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Quality System
And Elements of Quality Management

Quality Management

Quality Planning Quality Control

Quality Assurance Quality Improvement

Quality System

Objectives of QA

Achieved by:

To have clear and concise records of 
all procedures related to data quality

Establishing protocols and 
quality criteria for all 
aspects of laboratory works

How to Ensure Accuracy and Reliability?

Securement of Accuracy and 
Reliability of Analyzed Data

Implementation of QA/QCImplementation of QA/QC

How to Ensure Accuracy and Reliability? What is the Goal of QA/QC?

►Implement correct or 
standardized 
methodologies in 
every monitoring 
processes :

Sampling process,
Analysis process,
Data handling 
process,
Reporting process  

►Minimize or avoid 
the introduction 
of error in every 
monitoring 
processes

GOAL

Components of Q/A

•Review of management 
system

 Reporting
 Necessary revising

•Operation of standard 
procedure

 Preparation of SOP
 Examination of new method

•Maintenance of 
analytical equipment

 Regular calibration
 Supply of consumables

•Securing of validity of 
analysis

 Securing of quality of reagent
 Technical training

•Evaluation of analyzed 
data

 Recording of analytical condition
 Examination of deviation

•Review of management 
system

 Reporting
 Necessary revising

Lab. WorksLab. Works Actions TakenActions Taken

Definition of Quality Control

Part of quality management focused on fulfilling quality 
requirements [ISO9000].
Operational techniques and activities to fulfill requirements 
for quality.
“Internal quality control”

　　　　　　

“External quality control”

Conducted within a laboratory to monitor 
performance

Leading to comparison with other reference 
laboratories or consensus results amongst 
several laboratories
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Data Quality (Definition of accuracy)
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Quality Indicators (1)

Bias
A measure of systematic error.

1.Due to the method,

2.A laboratory’s use of method

Method bias: measured by a laboratory 
intercomparison study. The difference between 
the grand average and the known (or true) 
value.

Lab. bias: Difference between the laboratory 
average recovery and the true value 

Quality Indicators (2)

Precision
A measure of the closeness with which multiple 
analyses of a given sample agree with each other.

Can be assessed by:

Replicate analyses,

Repeated analyses of a stable standard, or

Analysis of known additions to samples.

Specified by the standard deviation of the 
results.

How to Ensure Accuracy and Reliability?

Securement of Accuracy and 
Reliability of Analyzed Data

Implementation of QA/QCImplementation of QA/QC

How to Ensure Accuracy and Reliability?
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2. Reliability Pyramid of Monitored Data

•Sampling tool/equipment
•Transportation of collected samples
•Storage of collected samples
•others

•Pretreatment
•Analytical equipment
•Others

•Monitoring data

(Sampling process)

(Design of analysis)

(Analytical 
　　　　　　process)

Calibration
SOP
Training of engineer

(Results of Monitoring)

（FOUNDATION)

（STRUCTURE)

Reliability Pyramid of Monitored Data
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2

Activity of Ion

Hydrogen ion activity
Ion activity    　 ［a+］, ［b-］, ［X］ ・・・

a = γC

a: Ionic activity, γ: Coefficient of activity (< 1),
C: Concentration of Ion

In low concentration
γ≈1 a ≈ C

3

Concept of pH
Hydrogen ion activity

Kw = ［H+］［OH-］/［H2O］ = Constant
=1.8 x 10-16

pH = －log10 ［H+］

= log10 1/［H+］

pH can be measured by pH meter.
pH meter measures the hydrogen activity.
pH meter is the kind of Ion Selective Electrode.

4

Electrode Potential

Mn+ + ne　　　 M　

When the oxidation-reduction
reaction reaches equilibrium,
the metal plate shows the
constant electric potential (E)
to the solution. 　

M

Mn+ Mn+

ne

Mn+

Mn+

Mn+

Mn+

Concept of Half-Cell

Reduction

Oxidation

E Potential difference

5

Nernst Equation

Potential difference (E) is described by the 
Nernst Equation:

E = E0 + RT/nF ×ln ［M+］

E0: Formal electrode potential,
R: Gas constant (8.31 ［J/mol K］)
T: Temperature in Kelvins,
n: Number of electrons transferred,
F: Faraday’s constant (9.64853 × 104 ［K/mol］),
［M+］: Activity of ion ( γ×CM)

Potentiometer

Sample

Constitution of Cell

Reference 
Electrode

Ion Electrode

6

Ion Selective Electrode (ISE)
The electrode that responses the specific ion 
dissolved in a solution,
Frequently used in laboratory analysis, in industry, 
process control, physiological measurements, and 
environmental monitoring,
Kind of transducer (sensor) which converts the 
activity of a specific ion dissolved in a solution into 
an electricalpotential,
The electricalpotential (voltage) is theoretically 
dependent on the logarithm of the ionic activity,
The sensing part of the electrode is usually made as 
an ion-specific membrane.
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Ion Selective Membrane

Boundary between two phases,
Specific ion can
penetrate between two
phases,
Electrochemical equilibrium
is to be reached,
Potential difference (E) across
the membrane is to generate,

Potential difference (E)
generated can be given
by Nernst Equation.

Membrane

Phase2
a2＝ax

Phase1
a1

E

a1, a2: Ionic activity
a1≠ a2

8

Potential Difference (E) Across the Membrane

E = RT/nF・ln (a2/a1)
If the activity of the target ion in phase 1 is kept 

constant, the unknown activity in phase 2 (a２ = ax) 
is related to (E) by:

E = RT/nxF・ln (ax/a1)
= RT/nxF・(2.303l0g(ax)-2.303log(a1))
= const + S・log (ax)

Nernst equation above shows that a plot of 
measured potential versus log(a) will therefore 
give a straight line. Calibration Curve

Nernst Equation

9

log (ax)
log (a) log (10a)

S = 59.16 mv
(at 298K, n=1)

1

E

(mv)

E = const + S・log (ax)

Calibration Curve of an Ion Selective Electrode

a = γC,
a: Ionic activity,
C: Concentration of ion,
γ: Coefficient of activity

A plot of measured potential versus log(a) will therefore give a straight line. 

Concentration vary by tenfold

10

Calibration and Ionic Strength
Using a series of calibrating solutions the response curve or 
calibration curve of an ion-selective electrode can be measured 
and plotted as the signal (electromotive force) versus the activity of 
the target ion.
The linear range of the calibration curve is usually applied to 
determine the activity of the target ion in any unknown solution.
It should be pointed out that only at constant ionic strength, a
linear relationship between the signal measured and the 
concentration of the target ion is maintained.
In order to keep a ionic strength in constant, the ion that does not 
react with the target ion, and does not affect the electrode potential 
is added to the sample and the standard solutions generally. 
The solution that contains the ions mentioned above are so called 
“Ionic Strength Adjuster (ISA)”.

11

Some Example of Ionic Strength Adjuster (ISA)

10M NaOHCN-

CH3COOH, 
NaCl, CDTA

F-

5M NaNO3Cl-

2M (NH4)2SO4NO3
-

ISA UsedIon Analyzed

12

Thank You 
for Your 
Attention
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What is Oil and Grease in Water

General
– Petroleum oil

• Crude oil, and,
• Oil products

– Plant/animal oil

Mixture of variety of liquid 
hydrocarbons of which boiling 
points are different respectively.

Not a specific single 
substance

Total hydrocarbons (TH)

Measurement

M
easurem

ent

3

What is Petroleum?
(Range of Boiling Point and Number of Carbon of Oil Product)

Number of Carbon（Cn)

B
oiling Point (

℃
） Gasoline

Kerosine

Gas oil

Fuel oil, Lube oil**

Asphalt*

*Including fuel oil 

*Including fuel oil (vacuum gas 
oil) that have about more than
20 carbons.

**Number of carbon of Lube oil: 
20 – 70

4

What Items are to be Monitored?

1. Concentration of Total Hydrocarbon

2. Qualitative/Quantitative Analysis of Oil 
Component

3. Others (PAHs, Oil membrane, Tar ball, etc.)

5

How will Oil be detected in the water?

Major Method for Measuring Oil in Water

Observation under microscope,

Measurement of particle size distribution,

Extraction-Nephelometer method,

Determination of oil content,
Measurement of Content of Total Hydrocarbon (TH)
Analysis of Oil Component (Qualitative/Quantitative)

6

What is TH?
From Analytical Standpoint

Definition of measurement of TH
Measurement of substance extracted by solvent

Definition of TH
Any material recovered as a substance soluble in the 
solvent, and not volatilized during the test
Group of substances with similar physical characteristics 
that are determined quantitatively on the basis of their 
common solubility in an organic extracting solvent

Extractable materials that may be determined are 
relatively non-volatile hydrocarbons, vegetable oils, 
animal fats, waxes, soaps, grease and related materials.
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How to measure TH

Partition-Gravimetric method

Partition-Infrared method

Partition-Fluorescence method

Partition GC-FID method

8

Determination of Concentration of Oil in Water
(Concept of Measurement of TH )

Solvent extraction
Oil

Solvent

Oil

Water

Evaporation

Infrared ray

Gravimetric method

Infrared 
absorbing method

(Residue)

Measurement

Sample 
containing 

Oil in Water

Ultraviolet rayFluorescence 
analysis

GC-FID

Measurement

Optical method

9

How to measure TH

Solvent for Extraction
– Petroleum ether,
– n-hexane (C6H14)         JIS, USEPA recommended

– Trichlorotrifluoroethane (C2Cl3F3) Dropped due to the 
environmental problem associated with chlorofluorocarbons

– 80% n-hexane and 20% methyl-tert-butyl ether
– Tetrachloromethane (CCl4)         Dropped due to the 

environmental problem associated with chlorofluorocarbons
– Chlorotrifluororhylene (S-316) Adopted for HORIBA Oil 

Content Meter

10

HORIBA OIL CONTENT ANALYZER (OCMA-310)

11

HORIBA OIL CONTENT ANALYZER (OCMA-310)

12

HORIBA OIL CONTENT ANALYZER (OCMA-310)
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Measurement Principle
Infrared absorption method
– Measure absorption in the 3.4 – 3.5 μm wavelengths

All hydrocarbons absorb infrared radiation between 3.4 – 3.5 μm

No absorption band between 3.4 – 3.5 μm

14

Extraction Solvent

S-316
Double chlorotrifluorothylene

Cl(CF2-CFCl)2Cl
– Molecular weight: 304
– Boiling point: +134℃
– Freezing point: -143℃
– Specific gravity: 1.75 (at 25℃)
– Low toxicity to people
– No-combustible 

15

Measurement Sequence

Preparation of pure solvent

Preparation of Span Liquid

Calibration

Zero calibration

Span calibration

Sample measurement
16

Flow Diagram of
HORIBA OIL CONTENT ANALYZER (OCMA-310)

17

Environment 
Basic Law

Environmental 
Quality Standard

Surface Water 
Quality Standard

Surface Water 
Quality Standard 
for Human Health

Surface Water Quality 
Standard for 

Conservation of Living 
Environment

River

Lake

Coastal area

Water Pollution 
Control Law Effluent Standard Toxic Substances

Items related to 
Living Environment

Areawide Total Pollutant Load 
Control

Stringent add-on 
effluent standards by 

local governments

Regulation and Control System of Water Pollution in Japan

pH
Oil & 
Grease

Others

Oil & 
Grease

18

Regulation of Oil & Grease in Water
(Case of Japan and Kazakhstan)

Japan

•Not detected
(Environmental water 
quality standard),
•Less than 5 mg/L
(Effluent standard)
•Less than 2 mg/L, 1 mg/L, 
etc. (Stringent add-on 
effluent standards by 
local governments)

Partition-
Gravimetric method,

Partition-Infrared 
method,

Others

Total 
Petroleum 
Hydrocarbon 
(TPH)

Kazakhsta
n

Less than 0.05 mg/L
(MPC for fishery purpose)

Partition-
Fluorescence method,

Partition-
Gravimetric method

Total 
Petroleum 
Hydrocarbon 
(TPH)

CountryRegulation valueDetermination 
method

Regulated 
substance
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Thank You 
for Your 
Attention



1

1

2007 January

Shinsuke SATO
The JICA Expert Team

Lecture Training
For

Chemical and Biological Water Quality Analysis

Lecture
Solids

2

Solids in Water
What is the Solids in Water?

Suspended matter and/or Dissolved matter in water,
There are no clear distinction between suspended solids and 
dissolved matter.

Significance of Solids in Water
Affect water or effluent quality adversely,
High dissolved solids causes inferior palatability and may induce 
an unfavorable physiological reaction,
Highly mineralized water is cause of trouble of industrial 
applications,
High in suspended solids is esthetically unsatisfactory such 
purpose as bathing. 

3

1 cm1 mm1 μm1 nm1Å

　　　　　　　　

Diameter of Particle
　　　　　　　　

(m)10-210-310-410-510-610-710-810-910-10

Suspended particulate

Suspended matterDissolved matter

Virus

Molecular

Algae

Size of Variety of Particles in Water

Bacteria

Colloid

2 mm

4

What is Total Solids?

Total Solids: 
Term applied to the material residue left in 
the vessel after evaporation of a sample and 
its subsequent drying in an oven at a defined 
temperature.

5

Categories of Solids in Water
Total Solids 

= Total Suspended Solids + Total Dissolved Solids
(Measured by gravimetric method: Unit; mg/L)

= Total Settleable Solids + Total Nonsettleable Solids 
(Measured by volumetric method: Unit; mL/L), and
(Measured by gravimetric method: Unit; mg/L)

Total Suspended Solids: the dry-weight of particles trapped by a filter, typically 
of a specified size,
Total Dissolved Solids: the portion of solids that passes through the filter of a 
specified pore size.

Total Settleable Solids: the material settling out of suspension within a defined 
period,

6

Measurement of Total Suspended Solids
(Gravimetric method)

Apparatus
Filter holder,
Glass-fiber filter (Whatman GF/C or equivalent),
Suction flask,
Drying oven,
Desiccator,
Analytical balance, capacity 200g (or more), 
accuracy 0.1 mg
Vacuum pump or aspirator

Size compatible with the filter holder
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Procedure of Measurement
(Gravimetric method)

Measurement of suspended solids means to measure an 
actual weighing of particulate material present in the sample, 
and consists of following two series of procedures:

1. Filtering by glass-fiber filter, and
2. Drying at a temperature of 103 – 105℃ for fixed period ( at 

least 1 h) to a constant weight

The result of a measurement cannot include materials that are volatile under 
the condition of the procedure
The results should be reported as: total suspended solids at ….℃, type of 
filter and pore size or number

8

Procedure of Measurement (2)
(Gravimetric method)

1. Prior to a measurement, remove large 
floating material or submerged agglomerates 
of nonhomogeneous materials using a sieve,

2. A well-mixed sample is filtered through a 
weighted standard glass-fiber filter,

3. Residue retained on the filter is dried to a 
constant weight at 103 – 105℃,

4. The increase in weight of the filter represents 
the total suspended solids 

9

Procedure of Determination of SS
(Gravimetric method)

Water

Place a filter on the 
filter holder

Vacuum filtration

Dry in an oven at 
103 – 105℃

Cool in desiccator

Weighing

Preparation of Glass-Fiber filter disk

Sample

Place a filter on the 
filter holder

Vacuum filtration

Dry in an oven at 
103 – 105℃

Cool in desiccator

Weighing

Sample Analysis

Keep in desiccator

Repeat the cycle 
until the weight 
of loss between 
two successive 
weighings is less 
than 0.5 mg.

Repeat the cycle 
until the weight of 
loss between two 
successive 
weighings is less 
than 0.5 mg.

Weighing

10

Measurement of Suspended Solids and Dissolved Solids
(Gravimetric Method)

Floating material

Suspended solids

Dissolved solids

Sample

Sieve (2mm mesh)

Filter
(Glass-fiber filter)

Suction flask

Solids retained 
by the filter

Portion that 
passes through 
the filter

Materials retained 
on the sieve

11

Measurement of Settleable Solids and Nonsettleable Solids
(Volumetric Method)

Imhoff Cone

Nonsettleable solids

Settleable solids

12

Measurement of Settleable Solids and Nonsettleable Solids
(Gravimetric Method)

Sample

Settleable solids

Nonsettleable solids
Measurement of total 
suspended solids in the 
supernatantLeave 

quiescent 
for 1 h

Measurement of 
total suspended 
solids

mg settleable solids/L = mg total suspended solids/L

－ mg nonsettleable solids/L
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Type and Feature of Glass-fiber filter

0.70.42GF/F

2.70.68GF/D

1.20.26GF/C

1.00.68GF/B

1.60.26GF/A

Pore size
〔μm〕

Thickness
〔mm〕

Type

(Source: Whatman catalog)
14

Notes for Sample Handling and Preservation

Use resistant-glass or plastic bottles, provide 
that the material in suspension does not adhere 
to container walls.
Begin analysis as soon as possible.
Refrigerate sample at 4℃ up to the time of 
analysis to minimize microbiological 
decomposition of solids.
Preferably do not hold samples more than 24 h.

15

Thank You 
for Your 
Attention
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Measurement of CODCr by Open Reflux Method

Contents
1. Review of Concept of COD
2. Oxidizing agents (KMnO4 and K2Cr2O7)
3. Oxidation by Dichromate
4. Titration with FAS
5. Concept of Open Reflux Method

(1) Principle
(2) Equipment Required
(3) Chemicals Required

6. Setting Up Reflux
7. Basic Concept of Open Reflux Method
8. Procedure of Open Reflux Method

Review of Concept of COD (1)

COD           Chemical Oxygen Demand
Definition         the amount of a specified 
oxidant that reacts with a sample under 
controlled conditions
Expressed in mg/L
Oxidant: Potassium permanganate [KMnO4]

Potassium dichromate [K2Cr2O7] 　

Review of Concept of COD (2)
Oxidant
– KMnO4

• Oxidation ratio: Medium
• Easy to use
• Good reproducibility
• Adopted in Japan

– K2Cr2O7
• Oxidation ratio: Strong
• Generate hazardous waste (Hg)
• Commonly used in many countries
• Adopted in Open Reflux Method

Review of Concept of COD (2)
History (KMnO4)

For many years, the strong oxidizing agent of potassium 
permanganate (KMnO4) was used for measuring COD,
Measurements by Permanganate were called oxygen 
consumed from permanganate, rather than the oxygen demand 
of organic substances,
Effectiveness of KMnO4at oxidizing organic compounds 
varied widely, and in many cases BOD measurements were 
often much greater than results from COD measurements.
This indicated that KMnO4 was not able to effectively oxidize 
all organic compounds in water, rendering it a relatively poor 
oxidizing agent for determining COD.

Review of Concept of COD (2)
History (K2Cr2O7)

Other oxidizing agents such as ceric sulfate, 
potassium iodate, and potassium dichromate 
have been used to determine COD,
Of these, potassium dichromate (K2Cr2O7) 
has been shown to be the most effective:
– It is relatively cheep,
– Easy to purify, and
– Is able to nearly completely oxidize almost all 

organic compounds
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Review of Concept of COD (2)
Using K2Cr2O7

K2Cr2O7 is a strong oxidizing agent under acid conditions. 
(Acidity is usually achieved by the addition of Sulfuric acid.)

The reaction of K2Cr2O7 with organic compounds is given by:

CnHaObNc ＋ dCr2O7
2- ＋ (8d ＋ c)H+

nCO2 ＋ (a ＋ 8d － 3c)/2・H2O ＋ cNH4+ ＋ 2dCr3+

Where: d = 2n/3 ＋ a/6 － b/3 －c/2
Most commonly, a 0.25 N (0.04167 M) solution of K2Cr2O7
is used for COD determination, although for samples with 
COD below 50 mgt/L, a lower concentration of K2Cr2O7 is 
preferred.

Oxidation by Dichromate

　Oxidation – Reduction Reaction by Chromate

Cr2O7
2- + 14H+ + 6e- → 2Cr3+ + 7H2O

O2 + 4H+ +4e- → 2H2O

1 mol of potassium dichromate is equivalent to 
(6/4)O2 = 32 × 6/4 = 48 g (O2)

Oxidation by Oxygen

Titration with FAS

Cr2O7
2- ＋ 6Fe2+ ＋ 14H+

2Cr3+ ＋ 6Fe3+ ＋ 7H2O

Dichromate ion

FAS

Concept of Open Reflux Method (1)

Principle
The sample is boiled under reflux with 
potassium dichromate and silver sulfate 
catalyst in strong sulfuric acid. 
Part of the dichromate is reduced by organic 
matter and the remainder is titrated with 
ferrous ammonium sulfate.

Concept of Open Reflux Method (2)

Principle
– Most types of organic matter are oxidized by a boiling 

mixture of chromic and sulfuric acids,
– Sample is refluxed in strongly acid solution (digestion) 

with a known excess of potassium dichromate 
(K2Cr2O7),

– After digestion, the remaining unreduced K2Cr2O7 is 
titrated with ferrous ammonium sulfate to determine the 
amount of K2Cr2O7 consumed and the oxidizable organic 
matter is calculated in terms of oxygen equivalent.

　　　Cr2O7
2- + 6Fe2+ +14H+ 　　　 2Cr3+ + 6Fe3+ +7H2O

Concept of Open Reflux Method
Equipment Required

1. 500-milliliter (ml) Erlenmeyer flask with standard (24/40) 
tapered glass joints,

2. Riebig reflux condensers (12-inch) with standard 
tapered glass joints,

3. Electric hot plate with magnetic stirrer,
4. Volumetric pipets (10, 25, and 50-ml capacity),
5. Buret, 50 ml or 25 ml - 0.1 ml accuracy,
6. Buret stand and clamp,
7. Analytical balance, accuracy 0.001 gram (g),
8. Spatula,
9. Volumetric flasks (1,000 ml capacity),
10. Boiling beads, glass,
11. Magnetic stirrer and stirring bars 
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Concept of Open Reflux Method
Chemicals Required

1. Potassium dichromate (K2Cr2O7) 0.25 N  (0.04167 M),
2. Sulfuric acid (H2SO4, d = 1.84)) silver sulfate (Ag2SO4) 

solution,
3. Mercuric sulfate (HgSO4) crystals,
4. Ferrous ammonium sulfate (FAS) [Fe(NH4)2(SO4)2]・6H2O   

0.25 N (0.25 M)
5. Ferroin indicator (1, 10-phenanthroline and ferrous ammonium 

sulfate) ,
6. Potassium hydrogen phthalate (KHP),
7. Conc. Sulfuric acid (H2SO4) (d = 1.84)
8. Distilled water

Chemical Preparation (1)

Standard potassium dichromate
1. Dry potassium dichromate (K2Cr2O7) in Oven at 103℃

for 24hrs.
2. Dissolve 12.259g of K2Cr2O7 in distilled water to 1-

liter volume in a volumetric flask. 
K2Cr2O7 = 39.1×2+52.0×2+16×7=294.2

　　　12.259/294.2 = 0.04167 M 
This reagent undergoes a six-electron reduction 
reaction; the equivalent concentration is 6 × 　

0.04167 ×6 = 0.25 N (1 mL solution is 
equivalent to 2 mg O) 　

Chemical Preparation (2)

Sulfuric acid solution (reagent)

1. Add reagent grade silver sulfate (Ag2SO4) to a conc. 
Sulfuric acid (H2SO4) at the rate of 5.5 g Ag2SO4
per kg H2SO4 and mix until the silver sulfate goes 
into solution. 

2. Let stand 1 to 2 days to dissolve. 

Chemical Preparation (3)

Standard ferrous ammonium sulfate (FAS) 
titrant

1. Dissolve 98.0 g of ferrous ammonium sulfate 
hexahydrate (FAS) [Fe(NH4)2(SO4)2]・6H2O in 
distilled water. (0.25N FAS Solution)

2. Add 20 mL conc. H2SO4 (d = 1.84), cool, and dilute 
to exactly 1,000 mL in volumetric flask. 

3. Standardize this solution daily against standard 
K2Cr2O7 solution. 

Chemical Preparation (4) 

A) Standardization of FAS
1. Dilute 10.0 mL of standard potassium dichromate 

(0.04167 M: K2Cr2O7) solution to 100 mL with distilled 
water in Erlenmeyer flask.

2. Slowly add 30 mL of conc. Sulfuric acid (H2SO4) and 
cool to room temperature.

3. Titrate with FAS titrant, using 2 to 3 drops (0.10 to 
0.15 mL) of ferroin indicator till the color changes from 
greenishblue to wine red.

The molarity (normality) of FAS solution is given by the 
following formula:

Molarity of FAS solution =                                              × 0.25
(Volume of 0.04167 M K2Cr2O7 solution titrated, mL)

(Volume of FAS used in titration, mL)

Chemical Preparation (5)
Ferroin indicator solution

- Dissolve 1.485 g 1,10-phenanthroline monohydrate and 695 mg 
FeSO4・7H2O in distilled water and dilute to 100 mL.
Potassium hydrogen phthalate (KHP) standard

1. Lightly crush and then dry potassium hydrogen phthalate 
(HOOCC6H4COOK) to constant weight at 120℃. 

2. Dissolve 425 mg of KHP in distilled water and dilute to 1,000 
mL. 

KHP has a theoretical COD of 1.176 mg O2/mg
This solution has a theoretical COD of 500 μg O2/mL. 

This solution is stable when refrigerated for up to 3 months.
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Setting Up Reflux

1. Step 1
Place the heater on a desk
Clamp the flask above the heater

2. Step 2
Insert reflux conderser, clamp it in place, and attach rubber tubing for 
cooling water

3. Step 3
Turn on and adjust the water flow

4. Step 4
Remove condenser, then add reactants, solvent and stirrer/boiling stones

5. Step 5
Commence heating; adjust heating until a gentle boiling is obtained. 
Readjust water flow or heating rate if necessary 

6. Step 6
After reflux, remove heater and allow flask to cool. Transfer contents to 
appropriate flask and disassemble the apparatus 

Basic Concept of Open Reflux Method
Principle

Difference of (D) and (C) 
corresponds to the amount of the 
COD substances

(E)

A known excess of K2Cr2O7 added 
to blank is titrated with FAS 

(D)

Remaining unreduced K2Cr2O7 is 
titrated with FAS

(C)

COD substances consume a known 
excess of K2Cr2O7

(B)

COD substances in Sample(A)

A

B

A - B

Procedure of Measurement by Open Reflux Method (1)

B) Treatment of samples with COD of >50 mg O2/L:
1. Blend samples if necessary and pipet 50.00 mL into a 

500-mL refluxing flask. For samples with a COD of 
>900 mg O2/L, use a smaller portion dilute to 50.00 mL.

2. Add 1 g HgSO4 and very slowly add 5.0 mL sulfuric 
acid reagent, with mixing to dissolve HgSO4. Cool 
while mixing to avoid possible loss of volatile materials.

3. Add 25.00 mL 0.04167M K2Cr2O7 solution and mix. 
Attach flask to condenser and turn on cooling water.

4. Add remaining sulfuric acid reagent (70 mL) through 
open end of condenser. Continue swirling and mixing 
while adding sulfuric acid reagent.
CAUTION: Mix reflux mixture thoroughly before applying heat 
to prevent local heating of flask bottom and a possible blowout of 
flask contents.

Procedure of Measurement by Open Reflux Method (2)

5. Cover open end of condenser with a small beaker to 
prevent foreign material from entering refluxing mixture 
and reflux for 2 hrs. Cool and wash down condenser 
with distilled water.

6. Disconnect reflux condenser and dilute mixture to about 
twice its volume with distilled water.

7. Cool to room temperature and titrate excess K2Cr2O7
with FAS, using 0.10 to 0.15 mL (2 to 3 drops) ferroin 
indicator. Although the quantity of ferroin indicator is 
not critical, use the same volume for all titrations. 

Procedure of Measurement by Open Reflux Method (3)

8. Take as the end point of the titration the first sharp color 
change from greenishblue to wine red that persists for 
1 min or longer.

9. Duplicate determinations should agree within 5% of their 
average.

10. Samples with suspended solid or components that are 
slow to oxidize may require additional determinations.

11. Reflux in the same manner, preferably simultaneously 
with sample, a blank consisting of 50 mL of distilled 
water together with the reagents and titrate as mentioned 
above.

Procedure of Measurement by Open Reflux Method (4)

Calculation
Concentration of CODCr can be given by the formula below:

where :
A = mL FAS used for blank,
B = mL FAS used for sample,
M = molarity of FAS
8000 = milliequivalent weight of oxygen × 1000ml/L 

COD as mg O2/L = 〔（A- B） × M　× 8000〕／(mL sample)
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Derivation of Calculation Formula
① A – B = Difference of amount of FAS (M ≒ 0.25N) used for 

titration (mL) against K2Cr2O7

② (A – B) × M           Equivalent of K2Cr2O7 reacted with FAS 
(milli-mole of FAS)

③ 1 mole of FAS is equivalent to 1/6 mole of K2Cr2O7

④ (A – B) × M × 1/6            Correspond amount of K2Cr2O7
with FAS (milli-mole of K2Cr2O7)

⑤ 1 milli-mole of K2Cr2O7 is equivalent to 48mg Oxygen (O2)
⑥ (A – B) × M × 1/6 × 48 ÷ V           Corresponding COD 

substances contained in sample (mg O2/mL)
⑦ (A – B) × M × 1/6 × 48 ÷ V × 1,000

= (A – B) × M × 8,000/V COD as mg O2/L

Precautions of Measuring Procedure (1)

1. The strength of sulfuric acid in the final solution should be 
at least 18 N.

2. The order of making the analytical mixture should be i) 
sample, ii) HgSO4 〔i) and ii) are sometimes reversible〕, iii) 
K2Cr2O7, and conc. H2SO4 (slowly with swirling).

3. When HgSO4 is added, mix well so that the chlorides are 
converted into poorly ionized mercuric chloride. 

4. After refluxing, allow to cool, use the required amount of 
distilled water for washing the condenser, allow to cool and 
then titrate.

5. As far as possible. Reflux blank and samples should be 
analyzed simultaneously.

Precautions of Measuring Procedure (2)

6. The interference caused by chloride can be eliminated by 
the addition of mercuric sulfate (HgSO4) to the sample 
prior to addition of other reagents; about 480 mg of HgSO4 
is adequate to complex 40 mg Cl- ions in the form of poorly 
ionized HgCl2.

7. Silver sulfate is added to conc. H2SO4 (5.5 g/kg acid) as a 
catalyst. This accelerates the oxidation of straight chain 
aliphatic and aromatic compounds.

Sample Handling (1)

Samples should be taken with bottles that do not release organic
substances into water; glass-stoppered glass bottles are 
satisfactory. Unstable samples should be tested without delay, 
especially wastewater and polluted water samples. Natural, not 
heavily polluted, water should be analyzed on the same day or at
least within 24 hours and the sample should be kept cold before 
analysis.

If there is  to be a delay before analysis, the sample may be 
preserved by adding sulfuric acid (H2SO4, d = 1.84), about 2 
mL diluted 1 + 2 to each 100 mL of sample. If samples are to be 
stored for longer than 24 hours, deep freezing is recommended.

Sample Handling (2)

Depending on the aim of the analysis, COD can be determined 
on unfiltered and/or filtered samples.
When both determinations are carried out, the difference gives 
the COD of the particular matter.
Samples containing settleable solids should be homogenised
sufficiently by means of a blender to permit representative 
sampling for the COD determination in unfiltered samples.
For the analysis of filtrate, the original (not homogenised) 
sample is used.
Filtration through glass-fiber filter is recommended, but hard 
paper filters may be used if the sample has a high COD. The 
filters should be pre-rinsed with distilled water.

Procedure of Measurement by Open Reflux Method (5)

Determination of standard solution
Evaluate the technique and quality of reagents by 
conducting the test on a standard potassium hydrogen 
phthalate (KHP) solution.〔HOOCC6H4COOK〕

KHP has a theoretical COD of 1.176 mg O2/mg-KHP. 
Dissolve 425 mg of KHP in distilled water and dilute to 
1,000 mL for a 500 mg/L COD solution.
A recovery of 98 – 100 % of the theoretical COD can be 
expected.
This solution is stable when refrigerated, but not 
indefinitely. Weekly preparation usually is satisfactory. 
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Procedure
For

Measurement of Low Concentration COD (< 50 mg O2/L)

Follow the normal procedure aforementioned in [Procedure of 
Measurement by Open Reflux Method (1)] with two 
exceptions:

① Use standard K2Cr2O7 solution of 0.025N (0.004167M),
② Titrate with standardized 0.025N FAS.

Even a trace of organic matter on the glassware or from the 
atmosphere may cause gross error

Exercise extreme care

Thank You 
for Your 
Attention
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•Sampling tool/equipment
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Reliability Pyramid of Monitoring Data

Importance of Sampling

Element of QA/QC
How to secure the reliability of Sampling

Sampling Factor
– Parameter,
– Analytical method adopted,
– Container
– Preservation method,
– Holding time

Sampling Guide (1)
(Parameters for Chemical & Biological Water Quality)

48 hrs28 daysHolding time

100 mL1,000 mLMinimum sample 
volume

If prompt analysis is not 
possible, preserve samples by 
filtering immediately and 
storing at 4℃.

pH below 2 with H2SO4 
or HCl

Preservation

P or G, Wash with HCl, Don’t 
use commercial detergents

G, Wide-mouthContainer

Spectral photometricSolvent extraction/
Infrared absorptiometry

Analytical 
method

PO4
3-Oil & GreaseParameter

Sampling Guide (2)
(Parameters for Chemical & Biological Water Quality)

24 hrs7 days
(28 days stored sample)

Holding time

(500 mL)500 mLMinimum sample 
volume

Refrigerate at 4℃ or lessRefrigerate at 4℃ or less 
for samples to analyzed 
within 24 hrs. pH below 
2 with H2SO4 
Neutralize with 5.0N 
NaOH before analysis

Preservation

P or GP or GContainer

Spectral photometricSpectral photometricAnalytical 
method

SurfactantsNH3-NParameter

Sampling Guide (3)
(Parameters for Chemical & Biological Water Quality)

24 hrs6 monthsHolding time

300 mL300 mLMinimum sample 
volume

Store at 4℃ or less up to 24 
hrs.
Must be analyzed within 24 
hrs

pH below 2 with HNO3
Adjust the pH to about 4 
with 5.0N NaOH before 
analysis

Preservation

P or G
(Acid-washed container)

P or G
(Acid-washed container) 

Container

Spectral photometricSpectral photometricAnalytical 
method

Cr(Ⅵ)Cr-TParameter
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Sampling Guide (4)
(Parameters for Chemical & Biological Water Quality)

48 hrs7 daysHolding 
time

200 mL100 mLMinimum 
sample volume

pH below 2
with H2SO4,
Refrigerate

Fill completely and cap tightly. Avoid
excessive agitation or prolonged exposure
to air. Add 4 drops of 2N
Zn(CH3COO)22H2O))solution in the sample
bottle per 100 mL sample before sampling.
And then adjust pH to above 9 by adding
NaOH, Refrigerate

Preservation

P or GP or GContainer

Spectral 
photometric or 

ISE

Ion Selective electrode
(ISE)

Analytical 
method

NO3
-S2-Parameter

Sampling Guide (5)
(Parameters for Chemical & Biological Water Quality)

28 days

100 mL

No special
Preservation

P or G

ISE

Cl-

28 days

300 mL

No special
Preservation

P

ISE

F-

28 daysHolding 
time

500 mLMinimum 
sample 
volume

pH above 12 with
NaOH, Refrigerate

Preservation

P (Amber) 
or G (Amber)

Container

ISEAnalytical 
method

CN-Parameter

Sampling Guide (6)
(Parameters for Chemical & Biological Water Quality)

Preferably do not hold samples more than 24hrs. In no 
case hold sample more than 7 days.

Holding time

(1,000 mL)Minimum 
sample volume

Begin analysis as soon as possible because of the 
impracticality of preserving the sample.  
Refrigerate sample at 4℃ up to the time of 
analysis to minimize microbiological 
decomposition of solids.
Transportation and short-term storage of sample 
will not normally affect the results of the test.
Bring samples to room temperature before analysis.

Preservation

P or G
(Be provided that the material in suspended suspension 

does not adhere to container walls)) 

Container
Filtrate weight, Still standing Analytical method

Suspended solid and Settleable solidParameter

Sampling Guide (7)
(Parameters for Chemical & Biological Water Quality)

7 daysHolding time

100 mLMinimum 
sample volume

pH below 2 with H2SO4, Analyze unstable samples
without delay. If delay before analysis is unavoidable,
preserve sample by acidification to pH≤2 with H2SO4.
Preferably acidify any sample that cannot be analyzed
the same day it is collected. Blend samples containing
Settleable solids with a homogenizer to permit
representative sampling. Make preliminary dilutions for
wastes containing a high COD to reduce the error
inherent in measuring small sample volume. Refrigerate

Preservation

P or G
(Preferably collect samples in glass bottles.) 

Container
Open reflux methodAnalytical method

CODCrParameter

Sampling Guide (8)
(Parameters for Chemical & Biological Water Quality)

6 hrsHolding time

100 mLMinimum 
sample volume

pH below 2 with HClPreservation

P or G
(Should be properly sterilized, either with alcohol, or using
an autoclave, etc.) 

Container
Membrane filter techniqueAnalytical method

Total ColiformParameter

Environmental Monitoring Plan should 
be revised and/or modified taking into 
account the new parameters such as 
chromium, surfactants, oil & grease, 
etc. !
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Thank You 
for Your 
Attention
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Classification of Determination Method

Temp., DO, EC, etc.Others

Metal
Metal element, etc.

Atomic absorption method
ICP Emission spectrometer

Volatile organic substances

Soluble organic substances

Inorganic anion, Alkali metal

Gas chromatography
(GC), (GC-MS)
Liquid chromatography
(LC)
Ion chromatography

Turbidity, Cl, SO4
2-, NH4

+-N, 
NO2-N, NO3-N, PO4

3-, Color, etc
Absorption spectrophotometry
(Colorimetric method)
(Visible, UV, IR)

Instrumental 
analysis

SS, VSS, CCE, Freon/N-Hexane 
extracts, etc. 

Gravimetric analysis

Hardness(Ca2+, Mg2+), Alkalinity, 
Acidity, DO, BOD, COD, etc.

Volumetric analysisChemical 
analysis

Analytical ItemDetermination method

4

Method and Instrument for Basic Water Analysis

2100P Portable TurbidityNephelometric methodTurbidity14

sensION5 Portable EC & TDS meterElectrode methodEC13

OxiTopManometric (Pressure sensor) methodBOD512

Digital Titrator (Model 16900)Silver Nitrate MethodCl-11

Colorimeter (DR/890)Amino Acid methodPO4
3+10

Colorimeter (DR/890)Salicylate methodNH3-N9

Colorimeter (DR/890)Cadmium Reduction methodNO3-N8

Reactor (DRB 200-1) & Colorimeter (DR/890)Reactor Digestion methodCODCr7

Colorimeter (DR/890)Photometric method SS6

sensION 6 Portable DO meterMembrane Electrode method DO5

sensION5 Portable EC & TDS meterElectrode methodTDS4

Colorimeter (DR/890)APHA Platinum-Cobalt method Color3

ThermometerWater temp.2

sensION1 Portable pH meterElectrode methodpH1

InstrumentMethodParameterNO.

5

Determination of Nitrate (NO3-N) in water (1)

Feature of NO3   
The most highly oxidized form of nitrogen compounds
Commonly present in surface and ground waters, because it 
is the end product of the aerobic decomposition of organic 
nitrogenous matter
Significant sources of nitrate are chemical fertilizers from 
cultivated land and drainage from livestock feedlots, as well 
as domestic and some industrial waters.
Nutrient taken up by plants and assimilated into cell protein
Cause water quality problems associated with 
eutrophication

6

Determination of Nitrate (NO3-N) in water (2)
Determination

Helps the assessment of the character and degree of 
oxidation in surface waters, in groundwater 
penetrating through soil layers, in biological 
processes and in the advanced treatment of 
wastewater
Generally difficult because of interferences,
And much more difficult in wastewaters because of 
higher concentrations of numerous interfering 
substances
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Determination of Nitrate (NO3-N) in water (3)

Determination method (Cadmium reduction method)
Principle

Nitrate is reduced to nitrite by cadmium. Nitrite, that 
originally present plus that reduced from nitrate, is 
then determined

Interferences
Low results may be obtained for samples that 
contain high concentrations of iron, copper or other 
metals. Addition of EDTA to the samples will 
eliminate this interference.
Presence of strong oxidants or reductants will 
readily affect the nitrite concentrations. High 
alkalinity will give low results

8

Summary of Determination Method (2)

Nitrate (NO3
--N)

Method: Cadmium Reduction Method

Sample

Cd, Sulfanilic acid

(Reagent)

NO3
-

NO2
-

Cd Sulfanilic acid

React React
Amber-color product

Determination

(Colorimeter)
Result

Reduced to NO2
-

9

Summary of Determination Method (1)

COD
Method: Reactor Digestion Method

Sample

Cr2O7
2- (Cr6+)

(Strong oxidizing agent)

Digestion

(2 Hrs)

Cr6+

Cr3+

+

Determination

Determination

Oxidizable organic compounds 
react with oxidizing agent

Dichromate ion is 
reduced to Cr3+

0 to 150 mg/L range

0 to 1,500 mg/L range

Green color

(Colorimeter)

(Colorimeter)

Organic 
compounds

Amount of 
remaining Cr6+

Amount of 
produced Cr3+

Reagent vial
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Summary of Determination Method (4)

Phosphorus (PO4
3-), Low range (0 to 2.50 mg/L)

Method: Ascorbic Acid Method

Sample

Molybdate

(Reagent)

PO4
3-

Phosphomolybdate complex

Molybdate Ascorbic acid

React React
Molybdenum blue compound

Determination

(Colorimeter)
Result

Reacts to form

Reduced to

11

Summary of Determination Method (3)

Phosphorus (PO4
3-), High range (0 to 30.00 mg/L)

Method: Amino Acid Method

Sample

Ammonium molybdate

(Reagent)

PO4
3-

Molybdophosphoric acid

Ammonium molybdate Amino acid reagent

React React
Molybdenum blue compound

Determination

(Colorimeter)
Result

Reacts to form

Reduced to

12

Summary of Determination Method (5)

Nitrogen, Ammonia (NH3-N)
Method: Salicylate Method

Sample

Chlorine

Monochloramine

Ammonia compounds react with 
Chlorine to form monochloramine

Ammonia compounds

5-aminosalicylate

(Reagent)

Salicylate Cyanurate

Monochloramine reacts with 
salicylate in the presence of cyanurate
to produce 5-aminosalicylate

Determination

(Colorimeter)
Result

Reagent vial
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Summary of Determination Method (6)

Chloride (Cl-)
Method: Silver Nitrate Method

Titrated with AgNO3

Add K2CrO4 as Indicator

Cl-in Sample

AgCl↓

AgNO3

(Insoluble white Silver 
chloride precipitate)

After all the chloride has been 
precipitated, the silver ions react with the 
excess chromate to form a red-brown 
silver chromate precipitate (Ag2CrO4).

Ag2CrO4 ↓
(red-brown silver chromate 
precipitate )

End Point

14

Absorption Spectrophotometry
(Colorimeter)

Photometoric method to determine the 
concentration of substance in the solution. 
Apparatus that allows the absorbance of a 
solution at a particular frequency (color) 
of visual light to be determined. 
Make it possible to ascertain the 
concentration of a known solute, since it 
is proportional to the absorbance.
Based on the Lambert-Beer law

15

Principle of Colorimeter (1)

Lambert-Beer Law
Correlation between:
– Absorbance: A, (Dimensionless)
– Path length traveled: L (cm)
– Concentration of absorbent substance: c 

(mol/l)

Absorbance of a substance is 
proportional to its concentration 
and length of path traveled

16

Principle of Colorimeter (2)

Where:

I0 = intensity of the incident light 

Il = intensity after passing through the solution

C =  concentration of absorbing species in the material

L = distance that the light travels through the material (the path length)

ε= absorption coefficient

Lambert-Beer Law

T = Il/I0 (Absorptivity)

A = log10(I0/Il) = log10(1/T)

A = Absorbance of solution

A = ε×C × L c

L

17

Principle of Colorimeter (3)
The equation shows that absorbance depends on 
the total quantity of the absorbent in the light path 
through the cell
Plotting absorbance against concentration, 
straight line passing through the origin (0,0) can 
be obtained.
Concentration of a substance dissolved in liquids 
can be determined by measuring the absorbance A.

Wavelength

A
bs

or
ba

nc
e

Absorbance (A)

C
on

ce
nt

ra
tio

n 
(C

)

▪
▪

▪

▪
▪

C = 1/ε·L ×A
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Interference Control

Many analytical procedures are subject to 
interferences from substances present in the 
sample
Interference may cause analytical results to 
be either too high or too low

Necessity of interference control
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Type of Interference
React as though it were the objective substance 
to be analyses         Produce high result
React with the objective substance

Produce low result
Combine with analytical reagent        Prevent it 
from reacting with objective substance                 
Example:

In photometric method, turbidity may be considered as a 
“substance” that acts like the one being determined            
Reduce light transmission

20

Counteracting for Interference (1)

The best way to minimize interference is to 
remove the interfering substance or to make it 
innocuous

1. Remove either the objective substance or the 
interfering substance physically

Distill off substance (fluoride, 
ammonia, etc.) leaving interferences
behind,

Absorption on an ion-exchange resin

21

Counteracting for Interference (2)

2. Adjust the pH so that only objective 
substance will react

Example:
Adjust the pH to 2 so that volatile acids will 
distill from a solution

3. Oxidize (digest) or reduce the sample to 
convert the interfering substance to a 
harmless form          Example: Reduce 
chlorine to chloride by adding thiosulfate

22

Counteracting for Interference (3)

4. Add a suitable agent to complex the 
interfering substance so that it is innocuous 
although still present

5. A combination of the above four techniques
6. Color and turbidity         Use of activated 

carbon, flocculating agent, filtration. 

23

Compensation of Interference
for Photometric Determination

If none of above techniques is practical
Compensation can be used

24

Photometric Compensation
for Interference by Color or Turbidity

1. Measure sample without addition of reagents 
(sample blank)

2. The instrument response is due to sample 
absorbance or turbidity other than caused by 
the objective substance

3. Make calibration curve and the sample blank 
absorbance is subtracted from the sample 
absorbance 
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Interferences of NO3 Analysis
by Cadmium Reduction Method

Interference at all levelsStrong oxidizing 
and reducing 
substances

Strong buffered samples or extreme sample pH may 
exceed the buffering capacity of the reagents and  require 
sample pretreatment.

pH

All levels
Compensate using Bromine Water and Phenol sln.

Nitrite
(NO2

-)

All levelsFerric ion

Above 100 mg/L-Cl- will cause low results. The test may 
be used at high chloride concentrations but a calibration 
must be done using standards spiked to the same chloride 
concentration.

Chloride
(Cl-)

Interference Levels and TreatmentInterfering 
Substance

26

Interferences of PO4 Analysis
by Amino Acid Method (1)

As the concentration of phosphate increases, the color 
changes from blue to green, then to yellow and finally to 
brown. The brown color may suggest a concentration as 
high as 100,000 mg/L PO4

3-. If a color other than blue is 
formed, dilute the sample and reset.

Phosphates, high 
levels (PO4

3-)

Bleach the blue color. Remove nitrite interference by 
adding sulfuric acid to the sample.

Nitrites (NO2
-)

Greater than 40,000 mg/L as CaCO3Magnesium

May cause low results. To eliminate, dilute the sample 
until two successive dilutions yield about the same result.

High salt levels

Add Sulfuric Acid Standard sln. to sample. Use this 
instead of untreated sample as the blank. 

Colored samples

Greater than 150,000 mg/L as Cl-Chloride (Cl-)

Greater than 10,000 mg/L as CaCO3Calcium
Interference Levels and TreatmentInterfering Substance

27

Interferences of PO4 Analysis
by Amino Acid Method (2)

May exceed the buffering capacity of the reagents 
and require sample pretreatment.

Highly buffered 
samples or extreme 
sample pH

May give inconsistent results for two reasons. 
Some suspended particles may dissolve because of 
the acid used in the test. Also, desorption of 
orthophosphate from particles may occur. For 
highly turbid samples, add H2SO4 Standard Sln. to 
sample.

Turbidity

For best results, sample temperature should be 
21±3℃

Temperature

For samples with sulfide concentration less than 5 
mg/L, sulfide interference may be removed by 
oxidation by Bromine Water.

Sulfide (S2-)

Interference Levels and TreatmentInterfering Substance
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Interferences of PO4 Analysis
by Ascorbic Acid Method (1)

Greater than 50 mg/LSilica

Greater than 300 mg/LNickel

Greater than 100 mg/LIron
All levelsHydrogen sulfide
Greater than 10 mg/LCopper
Greater than 100 mg/LChromium
All levelsArsenate
Greater than 200 mg/LAluminium

Interference Levels and TreatmentInterfering Substance
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Interferences of PO4 Analysis
by Ascorbic Acid Method (2)

May exceed the buffering capacity of the reagents 
and require sample pretreatment. pH 2 to 10 is 
recommended.

Highly buffered 
samples or extreme 
sample pH

Greater than 80 mg/LZinc

Large amounts may cause inconsistent results in 
the test because the acid present in the powder 
pillows may dissolve some of the suspended 
particles and because of variable desorption of 
orthophosphate from the particles. For highly 
turbid or colored samples, add Phosphate 
Pretreatment Pillow to sample.

Turbidity or color

Interference Levels and TreatmentInterfering Substance

30

Interferences of NH3-N Analysis
by Salicylate Method (1)

5,000 mg/L as NO3
--NNitrate

600 mg/L as NO2
--NNitrite

Iron interference will be eliminated by adding the 
same concentration of iron to the deionized water 
in Step 4.

Iron
300,000 mg/L as　CaCO3Magnesium

Will cause intensified colors in the prepared 
sample.

Glycine, hydrazine

50,000 mg/L as CaCO3Calcium

Adjust to approximately pH7. Use NaOH Standard 
Sln. for acidic samples and HCl Standard Sln. for 
basic samples.

Acidic or basic 
samples

Interference Levels and TreatmentInterfering Substance
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Interferences of NH3-N Analysis
by Salicylate Method (2)

Give erroneous high values. Samples with severe 
interferences require distillation.

Turbidity and 
Color

Sulfide will intensify the color. Sulfide interference 
will be eliminated by using the pretreated sample 
(Sulfide inhibitor Reagent Powder Pillow added and 
filtered) in Step 4.

Sulfide
(S2-)

6,000 mg/L as SO4
2-Sulfate (SO4

2-)
5,000 mg/L as PO4

3--P Orthophosphate

Interference Levels and TreatmentInterfering Substance
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Interferences of COD Determination
by Reactor Digestion Method

Primary interference
Chloride

Countermeasure:
– Each COD vial contains mercuric sulfate (HgSO4) 

to eliminate chloride interference up to 2,000 mg/L
– Samples with higher chloride concentration should 

be diluted
– If sample dilution cause the COD concentration to 

be too low for accurate determination, add HgSO4 
to each vial before sample is added 

33

Interferences of Cl- Analysis
by Silver Nitrate Method (1)

Neutralize strongly alkaline or acid samples to pH of 2 
to 7 with H2SO4 or NaOH.

Strongly alkaline or 
acid samples

Cyanide, iodide, and bromide interfere directly and 
titrate as chloride.

Cyanide, iodide, 
and bromide

Remove sulfide interference by adding the contents of 
one Sulfide Inhibitor Reagent Powder Pillow to 
sample, and filtering through a folded filter paper.

Sulfide
(S2-)

Sulfite in excess of 10 mg/L interferes. Eliminate 
sulfite interference by adding hydrogen peroxide in 
step 4.

Sulfite
(SO3

2-)

Orthophosphate in excess of 25 mg/L will precipitate 
the silver. 

Orthophosphate
Iron in excess of 10 mg/L masks the end point Iron

Interference Levels and TreatmentInterfering Substance

34

Items to be checked when a problem is detected 
with an analytical method

1. Calculations and records 
2. Standard solutions 
3. Reagents 
4. Equipment 
5. Quality control materials 

35

Necessary checks to be carried out when a problem is 
detected with an analytical method (1)

1. Calculations and records

– Check calculations for a transposition of digits 
or arithmetic errors.

– Confirm that results have been recorded in 
the proper units and that any transfer of data 
from one record to another has been made 
correctly.

36

Necessary checks to be carried out when a problem is 
detected with an analytical method (2)

2. Standard solutions

– Check the standard solutions that are used for 
calibrating equipment.

– Old solutions may have deteriorated and 
errors may have occurred in the preparation 
of new ones.

– Check on storage conditions, the age of 
solutions and their expected shelf-life.
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Necessary checks to be carried out when a problem is 
detected with an analytical method (3)

3. Reagents
– Check whether old reagents have deteriorated.
– Check fresh reagents to ensure that they have 

been properly prepared.
– Check the storage conditions of reagents, 

especially those that must be stored away 
from the light or at a controlled temperature.

– Check the shelf-life of reagents, discarding 
any that are outdated or have been 
improperly stored.

38

Necessary checks to be carried out when a problem is 
detected with an analytical method (4)

4. Equipment
– Check calibration records and maintenance 

records for all reagent dispensers and 
measuring equipment used for the analysis of 
the variable where the method is out of 
control.

– Items such as automatic pipettes, balances etc. 
should be checked and recalibrated if 
appropriate.

– Ascertain that equipment is being properly 
used. 

39

Necessary checks to be carried out when a problem is 
detected with an analytical method (5)

5. Quality control materials
– Check on the storage conditions of quality 

control materials, ensuring that bottles are 
tightly sealed and that they are not being 
subjected to extremes of temperature.

– Run analyses on several aliquots to determine 
whether the concentration of the variable 
remains within two standard deviations of the 
target value and close to the mean of the last 
20 determinations.

40

How to Ensure Accuracy and Reliability?

Securement of Accuracy and 
Reliability of Analyzed Data

Implementation of QA/QCImplementation of QA/QC

How to Ensure Accuracy and Reliability?

41

Objectives of QA

Achieved by:

To have clear and concise records of 
all procedures related to data quality

Establishing protocols/rules 
and quality criteria for all 
aspects of laboratory works

42

What is the Goal of QA/QC?

►Implement correct or 
standardized 
methodologies in 
every monitoring 
processes :

Sampling process,
Analysis process,
Data handling 
process,
Reporting process  

►Minimize or avoid 
the introduction 
of error in every 
monitoring 
processes

GOAL
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Components of Q/A

•Review of management 
system

 Reporting
 Necessary revising

•Operation of standard 
procedure

 Preparation of SOP
 Examination of new method

•Maintenance of 
analytical equipment

 Regular calibration
 Supply of consumables

•Securing of validity of 
analysis

 Securing of quality of reagent
 Technical training

•Evaluation of analyzed 
data

 Recording of analytical condition
 Examination of deviation

•Review of management 
system

 Reporting
 Necessary revising

Lab. WorksLab. Works Actions TakenActions Taken

44

Quality Indicators (1)

Bias
A measure of systematic error.

1.Due to the method,

2.A laboratory’s use of method

Method bias: measured by a laboratory 
intercomparison study. The difference between 
the grand average and the known (or true) 
value.

Lab. bias: Difference between the laboratory 
average recovery and the true value 

Two Components

45

Quality Indicators (2)

Precision
A measure of the closeness with which multiple 
analyses of a given sample agree with each other.

Can be assessed by:

Replicate analyses,

Repeated analyses of a stable standard, or

Analysis of known additions to samples.

Specified by the standard deviation of the 
results.

46

Data Quality (Definition of accuracy)
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Precision

High Low

Inaccurate

Inaccurate

Inaccurate

Accurate

B
ia

s
H

ig
h
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w

High Low

47

Estimated Detection Limit
(EDL)

30 mg/L COD0 to 1,500 mg/L8

4 mg/L COD0 to 150 mg/L
Reactor digestion methodCOD

7

0.08 mg/L NH3-N0 to 2.50 mg/L6

1 mg/L NH3-N0 to 50 mg/L
Salicylate methodNH3-N

5

0.05 mg/L PO4
3-0 to 2.50 mg/LAscorbic acid method4

0.14 mg/L PO4
3-0 to 30.00 mg/LAmino acid method

PO4
3-

3

0.2 mg/L NO3
—N0 to 5.0 mg/L2

0.8 mg/L NO3
--N0 to 30.0 mg/L

Cadmium reduction methodNO3
--N

1

EDLMeasuring RangeMethodParameterNo.

48

Determination of Concentration of Oil & Grease in Water

Solvent extraction
Oil

Solvent

Oil

Water

Evaporation

Infrared rays

Gravimetric method

Infrared 
absorbing method

(Residue)

Measurement

Sample 
containing Oil 
in Water
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Thank You for Your Kind Attention
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Activity of Ion

Hydrogen ion activity
Ion activity    　 ［a+］, ［b-］, ［X］ ・・・

a = γC

a: Ionic activity, γ: Coefficient of activity (< 1),
C: Concentration of Ion

In low concentration
γ≈1 a ≈ C

3

Concept of pH
Hydrogen ion activity

Kw = ［H+］［OH-］/［H2O］ = Constant
=1.8 x 10-16

pH = －log10 ［H+］

= log10 1/［H+］

pH can be measured by pH meter.
pH meter measures the hydrogen activity.
pH meter is the kind of Ion Selective Electrode.

4

Electrode Potential

Mn+ + ne　　　 M　

When the oxidation-reduction
reaction reaches equilibrium,
the metal plate shows the
constant electric potential (E)
to the solution. 　

M

Mn+ Mn+

ne

Mn+

Mn+

Mn+

Mn+

Concept of Half-Cell

Reduction

Oxidation

E Potential difference

5

Nernst Equation

Potential difference (E) is described by the 
Nernst Equation:

E = E0 + RT/nF ×ln ［M+］

E0: Formal electrode potential,
R: Gas constant (8.31 ［J/mol K］)
T: Temperature in Kelvins,
n: Number of electrons transferred,
F: Faraday’s constant (9.64853 × 104 ［K/mol］),
［M+］: Activity of ion ( γ×CM)

Potentiometer

Sample

Constitution of Cell

Reference 
Electrode

Ion Electrode

6

Ion Selective Electrode (ISE)

The electrode that responses the specific ion 
dissolved in a solution,
Frequently used in laboratory analysis, in industry, 
process control, physiological measurements, and 
environmental monitoring,
Kind of transducer (sensor) which converts the 
activity of a specific ion dissolved in a solution into 
an electricalpotential,
The electricalpotential (voltage) is theoretically 
dependent on the logarithm of the ionic activity,
The sensing part of the electrode is usually made as 
an ion-specific membrane.
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Ion Selective Membrane

Boundary between two phases,
Specific ion can
penetrate between two
phases,
Electrochemical equilibrium
is to be reached,
Potential difference (E) across
the membrane is to generate,

Potential difference (E)
generated can be given
by Nernst Equation.

Membrane

Phase2
a2＝ax

Phase1
a1

E

a1, a2: Ionic activity
a1≠ a2

8

Potential Difference (E) Across the Membrane

E = RT/nF・ln (a2/a1)
If the activity of the target ion in phase 1 is kept 

constant, the unknown activity in phase 2 (a２ = ax) 
is related to (E) by:

E = RT/nxF・ln (ax/a1)
= RT/nxF・(2.303l0g(ax)-2.303log(a1))
= const + S・log (ax)

Nernst equation above shows that a plot of 
measured potential versus log(a) will therefore 
give a straight line. 

9

-log (ax)
-log (a) -log (10a)

S = 59.16 mv
(at 298K, n=1)

1

E

(mv)

E = const + S・log (ax)

Calibration Curve of an Ion Selective Electrode

a = γC,
a: Ionic activity,
C: Concentration of ion,
γ: Coefficient of activity

10

Calibration and Ionic Strength

Using a series of calibrating solutions the response curve or calibration 
curve of an ion-selective electrode can be measured and plotted as the 
signal (electromotive force) versus the activity of the target ion.
The linear range of the calibration curve is usually applied to 
determine the activity of the target ion in any unknown solution.
it should be pointed out that only at constant ionic strength, a linear 
relationship between the signal measured and the concentration of the 
target ion is maintained.
In order to keep a ionic strength in constant, the ion that does not 
react with the target ion, and does not affect the electrode potential is 
added to the sample and the standard solutions generally. 
The solution that contains the ions mentioned above are so called 
“Ionic Strength Adjuster (ISA)”.

11

Some Example of Ionic Strength Adjuster (ISA)

10M NaOHCN-

CH3COOH, 
NaCl, CDTA

F-

5M NaNO3Cl-

2M (NH4)2SO4NO3
-

ISA UsedIon Analyzed

12

Thank You for Your Kind Attention
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What is Total Coliform? (1)

The term coliform bacteria represents 
a vaguely defined group of organisms
which have a long history in water 
quality assessment.

What is Total Coliform? (2)

Pathogenic organism ≠ Coliform bacteria
Number in water
– Pathogenic organism: Small
– Coliform bacteria: Large

Coliform bacteria mostly includes pathogenic 
organism
Test (Measurement)
– Pathogenic organism: Difficult
– Coliform bacteria: Relatively easy

What is Total Coliform? (3)

The term “total coliform” refers to a large 
group of:
– Gram-negative,
– Rod-shaped bacteria

that share several characteristics. 

Pathogens: bacteria, protozoa, and viruses
that make people sick

What is Total Coliform? (4)

Non-disease-causing organisms found in soil 
or vegetation and in the intestinal tract of 
warm-blooded animals (fecal coli.).
Present in much larger numbers than the more 
dangerous pathogens, and react to the natural 
environment and treatment processes in a 
manner and degree similar to pathogens. 

What is Total Coliform? (5)
One of the general sanitary water quality 
indicator that suggests the possibility of presence 
of pathogenic organism.

Coliform
bacteria

Pathogenic
organism

Disease-causing organism

Non-Disease-causing 
organism
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Why test for coliform bacteria? (1)
1. Most coliforms are not pathogens
2. The presence of very few coliforms in water

Water probably contains no pathogenic organisms
3. Presence of large number of coliforms

Very high probability of contamination by
pathogenic organism

4. Number of pathogenic organism        Relatively small
Very difficult to isolate and identify specific
pathogenic organism

Why test for coliform bacteria (2)

5. Observing/Testing of coliform bacteria
Increase or decrease of many pathogenic
organism can be estimated
Total coliforms are indicators and are more
common and easy to test

Total coliforms are mostly natural residents of soil and water. 
Coliform bacterias are those that are usually found in the fecal 
material of animals. Their presence usually means that the water
may be contaminated by sewage effluent. Finding the source of 
the problem and correcting it is very important. 

Where they are found? (1)

There are many pollution sources.
Domestic animals contribute heavily to the population of 
coliform
Including runoff from:

• Woodland
• Pastures
• Feedlots
• Septic tank
• Sewage plants
• Animals and wild fowl
• Others

How to measure/test coliforms?

In the laboratory, tests are to conduct 
using following principles
– Grown in or on a medium containing lactose, at 

a temperature 35 or 37℃
– Provisionally identified by the production of 

acid and gas from the fermentation of lactose

Selection of Analytical Method

Commonly used two techniques
1.  “Multiple fermentation tube” technique or “Most 

probable number” technique
Measured portion of  water sample are placed in test-tubes 
containing a culture-medium. The tubes are then incubated for a 
standard time at a standard temperature

2.  “Membrane filter” technique            To be adopted
Measured volume of sample is passed through a fine filter that 
retains bacteria. The filter is then placed on culture medium and 
incubated.

Comparison of Method

Not applicable to turbid waterApplicable to all types of water

Readily adapted for use in the 
field

Not readily adaptable for use in 
the field

Results obtained directly by 
colony count (high precision)

Result obtained indirectly by 
statistical approximation (low 
precision)

Less sensitiveMore sensitive

Requires less culture mediumRequires more culture medium

Less labor-intensiveMore labor- intensive

More rapid: Requires 24 hrsSlower: Requires 48 hrs for a 
positive

Membrane Filter techniqueMultiple fermentation tube 
technique
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1 cm1 mm1 μm1 nm1Å

　　　　　　　　

Diameter of Particle
　　　　　　　　

(m)10-210-310-410-510-610-710-810-910-10

Suspended particulate

Suspended matterDissolved matter

Virus

Molecular

Algae

Size of Variety of Particles in Water

Bacteria

Colloid

2 mm

Membrane Filter Technique

Introduced in the late 1950s as an alternative to the 
“Multiple fermentation tube” technique.
Offers the advantage of isolating discrete colonies 
of bacteria.

Whereas the multiple fermentation tube  technique 
only indicate the presence or absence of an 
approximate number or organism.

Procedure of Membrane Filter Technique
(Outline)

A definite volume of sample; in the case of drinking 
water normally 100 mL, is passed through a 47 mm
membrane of uniform pore diameter, usually 0.45μ, 
using a filter funnel and vacuum system.
Any organism in the sample are trapped/retained on 
the surface of the membrane. The filter is then placed 
in a petri dish with nutrient medium and incubate at an 
appropriate temperature.
The passage of nutrients through the filter facilitates 
the growth of organisms on the upper surface of the 
membrane.
The discrete colonies that form on the surface of the 
membrane is transferred to a colony counter and 
number of colonies is to be counted. 

Outline Procedure

① Measured volume of water is filtered through a 
cellulose acetate membrane of uniform pore diameter

② Bacteria are retained on the surface of the membrane

③ The membrane is placed on a suitable selective 
medium (culture media) in a sterilized container, and 
incubated at an appropriate temperature

④ If coliforms and/or faecal coliforms are present in the 
water sample, characteristic colonies form that can be 
counted directly 

(Note: All materials and equipment must be sterilized
prior to use)

Apparatus and Materials

① Dilution bottles or tubes,
② Pipets and graduated cylinders,
③ Containers for culture media,
④ Culture dishes (Petri-type dishes),
⑤ Filtration units,
⑥ Filter membrane,
⑦ Forceps,
⑧ Colony counter,
⑨ Sterilizing device (autoclave, oven, etc.)

Procedure of Membrane Filter Technique

3. Selection of sample size

１．　Preparation of culture media

2．　Preparation of culture dish

4. Filtration of sample

5. Incubation

6. Counting

Flame the forceps, and remove the 
membrane from the sterile package

Place the membrane filter into the 
funnel assembly

Add sample to the funnel

Apply vacuum to suction flask

Remove the filter with sterile 
forceps

Place filter prepared Petri dish with 
a rolling motion

Incubated inverted for 24 hrs at 
35±0.5℃

7. Calculation Total coliforms/100 mL
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Colony Counting (1)

When counting the colonies the entire surface 
of the filter should be scanned using a 10x --
15x binocular, wide-field dissecting 
microscope, etc.
Number of colonies yield
– Ideally ········ About 50/membrance
– Not more than ········ 200/membrance
– Preferably ········ 20 to 80/membrance

Counts for each filter should be recorded on 
the laboratory data sheet.

Colony Counting (2)

Colony Counting 
Technique

Culture Media (1)

A substance or material used for the growth of 
coliform bacteria
To be selected in accordance with kind of 
coliform bacteria detected
Can be obtained in the form of dehydrated 
(Granular culture media)
M-Endo is a representative culture media for 
the enumeration of Escherichia coil (e-coli) in 
the Standard Total Coliform Membrane Filter 
Method 

Culture Media (2)

Heat-sensitive
Don’t heat any longer than necessary
Storage of dehydrated culture media
– To be stored in a dry, dark place at a temperature 

of about +15 to 25℃
– Containers should be well sealed and tightly 

closed
– Absorption of water leads to pH shifts and 

eventually clumping

Selection of Sample Size

To be governed by expected bacteria density
Ideal sample volume
– About 50 coliform colonies per membrane,
– Not more than 200 colonies,
– Preferably 20 – 80 colonies per membrane

To be selected in accordance with sample type

Suggested volume to be filtered (1)

Sample volume (mL) 
Sample type 

100 10 1 1 0.1 1, 2 0.01 1,2 0.001 1, 2

Treated drinking water ★      

Partially treated drinking water ★ ★     

Recreational water   ★ ★   

Protected source water  ★ ★    

Surface water   ★ ★   

Wastewater   ★ ★ ★  
Discharge from sewage treatment plant  ★ ★ ★ ★  

Ponds, rivers, stormwater runoff   ★ ★ ★ ★ 
Raw sewage    ★ ★ ★ 
Feedlot runoff    ★ ★ ★ 
Well, spring ★ ★     
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Suggested volume to be filtered (2)

1 Small volume should be added to the filtration 
apparatus together with a minimum of 9 mL of sterile 
diluent to ensure adequate dispersal across the surface 
of the filter membrane.

2 1.0, 0.1, 0.01 and 0.001 mL volumes are filtered after 
first preparing serial dilutions of the sample. 
To filter:

1.0 mL of sample, use 10 mL of 1/10 dilution
0.1 mL of sample, use 10 mL of 1/100 dilution
0.01 mL of sample, use 10 mL of 1/1,000 dilution
0.001 mL of sample, use 10 mL of 1/10,000 dilution

Sample Collection, Preservation, and Handling

Clean all glassware thoroughly with a suitable 
detergent and hot water, rinse with hot water to 
remove all traces of residual washing 
compound, and finally, rinse with distilled 
water.
Sterilize glassware for not less than 2 hr at a 
temperature of 170℃.
Sterilize sample bottles not made of plastic, as 
above, or in an autoclave at 121℃ for 15 min. 

Thank You 
for Your 
Attention
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What is Sulfide ?
Formally, “Sulfide” is the dianion, S2-

Chemical compounds containing sulfur in its lowest 
oxidation number of -2 within sulfur compound cycle.
Exist in water as a form of H2S (Hydrogen sulfide), 
HS- (Hydrogen sulfide ion), S2- (Sulfide ion), as well as 
acid-soluble metallic sulfides present in suspended 
matter.
Ratio of the above substances depends on pH of water

3

Categories of Sulfide
Total Sulfide

　　＋

– Dissolved Sulfide
H2S (un-ionized), HS-, S2-

– Suspended Sulfide (Un-dissolved)
Metallic Sulfide such as Li2S, Na2S 

Dissolved Sulfide Suspended Sulfide

4

Total Sulfide

Total Sulfide

H2S

HS-

S2-

Metallic sulfide
(Present in suspended matter)

5

Occurrence and Significance of Sulfide
Present normally in anaerobic condition
Often present in groundwater, especially in hot 
springs
Produced mostly from the bacterial reduction 

of sulfate       Decomposition of organic matter
Escape into the air from sulfide-containing 
wastewater       Causes odor nuisances
Gaseous H2S is very toxic  
Oxidized to H2SO4 Cause of corrosion

6

Determination Method

Ion-Selective Electrode Method

Methylene Blue Method using 
Spectrophotometer

Determination of total sulfide

+                        +Sulfide Ferric chloride Dimethyl-p-phenylenediamine

Methylene blue
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Chemical Structure of Methylene Blue

Chemical Name: 

3,7-bis(Dimethylamino)-phenazathionium chloride Tetramethylthionine chloride

8

Sampling and Storage

Unstable
Easily oxidized
Disperse into air making H2S

Carry out the test immediately 
after sampling

9

Sampling and Storage

Collect samples in clean plastic or glass bottles
Fill completely and cap tightly 

Take samples with minimum aeration 
Preservation of samples taken
Put zinc acetate (Zn(CH3COO)2・2H2O) 
solution into the bottles
Add NaOH if necessary (pH should be at least 
9)

10

Preparation of Sulfide Standards (1)
Prepare sulfide standards from sodium nonahydrate
(Na2S・9H2O) crystals 
Quickly rinse in dissolved-oxygen-free water to 
remove surface contamination
Blot crystal dry with a tissue, then rapidly transfer to 
a tared, stoppered weighing bottle containing 5 to 10 
mL dissolved-oxygen-free water
Determine amount of Na2S・9H2O in weighing bottle 
by difference, then multiply the weight by 0.133 to 
determine the amount of S2-

11

Preparation of Sulfide Standards (2)

Avoid excess agitation and mixing of the 
solution with atmospheric oxygen 
Quantitatively transfer and dilute entire 
contents of weighing bottle to an appropriate 
size volumetric flask with dissolved-oxygen-
free water to prepare a known concentration 
sulfide stock solution
Store stock solution with minimum headspace 
for no more than 1 week  

12

Thank You for Your Kind Attention



FORMULATION OF WATER QUALITY MONITORING PLAN 

List up of factors that 
affect water quality 

Preliminary water 
quality survey 

List up of purpose of 
water utilization 

Analysis of water 
quality characteristics 

Analysis of distribution of 
horizontal and bathymetric 
water quality characteristics

Purpose of water 
quality monitoring

Study on representative 
and uniformity 

Information required

Selection of monitoring 
point and position 

Preliminary survey on 
fluctuation of water quality 
by time 

Sampling and 
analysis 

Selection of intervals and 
frequency of water sampling

Selection of water quality 
monitoring items

FORMULATION OF WATER 
QUALITY MONITORING PLAN 

Countermeasures 
for control 

 1 



THE CAPACITY DEVELOPMENT OF 
ENVIRONMENTAL MONITORING AT DIRECTORATES 

FOR ENVIRONMENTAL AFFAIRS IN 
GOVERNORATES IN THE SYRIAN ARAB REPUBLIC 

Analysis Using UV/VIS Spectrophotometer 

Ⅰ. GENERAL INFORMATION ON UV/VIS SPECTROPHOTOMETER 

1. UV/VIS Spectrophotometer 

Many compounds absorb ultraviolet (UV) or visible (VIS) light. A Spectrophotometer is a 
photometer ( a device for measuring light intensity) that can measure intensity as a function of 
the color, or more specifically, the wavelength of light. In other word, the spectrophotometer 
measures how much of the light is absorbed by the sample. The most common application of 
spectrophotometer is the measurement of light absorption, but they can be designed to measure 
diffuse or specular reflectance. 

The instrument used in UV/VIS spectroscopy is called a UV/VIS spectrophotometer. To obtain 
absorption information, a sample is placed on the spectrophotometer and ultraviolet and/or 
visible light at a certain wavelength (or range of wavelengths) is transmitted through the sample. 

UV/VIS spectrophotometer is routinely used in the quantitative determination of solutions of 
transition metals and highly conjected organic compounds.  

There are two major classes of spectrophotometers; single beam and double beam 
spectrophotometer. In a single-beam ultraviolet-visible spectrophotometer, the light only passes 
through the sample. In a double-beam ultraviolet-visible spectrophotometer, the light passes 
through a beam chopper which alternately directs the beam through the sample or a reference 
cell several times per second. A double spectrophotometer measures the ratio of the light 
intensity on two different paths, and a single beam spectrophotometer measures the absolute 
light intensity. Although ratio measurements are easier, and generally stabler, single beam 
instruments have advantages, for instance they can have a large dynamic range.  

Double Beam Spectrophotometer 

Material No. 
Chem. & Bio. 060717-1 
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Single Beam Spectrophotometer (DR 5000)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Beer-Lambert Law 

In optics, the Beer-Lambert law, also known as Beer's law or the Lambert-Beer law or the 

Beer-Lambert-Bouguer law is an emprical relationship that relates the absorption of light to the 

properties of the material through which the light is travelling and is applied to determine 
concentrations of an absorbing species in 
solution. 

– Transmittance, T = Il / I0 

– % Transmittance, %T = 100 T 

– Absorbance : A 

A = log10 I0 / Il = log101/T = －log10 Il / I0 

A = log10100/%T = 2－log10 %T 

 

Here: 

Material No. 
Chem. & Bio. 060717-1 
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A is absorbance, 
I0 is the intensity of the light before it enters the sample, 

Il is the intensity of light at a specified wavelength λ that has passed through a sample 
(transmitted light intensity), 

λ is the wavelength of the light, 
c is the concentration of absorbing species in the material (mol/L), 
l is the distance that the light travels through the material ( the pass length: cm) 

There are several ways in which the law can be expressed. Among these, Beer-Lambert law is 
normally expressed as :  

 A = － log10 Il / I0 = α・c・l 

Here: 

α is a constant known as the molar absorptivity or molar absorptivity (L/mol・cm) 

Formula above mentioned shows that the absorbance of a sample is proportional to the 
thickness of the sample and the concentration of the absorbing species in the sample, in contrast 
to the transmittance T = Il / I0 of a sample, which varies exponentially with thickness and 
concentration. If monochromatic light is used in the appropriate concentration range, the 
Beer-Lambert law is reliable with great accuracy. Consequently, the concentration of a 
substance dissolved in liquids can be determined by measuring the absorbance A. 

Note that the term absorption refers to the physical process of absorbing light, while absorbance 
refers to the mathematical quantity. Also, absorbance does not always measure absorption: if a 
given sample is, for example, a dispersion, part of the incident light will be in fact scattered by 
the dispersed particles, and not really absorbed. The linear relationship between concentration 
and absorbance is both simple and straightforward, which is why we prefer to express the 
Beer-Lambert law using absorbance as a measure of the absorption rather than %T. 

3. Application 

UV/VIS spectrophotometer is routinely used in the quantitative determination of solutions of 
transition metals and highly conjugated organic compounds. It is possible to do so because 
transition metals are often colored because of the possibility of d-d electronic transitions within 
the metal atoms. Organic molecules, especially those with a high degree of conjugation also 
absorb light in the UV or visible regions of the electromagnetic spectrum. 

The solvents for these determinations are often water for water soluble compounds, or ethanol 
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for organic-soluble compounds due to the low UV-cutoff. 

The Beer-Lambert law states that within small ranges, the concentration of the desired 
compound varies linearly with the absorbance. Thus UV/VIS spectrophotometer can determine 
the concentration of unknown solution, based on reference molar absorptivity or more 
accurately, using a calibration curve. 
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Ⅱ. DR 5000 

1. Specifications 

Wavelength Range: 190 – 1100 nm 
 Wavelength Accuracy: ± 1 nm in Wavelength Range 200 - 900 nm 

 Wavelength Resolution: 0.1 nm 
 Source Lamp: Gas-filled Tungsten (visible) and Deuterium (UV) 
 

2. Front and Back View 

 

3. Lamp 

– The tungsten lamp produces light in the visible spectrum 320 to 1100 nm. 
– The deuterium lamp (UV-lamp) available produces light in the ultraviolet spectrum 190 to 

360 nm. 
– In the overlap zone from 320 to 360 nm, either the deuterium lamp (UV-lamp) or the 

tungsten lamp can be used for measurements. 

The lifetime of the lamps is influenced 
– by on-off operation and the length of time in use. 
– Typical use is to turn the instrument on for the entire 8-10 hour shift, and then off until the 

next day. 

Lamp Component 
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The Lamp compartment is on the left side behind the display and is provided with ventilation on 
the back side. The tungsten and deuterium (UV) lamp are installed in the lamp compartment. 
On the back side a fan is installed for cooling of electric components. The ventilation system 
operates automatically. 

4. Determination of Parameters using Stored Programs 

1) Selecting a saved test/method 

 
1. Touch Stored Programs in the ”Mainenu“ to 
see an alphabetical list of stored programs with 
program numbers. The Stored Programs list will 
appear. 

2. Highlight your selection by touching it or 
Select by Number to search for the program by 
number. 

 

Note: Use the scroll bar to scroll through the list quickly. 
Note: If you already know the number of the test or method, touch Select by Number. Use the 
alphanumeric keypad to enter the test number and confirm your input by touching OK. 

3. Touch Start to run the program. 

Note: After a program is selected, the screen for that parameter will appear. You do not need to 
select the wavelength. 
Note: Follow the chemical procedures described in the corresponding SOP 

 

4. Touch Options for Parameter Setup. 
• More...: for further Options 
• Store Off/On: with the Store On setting, all 
measurement data are stored automatically. With 

the Store Off setting, no measurement data are 
stored. 

• % Trans/Conc/Abs: to switch to % 
transmittance, concentration or absorbance 

readings 

• Send Data icon: to send Data to a printer, computer or USB memory stick 
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• Timer icon: this functions as a stopwatch. It helps to ensure that the steps of an analysis are 
correctly timed (e.g. reaction times, wait times, etc., can be exactly specified). When the 
specified time has elapsed, an acoustic signal is emitted. The use of the timer has no influence 
on the measurement program. 

2) Analysis of Sample 

 

1. Touch Stored Programs and select a program. 
2. Insert the blank vial into the cell holder and 
close the cell compartment. 

3. Touch Zero. 
 

 

 

 

4. Insert the sample vial into the cell holder and 
close the cell compartment. 

5. The result will be displayed. 
Note: If the Reading Mode is set to Single, touch 
Read to obtain the result. 
Note: During the warm-up phase of the UV lamp, 
the message “Warming up” is displayed and the 
“UV lamp” symbol flashes. As soon as the UV 

lamp is ready, the blank reading is carried out. 

Note: Zero and Read are disabled until the cell compartment is closed. 
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Water Quality Standards in Japan 
Environmental Quality Standards for Water Pollution 

Under the Basic Environment Law, Environmental Quality Standards (EQS) for water 

pollutants are target levels for water quality that are to be achieved and maintained in 

public waters. These standards are established to achieve two major goals: 1) protection 

of human health and 2) conservation of the living environment. The former health items 

are stipulated uniformly for all public water areas as national standard. As regards the 

latter living environmental items, types of water areas are set up in accordance with the 

purpose of water use for rivers, lake and reservoirs, and coastal areas, with standard 

established for each, and environmental quality standards are established specifically by 

each water use category. 

 

In March 1993, the Environment Agency broadened and strengthened the EQS for 

protecting human health. As a result, EQS for a total of twenty-three substances 

including cadmium and total cyanide are now stipulated. These EQS were established 

with due consideration of potential health hazards associated with the intake of these 

substances through drinking water and/or fish and shellfish. In addition, twenty-five 

other items were also selected for precautionary monitoring in water environments. In 

March 1997, EQS for groundwater pollution were also established. 

EQS values for the living environment have been established for biochemical oxygen 

demand (BOD), chemical oxygen demand (COD), dissolved oxygen (DO), and other 

variables. To prevent eutrophication, EQS for nitrogen and phosphorus were established 

for lakes and reservoirs. Provisional guideline values have also been set for sediments 

contaminated by mercury and polychlorinated biphenyl compounds (PCBs). Removal 

of the zsediments is required if the guideline values are exceeded. 
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 Environmental Quality Standards for Water Pollutants 

Environmental Quality Standards for Human Health 

Item Standard Values 

cadmium 0.01 mg/liter or less 

total cyanide 0.01 mg/liter or less 

lead 0.01 mg/liter or less 

chromium (VI) 0.05 mg/liter or less 

arsenic 0.01 mg/liter or less 

total mercury 0.0005 mg/liter or less 

alkyl mercury not detectable 

PCBs not detectable 

dichloromethane 0.02 mg/liter or less 

carbon tetrachloride 0.002 mg/liter or less 

1, 2-dichloroethane 0.004 mg/liter or less 

1, 1-dichloroethylene 0.02 mg/liter or less 

cis-1, 2-dichloroethylene 0.04 mg/liter or less 

1, 1, 1-trichloroethane 1.0 mg/liter or less 

1, 1, 2-trichloroethane 0.006 mg/liter or less 

trichloroethylene 0.03 mg/liter or less 

tetrachloroethylene 0.01 mg/liter or less 

1, 3-dichloropropene 0.002 mg/liter or less 

thiuram 0.006 mg/liter or less 

simazine 0.003 mg/liter or less 

thiobencarb 0.02 mg/liter or less 

benzene 0.01 mg/liter or less 

selenium 0.01 mg/liter or less 

Standard values are the annual mean. However, the value for total CN is the maximum value. 
(Source: Environment Agency) 
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Monitored Substances and Guideline Values 

Categories Guideline Values 

chloroform 0.06 mg/liter or less 

trans-1, 2-dichloroethylene 0.04 mg/liter or less 

1, 2-dichlorpropane 0.06 mg/liter or less 

p-dichlorobenzene 0.3 mg/liter or less 

isoxathion 0.008 mg/liter or less 

diazinon 0.005 mg/liter or less 

fenitrothion 0.003 mg/liter or less 

isoprothiolane 0.04 mg/liter or less 

oxine copper 0.04 mg/liter or less 

chlorothaloni 0.008 mg/liter or less 

propyzamide 0.006 mg/liter or less 

EPN 0.01 mg/liter or less 

dichlorvos 0.02 mg/liter or less 

fenobucarb 0.008 mg/liter or less 

IBP - 

CNP 0.6 mg/liter or less 

toluene 0.4 mg/liter or less 

xylene di (2-ethylhexyl) 
phtalate 0.06 mg/liter or less 

boron 0.2 mg/liter or less 

fluoride 0.8 mg/liter or less 

nickel 0.01 mg/liter or less 

molybdenum 0.07 mg/liter or less 

antimony 0.002 mg/liter or less 

nitrate-N and nitrite-N 10 mg/liter or less 
(Source : Environment Agency) 
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 Environmental Quality Standards for Conservation of the Living Environment 

(a) Rivers 

Item Standard value class 
Water use pH BOD SS DO Total coliform

AA 
Water supply class 1, 
conservation of natural 
environment, and uses listed in 
A-E 

6.5-8.5 1 mg/l 
or less 25 mg/l or less

7.5 
mg/l or 
more 

50 MPN/100ml 
or less 

A 
Water supply class 2, 
fishery class 1, 
bathing and uses listed in B-E 

6.5-8.5 2 mg/l 
or less 25 mg/l or less

7.5 
mg/l or 
more 

1000 
MPN/100ml or 
less 

B 
Water supply class 3, 
fishery class 2,  
and uses listed in C-E 

6.5-8.5 3 mg/l 
or less 25 mg/l or less

5 mg/l 
or 

more 

5000 
MPN/100ml or 
less 

C 
Fishery class 3, 
industrial water class 1, 
and uses listed in D-E 

6.5-8.5 5 mg/l 
or less 50 mg/l or less

5 mg/l 
or 

more 
- 

D 
Industrial water class 2, 
agricultural water, and uses listed 
in E 

6.0-8.5 8 mg/l 
or less

100 mg/l or 
less 

2 mg/l 
or 

more 
- 

E Industry water class 3  
and conservation of environment 6.0-8.5 10 mg/l 

or less

Floating Matter 
such as 
garbage should 
not be 
observed 

2 mg/l 
or 

more 
- 

(BOD : Biochemical Oxygen Demand, SS : Suspended Solids, DO : Dissolved Oxygen) 

Notes : 

1. Standard values are based on daily average values. The same applies to the standard values 
of lakes and coastal waters.  

2. At intake for agriculture, pH shall be between 6.0 and 7.5 and DO shall be more than 5mg/l. 
The same applies to the standard values of lakes.  

(b) Lakes (natural lakes and reservoirs that have 10 million cubic meters of water or 

more) 

Item Standard value 
class 

Water use pH COD SS DO Total coliform 

AA 

Water supply class 1, 

fishery class 1, 

conservation of 

natural environment, 

6.5-8.5 
1 mg/l 

or less
1 mg/l or less

7.5 

mg/l or 

more

50 MPN/100ml or less 
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Item Standard value 
class 

Water use pH SS DO Total coliform COD

and uses listed in A-C 

A 

Water supply classes 

2 and 3, 

fishery class 2, 

bathing, and uses 

listed in B-C 

6.5-8.5 
3 mg/l 

or less
5 mg/l or less

7.5 

mg/l or 

more

1000 MPN/100ml or less 

B 

Fishery class 3, 

industrial water class 

1, 

agricultural water, 

and uses listed in C 

6.5-8.5 
5 mg/l 

or less
15 mg/l or less

5 mg/l 

or 

more

- 

C 
Industrial water class 

2 and conservation of 

the environment 
6.5-8.5 

8 mg/l 

or less

Floating 

matter such as 

garbage shall 

not be 

observed 

2 mg/l 

or 

more

- 

(COD: Chemical Oxygen Demand, SS: Suspended Solids, DO: Dissolved Oxygen) 

Item Standard value 
class 

Water use Total 
nitrogen 

Total 
phosphorus

I Conservation of natural environment and uses listed in II-V 0.1 mg/l 
or less 

0.005 mg/l
or less 

II Water supply classes 1, 2, and 3 (except special types), fishery 
class 1, bathing, and uses listed in III-V 

0.2 mg/l 
or less 

0.01 mg/l 
or less 

III Water supply class 3 (special types) and uses listed in IV-V 0.4 mg/l 
or less 

0.03 mg/l 
or less 

IV Fishery class 2 and uses listed in V 0.6 mg/l 
or less 

0.05 mg/l 
or less 

V Fishery class 3, industrial water, agricultural water, and 
conservation of the environment 

1 mg/l 
or less 

0.1 mg/l 
or less 

Notes: 

1. Standard values are set in terms of annual averages.  
2. Standard values are applicable only to the lakes and reservoirs where phytoplankton bloom 

may occur, and standard values for total nitrogen are applicable to lakes and reservoirs 
where nitrogen limits phytoplankton growth.  
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3. Standard values for total phosphorus are not applicable to agricultural water uses.  

(c) Coastal Waters 
Item Standard value 

class 
Water use pH COD DO Total 

coliform 
N-hexane Extracts

(oil, etc.) 

A 
Fishery class 1, bathing, 
conservation of the natural 
environment, and uses listed in 
B-C 

7.8-8.3 2 mg/l 
or less

7.5 
mg/l

or less

1000 
MPN/100ml 
or less 

Not detectable 

B Fishery class 2, industrial 
water and the uses listed in C 7.8-8.3 3 mg/l 

or less
5 mg/l
or less - Not detectable 

C Conservation of the 
environment 7.8-8.3 8 mg/l 

or less
2 mg/l
or less - - 

(COD: Chemical Oxygen Demand, DO: Dissolved Oxygen) 

Note:Total coliform should be 70MPN/100ml or less for the fishery class 1 to cultivate oyster to be eaten 
raw.  

Item Standard value 
class 

Water use Total nitrogen Total 
phosphorus

I Conservation of the natural environment and uses listed in II-IV 
(except fishery classes 2 and 3) 

0.2 mg/l 
or less 

0.02 mg/l 
or less 

II Fishery class 1, bathing, and the uses listed in III-IV (except 
fishery classes 2 and 3) 

0.3 mg/l 
or less 

0.03 mg/l 
or less 

III Fishery class 2 and the uses listed in IV (except fishery class 3) 0.6 mg/l 
or less 

0.05 mg/l 
or less 

IV Fishery class 3, industrial water, and conservation of habitable 
environments for marine biota 

1 mg/l 
or less 

0.09 mg/l 
or less 

Note: 

1. Standard values are set in terms of annual averages. 

2. Standard values are applicable only to marine areas where marine phytoplankton blooms may 

occur. 

 

 

. 
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 Effluent Standard (Toxic Substances) 

Kind of Toxic Substance 
Maximum 
Allowable 

Concentration
Kind of Toxic Substance 

Maximum 
Allowable 

Concentration

Cadmium compounds 0.1 mg/l Carbontetrachloride 0.02 mg/l 

Cyanide 1 mg/l 1,2-Dichloroethane 0.04 mg/l 

Organophosphorus compounds 
(limited to parathion, methyl parathion, 

methyl dimethon and EPN) 
1 mg/l 1,1-Dichloroethylene 0.2 mg/l 

Lead and its compounds 0.1 mg/l Cis-1,2-Dichloroethylene 0.4 mg/l 

Chromium (VI) compounds 0.5 mg/l 1,1,1-Trichloroethane 3 mg/l 

Arsenic and its compounds 0.1 mg/l 1,1,2-Trichloroethane 0.06 mg/l 

Total mercury 0.005 mg/l 1,3-dichloropropene 0.02 mg/l 

Alkyl mercury Not detected Thiram 0.06 mg/l 

PCB 0.003 mg/l Simazine 0.03 mg/l 

Tri-chloroethylene 0.3 mg/l Thiobencarb 0.2 mg/l 

Tetra-chloroethylene 0.1 mg/l Benzene 0.1 mg/l 

Di-chloromethane 0.2 mg/l Selenium and its compounds 0.1 mg/l 

 Effluent Standard (Items Related to Living Environment) 

Item Maximum Allowable
Concentration Item Maximum Allowable

Concentration 

pH 
5.8 – 8.6(excluding

coastal area) 
5.0 – 9.0(Coastal 

area) 
Zinc (Zn) 5 mg/l 

BOD 160 mg/l(Daily 
average 120) Soluble iron (Fe) 10 mg/l 

COD 160 mg/l(Daily 
average 120) Soluble manganese (Mn) 10 mg/l 

SS 200 mg/l(Daily 
average 150) Chromium (Cr) 2 mg/l 

N-Hexane extracts (mineral 
oil) 5 mg/l Fluorine (F) 15 mg/l 

N-Hexane extracts(vegetable 
and animal oil) 30 mg/l Number of coliform group Daily average  

3,000/cm3 

Phenols 5 mg/l Total Nitrogen (N) 120 mg/l(Daily 
average 60) 

Copper (Cu) 3 mg/l Total Phosphorous 16 mg/l(Daily 
average 8) 
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Environment 
Basic Law 

Environmental 
Quality Standard

Surface Water 
Quality Standard

Surface Water 
Quality Standard 
for Human Health 

Surface Water 
Quality Standard for 

Conservation of 
Living Environment

River 

Lake 

Coastal area

Water Pollution 
Control Law 

Effluent
Standard

Toxic 
Substance

Items Related to Living 
Environment

Stringent Add-on 
Effluent Standard 

by Local 
Governments 

Areawide Total 
Pollutant Load Control

Structure of Regulation and Control System of Water Pollution in Japan 

Air Soil Others 

 

Electric Conductivity of Natural Water 

Kind of Natural Water EC (μS/cm) 

Rainwater 10 – 30 

River water 

Upstream 

Downstream 

 

50 – 100 

200 - 400 
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Concentration of Nitrate in Natural Water 

Kind of Natural Water Nitrate 
NO3-N (mg/L) 

Rainwater 0.2 – 0.4 

River water 

Upstream 

Downstream 

 

0.2 – 1 

2 – 6  
Spring water, Groundwater 

(Tokyo) 2 - 10 

 

Concentration of Ammonia in Natural Water 

Kind of Natural Water Ammonia 
NH3-N (mg/L) 

Rainwater 0.1 – 0.4 

River water 

Upstream 

Downstream 

 

Less than 0.05 

0.5 – 5  

Spring water Less than 0.05 

 

Concentration of Phosphorous in Natural Water 

Kind of Natural Water Phosphorus 
PO4-P (mg/L) 

Rainwater 0.5 

River water 

Upstream 

Downstream 

 

Less than 0.05 

0.1 – 1.0 
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1. Review of Concept of pH 

pH is a measure of the activity of hydrogen ions (H+) in a solution and, therefore, its 
acidity. For dilute solutions, however, it is convenient to substitute the activity of the 
hydrogen ions with the molarity (mol/L) of the hydrogen ions. 

In aqueous systems, the hydrogen ion activity is dictated 
by the dissociation constant of water given below: Some common pH values 

Substance pH 

Acid mine runoff -3.6 – 1.0 
Kw = ［H+］［OH-］/［H2O］ = 1.8 x 10-16

Battery acid -0.5 

Gastric acid 1.5 – 2.0 

Here, ［H2O］ = 1,000/18 (mol/L) 

［H+］［OH-］ = 1,000/18 x 1.8 x 10-16
Lemon juice 2.4 

Cola 2.5 

Vinegar 2.9 
= 1.0 x 10-14

pH is generally expressed without units, the number arises 
from a definition based on the activity of hydrogen ions in 
the solution. The pH scale is a reverse logarithmic 
representation of relative hydrogen proton (H+) 
concentration. 

Orange or apple juice 3.5 

Beer 4.5 

Acid Rain <5.0 

Coffee 5.0 

Tea or healthy skin 5.5 

Milk 6.5 

Pure water 7.0 

Due to this dissociation constant, a neutral solution 
(hydrogen ion activity equals hydroxide ion activity) has a 
pH of approximately 7. Aqueous solutions with pH values 
lower than 7 are considered acidic, while pH values 
higher than 7 are considered basic. 

Healthy human saliva 6.5 – 7.4 

Blood 7.34 – 7.45 

Sea water 8.0 

Hand soap 9.0 – 10.0 

Household ammonia 11.5 

Bleach 12.5 

Household lye 13.5 

The precise formula for calculating pH is: 

  

aH+ denotes the activity of H+ ions, and is unitless.  

The pH can be measured by using pH meter together with 
pH-selective electrodes. A pH meter is the kind of ion selective electrode that measure 
the activity of hydrogen ions in the solution. 
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2. Concept of Electrode Potential 

Basis of Potentiometric Analysis 

Suppose that metal plate M is immersed into the solution of metal ion Mn+. 
The metal M that is composed of the metal atom has a tendency to dissolve into the 
solution to become metal ion Mn+. In other word, the metal M is oxidized to metal ion 
Mn+, and release electron on the metal plate. 
On the other hand, ion Mn+ in the solution 
has a tendency to deposit on the plate as a 
metal. In other word, the metal ion Mn+ is 
reduced to the metal receiving electron.  

M 

Mn+ Mn+

ne

Mn+

Mn+

Mn+

Mn+

Concept of Half-Cell 

 
Mn+  +  ne          M 

Reduction 
 

 Oxidation 
            E 

Electrode Potential 
 
When the oxidation-reduction reaction above mentioned reaches equilibrium, the metal 
plate (electrode) shows the constant electric potential to the solution. Equilibrium means 
that the transfer of ions from the metal plate into solution is equal to the transfer from 
the solution to the metal plate. The potential difference (E) is described by the Nernst 
equation: 

E = E0 + RT/nF・ln a 

where E0 is the formal electrode potential, R 
is the gas constant, T is temperature in 
Kelvins, n is the number of electrons 
transferred, F is Faraday's constant, and a is 
the activity of the analyte ion. 

Due to the reason that the electrode 
potential of the half-cell can not be 
measured individually, the electromotive 
force of a cell that is constituted combining 
two half-cells is measured. This is the basis of the potentiometric analy

  

Potentiometer 

Sample 

Constitution of Cell 

Reference 
Electrode

Ion 
Electrode 

sis. 
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3. Ion Selective Electrode 

2-1 General 

Chemical sensors are miniaturized analytical devices, which can deliver real-time and 
on-line information on the presence of specific compounds or ions in complex samples. 
Ion selective electrode is the electrode that responses the specific ion dissolved in a 
solution, and generally called as an Ion-selective electrode (ISE). Among various 
classes of chemical sensors, ion-selective electrodes (ISE) are one of the most 
frequently used potentiometric sensors during laboratory analysis as well as in industry, 
process control, physiological measurements, and environmental monitoring. 

An ISE is a transducer (sensor) which converts the activity of a specific ion dissolved in 
a solution into an electrical potential which can be measured by a voltmeter. The 
voltage is theoretically dependent on the logarithm of the ionic activity, according to the 
Nernst equation. The sensing part of the electrode is usually made as an ion-specific 
membrane, along with a reference electrode. 

An ion-selective membrane is the key 
component of all potentiometric ion 
sensors. It establishes the preference 
with which the sensor responds to the 
specific ion in the presence of various 
interfering ions from the sample. If 
ions can penetrate the boundary 
between two phases, then an 
electrochemical equilibrium will be 
reached. When the membrane 
separates two solutions of different 
ionic activities (a1 and a2) and 
provided the membrane is only permeable to this single type of ion, the potential 
difference (E) across the membrane is described by the Nernst equation: 

 

Membrane 

Phase2 
a2＝ax

Phase1
a1

E 

a1, a2: Ionic activity
a1 ≠ a2

E = RT/nF・ln (a2/a1) 

If the activity of the target ion in phase 1 is kept constant, the unknown activity in phase 
2 (a２ = ax) is related to (E) by: 

E = RT/nxF・ln (ax/a1) 
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= RT/nxF・(2.303log(ax)-2.303log(a1)) 

= const + S・log (ax) 
where, 

a: ionic activity (a = γC), γ: coefficient of activity, C: concentration of ion, γ< 1, 
S=59.16/n [mV] at 298 K and nx - the charge of the target ion. 

Nernst equation above mentioned shows that a plot of measured potential versus log(a) 
will therefore give a straight line. In practice the potential difference i.e. the 
electromotive force is measured between an ion selective electrode and a reference 
electrode, placed in the sample solution. 

Using a series of calibrating 
solutions the response curve or 
calibration curve of an 
ion-selective electrode can be 
measured and plotted as the signal 
(electromotive force) versus the 
activity of the target ion. The 
linear range of the calibration 
curve is usually applied to 
determine the activity of the target 
ion in any unknown solution. 
However, it should be pointed out 
that only at constant ionic strength, 
a linear relationship between the 
signal measured and the concentration of the target ion is maintained. In order to keep a 
ionic strength in constant, the ion that does not react with the target ion, and does not 
affect the electrode potential is added to the sample and the standard solutions generally. 
The solution that contains the ions mentioned above are so called “Ionic Strength 
Adjuster

E 

a 10a 

1

59.16 mv 

n=1 

(mv) 

Calibration curve of an ion-selective electrode 

log(a)

Low 
detection 
limit 

c

 (ISA)”. 

2-2 Membrane 

As mentioned before, the sensing part of the electrode is usually made as an ion-specific 
membrane, along with a reference electrode.  
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Types of ion-selective membrane 

There are four main types of ion-selective membrane used in ion-selective electrodes: 

1) Glass membranes 

Glass membranes are made from an ion-exchange type of glass (silicate of 
chalcogenide). This type of ISE has good selectivity, but only for several single-charged 
cations; mainly H+, Na+, and Ag+. Chalcogenide glass also has selectivity for 
double-charged metal ions, such as Pb2+, and Cd2+. The glass membrane has excellent 
chemical durability and can work in very aggressive media. A very common example of 
this type of electrode is the pH glass electrode. 

2) Crystalline membranes 

Crystalline membranes are made from mono- or polycrystallites of a single substance. 
They have good selectivity, because only ions which can introduce themselves into the 
crystal structure can interfere with the electrode response. Selectivity of crystalline 
membranes can be for both cation and anion of the membrane-forming substance. An 
example is the fluoride selective electrode based on LaF3 crystals. The electrodes of 
chloride, cyanide, sulfide are also equipped with this type of membrance. 

3) Ion exchange resin membranes 

Ion-exchange resins are based on special organic polymer membranes which contain a 
specific ion-exchange substance (resin). This is the most widespread type of ion-specific 
electrode. Usage of specific resins allows preparation of selective electrodes for tens of 
different ions, both single-atom or multi-atom. They are also the most widespread 
electrodes with anionic selectivity. However, such electrodes have low chemical and 
physical durability as well as "survival time". An example is the potassium selective 
electrode, based on valinomycin as an ion-exchange agent. 

4) Enzyme electrodes 

Enzyme electrodes definitely are not true ion-selective electrodes but usually are 
considered within the ion-specific electrode topic. Such an electrode has a "double 
reaction" mechanism - an enzyme reacts with a specific substance, and the product of 
this reaction (usually H+ or OH-) is detected by a true ion-selective electrode, such as a 
pH-selective electrodes. All these reactions occur inside a special membrane which 
covers the true ion-selective electrode, which is why enzyme electrodes sometimes are 
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considered as ion-selective. An example is glucose selective electrodes. 

2-3 Properties of Ion Selective Electrode 

The properties of an ion-selective electrode are characterized by parameters like: 

Selectivity 

The selectivity is one of the most important characteristics of an electrode, as it often 
determines whether a reliable measurement in the sample is possible or not. 

Slope 

Slope of the linear part of the measured calibration curve of the electrode. The 
theoretical value according to the Nernst equation is: 59.16 [mV/log(ax)]at 298 K for a 
single charged ion or 59.16/2 = 29.58 [mV per decade] for a double charged ion. A 
useful slope can be regarded as 50-60 [mV per decade] (25-30 [mV per decade] for 
double charged ion respectively). However, in certain applications the value of the 
electrode slope is not critical and worse value does not exclude its usefulness. 

Range of linear response 

At high and very low target ion activities there are deviations from linearity. Typically, 
the electrode calibration curve exhibits linear response range between 10-1M and 10-5M. 

Detection limit 

According the IUPAC recommendation the detection limit is defined by the 
cross-sectionof the two extrapolated linear parts od the ion-selective calibration curve. 
In practice, detection limit on the order of 10-5-10-6M is measured for most of 
ion-selective electrodes. The observed detection limit is often governed by the presence 
of other interfering ions or impurities. If for example metal buffers are used to eliminate 
the effects which lead to the contamination of very dilute solutions, it is possible to 
enhance the detection limit down to 10-10M. 

Response time 

In earlier IUPAC recommendations, it was defined as the time between the instant at 
which the ion-selective electrode and a reference electrode are dipped in the sample 
solution (or the time at which the ion concentration in a solution is changed on contact 
with ISE and a reference electrode) and the first instant at which the potential of the cell 
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becomes equal to its steady-state value within 1 [mV] or has reached 90% of the final 
value (in certain cases also 63% or 95%).This definition can be extended to consider the 
drift of the system. In this case, the second time instant is defined as the one at which 
the EMF/time slope becomes equal to a limiting value. However, it should be pointed 
out that a single time constant does not describe the form of the electrode response 
function. Moreover, in many investigations the response time of the overall measuring 
system is determined, which influences on the response time of the ISE.  

2-4 Interferences 

The most serious problem limiting use of ion-selective electrodes is interference from 
other, undesired, ions. No ion-selective electrodes are completely ion-specific; all are 
sensitive to other ions having similar physical properties, to an extent which depends on 
the degree of similarity. Most of these interferences are weak enough to be ignored, but 
in some cases the electrode may actually be much more sensitive to the interfering ion 
than to the desired ion, requiring that the interfering ion be present only in relatively 
very low concentrations, or entirely absent. In practice, the relative sensitivities of each 
type of ion-specific electrode to various interfering ions is generally known and should 
be checked for each case; however the precise degree of interference depends on many 
factors, preventing precise correction of readings. Instead, the calculation of relative 
degree of interference from the concentration of interfering ions can only be used as a 
guide to determine whether the approximate extent of the interference will allow 
reliable measurements, or whether the experiment will need to be redesigned so as to 
reduce the effect of interfering ions. 

 
 
 
 
 
 
 
 
 

Material No. 
Chem. & Bio. 060807-1 

- 24 - 



THE CAPACITY DEVELOPMENT OF 
ENVIRONMENTAL MONITORING AT DIRECTORATES 

FOR ENVIRONMENTAL AFFAIRS IN 
GOVERNORATES IN THE SYRIAN ARAB REPUBLIC 

Material No. 
Chem. & Bio. 060725-2 

25 

Summary of Analysis using UV/VIS Spectrophotometer/DR-5000/HACH 

Parameter Phosphorus, Reactive (Orthophosphate) Chromium, Total 

No. 8048 8024 
Method Ascorbic Acid method Alkaline Hypobromite Oxidation Method 

Scope and 
Application 

1.For water, wastewater, and seawater 

2.Equivalent to USEPA method 365.2 and 
Standard Method 4500-P-E for wastewater 

1.For water and wastewater 
2.Equivalent to Standard Method 3500-CRD for 
wastewater 

M
et

ho
d 

Principle 

Orthophosphate react with molybdate in an 
acid medium to produce a mixed 
phosphate/molybdate complex. Ascorbic acid 
then reduces the complex, giving an intense 
molybdenum blue color. Test results are 
measured at 880 nm. 

Trivalent chromium in the sample is oxidized to 
the hexavalent form by hypobromite ion under 
alkaline conditions. The sample is acidified. The 
total chromium content is determined by the 
1,5-Diphenylcarbohydrazide method.
Determine trivalent chromium by subtracting 
the results of a separate hexavalent chromium 
test from the results of the total chromium test. 
Test results are measured at 540 nm. 

Program No. 490 100 

Range 0.02 to 2.50 mg/L PO4
3- 0.01 to 0.70 mg/L 

Name Q’ty/Test Cat. No. Name Q’ty/Test Cat. No.

1.Acid Reagent Powder 
Pillows 1 2126-99
2.ChromaVer®3 
Chromium Reagent 
Powder Pillows 

1 12066-99

3.Chromium 1 Reagent 
Powder Pillows 1 2043-99

Required 
Reagents 

1.PhosVer®3 Phosphate 
Reagent Powder Pillows, 
10-mL 

1 21060-69

4. Chromium 2 Reagent 
Powder Pillows 1 2044-99

Name Q’ty/Test Name Q’ty/Test 

1.Sample Cells, 1-inch square, 10 
mL, matched pair 2 1.Sample Cells, 1-inch square, 10 

mL, matched pair 2 

2.Stopper for 18mm Tube 1 2.Sample Cell, 10-20-25 mL, with 
cap 1 

Required 
Apparatus 

  3. Hot plate, Water bath and Rack 1 
Sample Collection, 
Storage, and 
Preservation 

Collect sample in plastic or glass bottles that 
have been cleaned with 1:1 Hydrochloric Acid 
Solution and rinsed with deionized water. Do 
not use commercial detergents containing 
phosphate for cleaning glassware used in 
phosphate analysis. 

Analyze samples immediately for best results. 
If prompt analysis is not possible, preserve 
samples by filtering immediately and storing at 
4℃ for up to 48 hours. The sample should be 
at room temperature before analysis. 

Collect sample in acid-washed glass or plastic 
containers. To preserve samples, adjust the pH 
to 2 or less with nitric acid. This requires 
approximately 2 mL per liter of the acid. Store 
preserved samples at room temperature up to six 
months. Adjust the pH to about 4 with 5.0 N 
Sodium Hydroxide before analysis. Correct the 
test result for volume additions. 
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Parameter Chromium, Hxavalent Nitrogen, Ammonia 

No. 8023 8038 
Method 1,5-Diphenylcarbohydrazide Method Nessler Method 

Scope and 
Application 

1.For water and wastewater 
2.Adapted from Standard Methods for the 
Examination of Water and Wastewater 

1.For water, wastewater, and seawater 
2.USEPA accepted  

M
et

ho
d 

Principle 

Hexavalent chromium is determined by the 
1,5-Diphenylcarbohydrazide method using a 
single a single dry powder formulation called 
ChromaVer 3 Chromium Reagent. This reagent 
contains an acidic buffer combined with 
1,5-Diphenylcarbohydrazide, which reacts to 
give a purple color when hexavalent chromium 
is present. Test results are measured at 540 nm.

The Mineral Stabilizer complexes hardness in 
the sample. The Polyvinyl Alchol Dispersing 
Agent aids the color formation in the reaction of 
Nessler Reagent with ammonium ions. A yellow 
color is formed proportional to the ammonia 
concentration. Test results are measured at 425 
nm. 

Program No. 90 380 

Range 0.010 to 0.700 mg/L Cr(Ⅵ) 0.02 to 2.50 mg/L NH3-N 

Name Q’ty/Test Cat. No. Name Q’ty/Test Cat. No.

1.ChromaVer®3 Chromium 
Reagent Powder Pillows 1 12710-99 1.Nessler Reagent 2 mL 21194-49

   2.Mineral Stabilizer 6 drops 23766-26

   3.Polyvinyl Alcohol 
Dispersing Agent 6 drops 23765-26

Required 
Reagents 

   4.Deionized water 25 mL  

Name Q’ty/Test Name Q’ty/Test 

1.Sample Cells, 1-inch square, 10mL, 
matched pair 2 1.Cylinder, graduated, mixing, 25-mL 2 

  2.Paazipet, 1-mL 2 
Required 

Apparatus 

  3.Pipet filler, safety bulb 1 
   4.Sample Cells, 1-inch square, 10-mL, 

matched pair 2 
Sample Collection, 
Storage, and 
Preservation 

Collect samples in a cleaned glass or plastic 
container. Store at 4℃(39F) up to 24 hours. 
Samples must be analyzed within 24 hours. 

Collect sample in clean glass or plastic bottles. 
If chlorine is present, add one drop of 0.1 N 
Sodium Thiosulfate for each 0.3 mg/L Cl2 in a 
1-liter sample. Preserve the sample by reducing 
the pH to 2 or less with sulfuric acid (at least 2 
mL). Store at 4℃(39F) 尾rぇss。Preserved 
sample may be stored up to 28 days. Warm 
samples to room temperature and neutralize 
with 5 N Sodium Hydroxide before analysis. 
Correct the test result for volume additions. 
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Parameter Surfactants, Anionic (Detergents)  

No. 8028  
Method Crystal Violet Method  

Scope and 
Application Ｆｏｒ water , wastewater, and seawater  

M
et

ho
d 

Principle 

Detergents, ABS (alkyl benzene sulfonate), or 
LAS (linear alkklate sulfonate) are determined 
by association with crystal violet dye and 
extraction of the ion-pair complex into 
benzene. Test results are measured at 605 nm.

 

Program No. 710  

Range 0.002 to 0.275 mg/L as LAS  

Name Q’ty/Test Cat. No. Name Q’ty/Test Cat. No.

1.Benzene, ACS 55 mL     
2.Buffer Solution, 
sulfate-type 10 mL 452-49    

3.Detergent Reagent 
Powder Pillows 1 pillow 1008-68    

Required 
Reagents 

      

Name Q’ty/Test Name Q’ty/Test 

1.Clippers, for opening powder pillow 1   

2.Cylinder, graduated, 25 mL 1   
Required 

Apparatus 

3.Cylinder, graduated, 50 mL 1   
 4.Cylinder, graduated 500 mL 1   
 4.Funnel, separatory, 500 mL 1   
 5.Sample cells, 10, 25 mL 

stoppered 2   
 6.Support ring, and stand 1   
Sample Collection, 
Storage, and 
Preservation 

Collect samples in clean plastic or glass 
bottles. Analyze samples as soon as possible, 
but they may be stored at least 24 hours by 
cooling to 4 ℃ (39F). Warm to room 
temperature before testing. 
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1. Oil & Grease in Water 

How to measure/determine? 

1) Determination of Oil content, 

2) Observation under microscope, 

3) Measurement of particle size distribution (Coulter Counter Method) 

4) Analysis of composition (Analysis using GC, GC/MS, etc.) 

2. Principle of Determination of Oil & Grease in Water 

1) Definition 

Group of substances with similar physical characteristics that are determined 
quantitatively on the basis of their common solubility in an organic extracting solvent 

Any material recovered as a substance soluble in the solvent, and not 
volatilized during the test 

2) Method 

① Partition-Gravimetric Method, 

② Partition-Infrared Method, 

③ Partition-Fluorescence Method 

④ Soxhlet method       Designed for samples that might contain volatile 
hydrocarbons 

3) Solvent 

① Petroleum ether, 

② n-hexane,  JIS, US EPA recommend 

③ Trichlorotrifluoroethane, 

Dropped due to the environmental problem associated with 
chlorofluorocarbons 

④ 80% n-hexane and 20% methyl-tert-butyl ether), 
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⑤ Tetrachloromethane, 

 Dropped due to the environmental problem associated with 
chlorofluorocarbons 

⑥ Chlorotrifluororhylene (S-316) 

Solvent recycling is strongly recommended 

 

4848

Determination of Concentration of Oil & Grease in Determination of Concentration of Oil & Grease in 
WaterWater

Solvent extraction
Oil

Solvent

Oil

Water

Evaporation

Infrared rays

Gravimetric method

Infrared 
absorbing method

(Residue)

Measurement

Sample 
containing Oil 
in Water

Ultraviolet rays
Fluorescence 
analysis
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What is Infrared Light? 

Infrared light is light which has a wavelength longer than that which the human eye can 
see. If infrared light were visible you'd see it above the red in a rainbow. The graph 
below shows where infrared lies on the electromagnetic scale: 

  

 

You can see here that visible light lies between 350nm and 780nm from violet to red. Similarly, 

ultra-violet light is also invisible to the eye but lies above the range of visibility. Infrared is often 

used for surveillance where it is necessary to monitor dark places without people being aware of the 

filming. The cameras can see the infrared light clearly lighting the scene up, but to the human eye it 

is totally dark. 
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The HORIBA oil content meter (OCMA-310) measures absorption in the 3.4 – 3.5 
micrometer range. The two graph above show the absorption spectra of petroleum and 
(2) S-316 solvent. All hydrocarbons, including oils, absorb infrared radiation between 
3.4 – 3.5 micrometers. As a result, the unit measures any hydrocarbons un the extraction 
solvent without distortion of values due to the presence of the solvent. 

3. Regulation in Japan 

Effluent Standard (Items related to Living Environment)

16 mg/l(Daily
average 8)Total Phosphorous3 mg/lCopper (Cu) 

120 mg/l(Daily
average 60)Total Nitrogen (N) 5 mg/lPhenols

Daily average  
3,000/cm3Number of coliform group30 mg/lN-Hexane extracts(vegetable and animal oil)

15 mg/lFluorine (F) 5 mg/lN-Hexane extracts (mineral oil)

2 mg/lChromium (Cr) 200 mg/l(Daily
average 150)SS

10 mg/lSoluble manganese (Mn)160 mg/l(Daily
average 120)COD

10 mg/lSoluble iron (Fe) 160 mg/l(Daily
average 120)BOD

5 mg/lZinc (Zn) 
5.8 – 8.6(excluding

coastal area)
5.0 – 9.0(Coastal

area)
pH

Maximum 
Allowable

Concentration
Item

Maximum 
Allowable

Concentration
Item
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Environmental Water Quality Standards for the Conservation of Living Environment 
for Coastal Area

Environmental Water Quality Standards for the Conservation of Living Environment 
for Coastal Area

2 mg/L or 
more

8 mg/L or 
less7.0 – 8.3・Industrial waterC

Not detected5 mg/L or 
more

3 mg/L or 
less7.8 – 8.3

・Water supply: class-2,
・Industrial water, and
・Other uses listed in C 
column

B

Not detected
1,000 

MPN/100ml 
or less

7.5 mg/L or 
more

2 mg/L or 
less7.8 – 8.3

・Water supply: class-1
・Bathing
・Natural environment 
preservation, and
・Other uses listed in B and C 
columns

A

N-Hexane 
extractsTotal coliformDOCODpH

Standard Value
Adaptation of Water UseCategory

 



Sulfide 

1. Occurrence and Significance 

– The term sulfide refers to several types of chemical compounds containing 
sulfur in its lowest oxidation number of -2. 

– Formally, “sulfide” is the dianion, S2-, which exists in strongly alkaline aqueous 
solutions formed from H2S or alkali metal such as Li2S, Na2S, and K2S. 

– Sulfide is exceptionally basic and, with a pH > 14, it does not exist in 
appreciable concentrations even in highly alkaline water. 

– Instead, sulfide combines with protons to form HS−, which is variously called 
hydrogen sulfide ion, hydrosulfide ion, sulfhydryl ion, or bisulfide ion. 

– At still lower pH's (<7), HS− converts to H2S, hydrogen sulfide. 

– Thus, the exact sulfur species obtained upon dissolving sulfide salts depends on 
the pH of the final solution. 

– Sulfide often is present in groundwater, especially in hot springs. 

– Its common presence in wastewaters comes partly from the decomposition of 
organic matter, sometimes from industrial waters, but mostly from the bacterial 
reduction of sulfate. 

– Hydrogen sulfide escaping into the air from sulfide-containing wastewater 
causes odor nuisances. 

– Gaseous H2S is very toxic and has claimed the lives of numerous workers in 
sewers. 

– It attacks metals directly and indirectly has caused serious corrosion of 
concrete sewers because it is oxidized biologically to H2SO4 on the pipe wall. 

2. Categories of Sulfides 

From an analytical standpoint, three categories of sulfide in water and wastewater are 
distinguished. 

a. Total sulfide includes dissolved H2S and HS-, as well as acid-soluble 
metallic sulfides present in suspended matter.  
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b. Dissolved sulfide is that remaining after suspended solids have been 
removed by flocculation and settling. 

c. Un-ionized hydrogen sulfide may be calculated from the concentration of 
dissolved sulfide, the sample pH, and the practical ionization constant of 
H2S. 

3. Determination method 

– Ion-selective electrode method 

– Methylene blue method 

This method can determine the total sulfide, namely hydrogen sulfide and 
acid-soluble metal sulfide in water. The method is based on the reaction of sulfide, 
ferric chloride, and dimethyl-p-phenylenediamine to produce methylene blue. The 
intensity of the blue color is proportional to the sulfide concentration. Test results 
are measured at 665nm. 

Determination of Soluble Sulfide 

Determine soluble sulfide by centrifuging the sample in completely filled, capped 
tubes and analyzing the supernatant. Insoluble sulfides are then estimated by 
subtracting the soluble sulfide concentration from the total sulfide result. 

4. Sampling and Storage 

Sulfide ion is unstable because of being easily oxidized or dispersing into air making 
hydrogen sulfide, therefore, carry out the test immediately after sampling. 

Collect samples in clean plastic or glass bottles. Fill completely and cap tightly. Take 
samples with minimum aeration (Avoid excessive agitation or prolonged exposure to 
air.) Either analyze samples immediately after collection or preserve for later analysis 
with zinc acetate (Zn(CH3COO)2・2H2O)solution. To preserve a sample for a total 
sulfide determination put zinc acetate and sodium hydroxide solutions into bottle before 
filling it with sample. Use 4 drops of 2N zinc acetate solution per 100mL sample. 
Increase volume of zinc acetate solution if the sulfide concentration is expected to be 
greater than 64 mg/L. The final pH should be at least 9. Add NaOH if necessary. 
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5. Preparation of Sulfide Standards 

Take care in preparing reliable stock solutions of sulfide for calibration and quality 
control. Prepare sulfide standards from sodium nonahydrate (Na2S・9H2O) crystals. 

Preferably remove single crystals of Na2S・9H2O from reagent bottle with nonmetallic 
tweezers; quickly rinse in degassed reagent water to remove surface contamination. Blot 
crystal dry with a tissue, then rapidly transfer to a tared, stoppered weighing bottle 
containing 5 to 10 mL degassed reagent water. Repeat procedure until desired amount of 
sodium sulfide is in weighing bottle. Determine amount of Na2S・9H2O in weighing 
bottle by difference, then multiply the weight by 0.133 to determine the amount of S2-. 
Avoid excess agitation and mixing of the solution with atmospheric oxygen. 
Quantitatively transfer and dilute entire contents of weighing bottle to an appropriate 
size volumetric flask with degassed reagent water to prepare a known concentration 
sulfide stock solution (3.750 g Na2S・9H2O diluted to a final volume of 500 mL will 
give a stock solution of which 1.00 mL = 1.00 mg S2- ) Store stock solution with 
minimum headspace for no more than 1 week. 
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Solids 

Solids refer to matter suspended or dissolved in water or wastewater. Solids may affect 
water or effluent quality adversely in a number of ways. Waters with high dissolved 
solids generally are of inferior palatability and may induce an unfavorable physiological 
reaction in the transient consumer. For these reasons, a limit of 500 mg dissolved 
solids/L is desirable for drinking waters. Highly mineralized waters also are unsuitable 
for many industrial applications. Waters high in suspended solids may be esthetically 
unsatisfactory for such purposes as bathing. Solid analyses are important in the control 
of biological and physical wastewater treatment processes and for assessing compliance 
with regulatory agency wastewater effluent limitations. Solids in water/wastewater 
generally can be divided into a few categories as mentioned below according to the 
forms in water/wastewater. 

1. Definitions 

“Total solids” is the term applied to the material residue left in the vessel after 
evaporation of a sample and its subsequent drying in an oven at a defined temperature. 
Total solids includes “total suspended solids”, the portion of total solids retained by a 
filter, and “total dissolved solids”, the portion that passes through the filter. 

The type of filter holder, the pore size, porosity, area, and thickness of the filter and 
physical nature, particle size, and amount of material deposited on the filter are the 
principal factors affecting separation of suspended solids from dissolved solids. 
“Dissolved solids” is the portion of solids that passes through a filter of 0.45 to 1 μm 
nominal pore size under specified conditions. At the same time “suspended solids” can 
be defined as the portion of solids retained on the filter. In this meaning, “suspended 
solids” was at one time called non-filterable residue (NFR). 

“Suspended solids” refers to the dry-weight of particles trapped by a filter, typically of 
a specified pore size. Generally the diameter of the particulates are not exceeding 2mm. 
It is used as one indicator of water quality. From an analytical standpoint, “suspended 
solids” is the portion retained on the filter. The term “total suspended solids” (TSS) 
applies to the dry weight of the material that is removed from a measured volume of 
water sample by filtration through a standard filter. The test is basically empirical and is 
not subject to the usual criteria of accuracy.  

“Settleable solids” is the term applied to the material settling out of suspension within a 
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defined period. The settling time depends on the purpose of test, however, 30 to 60 
minutes are normally applied. 

2. Sample Handling and Preservation 

Use resistant-glass or plastic bottles, provided that the material in suspension does not 
adhere to container walls. Begin analysis as soon as possible because of the 
impracticality of preserving the sample. Refrigerate sample at 4℃ up to the time of 
analysis to minimize microbiological decomposition of solids. Transportation and 
short-term storage of sample will not normally affect the results of the test. Preferably 
do not hold samples more than 24 h. In no case hold sample more than 7 d. Bring 
samples to room temperature before analysis. 

3. Apparatus 

 Filter holder, 

 Glass-fiber filter paper, Whatman GF/C or equivalent, of a size compatible with 
the filter holder, 

 Suction flask, 

 Drying oven, 

 Desiccator, 

 Analytical balance, capacity 200 g (or more), accuracy 0.1 mg, 

 Vacuum pump or aspirator. 

4. Procedure of Determination 

1) General 

To achieve reproducibility and comparability of results requires close attention to 
procedure details, especially filter characteristics and time and temperature of drying. 
The method described is based on the following conditions: 

a. Filtering by glass-fiber filter (Whatman GF/C grade or equivalent), and 

b. Drying at a temperature of 103 – 105℃ for two hours to a constant weight, i.e. 
a variability of not more than 0.5 mg. 
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If other filters (paper, membrane, etc.) or other temperatures are used, it is necessary to 
report the specifications followed (e.g. total suspended solids at …. ℃, type of filter 
and pore size or number). 

It is obvious that the result of a test cannot include materials that are volatile under the 
condition of the procedure. 

2) Total Suspended Solids Dried at 103 – 105℃ 

Prior to an analysis, exclude large floating particle or submerged agglomerates of 
nonhomogeneous materials from the sample using a sieve (2 mm mesh). Then, a 
well-mixed sample is filtered through a weighed standard glass-fiber filter and the 
residue retained on the filter is dried to a constant weight at 103 to 105℃. The increase 
in weight of the filter represents the total suspended solids. If the suspended material 
clogs the filter and prolongs filtration, it may be necessary to increase the diameter of 
the filter or decrease the sample volume. 

a. Preparation of glass-fiber filter disk 

① Place a filter disk on the filter holder. Assemble filter holder in suction flask 
apparatus, connect to vacuum source and apply vacuum. 

② Wash the filter disk with three successive 20-mL portions of distilled water. 
Continue to apply vacuum for 2-3 minutes after the water has passed through the 
filter. Discard the filtrate. 

③ Remove the filter from filtration apparatus and transfer to an inert aluminum 
weighing dish. Dry in an oven at 103 – 105℃ for at least 1 h.  

④ Cool in desiccator to balance temperature and weigh on an analytical balance. 

⑤ Repeat the cycle of drying, desiccating and weighing until a constant weight is 
obtained or until weight change is less than 4% of the previous weighing or 0.5 mg, 
whichever is less. 

⑥ Store in desiccator until needed. 

b. Sample analysis 

① Remove the filter disk from the desiccator, weigh it and record its weight. 

② Place the filter in filter holder and assemble the filter holder in the suction flask 
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apparatus. Connect to the vacuum source and apply vacuum. 

③ Wet the filter with a few drops of distilled water to seat the filter. 

④ Shake the sample vigorously and measure out 100 mL in a 100-mL graduated 
cylinder or volumetric flask. Pour this portion of the sample into the filter funnel, 
being careful not to disturb the seating of the filter disk. 

⑤ Rinse out the measuring flask or cylinder with small quantity of distilled water. If 
the sample is very low in suspended material, a larger volume of sample may be 
used. 

⑥ When filtration is complete, carefully remove the filter disk from the filter holder 
with tweezers and place it in the drying oven. Dry for at least 1 hour at 103 – 105℃. 
Cool in a desiccator and weigh. 

⑦ Repeat the drying, desiccating and weighing cycle until the weight loss between two 
successive weighings is less than 0.5 mg. 

⑧ Record the final weight obtained. 

c. Calculation 

Total suspended solids =         mg/L  
A - B 

C 

 

where 

A = weight of filter + solids (mg) 

B = weight of filter (mg) 

C = volume of sample filtered (mL) 

Report the results as: 

 Total suspended solids dried a ….. ℃, …… mg/L 

3) Settleable solids 

Settleable solids in surface and saline waters as well as domestic and industrial waters 
may be determined and reported on either a volume (mL/L) or a weight (mg/L) basis. 
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a. Volumetric method: 

The volumetric method requires an Imhoff cone. 

Fill an Imhoff cone to the 1-L mark with a well-mixed sample. Settle for 45 min, 
gently agitate sample near the sides of the 
cone with a rod or by spinning, settle 15 min 
longer, and record volume of Settleable solids 
in the cone as milliliters per liter (mL/L). If 
the settled matter contains pockets of liquid 
between large settled particles, estimate 
volume of these and subtract from volume of 
settled solids. The practical lower limit of 
measurement depends on sample 
concentration and generally is in the range of 
0.1 to 1.0 mL/L. Where a separation of Settleable and floating materials occurs, do 
not estimate the floating material as Settleable matter. Replicates usually are not 
required. 

b. Gravimetric method: 

① Determine total suspended solids as mentioned above. 

② Pour a well-mixed sample into a glass vessel of not less than 9 cm diameter 
using not less than 1 L and sufficient sample to give a depth of 20 cm. 
Alternatively use a glass vessel of greater diameter and a large volume of 
sample. Let stand quiescent for 1 h and, without disturbing the settled or 
floating materials, siphon 250 mL from center of container at a point halfway 
between the surface of the settled material and the liquid surface. Determine 
total suspended solids (milligram per liter) of this supernatant liquor. These are 
the nonsettleable solids. 

Calculation 

mg settleable solids/L 

  = mg total suspended solids/L － mg nonsettleable solids/L  
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Procedure for Low Level Chloride Determination by ISE 

 Low level chloride measurement : In the non-linear portion of the calibration curve 

1. Dilute 20 ml of standard ISA (5M NaNO3) to 100 ml with distilled water. 

2. This low level ISA (1 M NaNO3) is added at the rate of 1 ml to each 100 ml of sample. 

3. Use the 1,000 mg/L standard solution for low level calibration. Standards should be 
prepared fresh daily. 

4. Add 1 ml of the low level ISA to a 100 ml volumetric flask and fill to the mark with 
distilled water. Pour this solution into a 150 ml beaker and place the beaker on the 
magnetic stirrer. Begin stirring at a constant rate. 

5. Place the electrode tips in the solution. Assure that the meter is in the mV mode. 

6. Add increments of 1,000 mg/L standard as given in Table below. 

7. After the reading has stabilized, record the mV reading after each addition. 

Step Added 
Volume (ml)

Concentration
(mgt/L) mV 

1 0.1 1.0  
2 0.1 2.0  
3 0.2 4.0  
4 0.2 6.0  
5 0.4 9.9  
6 2.0 29.0  
7 2.0 48.0  

Solutions: addition of 1,000 mg/L 

8. On a semi-logarithmic graph paper, plot the millivolt reading (linear axis) against the 
concentration ( log axis)  

mV 

log C 

 

 
 

 

9. Rinse the electrodes in distilled water and blot dry. 

10. Measure out 100 ml of the sample into a 150 ml beaker, add 1 ml of low level ISA, and 
place the beaker on the magnetic stirrer. Begin stirring. Lower the electrode tips into 
the solution. After the reading has stabilized, record the mV reading and determine the 
concentration from the low level calibration curve. 

11. Prepare a new low level calibration curve daily. Check the calibration curve every two 
hours by repeating Steps 1-8 
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