analytical Balances

(Electronic Balance)




%

Water Distillation and Water Purification slall mj M S}H‘ -9

(Water Distillation)



1. Vapour Generator— __——— 7.(ooling Water Exit
™ T

2. Water Level Gauge 5 __——— 8.(ondenser/Distiller
3. Control Valve ———, — 9, Activated Carbon Filter
, ,//
4, Hydraulic Connection \ // — 10. Distilled Water Depasit

5. Water Liquid Phase

6. Immersion Resistance

4 — 11. Cold Water Entry

(Water Purification)

(ASTM)



Type I Type 11 Type I11 Type IV |
0.06 1.0 4 5.0 (uS/em™)
18.0 1.0 4.0 0.2 (MQ-cm)
NA NA NA 5.0-8.0 pH
50 50 200 No limit (ppb)
1 5 10 50 (ppb) pssa
1 5 10 50 (ppb)
3 3 500 No limit (ppb)
GF-AAS. ICP- Electro- Washing
MS. GC General Lab analy.s1s machine.
reagents media- autoclaves
HPLC. AAS preparation

()

()




(Microscope)



Ocular | ¥
(Eyepie__,

Body Tube

Revolving
Nosepiece \,
- e Arm

w, N,

Objectives

Stage

Fine
Adjustment

1
Light ' - Knob
Sulfrce . 1

Stage Clips N Coarse
Adjustment
o1 L Knob
{aphragm ‘




Sample Digestion
Equipment

(Microwave Digestion)

:(Ultraviolet Digestion)

(nm 220- )
275
(OH)
(Photolysis)



:Acid/Base Digestion

9

()

()

()



Ultra Thermostat

( )

Glass Desiccators



Extraction

(Liquid — Liquid Extraction) -

(=)



( -) (Solid Phase Extraction)

( )

Ooc 7 )
(o 7 )

Filtration

(Buchner
( ) Funnel)
(Buchner Flask)






Distillation



()

()
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(°C = 5/9 (°F- 32))

Temperature



.(DO)

Electrical
Conductivity (EC)

Conductivity Reading (ms/m or ux mho/cm)

Conductivity at 25°C =
1 + 0.0191 (T -25)

Milli Siemens/meter (ms/m) :



(Conductivity Water)

(/ )
(1)

"Cloudiness" Turbidity

Hydrazine
Hexamethylene-tetramine . (CH;)sNy Sulfate (H,N),H,SO4




N.T.U

(Turbidity Meter) " "

( ) N.T.U.

NTU measured
Proportion of sample in dilution

Sample NTU =

(Nephelometric Turbidity Units) NTU .




pH = "
- Log [H+]

(OH")

[pH
]+ [pOH] = 1

(WHO)

NTU

(H)

(LSI)

pH



-pH

(Glass Electrode — )

(Reference Electrode)




(pH7. pH4. pH10) Buffer Solution

pH

Suspended

Solids



Settleable
(Imhoff Cone)

Filterable or Dissolved

)
(
/
Dissolved 4>{47 Colloid :I: Suspended
Qssa 107 10° 10° 10 10" 10 10 1“’0
S U 107 10° 105 10* 107 10” 10”
«— AL s 4>{<7 Settleable
(Coagulation)

(-)



:Total Solids

/ x(=)=(C1 )

:Dissolved Solids

/ x(=)=(C1 )

VY-



-Suspended Solids

Fox(=)=01 )

Water Hardness

Ca(HCO;), = CaCO; +CO,+ H,0

Mg(HCOs3), = MgCO; + CO, + H,0

VY- ( )



.(RO)

ED.T.A (

.(as CaCOs) /

ED.T.A

)
( )

EBT
Murexide

/ 50000 X EDTA X EDTA

AR



Alkalinity = A

Ve

X N

X 50,000

mi

sample

Alkalinity



Yo-

SHCIQ

(mg/L CaCO; :



u P measured x 1000
sample volume (ml)

Phosphate — P (n g P/L) =

.(mgP/L) (ugP/L):

V- (



1000 x (UgNO,—N)
Vol. sample (ml)

Nitrite - N =

(mg/L) (ug/L):

YV— (



VA=

mesh

%

BO-85 mi

Iem LD,
0em
. SES——
_%ﬂ P 35mm D
23em +——Cu/cd
1B5em |

EDTA



ugNO; —N

NO3—N:
Vol. of sample (ml)

(mg /L) :

/

.(Methomoglobinemia)

Va— ( )



NH; - N =

%

(A-B) N x

14 x

1000

S

vy



NH; -N=

AR

A x 1000 B
—X_

D C

.(Semilog paper)

N

O o w >



NH; - N =

NH, © H,O

YY-

(A-B) x 1000

C

NH, *+ OH

.(mg/L) :

vy



YY-

(-)(-)(-)

()




Jaaa

- 13,30 plaa
3y 55 olaa
- 1
[
AN
Lraisiall t.S.'I.ri]ﬂ
Jsao sl «
~ el
o<
~ kil 45
L

(-)

()

Ybela

S Y

ko ol

el

O

Yo ( )



(A-B) x 100 250 x 26 x N

CN =
ml original sample ml of aliquat titrated
= A
=B
=N
CN = A x 100>< 50
B C
( ) = A
= B
= C

ng/L :

Yo- ( )



Sulfide =

Y-

400 (A -B)

ml sample

HCN

.(mg/L) :



SO,

YV-

:mgSO4 x 1000

ml sample

.(mg/L) :



- - -

(SPADNS)

nm

(CDTA)

mgF x 100

ml of sample

F=

.(mg/L) :

YA- ( )



(A-B) N x 355

Chloride =
ml of sample

.(mg/L) :

Ya- (

oy



(N.N-diethyl-p-) DPD

nm

_(A-5B) x 200

Q, C

phenylenediamine
= A

) = B
) = C




-DPD

N.N-Diethyl-p-phenylenediamine

(FAS)

/ (FAS)

( )
[ FemH4)(SO4)26H20)]

()

¥y - ( )



-(DPD) N.N-Diethyl-p-pheneylinediamine .

DPD
N.N-Diethyl-p-pheneylinediamine
(EDTA) disodium ethylenediamine dehydrate
( )
"Anhydrous disodium hydrogen phosphate":
(KH2PO4) (Na,HPOy,)
E.D.T.A
.DPD
( )
F.A.S
F.A.S

YY- ( )



D.P.D.
(Hach powder pillow)
D.P.D.
F.A.S D.P.D.
( )
(Iodide — Iodine)
) F.A.S.
(

() - =

) = ( )= 1 )
% (

rY- ( )



Yéi-

x(

)

(% )







Yi-



Yv-



YA-
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(Pathogenic Bacteria)

(E. Coli) (Escherichia Coli)

(E.Coli)

%

(E. Coli)



.(MPN)
(MF) -

(EPA)

>
:..E.;dcu
;4_,»‘/ » / \4
B e
_JI&:
3 Sk Y S dLB T S duki v
PPN Sy e ey 1Y _g.:qu‘i’lr
J TR <]
o
[0}



.(Nutrient)

(Standard Plate Count Test)

o

C )

(Bacterial Cluster)



.(Multiple Tube Fermentation Method)
.(Membrane Filter Method)

:(Multiple Tube Fermentation Method)

(Complete Test)



(MPN)



(Presumptive positive)

(Most Probable Number (MPN))



.(MPN)

(Reliability)

.(MPN)

.(Double-strength)



(MPN)

(Media)
.(LTB) -
.(MacConkey) -
.(Lactose) -
(Surface-active) (Bile salts)

(BGB)
(Confirmatory medium)
(BGB)
.(FC)



(Durham)

(Disaccharides)

(Stock)

(Pressure Cooker)

)
(
(
(Buffer)
(Phosphate Buffer)
( )
) .

(KH,PO,)

)



(NaOH)

()

(MgC12.6H20)

()

()



&% (4 (A
ala

()

(@)

Q)
-*)

()

(Durham)



Ed

Al | IL & |
]| A A
L)

(@)

Presumptive resulls for 48-hour incubation

(-)

BGB
Positive
presumptive
test

24 hours S o

(¥) o ©

.BGB

(BGB



(MPN)

(MPN)

(MPN)

(MPN)

(MPN)







©)
(*)
?4 ()
D —
(-)
( )
( )

(Incoulum)



(Tenfold)



(Code)

(MPN)



(MPN)

SIS Ajenfenfenfenfenfen|en|en|en
Al en|s|o|lo|o|—|—|—|la|a| o
e =1 o|l—|aN|o|—~aN|o|—|x
Q| Q|00 N\O ol Dt o D I A A R et Bl et R B T K KT ot K B I el st R Bt B Sl B Y S B
—|—=|—=|en|en || G| B |G| L | | F S|l S|||||| —  S Y
V
wmiwnin nmuninnunmninninin
Alala|a|en|en|en|on|en| < | <t || <
— || en| <t — NN (T || — || N
ni~|—|ol—=lalolalo|s|n|o|t|o|s|—|w|n|—|mn|w|lanvlaltla|lo|t|o|lo|la|o|lo|loo|lololalo
A= N Q| N[Q|en|ed|a|en|n]|en|F ||| F N[ en [ @A |en|F 0|0 | | K| QA || — | F || —| A= | Q|0
— | — — | e O | N O




17
21

24
21

24
25

13
17

21

350
430

240
350
540
920
1600
>1600




Confirmed Test




I+



44 °C

24 hours

Number of positive tubes in 24 hours

44 =C
24 hours
——{ F
positive
presumptive
test
o

SO=——89:

MPN




(Sampling)

(-)






(Most probale number)
(Azide dextrose broth)

) ()



(Catalase test)
%

(Catalase negative)



(Short

.(Catalase)

.(Catalase)

chain)

(=)




(Pseudomonas aeruginose)

(MPN)




(Acetamid agar)



(Staphlococcus aureus)

(M. Staphlococcus broth) (MPN)




(Egg yolk tellurite)

.(Yellow zone) (Opaque)
(Catalase)

.(Catalase positive)

.(Staplylscocci)
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(MF)

(Superimposed)

(Inhibition)
(- )
X
X
X
X X X
X X X
X X X
X X X
X X X X
X X X
X X X X




(Factor of ten)

( ) (MT)
:(MF)
(Vacuum pump) (Water aspirator)
( )
(Porous)
X (Petri)



(Nutrient pads)

(TTC)
0 0
(Endo-type) .0
0 (MFC) 0 0
(Endo-type)
(Ingredients)
(Nutrient)
% . - .
:(MFC) (M-Endo MF)

‘M-Endo MF

%



:MFC

Side-arm

Porous







%

.(MFC)



I+

I+

%

Cream



(m-Endo)

R - ('Incubated Inverted)
|
|
|
|
(BGLB) (m-FC Broth)
+ * *
° 4 ° .+ .
| | |
(- )






Free Dilution or Rinse )

)
I+

(Media list)

(Performance Sample)

(Water
(Nutrient Broth)

.(Data Sheet)

(Desiccators)



I+

I+

%

(MPN)

(Batch)

(Autoclave Sheet)

.(Autoclave)

(Labeled)
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Blue green algae
(Blue green algac)
(Green Algae)

(Diatoms)

(Neurotoxin & Hepatotoxin)

(Filter Clogging Algae)



F ; Sl
f ; Anabaena laxa
b i bl
- . _‘. 'r.-ﬂ_r
R, e Asterionella e il Sl
By -
]
B
£ = Chlamydomonas
-
= E
- ~+ | Oscillatoria
"4 Tero
|
A .
£ Syroira )
Petersenii
1
- ( )




(Melosira)



(10x, 20x, 40x, 100x) -
(- ) (10x, 12x, 15x)

X -
(Sedgwick-Rafter slide)
.(Counting slide) (- )

.(Stage (Calibration) micrometer) -

(Whipple plankton- counting disc)

.(Micrometer)

.(Bolting cloth)

/ Fine & Coarse Eyepiece
y Focusing A ens
o

Objective
Lenses




20x

(Sedgwick Rafter Cell)

= X
.(Whipple Disc)
X
()
(Whipple disc)

10x



10x







:(Sedgwick Rafter)

Hepatotoxin
(Microcystin)

(Cyanobacteria)

.(Gastro-Eenritis, Dermatosis)

(- ) (=)



-
-
o
=
-
W
L,
N, -

R lETE
"";"... IE‘ r;- '5'1',.-
W 4
.

2

SYREDRL

2

N,

——
S

HITELLA

)
»
-

LFLRLT
o &
1

.

-

-

L

&

.

.
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e
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Random error
Systematic error
Gross error

Rounding error

( )
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.(Precision)

. Trueness

( )
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Quality Control

.(Blank)
.(Replicate)
.(Blind)
.(Spike)
.(Control Charts)

.(Reference Materials)

( )
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(Known Addition, Spiking)

%

Unknown
Soluhon Soluuon
Sulnm
V1ask
— '|'m

Response

- ( )

dg.“.ﬂ"&d‘,;.\;xstu.kga.h‘g cady) JJLAAA"&“’:J :



(Blank)

Control Charts

- (R) (X)

( )
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I+

:Warning Limit
(lower) (upper)
%

.(standard deviation)

:(Control Limit)

(Action Limit)

%
+
(Y —chart)
.(R-chart)
(X —chart)
(-)
(CL) ()
CL+2S,= (WL) ()
CL+38, = (AL) ()
X ()
: ()
_______________ (AL)
_______________ (WL)
_______________ (CL)
_______________ (WL)
_______________ (AL)
( )
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Central

Warni Action
13 ~ e arning /
1.2 [Gooooooooooogeomonoas Q IIIIIIIIIIIIIIIIIII moooooooooo®) IIII llllllllllllll Posoousanans
AR LR TL, 25 B Rl A X ST Y
1.0 |© | 5 Of Y ":, DO I A | Y 00 V% eooo
0.9 ELLLLELEELLLLY o GLLLLLLE LT "" Il llllll (Docoooooooooooeoodpescon (Dooonoooooomn
0.8 1 1 1 1 1 1 1 1 1 |
0 10 20 30 40 50 60 70 80 90 100
(- )
(R-chart)
(- )
(CL) ()
R=d, Sy
Ds*R yAL ()
D;=zero AL ()
R ()
()
--------------- UAL
--------------- (L)
--------------- (LAL)

( )
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0.6

0.5

0.4

0.3

0.2

0.1

_ chart-R

0 10 20 30 40 50 60 70 80 90 100
(- )
(- )
D,d
D4 D3 d2
(CoD)
/
R-) (X-chart)
.(chart
- ( )
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(R)

X2 () X1 ()

|| 2o

(S4)
S = (X =X)*/n-1)
S; =434
S,=6.59 mgO,/L
X =497.5 mgO,/L

( )
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X

(X chart)- ()
X +28, =
y+ .=

X -25¢ =

()

x|

2|

( )

Jallail) 33 5 28U g Jana 5 ld¥) jobiaas o) il



( )

Jallail) 33 5 28U g Jana 5 ld¥) jobiaas o) il



Limit of detection

Criterion of detection (CD) = to9s5 (f) Spiw 4/l + %

Limit of detection (LOD) =2CD
t to.95
(- ) f
Sbl,w
n

0.088, 0.064, 0.073, 0.082, 0.079, 0.05

SW blank = 0.0122 mg/L

LOD = 2xt,,, x0.0122, /1+%

=0.06 mg/L

Accuracy

:(Trueness)

X _
2x100 X,
T X

- ( )
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(Bias)
X-T

x 100

X
T
Minimum and maximum recovery
X
X
X=X 0o
add
= Xs
= X
= Xadd

- ( )
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x|

(X2) Xy

Y _ Sx _ Z(XI _X)Z
’ \ (-D
% y y =

% , =

(Sw)

Within Batch Standard Deviation Standard Deviation

( )
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(Sb)

Between Batch Standard Deviation

x|

R (X2) (X1

Pooled Standard Deviation

s 2 (n-1.S?
pooled — W

Uncertainty

U = t(df )S pooled {%}
1 2

- ( )
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Quality Assurance

.(Personnel and Training)
.(Equipment Calibration)
(Equipment Maintenance)
(Lab Audit and Review)
(Sampling Strategy)
(Analysis Strategy)

( )
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(Logbooks)
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