Appendix 3, Part IV (AP/IW)
Wastewater Management in Skopje

Topics of This Seminar

Background of the certified qualification

Required knowledge to become a certified environmental
analyst

Measurement law system in Japan
Problems of the current Japanese measurement law system
How to cope with the problems
What are necessary to keep accuracy
management in analysis of industrial
wastewater quality
Recommendations

m Others

Pre-treatment apparatus
(TOYOTA Chemical Engineering)

" JE
Background of Certified Environmental
Analyst System

m To secure reliability and accuracy
in environmental analysis

m An indispensable registration
criteria as personnel asset (full-time employee)
to open measurement certification
business of concentration of substances - -
1n soot, water, soil or noise level,

m At least one certified environmental analyst in a laboratory

m Measurement certification report is legally required the
signature of the certificated environmental analyst.
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" JE
Required Knowledge and

Responsibilities of Certified
Environmental Analyst

B High degree of measurement knowledge and techniques
B Comprehensive measurement management from plan and design of measurement
to implementation of measurement and evaluation of analysis results, such as;
- How to take a sample,
- Selection and decision of analysis or measurement,
- Evaluation of the analysis results,
- Maintenance and inspection of analyzers,

- Preparation of analysis report,

- Improvement of measurement methods, T o

| Atomic Absorption SHIMADZU ) |

- Education of the measurers,

- Others necessary to secure accurate measurement and analysis

* A
How to become the Certified
Environmental Analyst

m To pass Certified Measurer National Examination (once a
year) + Practical experience, etc.

— Registration, Passing rate of the
examination is around 10 %.

m Training course given by National Institute of
Advanced Industrial Science and
Technology + Practical experience +
Certification by Measurement
Administration Council (twice annually) —Registration
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Required Knowledge for the Examination
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Required Knowledge for the Examination
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metbod, Chemshmmestemen, Huclaw Migmet: Fesoaunce, Miss malons,
Actreabon Anabpet, Bdutoely Coupled Flasma (I0F) abonec enence
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Required Knowledge for the Examination

Certified Environmental Analyst concerning noise and vibration

Laws concerning measurement

1y Ohjective and definition of measurement law

1) Measurement unit, etc.

3 Regulation of measurement instruments, ete.

4) Implementation of accurate measurement

5) Measurement certification husiness

6) Appropriate measurement management: Measurers, appropriate measurement management office system, etc.
7 Calihration of measurement instruments, ete: Traceabdlity system,

8) Other regulations and punishement

(utline of measurement management

1) Measurement plan Objectives of measurement, methods and selection of measurement mstruments, data transmission, calibration and S/ ratio, Accuracy management of
measurement nstruments, standardization of measurement works

1) Measurement system design: Outline of automatic measurement

3} Quality control: Ervors and aceuracy in measurement

4) Sampling and random sampling inspection method

5) Data management: Statistical treatment of the measured figures

6) Other general knowledge concerning measurement; defintions of measurement methods, Dynamic charactenistics of measurement instruments: Deflection and zero method,
maintenance and reliabiity of measurement mstruments; control chart method and design of expenment

Structure of the Measurement Law
(JETRO, Feb.2007)
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Ministry of Ecomomy, Trade snd Indusmy

o vtamdard instremsenty, ric |

Related Institutions to the
Measurement Law

Fwyional bureaus af eronomy, trade and
indunery

(D mgmation of proper meararemens conirol busmers places (nabonal govemment oScer), execution of
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Matsnal Instinute of Advasced ndairial (lhageetion (Aol meters, vibratien bevel meters, s10 ) o spproval (s metedd, weghng
Srience and Terhnolegy CFTETenEs, deermeomeners, leahier area meannng machmes, volIEEre. S0 (MEEraEg SETUmess other
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i | L all Technslagy and Acereditation of ipecilied meavmrement ¢erifecation busineis (ipeidied e L
Evalusti neenedan orgafaratd ], £akbeabon wng specle stedied sutruments, cakbras
ustraments thal are not specied stedard sotraments that are pet specied standard sotraments

colecwon of reports (imibed to those 0 comecton with accredied of regisbered busness), admaresiratree
procerrng tasks relised 10 on-sibe mpechons (Emeted bo thade m comnecton with accredged of regatered

an NS T iatian Designated veriflestion bedies (o scdomats roales, glars themometers, resutance themometers,
teomib £ aboerimasers. aneroad sphyEmomancmeters, noise meters, vibration level meters, rencemiration

metery, oie,), dengnated calbration bo-Bag (v
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IT_IL-'—.I.I.'I:
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[Inasi refprence materials

10

Key Points of the Measurement Law

m Measuring instruments are needed fit for official
guarantee of accuracy

m Specified measuring instruments must meet set
accuracy standards through methods such as
verification and/or periodic inspection to check their
conformity to set technical standards in terms of
structure and instrumental error.

m Don’t use specified measuring instruments without
verification mark or periodic inspection mark.

11
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Verification and Periodic Inspection Mark

[Tl

Verification mark

Inspection year

(BEYTY I S, [Lost zure to show the inspection year

For example inspection was conducted in 2005,

R T ]
ERHTSEITRIL . figure is 5

Specified measurement instrument with periodic inspection

A
/i :fD mark, conducted in 2007

This figure to show the inspection month

Name of Prefecture |

12
"
|
Acceptable error of vessel for measuring
volume
Name Acceptable error -
100 ml Mess cylinder |1/200 |+0.5 ml E | - |
100m! Mess flask | 0.10%[+01ml | | H
25 ml hole pipette 0.10%]%0.03 ml - . 1
25 ml burette 0.10%|+0.03 ml o |

At20 °C | ! E
- -
' ! i

Burette
) 44
izl

Mess Flask Mess Pipette

Mess Cylinder

13
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Specified measuring instruments used
for certification of noise/ vibration level

or concentration

Name of Specified Measurement Instrument

® |Ordinary noise meter and precise noise meter

® |Vibration level meter

® |Glass electrode pH meter

Automatic Air Monitoring Analyzer

Oxygen meter using zirconium {maximum level: 5 to 25 w'v %)

Magnetic oxygen meter (maximum level: 5 to 25 viv %)

S0, meter using electricity conductivity (maximum level: more than 50 v/v ppm)

NOx meter using ultra violet {maximum level: more than 25 v/v ppm)

Hon- dispersion infrared rays 80; meter

-
-
L]
& |8, meter using ultra violet {maximum level: more than 50 v/v ppm)
L]
-
-

Non- dispersion infrared rays INOx meter

. Non- dispersion infrared rays C0 meter {minimum scale: less than 100 v/v ppm and

100 to 200 v/v ppm with maximum level of 5 v/v %)

® |Chemical luminescence INOx meter (maximum level: more than 25 v/v ppm)

Noise Meter (RION)

14

Parties not necessary registration as
a measurement certification business

¢ National and local public organizations

¢ Some independent administrative institutions

- National Institute of Advanced Industrial Science and Technology,

- National Institute of Technology and Evaluation,

- National Institute of Occupational Safety and Health,

- Japan and National Institute for Environmental Studies

- Organizations registered under another law

Part IV: A3-57
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= JEE
Classification of environmental
measurement certification business

m Relating to the concentration of substances in air,
water or soil, excluding specified substance (dioxins)

m Relating to the concentration of dioxins in air, water
or soil (Accredited certified measurement business
for specified concentration (only dioxins)

m Sound pressure level

m Oscillating acceleration level

16
*

Registration Criteria

m Arrangement of measurement instruments

m Arrangement of certified environmental measurer
(analysts)

m Copy of accreditation (only for specified

measurement certification)

17
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Required documents for registration

Outline of the company, cerificates of the company’s regime
Outline of measurement certification business

- planned number of measurement certification, objects of the measurement such as concentration, vibration, noize

List of instruments, facilities and equipment for measurement
- Name, type, specification, installation place

Measurement methods along with instruments, facilities and equipment for mesurement (Note)

(Environmental measurement certification relating to the concentration)

Copy of the certified environmental anatyst

Copy of acceptance of wastewater and air pollution control facilities

Copy of the health insurance card of the certified environmental measurer (analyst)

(Environmental measurement certification relating to the concentration of a substance in air, water or soil, excluding specified
substances (dioxins) and measurement certification relating to the concentration of dioxins in air, water or soil)

(Specified measurement certification business)
Information map to the laboratory from the nearest station

Note:
1) As for the specified measuring instruments (except pH meter) | copies of verfication

Floor plan to show the installations and storage of instruments, facilities,

Copy of accreditation by National Institute of Technology and Evaluation or Japan Chemical Laboratory Association.

equipment for measurement certification, and laboratory

certifications by JQA (Tapan Quality Assurance Organization) for specified

measuring mshruments or mspection cerfifications to meet criteria by designated manufacturers to be attached.

2} As for the level recorder used with noise meter or oscillating acceleration level meter,

Organization) to be attached

" JE

List of analyzer, facilities and equipment for

measurement of concentration and specified
concentration of water or soil

copy of nspection certfication by JQA (Japan Quality Assurance

18

ation de ated

st imstrmments snd sther squipment and (scilides

of Eonemy, Trade and Industry

R equired perfonmmance

dasd sub

anslruneents,

i and o
Mass balance (Electronics seale, ete.)

Pure wates predustion apparatus er pare water
Exhamuted gas treatment farility

Wantewster trestment Tacility

Class electrode pH defector

Hefer to B and © for analysis instruments

Weighing more than 100 g with the scale of less than Img
Tom-exchange er distillation type

To prevent target substanses from diveharging

To prevent target substanses from divcharging

b || e | e | 2

Class electrode pH indic sior

A e wsmiphe of analyehs @ETGRENES OF SpPaTaug nedesiary [or snalysis methd

& af the 1Srget parsmeters

N, Analysis instrumests or_apparatus s Amaly shi EnsTTIENTS T Sppasarus
1 |Gilass made thermameter 11 |[Inductively Coupled Plasma (ICF) afomic smisvien specirometry
2 [ Elerwis shermsmeter (hermsacouple reshatamns tped 12 | ICP-Mass sperctrametry
A | Avsimbs Abssaption Spoed o photoseter 13 [Ton- chronsiograph
4 [Mercury snslyvis apparstas 14 [lom selective electrode
5 |Gias Chromatograph 15 |Spectophotometer
& |Gas Chromatograph-Mas Spectrometry 16 |FY v % !
7 |High Perfarmance Liquid Chramasograph 17 | Purgr trap comcentyation apparatus
B |0 meter I8 |Headipace conceniration spparatus
P | Automstie Bl meter 1% |Automastic DO analyvess
10 | Automsstic COD snabyzer
[, /Am example of equip mecersary for amabysic
M. Equigmeen Me
1 |Drier 1o ger o fived weigh 6 |Micrmwave ashing syutem
2 |Water bath T |Shaker
1 | Cenerifuge # |Incubator
4 |Flectric fusmace P | Automatic tigrstien apparaius
E] 10 |Fums hosd

19
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" JEE
Issuance of Registration

4 On-site inspection to confirm the application by prefectural measurement
verification centers
- Existence and location of the enterprise and laboratory
- Rolls and authorities of certified environmental analyst
- Measurement mstruments, equipment and facilities reported
- Necessary date of 1ssuing registration: about 15 days after recetving application

Fume Hood 20

Items to be regulated in the business
regulations

To submit the business regnulations to the prefectoral govermor withio e mood s afer the reglstralion
& Classification of messuement certification business
& Organization chan snd rolls
4 Mellods of I (115, reptilations, noloes, oic by Mmstties with e onacted yem)
& Eeeping, nminloimnce, mepection and comection of the spetified menssmemen| msinenents and oflier emvend sty K.
wqupmmend and facilitics
A Nlnllery concomng memsioneil centilioation g ncludine
- Declaration of measmenent certification
= Number of mésswrement certification and date of issuinu measurameni cenification
= Mame, pddress, regdsiriion mmber of Bie entaprise ssuing messurenim corifioation
~  MNanie of the certified envirommental analyst and regsiration monter
Customer's name
= Wamw of the sample
- Drate of taking sarmple and by who
= Farmmeters to be meeasured
Mwsrenient midhed of each parumetar

Pimrir & trap contnr
Memsuremenl resll sini=nissd (TS Anabessad T
Mimimmen il of il emmmation

In cuse of partially ool-sonrcing. mame, addres= of the oot-somcmg mensurement certification bosiness and concrete
description of paraindios
= Cithers like ongn of the sangple
& Execution report of measurement certification and storage of certification report
W Mallirs concoring praffially oul-sourcing
& Ciliers necessary for messmemend catification busmess
21
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On-site inspection by prefectural
measurement verification center

& Approximately every three vears

# [nspection includes management and technical aspects

(Vanngement aspects)

- If'the certified environmental analyst is doing his'her obliganons properly

= I the busmess regulatons are in conlommily to actual situation

= Il each process from receiving order (o analysis or measiurement and 1ssiance of certification

repusi s working properly
- Others

(Technical aspects)

= 1f the measurement instrnments are well mantamed

- 1 the measurement methods and procedures are appropnate

- 1F leahrmoeal mmprovement is continuously mplemented
- If the prepamation of cedification report and the contents

dre appropriate

1f the accuracy management is appropriaic

" JEE
An Example of Minimum Limit of
Determination and Significant Figure-1

= Jl j|.hl'|_I |

o
L a
| B |
[t .I =]
[

LA

Anisn-Chloronmbugraggh (THINADZU

[T

22

Miminnum limid of Enwir niinl
Parameier LU Determination of eriteria (River Signiflcant Mgare
River Waler waler)
- &4 -g.84 2
maﬂ 0.5 7.5 £
Flochemdonl YD alegmnmncl (RO maﬂ 0.5 | 5 2
Cheemdonl YT e (CODNMD maﬂ 0.5 = 2
Suzpaascled solid (55) gl I FL 2
Total colifrom CHie 100 mil ] S0 2
n-lwexane exiract gl I 2
Total Mitrogen as & gl 003 2
Todal phosphons as gl [RETR] - 2
A achiinem () gl (AR [T 2
Todal cyaiicle (T} gyl 0001 ol B 2
Lead {Fh) mg/l 0.001 0.01 z
Hexavelent claominim (") mgl 0.005 005 z
Arserdc (As) mgl 0.1 0.01 2
Total wmereury CT-Hup iyl (hLOD0S OO0 2
mg/l 0.0005 WL 2
Chloride (FCR) iyl (hOD0S bl &) 2
Di-chloromethane gl 0002 0.0z 2
Bulyl chloride carbron (OO |r|.E-"I 0002 LK i Fy 2
1. 2-dichloroelmne mgl 0004 0. 2
1.1 sdlichlagaetlnlens ang'l 0002 00k 2
wiz-1. 2-dichlorociylens mgl 004 0.0 2z
1.1, 1-trichroracthnmne 'l 0,1 § 2
1.1.2-trichroroethone mgl OO LRR ] 2z
Tri-clilorosbivliene gyl [IENE] 0.0% Fl
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An Example of Minimum Limit of
Determination and Significant Figure-2

Minkmum Hmit of | Emvirommental
Parameter Uit Determination of | criteria (River | Significant figure
River Water waler)
1. 3-dichloropropene mgl 02 0002 2
“Thrikiram mgl 0.0l (01005 2
Simarine ml 0.0 00003 z
“Thiod arh mgl 002 002 2
Bencene mg 0.0 LLEVTE 2
Selenium (S¢) mg 0.001 .01 2
BO-N and MO-N as N mg1 004G 10 E]
Fluarine (F) mg1 0.1 0.8 2
Horic acid (B) mg1 0.1 1 2
- Phemnols mg/1 0.0 DLDDS*= 2
Cupper {Cu) mg 001 1%+ 2
! Zine (Zn) mgl 003 L a* b
& Irom (Fe) mg1 0.05 0.3 2
Manganese {Mn) mg1 0.01 0.05** 2
Hote
= Standard for Classficaion AN (most e wader)
== Stimdird Cor dewilteng Waber
24
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= = Niranirnrest Ceiflicaie
2 her Al ToDg
Clieml SName ngintretiay sumbey af Enyvirammenial U eniSoasion imdnneg
- R e
Cmmpaay®s name, THL wiik Seal
= weeneergr - -
.- %‘:;I

P af Cwrrdied Aasly e with bis seal
———m | ¥

1 certily the memsarcimeni cesnlis of the sassple duted 10 April 20ié oy the Tallnwings.

Hirenid
Mume uf Sample, Laratiom ol sanphng Thetn aml bune of camplhing, Wams of § = "% name, Wnatker,
Armin anil watey iew———ur
Tarmineiey Alrasurrisen Hesnli Eribind ol N EuAerere

Cadminmm and iy coampannds (40

Loess ik 0.00 (g

A0S K 010 551

N

B.5T pups

Mexavelent chraniton (Cré)
Arsenic aml Hs compaamls | s
Meroury wind lis compsunds (1)

i-r; " iu .0 ?_ruw}_l

L i 0,01 (mgl)
Loess ilumn 0,002 (mg 1)

Envifunmest, 1971

15 K 9102 34.1
&

At char |, Natice by Misiarry of

[t ol ity compounds e

Tolwlirmni¥e) | 02imgn WS
Copper aud fis compennds (Cni | 0 60Timgl 0020 ASKeiez2l

Loess Ui .00 (meT)

Y TITEY e

LG

I mnmihons ~bawn ahan’" s bees thas

Ferinn’s muile Ui charge sl ne@arem e
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Problems of Current Measurement Law

) Necessity of trace concentration rmeasurement
3) Rapid increase of substances regulated to be measured

2 Current problems of the measurement Law
1 Japanese environmental measurement certification system is nol well known in the world.
= MNumber of certified environmental analysts is more than 10,000 and the registered certified environmental
measurement enterprises are more than 1,500,
23 Insufficient managenment ability
3) The ability of the certified environmental analyst can't catch up with the current trend

1 Establishenent of traceability by Japan Calibration Service System (JC88)

20 Acquisition of 150 17025 acereditation to establish better management system

31 Acquisition of the aceredited specified measurernent certilication business Lo measure race of dioxing
4} Review of the current accuracy management

51 Consideration of re-education gystern of the cerlified environmental anabyst

0) Participation of technical skill test for measurers

26
"
_ Specified standard __
msnunents, €1¢
Calibration using
. ifbed stamdard
Specified standard | | PEC . ..
R— Insrnents, efe Calibrarion Calibration
Specified Comapany’ mbemal :
Calibration —— | secondary standard ——* standard o P——
! ) . insmuments
insmuments instmuments
Specified workmg
standasd 1 It s possalde 1o obtan cernfication
msEments an this bevel provaded that
maceabality can be established.
Specified
SWLIE;::::EHH [ secomdary —l'| Company internal reference mateniaks
. reference malerials | Valuing
Valuing
wsing specified
reference materials
Schema tic Representation of Traceability System (JETRO)
Natopal Institute of  Advanced )
Industrial Science and Technology,| Issuance of certificates
Japan Electric Meters Inspection| SArying JCSS logo
Corporation and  designated N . L
calibration organizations | Regirteced burimesses
(designated by Minister of
Economy. Trade and Industry)
27
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"
Accuracy management in environmental
measurement

1 Intermal accuracy management

1) Preparation of kinds of mules, standard operation procedure (3OF) and kinds of records
# Handling of equipment
# Handling of standard
# Sanpling
& Pre-treatment
# Handling of measurement instruments
# Recoding of each mnalysis process

2 Periodic acquisition of data for validation of accuracy management in analysis
# Limil of detection value (LOD) of measurament mstrument and analysis method: once a year
& Fecovery rate evaluation: 800120 %
# Operational blank and travel blank test.
& Repeated measurement: Differences are less than 20 %6 (The figure depends on the method) of the average.

to be executed approsamately 10 26 of the number of samples.

# Confirmation of measurement reliability
# Establishment of measurement value
# Troprovemnent and confimmation of measuremnent skill of the measurer

28

" JEE
Attention in using measurement

instruments
[ Scasmremens msramens ] it e g e s

Understmnd the priscapal of snalysss procecine

Understand colorimg agents with olber dlements

Adgast pH i il appropriste mnge

Addd buffer, maskimg, resction agents as designaled

Appropiiste pre-Erealnseid such az Eatillation, solvenl extractson, ofc

Femction temperature

Fuight wave bengh

Elank fest

Understand spectrometnc, physical and chenscal inberferences amd countenmeasures
Uge backgroamd comection, solvent extraction, inlerforonee restriction agesd, of¢
Use high termperabore flame ns destgnated

Uee mlomal standard method calbraion curve

Procedure of ignison and stop of fleme

Bank test

Use backgroamd comection for Al Cr, v

Uge Palladisn(Il) nirsle for Od, P to avaid et loss @ asbesg process

Use solven] extraction if necessary

Fegreal imoasamonend ol least thiee times

Elank fest

Use standlard addition or intermal standard calibration curve

Ueg salved extraclion if necesaay

Eank fest

Temperabure

Meangoment tims to become able

PH sdjustieent

Pre-treatneent by sdding complex-dissoiving sgent bo chunge to bonlc-form, distillstion, sdding masking agent, elc.

29

Speciropholometer

Flume atomic Absorplion
spectiopholomee

Fhectzic Baliigg afoisse Absorpiion
Speciropholomeler

Indductivety Coupled Plasma (1CF)
aboirss cEnision speciromatry

lom sebectve electrode
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I, Imsagation of Lege aulwwnoe
L vl aliney 6 inslaniial slsilasd

Calibration Curve

Renndard Adilidog Menkiol
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"
Attentions in Measurement

pH

Wikat Lo be paid attention Lo

CHaes and referomce dectrodes e sbored i waler.

I theey are clinty, Cleam in a shant time by dilube HOT of surfactasd and wash by water flow
Add KO for reference dectrode if necessary

Temperature

Uer Behiuin chectrodde for the sample with high pH (over pH 11

Blochemscal oxygen demand (BOD;)

Check pll. oxidation or reduction agend, supersabaalbed dissolved oxypen or gas

Pre-treatment above if ¥

Use seed lqad

Uge the resull where DO im the mcubalon is consamed 40 1o 70 % in fve days

Check the tolal procedae by usime Glocose-Clhatamine mixhee standard Baquid to show T2 10 mg-OVL
Uiniderstaiding of the a ‘E:EM"' dh ‘Eiwmmtﬂwwwhyﬂrﬂm

Diszohed oxyeem (D.0) medor

Towperatioe and =alf concantyalzon
Eeep the dhectrode clean and wel

Comdisctivity meeter

Tetogeeraiure
Keep the cell clean and wel
Hewd & corten (low mabe

‘Chemical axygon demand (CODMn)

Water bth : 1o Keep over 90 0 duriegy the fest

Shape of triangle flask : same

1 concentration

Ulee the resull whiere KMnCy, soluson remens 4.5 fo 6.5 ml

‘Chemical oxygen demand (COD)

Take sample as half of K Or: remuins
Reagerds comanlmalian
C1 concentralion: Mot sppropriste (o the ssmnple with less than 20 mg-Cvmil. snd high concentration of C1

Suspaneled Solikl (55) under T

Take samgple as msore (han 5 mg of difes 55 remained. Preferabdy 20000 40 mg.
Heabing temnpernhze and Eme

mi-hexene exiracted substances

Hod isie greast of the cock of the separation flask with shodt leg
Check the nahme of the extracted subst smch e il hebidty, etc. Consider 1o use soxdilet
extracior.

LR RN R R R AR R R RN RN

31
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" JJE
Attentions in Measurement

Parameler Whai to be paid atiention to
# Understand the applications of dissobving procedures of metals by acids
Pretreatment of wnlyss ofbeavy | Dont use HNO,-HS0; when use AA o ICP ad Pb
ntals # Understand the advantages and disadvantzzes of evaporation concentration, co-sedimentation, vaporizing.
ion-exchanee, sohenl extrachon, dc.
# Use aolvent exdraction, if necessary. Use hackeround comection
# Avoid coptamination from glass apparatus and environment
& Prepae of mited standird solutions of Zn, Phy, Cd, Mn, Fe, Ni, Co for calbration curve in usirg 1CP
Cr & Concntrale by ¢o-sedimentation. solvent extraction in case of kow concentration of Cr
& Pre-restneent; distilafion

Cu, Zn, Ph, Cd, Mn, Fe, N1 Ca by
AAor ICT

FPhenale (Cistilafion,
) u:humum & Understand the covanings of e added reugents
e # pH at reaction with reection agent, reaction tin, temperahas
# Pre-reastnent; oxidation at high temperature and high pressure by oxddation agent
TN/ Oreiddation, ultra viokd # Not suitable for the zample with high concentrafion of orgasic matters, seawaler, sample with more than
Spectrophotomeder) lmeT. of Cr
# In case of the existence of high concentration of organic matiers, use total amaunt nitrogen method
T-F {COxddation, vishle # Pre-trestment: oxidation at high temperafure and high pressure by axidation agent
Spectropbotomeder) # Understand the limit of the appBcation of the sample, not suable for the sample with high concentraton of
orpmmic matters, O de
Common # Grade of pure waler
32
" J
Classification and Required Quality of
" Classification and required quality
Parameter
Al A2 A3 Ad

Less than 0.1 . -
Conductivity (mS/m at 25 T Less than 0.5 - Less than 0.1 | Less than 0.1
TOC (mg/l) Less thun 1 Less than 0.5 | Less than 0.2 | Less than 0.05
Zn (gl Lessthan 0.5 | Lessthan 0.1 | Less than0.1 Less than 0.1
S10a (0 sﬂ} - T.esz than 50 Tess than 5.0 Less than 2.5
Clipg Less than 10 Lz than 2 La=s than 1 Laz=g than 1
80,7 (& g Less han 10 L than 2 Lass than 1 La=s than 1

Mot

*l  Parameters may be selected by analysis method. If there is the criterion on the water to be used in the analysis
mmnthod, Tollow it

*I  The value of effluent from water parification equipruent by direct introduction of it to the detector of conductivity
nater

*3  Incase of direct introduction of the effluent from membrane equipment after final ion-exchange equipment to the
detectar of conductivity meter, the value should be less than 0.01 mS/m at 25 10

33
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" JE
What to be paid attention to in analysis

of industrial wastewater (Additional)

1 BOD;

& When TDS exceeds 3,000 mg/L in incubation hattle, the BOD value extremely becomes low because of high level of salt
hinders hacteria's activity.

& Number of bacteria in incubation hottle needs at least 103cfum L. Accordingly, filtered by membrane needs seeding for
analysis of BOD; hecause hacteria are also fltered by the memhrane,

@ Seeding will he always necessary.

@ Add the seed liquid so that BOD; of the seeded dilution water becomes 0.6 to 1.0 mg-O71 (by calculation of BOD of seed
liquid itself)

@ When BOD; value of standard solution does nat shos 220+10 mg-0/],the procedure should he reviewed.

& Analyze DO (DO of first day) 15 minutes after preparation of sample du to prevent inorganic reduction agent from
consuming oxygen.

@ DO discrepancy during five days in incuhator bottle should he 0.2 mg-O71 or less.

@ Starch indicator should he prepared just before titration.

34

"
What to be paid attention to in analysis
of industrial wastewater (Additional)

2 General

4 Preparation of calibration curve

& Thereis a range of calibration curve. Don't use the lower and upper value of the calibration curve,

4 Understanding of the importance of pre-treatment, in using spectrophotometer, particular, and even in using AA,
ICP, Gas chromatoegraphy

¢ Confirmation of recovery rate of extraction, distillation operation, etc.

& Effective time of prepared agents, standards and indicators,

& Blank test

4 Cleaning of heaker, flask, extraction and/or distillation apparatus, measurement instruments, etc to prevent from
contamination

¢ Trror among the cell for spectrophotometer

4 How to distrihute the sample with suspended solid

4 Stahility of the measurement instruments hefore measuring

4 Understanding of the meaning of the significant figure and decision

4 Preparation of analysis flowchart with remarks

35
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Preparation of Seed Liquid

I Doiiestbe raw sewage 3 River waler A Cuiibvation by Ml and draw

(ot e |
r—{seed liquid 100« 300ml. |

| Akl the seed bapud o il BOD; 0 fhe :
|hm1Hl|ﬂl|hn waker Becmes 0 & I | | Aeration 24 - 48 hours |
L iy palpilaan. 't nsssiae P —— |

ill!r sewifeal slilnlien walw. Agabvre WOD
|n| s Byl el il oot by
R USTE T

T andd COTH valsew of sigpermabai nomsarksbly
decreases, confimue the procedure by doawing 13 of the
supermeatant and filkog 13 0f M saimple wish baller
wohitines every day.

36

== Pure walcr

r.H._q.;H.'mn Tt l.5
| recirciil

1 Ml
e B 502, 11513 20000

F— HMDy Sml-

BNl | S0 L7 2mil. . WiFrory redicken aul e e e

Stanii I Whan the gl dissppeare, sdd K58k eohition

54 mmln‘?‘m * Aot :uf:I:ﬁmdtlmcmm positive amor

Evior Tor 135 - Add exxessively bvdrosyl smanendum iloride sohition
e K05, 00, (50 gL Liml & Heowene of acclone wives posilive omor
Fvnpsimalive organks msller i ofnaled awng 10 enitig wills & Tithe of
Bexane
Hackgromnad comection i camed ool asing mch as deubemmm lemp
Aller fuisling diffivence of indicaled vilues Betweo Ban by mercry bullow
|E-¢lmhnmm! e b and o e lmngs, is canvied ol withoul
| SOHLOILHCH (80 10 mL m:‘:rﬂ‘:’dth:u'ﬁr wnhatioay s mereury i defonmined & the dfference
o resbuction of rermnmed y
KMno, Afier extranting anel sepnrating oy m dtilrome complec i s mssaed
i e e = awing io ealing s vaporieation method.

[ water btk (95 00, 2hiours |

230 ml.

37
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=
Recommendations

& Don't end up only analyzing and measuring. Use the results for plant operation,
consultation, etc. When the results are not what you expected, you should pursue

the causes and consider the procedures to improve.
& Find the correlation among the parameters to use daily operation & maintenance,

BODs-CODer-SS, for example. If you find the correlation, you don't need analyze
all parameters every time. Formulate a database from the results.

¢ In case of using simple analysis method, not official, compare the results with the
one got by official method. If there is no co-relation, don't use the simple method. It
only causes the confusion.

@ During analysis, you should pay attention to if there 1s an unusual phenomenon,
for example, in color, generation of turbidity or settlements and so on. This
abnormality will give you some hints in the trouble of the plant and analysis
procedure. Analysis or measurement 1s not a routine work.

38
" A
Mass discriminator
und Delecior
Sumple Iniroduction
and Aerosol — A ___| =
Generation || e |
Tonkzation by
Argon Plasma
Diata Analvsis
Schematic flow of ICP-MS by Jenna Worley and Steve Kvech
39
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3.1.4 Industrial wastewater treatment

ndustrial Wastewater
Management -3
Industrial Wastewater Treatment

16 October 2008, IZAWA Tetsuo

Topics of This Seminar

Planning of Wastewater Treatment

Countermeasures to reduce wastewater generation and
pollution load

Selection of Treatment Process by Experiment
Flow measurement

Biological Treatment

Treatment of Hazardous Substances

Analysis of Hazardous Substances

Sludge Treatment for reuse, recycle

Others
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Planning of Wastewater Treatment

What to be studied for Planning Wastewater Treatment

@ Quantity and quality of industrial wastewater
- Exusting factory :  Actual measurement
- New Factory ~ : Hstimation from the existing data, etc from similar factories
. Estimation from water balance by each production process and
material balance
& Water quantity and quality of the upper and down streams of the river where

wastewater 1s to be discharged to
@ Environmental criteria of the river, sea or lake to be discharged to
& Situation of water use
@ Creatures living in water body
@ Expansion of the factory and increase of production,
@ Trend of water pollution regulation both by central and local government,
@ People's feelings,
# Rationalization of water use, change of production process or facilities, if necessary

Concept of Material Balance

Iw (Water Use)

Io (Others: Sub-matrilas, Input
Chmicals, etc.)

Im (Raw Materials)

R (Rycles) i

N

Op (Products) 0o (Others: Waste, etc.)

Ow (Watewater)
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"
Countermeasures to reduce wastewater
generation and pollution load

The principal of wastewater treatment is to reduce wastewater and pollution as much as possible
by the appropriate process control.
1) To reduce raw materials (Im)

4 To use cleaned raw materials

4 To shuft the raw materials with better quality and yield
2) To reduce sub-matenials and chemicals, etc. (To).

& To shift the alternatives with lower load

4 To use appropriate quantity

Water Saving Tap

3) The counter measures 1 production process
@ To shift the part of loads m wastewater to product (Op) or Waste, etc.(Ow)
4 To reduce the materials, etc. (Im) and Water use (Iw) by recycle

" JEE
Countermeasures to reduce wastewater
generation and pollution load

Concretely
1) Segregation of wastewater:
# Production wastewater, cooling water, sanitary wastewater
4 In case of separation of water and msoluble substances such as hydroxides or sulfides of heavy
metals, concentrated wastewater 15 preferable.
& Wastewaters with cyamde and chromium compounds are separated to treat in plating factory.
4 In case of biological treatment of organic wastewater, wastewater with hazardous or high or low
pH should not be mixed.
4 In the public water body with severe limitation of discharging n-hexane extraction substances
(onl), wastewater including soluble o1l should not be mixed with other wastewater.

1) Water savings:
4 Adoptng counter flow cleaning.
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= JE
Countermeasures to reduce wastewater
generation and pollution load

3) Change of production process: advanced process control; improvement of facilities, change or

improvement of raw materials; Inspection of facilities and equipment, etc.

# Replacement of starch to CMC (Carboxymethylcellulose) : textile industry

@ Development of non- electrolysis method (chemical plating) without using cyanide: plating
mdustry

® Reduction of scooping of plating liquid between plating tank and water washing tank: plating
ndustry

#® Installation of oil trap at each process: oil refinery industry

#® Recovery of chemicals from delignification wastewater (Black liquid) in paper manufacturing
factory

# Recovery of chromium acid from plating wastewater

4) To average wastewater quality and quantity
5) Monitoring of wastewater system

# Alarm system
® Monitoring main pollutant generation process

" JEE
To Make Average

Wastewater Discharge by Hour

500
450
400
350
300
250
200
150
100

50

Accumulated Wastewater (m3)

Hour )

Necessary Tank Volume to Make Average= V1+V2
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Counter Flow Cleaning

W astewater Cleaning water
-— — e— - -
ap 1 2 3 1 an
—» — > Fe=#] —
Faw material Products

Cowunterflow Cleaning with Multi-Stage

0.55
0.50
0.45
0.40
0.35
0.30
0.25

%
o | W —_

0.10 | =3
0.05 | n=2
0.00

an/ao

" JE
Study Procedures of Wastewater
Treatment Plan

' - = = Minteninl balance m each process (of noomal and peak lisurg

Wker quality survey i the upaiream sl dovm sivcam of the westewater disclame poing

= Wistewaler qualily survey

= Specified requirements of water qusdity preservation such o dischimge criferin, forecast of mdusnies, elc.
Setup ruet tentivent qualkly

Material = Charification of the processes 10 generie pollutants
Coaksliber ol sepregntion of wislewnber sl eeessiny of trentinien

i
Z

The poasiilety ol pehugiiom of quatity and cancentmilon of wisiewaler al polifion soiEces
The possibildy ol reuse of a process walewalor [or process valer ol ollier processes

“The |muli:|.|.'u:.' af hr:.'-prm.lu:i TECOVETY
= Coaesicleration of the freal 1 procesys with the codng ol e alt ¥ umd evaluation of prolk

lisasks dncluding shedge treatiem

= Decision of lundamental principals of e reabmend (o be laken

eutlng of mvpe and soale of e Wastewator irestment pland

Estimnation of rowgh costs ol constmction and opermlion

Eencl scale ar pilnl plaai ivesimeni expeciment

Preparation of process How disgam and decision of specilication of ecl ojulpHiem

Plant ssrungemend drawing oni the scheduled constniction =t

Becinion of e equpment e med the speciications by colleciing enginesning repons ol copepment
[ETTATHT PR T Ee]

= e of construction to plant manufactire

LI I B

10
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" A
Selection of Treatment Process by
Experiment

Activated sludge treatment tester
(MIYAMOTO Seisakusyo) to get the
data of organic load and
performance, retention time, excess
sludge generation, sludge return rate,
etc.

Continuous activated sludge
treatment test facility equipped with
aeration tank, electromagnetic-typed
constant quantity pump, air pump,
flow meter for air, sludge return

Organic Wastewater

Filtration by using
filter paper (No.5A)

¢ BODsand COD levelsin the filtrate.
- Below the target levels: BODs and COD can be removed by physical-

chemical treatment processes
- Over the target level: Necessity of biological treatment. In general, in

case of BODs/CODecr = 0.3, wastewater will be treated by biological
treatment experiment

Analysis of Filtrate [—

11
" JEE
Ld L3 L
Selection of inorganic wastewater
treatment process
| Inerganic Wastewater with 55 | Inorganic Wastewnter with Floating ‘:b
r Standing for few hours [ [ Standing for few hours [
| Analysiz of Supemmatant | IArmlyu:s of Intermediate Liguid |
|
| Below target quality | It heer target :||mh'|1.-] |150I0w target quulll}'] | Over target quality |
[Simple Sedimentation] | Jar Tester (pH adjustment, [ Simple Floatation | [ Floatation Tester |
Sulfide addition, Coagulation,
Oidation or Reduction)
|
[Below target quality] [ Over target quality |
Chemical Addition, Expenments of
Sedimentation, Activated Carbon,
Filtration lon-Exchange
12
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" JEE
Selection of Treatment Process by
Experiment

Tor Tester (ASAHT KIKA) o Adlsorpion Tester

get the dota of the most o (MY AMOTO
appropriate cosgskml, Sewsakuisyo b equippesd
fecding e, sedimmsmation with ndsarption

columm, dinphrmgm
typeedd ecnstant fow
punmg, Leinger, elc o
el the dala of
adsorpiion velocity,
mdsarption lamth,

velogity

Flosntation lester

{'M_ﬁ'-’thlim-i ellective adsarption
Seimaliusyo) Lo gal the : capacity, efe for
dialn nr!.h: sl l dhesign

appropriate comglant -

sindl Doty Fano, Lead tester iMIYAMOITO

Sersakiisy' o) Fr sludee
ibehydration test Lo get the
iale of filmtien velocity,
filirste oo, specilic
Tiliration resistamee, cake
Hhickness, rmicdstiune, calic
detackunent, appropriate
flrstion cloth, filtration
coamilant, efc

(L=t IR
conditions such as
ressure, lime,
recirculition mtio, et
AE patio, Moatation
tnk eomabitions such as
red eyl L, wiler
srince mrem lomd efc

Selection of Treatment Plant Type

* Treatment capacity

¢ Installation area
¢ Construction and operation costs such as power, chemicals,

labor. etc.
¢ Easiness of operation and maintenance

* Quantity of sludge generation and easiness of sludge treatment
¢ Reliability of the manufacture (technical capability, after

service and achievements, etc.)

14
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" S
Improvement of concentration of
metal hydroxide by neutralization

Minin .
g Conventional Neutralization process
wastewater
4

. - L. Solid-Liquid o .
Lime Neutralization Sep aration Effluent Discharge
Sludge Sludge disposal

Conventional N eutralization Process

Mining Almost halfofsludge generation compared to
wastewater Conventional process
- ¥
K Reaction ] R Solid-Liquid * D
Lime tank Neutralization Separation Effluent Dischar ge
I 1
1 Sludge S.udgel
Sludge Return disposal
Sludge Return Neutralization Process (HDS: High Density Solids Method) 15

"
Flow Measurement

1. Measurement by Container
2. Measurement by Weir-Open Channel

Weir type Flume type

Triangle, rectangular, or full

Instruments . i Partial flume and level meter
width weir and level meter
To measure upstreamlevel to |To measure upstream level by

Principal overflow by installing weir plate [lessening the part of width of the
in the course of open channel channel (throat)

Measurement range [0.02~10 m’/s 0.002~2.5 m’/s

Head loss 0.3~0.6 m Less than 0.2 m in general

Necessary length of

. . Upstream 4 to 5 times of weir  |Upstream 4 to 5 times of weir
straight line of

width width of throat
channel
Accuracy roughly +4% roughly +4%
Simple structure, small cost Almost no accumulation of solids.
Advantage and - .
. Accumulation of solids at .
disadvantage Large scale and complicated shape
upstream
Prepare the relation figure of head loss (water level) and flow rate. 16
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Triangle and Rectangle Weir

A
3]
A J

\

2 &

| ]
QEW

\}

Ht

A

g

Triangle weir Q= C Ht 32 (m3/s) at 90
degree triangle weir

=

17T AT v

Rectangle weir Q= CbHt>? (m?/s)
Flow rate is proportional to Ht and C (Flow
rate coefficient) is calculated by B, b, W and Ht,

17

Partial Flume

_ Waterleveldetector tank

Partial Flume
1

_/—r\,‘_ -
Width lessenn g part \

Throat 'l

Width expanding part

Upstreamwater level
T— =
—

1

\

Crest

Level swich

N

NNNNN

ANNANRNNNN

:

Water leveldetector tank

Partial Flume Q=K+h m
Q: Flow rate (m*./’h), h,: Upstream water depth (m)
K. m:Constant decided by shape, size and throat width of the flume
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|
Flow Meter for Pipe-1
E““”“""w“““ Orifice type | Veaturd type | Ulirasniefype | Vorbes type | Tmpeller type
[Crrilice plote nod]  Venluri lubse
Tnstruments Hleciycpmiguiin differentinl | and differential Ultrasonlc flow Vortex meter Impeller flow
meler meler meler
prissare meler | presure moler
o veldimgd b dnaleced | iR & gdabe Wikl A)S e as scllcg Uhe configursion is | When @ Biuld fows | Tle relor spiss as
et o voedaiton [l i e dler iy, i vept [ol @l i s |arvomd s Wl e Lisgusiel prasrs
sl | insves rwuses dilTeremilnl (il i plsce off waven tngieling ulefeid, Eddles ne [thswuls the hindes,
ihromgh w mEgneile  |pressre uoibe rom |enidlee. lrrvrrrm the deviess  [vorsices ure shed | T retusd il wpeed
[mera, vme ammonnr of |Eno ehe Fear & e Co LY T AR PTAERTY [in o dereen rehevia @l
wnilpuge preduied Iv  |plaie, The migle fa ifer Berdlon |downiiressn of e [Now pals,
ke ly g il | $fe i) pressie ol ol B, The  Jubejoud. The
[ ite B i iy @ redatn wits vpeed of the signul | frequeney of ihe
[ilaw rate. [irw et erween (e |7 omex shedding is
s e dirrcily o parfianal
L TERRET BT o ile velocity of e
devireses with (e ||lepiidd Dvwiig
Frineipul | divecilam al imrnEn lne mrieT,
ramarision anid div
Valiiry & B ligokd
llmllll. et il &
|tinwe. differeniinl
ek
perujprtbinal o 1
s cam b ohianed
e tsibtiing i
|sinad aliermaiely s
it dlrer e
19
" JE
|
Flow Meter for Pipe-2
Electromagnetic ) ] ]
I Orifice type | Venturi type | Ulirasonic type | Vortex type | Impeller type
Tube size 1o be
applied 2500 3000 mm | 15 0 3000 mm | 50 to L200mm | 25w 3000 mm | 2500200 mm | S0 to 400 mm
25 1o 80 B0 of Sto2 el
Pressure loss e differential pressure | diferendial pressure o Sl el
Mecessary length . Upstream 1 1o 4.2
orl.n:igJ;I: pipe Upstream 10 to S0 I]p]lu'nmslﬁam 4 | Upstream 10 to 20 | Upstream 10 ta 50 | Upstream 10 to 50
[Upstrean about SD) D, Downstream 4 | ) . i .
(Lo inner pipe siee i0 8D times of threat (I Downstream 2D (D, Downstream 2D | D, Downstream 30
ol the ow meter) diameter
|InMuence of solids) No Yes Yes Yes Felatively small | Ves (Need strainer)
Kough
e - 2051010 £110d £l +110l5 21 £2104
[accuracy (%)
ot used for (e Clogging and
i Tiquid withow pressure drop by
Remarks ceciricly | orifce comses easty | S0 2 teifice tpe
conduetivity tromhles
20
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Wastewater Management in Skopje

Flow measurement-Open Channel

Measurement method: Time-Distance
Sensor: Ultrasonic Flow Meter
Applicable level: 0.15-2 m

(Pentough Corporation)

MS-PII
Measurement method: Level-Flow Automatic Calculation

Sensor: Ultrasonic Flow Distribution Sensor
(Pentough Corporation)

21

" JEE
Figures of Flow Meters for Pipe-1

ELECTROMAGNETIC =
coia [ Housing

Orifice Flow Meter Venturi Flow Meter

22
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A e N N T

RECEIVING
ELEMENT

— & FLOW -
b DIRECTION
P | | L3 " E e

Ultra Sonic Flow Meter

.

I va )

FLOW 0 @
9_,—' +

rarar o e

FLOW <
ELEMENT

! L]
VORTEX |
PIPE WALL

Vortex Flow Meter

" JEE
Flow Meter for Pipe-3

Potable Flow Meter
(Ultra Sonic Flow Meter)
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Figures of Flow Meters for Pipe-2

TRANSMITTING
ELEMENT

23

Turbine flow meter
(Seil Enterprise Co.)
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" JJEE
Wastewater Treatment-1

Solid Pre- .
Grid removal treatment Aeration Zone Settler

T S i ¥ e |
- - Cre el
—7"-> i
:
- am g8

W astewater

Sand Dis-
Filter infection

Effluent

.
& Sludge
Je
Solid Pre-

Grid removal treatment Aeratmn Zone Memb rane
— T -
Wastewater CE S Effluent

E Sludge
i

Schematic of conventional activated sludge process (top)
and membrane bioreactor (bottom)

25
" JAEE
|
[
Membrane Bioreactor
Installation of Membrane Unit
Backwash air__ Effluent
Wastewater
Air supply for
Biological treatment
(N
4
Zeon Hollow Fiber hh reactor mﬂmhr'ﬂt
@ |‘
e
' L @ I Clean water
‘- f=——""4
' g Solids and
mioro-orgenizms retained
Py mabiniale
26
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Wastewater Management in Skopje

Biological Treatment

Suspended Bio-xlndpe

(Activated sludge)

=

—{Oxygen Activated Sludge

— Extended Acration

(Conventional Activated S‘ludm- '

|
|

Ty T

—{USB (Upflow Sludge Bed) |

— Batch-Typed Activated Sludge |

— Bio-filter

!
_!i._.‘n_l_l_t_a:i dx__i_dﬂi;iﬂl; " N |
i Raotary Disc |

|

—i{-‘Lnratrd lagoonn |

[ Bio-Film Process | Trickling Filter

— Anaerobic Pond

—!_F"ncul‘lnﬁ\'n FPonud |

‘-'—";_I\-'ntl_and_

27

Characteristics of Biological Treatment

Suspended bio-sludge
syslem

Bio-film system

Matural pond system

Fring i! wal

Flock of microbe called
activated sludge is
suspended in a Feactor.
Suspended sludge has
Minclions of adsorplion,
oxidation/reduction and
decomposition of organic
matter in terms of BOD.
orfand parts of COD

Microbes attached and
thrived on the surface of
media such as plastic, stone,
sand, honeycombed type
cell, Miber and so0 on,
Adlsorh, oxidize/reduces and
decompose organic matlers
in terms of BOD: and parts
of COD

Microbes naturally thrived
in the natural pond
oxldize/reduces and
decompose organic matiers
in terms of BOD. and parts
of COD

Advantage

* When solid-liguid
separation is properly
achieved, clear treated
water can be obtained.

* Mol necessary of conirol
of sludge return

* Relatively easy
mainienance

* Relatively sirong for
Muctuation of quality

o o need final
sedimentation tank in bio-
filter method

* SEmaller space than
suspended bio-sludge
sysiem

* Mo need power

+* Easy maintenance

* Maintenance cost is
minimum..

* Possible to remove N and
I?‘

. Strong Lo quantity
fluctuation

* Hygicnic bacterial
removal by increasing
numbers of ponds

Part IV: A3-83
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" JE
Characteristics of Biological Treatment

Suspended bio-sludge

Bio-film system MNatural pond system
system v L
+ Solid (activated sludge) - |+ Impossible Lo contral + Need large space
liquid separation and microbes due to no sludge
keeping sludge return.

concentration in the
* Generally the final

eMuent is not clear due to
Mow out of small particle
of microbe

reactor by returning
concentrated sludge from
sedimentation tank are
the key factors.

* Need trained and skilled

Disadvantage

technicians

* USB and conventional
activated sludge method
are week in Muctuation of

quality.

29

" JE
Removal of Nitrification and Phosphorus
by Biological Treatment

Returned nitrification

liquid
From Primary Inorganic coagulant
Sedimentation r
| Anaerohic | Anoxic | Aeration Secondary [~ —

Tank | Tank | Tank | |Sedimentation Chlorination Discharge

Returned sludge Fxcess sludoe

-

30
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" JE
Characteristics of Removal of Nitrogen

and Phosphorus by Biological Treatment

1) Principal
#+ Three (3) reactors in series
4 Phosphorus removal: by excess intake of phosphorus by activated sludge
# Nitrogen removal: Nitrification in aeration tank and de-nitrification in anoxic tank
2) Features of the process
(Advantages)
#® Removal rate of nitrogen and phosphorus is 60-70 and 70 -80 %o, respectively.
® Removal rate of organic matter is superior to conventional activated sludge
process
#® Few chances of occurrence of bulking of activated sludge
(Disadvantages)
® 1.5 to 2 times of space is necessary compared to conventional activated sludge
process
® Re-dissolution of phosphorus in anaerobic sludge treatment
* Phosphorus removal limitation
® Al or Fe coagulant is used to highly remove phosphorus

31

" JJE
Performance Evaluation

1) Setting target level: BOD; 10 mg/L, SS 20 mg/L, T-N 10 mg/L, T-P 1.0 mg/L
2) Factors to influence on performance
4 Inlet quality of BODs, SS, N and P and flow rate
+ Water temperature
+ pH
+ MLVSS, SRT, A-SRT (aerobic sludge retention time) in the reactors
4 HRT of each biological tank
4 ORPs of anaerobic and anoxic tank
¢ DO of aeration tank
4 Return load from sludge treatment process
3) Notes
4 Hourly and daily fluctuation, install automatic meters with recording
4+ Correlation of automatic analysis equipment such as pII meter, MLDO meter,
MLSS meter, ORP meter, COD meter with official analysis methods
4 Biological Activity Check
4 Qualitative evaluations of air supply, excess sludge generation, sludge return rate,
Dynamic simulation formula of MLSS-Temperature, inlet and outlet quality, etc.
32
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" JEE
Quality Monitoring

Inlet Of_ Outlet O_f Outlet of Outlet of Outlet of Returned
Anaerobic Anaerobic Anoxic Tank |Aerobic Tank secondary sludge
Tank tank clarifier
pH @) O @) O
MLDO (@)
MLSS O B
sV @) O
ORP s 3T
NH,-N ocm oom oom ceom Cceon
NOx-N [ J©] | [ I©] | [ I&] | oeon
Org-N [ J©] | [ 1©)] |
T-N [ 1©] s [ 1©] B
S-PO,P ocm oom oom ceom Cceon
T-P [ 1] By [ 1S] B
Alkanity [ Ie] | | [ 1©] |
SS coe slel ) O
BODs [ J&] ] oom
S-BODs [ Je] ] oCm
COD [ 1] B OO N
S-COD [ I&] Bid [ €] By
DO o o O
Temperature [ele] ) sle] )
Transparency [elc] ) jele] ]
(Remarks)
O:Daily check ®: Regular check @: Check though the day
Il: Biological activity check 3%: by Automatic meter

NOx-N: NO3-N + NO, N
Analysis Method: by sewage analysis method

33
" J
Why entering oil/grease to the WWTP is restricted?
* Clog the sewer
+ Negative effect on the performance of clarifier
* Negative effect on oxygen supply in acration tank
* When it turns to acid by bacteria activity in sewer, BODy value increases drastically.
It means the load of the plant increases drastically 1o the extent of the limitl of design
level and the eMuoent perfformance becomes worse, even with mechanically
Just after conking with ofl (hoty  Add chemical immediately before cooling ‘“uiﬂm
Disposal as garbmge Cooling
34
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1)

3)

4)

)

Treatment of Heavy Metals-1

Hydroxide method

* Lime is better in terms of nature of dehydration.

Co-precipitation

* Ferrous or ferric chloride or sulfate is used as iron salt. Sulfate salt is superior to chloride
salt in the nature of dehydration,

Crystallization-typed neutralization

+ Reactor type packed with seed crystallization or sludge recirculation process is applied.

* Fluorine is removed up to 10 to 20 mg/l and around 8 mg/l by conventional neutralization and
crysiallization-typed newtralization, respectively.

lon reaction

* Antimony (5b0," ), molybdenum (Mo0," ), tungsten { WO, ) etc. formulate insoluble salt with
iron salt.

* Fe' + AsO o FeAs, |

Peculiar Reaction

*+ Ammonia complexes of zine, copper, nickel, cadmium, etc which hardly formulate hydroxides
by conventional method formulate hydroxide with the existence of © .

Substitution method

* In general, wastewater including metals ean®t remove by simple pH adjustment because it also
includes chelating agents andfor dispersion agenis,

* It is important to make the average to lessen the concentration of chelating agents or separate
concentrated such wastewater.

* Mg salt or Fe + Ca salt is used. The former has superior effects on sludge reduction and COI»
absorption; however, the later is used gencerally,

35

7)

Treatment of Heavy Metals-2

Sulfide Process

#*+ The application of this process has been very limited, only for mercury treatment, due to the
toxicity, intense odor and the nature of erosion of hydrogen sulfide.

#* Excess sulfide is necessary to form a complete sulfide compounds,

#*+ Further excess sullide brings re-dissolution.

*+ Generally iron salt is added for the reaction with the excess sulflide and improvement the
coagulation effect by co-precipitation effect.

* Recently special sulfurous heavy metal fixing agent is used.

* However, pre-treatment test is necessary depending on Kind and concentration of the complex
like for EDTA complex with nickel or chromium.

* In case where a different nature complex like organic acid complex such as oxyearbonic acid
or carbonic acid complex and ammonia complex exists, treatment along with substitution
method may be necessary.

* For the segregated wastewater including kinds of chelating agents such as EDTA, citric acid
with mercury, cadmiom, cyanide, ete lrom laboratories of a university, this method can’t
remove mercury and cadmivm due to the effect of chelating agenits.

#* Here, this method is adapted after decomposition of eyanide and chelating agents such as
EDTA, citric acid, etc by alkali chlorine decomposition by adding nickel salt. It is possible to
decompose the chelating agents such as EDTA, citric acid, ete by heat decom position by
EMnO4 (potassium permanganate) or fenton method using Hydrogen peroxide and iron salt,

36
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Treatment of Heavy Metals-3

8)  Ferrite process
* Mixing the solution containing ferrous ion with caustic soda at the rate of 2NaOH/FeS0,=1 at
more than 60 “C to make the solution of more than pH 9 forms ferrite, a strong magnetic
body, (Magnetite: MOV/Fe, 04 (M: Fe, Co, Mn, Ni, Cu, Mg, £n, Cd, eic).
* Advantages
- Possible to treat kinds of metals simultaneously
= Metals in the cryvstal structure of ferrite are hard to dissolved
- Suitable for small sized wastewater treatment such as from laboratories containing kinds of
heavy metals
* Disadvantages
= Mercury treatment from exhaust gas because mercury in wastewater moves into exhaust
gas
- Chelating agents such as EDTA, organic acid, etc should be treated by oxidation
decomposition process in advance
= Alot of sludge gencration
%) Iron powder method
# This method is to precipitate co-existing ion by the difference of ionization tendency.
* Scrap iron is used to recover copper in mining wastewater,
* Dissolved iron ion has the function of co-precipitation.
+ Fe'" + Cu® —Fe®' + Cu® (pH 2-4)

37

"
Treatment of Heavy Metals-4

* Advantages
- Special iron powder with many holes on the surface, large specific area and physical and
chemical absorption Tunctions ean remove Zn®', Cd*', Ni¥" which are considered difficult
to treat theoretically.
- O is reduced to Cr*
- Fe-CN complex forms insoluble Fe-CN complex (Turnbull's blue) by the reaction with
dissolved Fe''.
- Accordingly simultaneous treatment of hazardous treatment is possible.
= Rapid sinking velocity of the sludge, small sludge volume, good dehydration
Suitable for small sized wastewater treatment such as from laboratories containing kinds of
heavy metals
* Dizadvantages
= A lot of sludge generation as a dry base,
= Chelating agents should be treated by oxidation decomposition process in advance
- Remained iron powder is hard to pump up or transportation,
10y Selective Chelate lon-Exchange Method

* Chelate resin having the order in selectivity of heavy metals and having special functions to
treat As™', B{);t" F along with to treat normal heavy metals has been developed,

* ng' is treated up to less than 0.0005 mg/l. with chelate resing however, the resin is impossible
to regenerate.

* This method is also used for recovery of the precious metals such as Au®™, P, Pd™', Hg'', Ag’
and rare metals such as T1, In.

38
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"
Chelating Agents

Sorts Cheleting agents Nature

Oxvearbonic Citric acid, tartaric acid, . .

S . . Forms complex with almost metals
acid complex gluconic acid, elc
Carbonic acid Acetic acid, oxalic acid, Not ?t?hle_ asa mmp'“: Furm_“

. . precipitation of hydroxide by lime or
complex malonic acid . . .
calcium salt along with caustic soda
EDTA

Amino- Forms stable complex with almaost

(ethylencdiaminetetraacetic

- heavy tals. Nickel and ch i
acid). NTA (Nitrilotriacetic | o cre PICRED Al CAromivm

complex are extremely stable.

polycarbonic
acid complex

acid), elc
Ethanolamine Mono, di, tri-ethanolamine, |Forms relatively stable complex with
complex ete lead, copper, iron, ete.
Ammine Ammonia, ethylenediamine, |Forms a stable complex at high
complex ete concentration
C?ﬂ]p!‘..ll.ll‘ld31 FPhosphate, carbonic salt, |[Hinders precipitations of heavy
with dispersion -
silicate, elc metals
effects
39
" J
Effects of Substitution treatment
(Ni-EDTA complex)
I
Fe™ 1,000 mgL Ca™ 1,000 mgL

Raw water ey T'e substitution _E— Ca substitution == Fillration

CODM: 220 mal, pH adjustment: 4 I pH 11 (1 howr) by No.5C

EDTA: 3 mgL, (Thou NaOH Ni: 0.86 mgL,

Ni: 100 mg/L, Cu: less than 0.1 mgL

Cu:100 mgL, In:0.21 mglL

In: 110 mg/L

Substitution method is applied at acid side due to an ion reaction as principal.

40
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Sludge Treatment

1} Solidification by cement or asphalt
2) Sintering with the mixture of other inorganic matters
* Nelting process where sludge is incinerated alone by its remained ash and the
clinker is discharged
* Sintering process where glass, clays, ete, are added to sludge as a sintering
material. The sintering process is earried out at 800 to 1,000 C.
* Advantages
- Reduction of waste volume, Stable
- Sintered material is used for aggregate, bricks, ete.
* Disadvantages
- Limitation of sludge application due to volatilization of heavy metals
- Re-dissolution of Cr to Cr*’
3) Chemical treatment by special sulfurous heavy metal fixing agent
4) Metal recycle
* Segregation of sludge
- Heavy metal, hydrogen fluoride acid or phosphoric acid
* Sludge concentration by HIXS method
#+ Establishment of supply and transportation system
a1

Examples of metal recycles, etc.
including in the stage of R & D.

1) Return to copper refinery of sludge from wastewater treatment of copper plating
and copper foil

2) Recycle of nickel, chromium and iron from the sludge of stainless materials surface
treatment

3) Electrode reduction recycle of plating waste liquid including precious metals such as
gold, silver, palladium, etc.

4) By-product aluminum from the sludge of aluminum material surface treatment

5) Ferric ferrite production from acid cleaning and polishing of steel materials process

6) Recycle of zinc, cadmium, lead from the dust or residue generated in metal refinery
processes

7) Recycle of hydrogen fluoride acid from calcium fluoride generated in semi-
conductor production process
+ CaF, + H,S0,—2HF + CaS0,

42
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"
Eco-Cement System Flow

Household

Eco-cement System Flow

._.
W as e factory
wase -'i
(W13 —_—
Incineration

dust

(BT

To sme Iting factory

~® = [ Rawmaterial To recycle
— Gus i '_!

- [N removal
S —
|

awvw

Eco-
ceme nt

[Foundation impr oveme nt | lm|t ovement

| Kawasald Ciy

| Populazion:

| 1A% thowsamd
CEamiovinm qnﬂll\':
232,000t

Taiheiyo Cement Corporation

Eﬂﬁk}ﬁ-—i—

e
-, .

. [

Sewage
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Waste Treatment by Kawasaki Eco-Town
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Treatment of Hazardous Substances-1

Hazardous
|_Substances |

Cadmivm and
lead

Treatment

Remarks

Hydroxide,

substitution, sulfide

methods

Chromium (V)

Reduction from to
ot

By salfurous acid sabt

P2 to 2.5, ORP: 300 to 400 mV. changenble with the co
exisienes of sther meial

Excess additton of sulfurous scld sali brings sbout ihe dispersion
o ehwombum {11,

- Al exeess addition of sulfiaroms acid sabll brings aboat re-
generulion of chrombum (VI k.

By femrous sulflde
Wikde range of pll
Waste Hepdd inchuding ferrouns sulfide can be used.
- Mo chaombon (V] ) exlsis o e MMaent

Antamaile control: pH = 1o 12, using DO meler

Electrolysls reductlon: Fe cathode
Achd neddition due to pll increase during resction
Sultable for concentrated Wgudd

lon exchange
cifMuent

Strongly basle anlon-exchange resin to recover E'l‘“, Sudinble for
wrmall sleed ireaiment,

Activated carbon

pH 4-6; Satuwraled adsorpion capaciiy; 10 lo 20 mg l'.‘r"-’u: A
EMueawt: 025 mg/l.

45

"
Treatment of Hazardous Substances-2

Hazardous

Inorganic
Mercury

Substances

Treatment
method

Remarks

Sullide method
including special
sulfurous heavy
metal fixing agent

As( Iy

Activated Alumina

Activaled carbon # EMective For norgande and organke mercimy, pH 1 o 6
Mercury selective
" N # Having sulfurous funcilonsl group
chelating resin
Oxidation by
Organic chlorine + sulfide o Ursidation of organke mercury with small carbon number ls more
Mercury method + (mercury difficuli o oxidize due io bts stabiliiy.
chelale resind
- Change Lo As{ V) by oxidation ushig chlordne, ocone, hydrogen
peroxhide
. L. N # As co-precipiation agent: Fe(lll ) Best pH: 4-5
Co-precipitation
- Calcium » sodium carbonaie s also eMective o ireal heavy
melals shomaillanecusly al pH over 10,5
Arsine # lron powder or fervite method is also eMective
Chelate resin like * For drinking waler
selenium type # EfMecis are infueneed by eo-exisiing subsianees
chelatle resin for # MNeed experiment in sdvancs

46
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" JJEE
Treatment of Hazardous Substances-3

Selenium

Hazardous Treatment
Substances method

Remarks

Co-precipitation by
Fe (IIl)

# EfMective only Tor Se(lV ): pH: below 6.2
# MNeed experiment in advance

Adsorption by
activated alumina

# Effective only Tor Se{lV)
4 Salurated absorption amount: 0.24 mg-Se/L-activated alumina

Ion exchange or
R.O

# Effective for Se (¥ ) and Se (V1)

Reduction by metal
iron

* Wastewaier contalning ackd SeiV]) with HCl passed through a
column packed with metal on at 50 °C, 8V 15hr, The reduction
ratlo Is in proportion to Fe ( 11 ) dissolved. After then neutralization.

Influenced h}'-‘s‘ﬂf': Pre-experiment Is necessary
Al Cu, Enare the candidates as reduction agents.
Reduction by absorption agent preparved by Fe(lll) and Ph.

Study on Se (IV ) and Se (V1) absorption of N-methyl-D-ghecamine
len-exchange resin mainly being used for removing boron

Biological reduction

Method using anaerobic bacteria which use Se Tor respiration to
reduce Lo metal Se. InJapan a process where Mological de
nitrification and removal of Se was developed by culluring selenium
reduction bacteria: however, de-nilrification is prior Lo Se
reduction. Accordingly, de-nitrification showld be completed Mirst,
which brings aboul a big volume of de- nitrification tank.

47

|
Treatment of Hazardous Substances-4
Hazardous Treatment
Remarks
Substances method
* pH over 9, Alumium sall and calclum hydroxide by adserpiion on
Cuf AN
Coagulation- # Treatment of Muero boronic acihd (HEBF ) needs other processes.
sedimentation * One possibility is using lon-exchange to concentrate, Concentrated|
Boraon process one 5 heat decomposition with calcimm sali.
* Another is to use nhominem sall with heat to decompose HRF, Lo
treat F.
Asorption (ion- * Momethyl D glocamine lon-exchange resin s OF type by NaOH,
ex,clmngg-) reclabm by sulfuric acld,
- By adding lime to Muorine Fforms nsolible calchon Moorkde, The
Calcium Fluoride Tt eMMuent quality is 10 to 20 mg-F/L: however, by HDS method,
method Lhe guualily becomes beller,
# Sullable for 30 to S0 mg- F/L nfMoent
* F Is absorbed on the surface of Alumbnum hydrosdde formed by
Fluorine Hvd . abuminem salt at pH 6 to 7
dEliil -
¥ . I?I“ # EfMucnt less than 8 mg-F/L
rec ation
P lhpd # Suitable For infMoence with less than 20 to 30 mg-F/L
et e
* Shmilar process is uslng magnesiom hydroxide, pil 10 to 11, this
mietlad will remove heavy metal ydroxide stimultane ously
Adsorption # by selective lon exchange resin

48
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Treatment of Hazardous Substances-5

Hazardous Treatment
Substances method

Remarks

# First stage: pH more over 10, ORP 300 - 350 mV

#* Second stage: pH 7 -8, ORP: 6040 -630 mV

* Cl/ON=T

* Applicable for NaCN, KON, Cu-CN complex, Zn-CN complex and
Cd-CN complex

. i . # Decomposition of NiCN and Ag-CN needs excess chlorine and long)

Alkali Chlorination retention time, ORP control s not sultable but constant feed bs used
al normal temperature. Under the temperature 40 250 "C, NiON
complex Is easlly decomposed In accordance with theory and ORP
conirol is applicable.

* Fe CN, Co-CN, Au-CN complexes are stable, not being
decomposed even by excess clilorine, Accordingly, these complexes
are treated by absorptlon or insoluble salt formation process,

Cyanogens

#* pH more over 9.5

# Trace of Cu or Mn acts as a posithve catalyst

#* Decomposition of Ni-CN is possible,

# Decomposition of Fe-CN, Co-CN, Au-CN s not possible
#* Sultable for concentrated Hoguld waste

# Mot suitable for Fe-CN or NIFCN complex,

Oxidation by ozone

Electrode oxidation

49

| |
Treatment of Hazardous Substances-6
[ Tazard Treatm
Sulms.:: meth.:lm S

& Sudinble for Fe O

* Lack of Fe to be added produces solulide Fe [ Fe{CM), |
Turnbull's blue 10|+ Sultable pH is 56 because high pH causes soluble Fe-CN complex.
Tformulate # Applicabile afer alkali cldorination
(Fey[Fe(TN)g)3) * ORI contrel or DO monliering and control because Ferrous sall

reacts Tumbull's ue —residual chlorine — DO, To measoure [
decrease

*

Cw, M, Zanin place of Fe can form insoluble Fe-CN complex. pH 8

Formation of imn this meethod.

insoluble N-

# Hultable for kinds of CNometal compleses and free ON,
. complex
i Yanogens # Lsed lor recovery of preclious metals fromm An-ON, Ag- CMN
# By activated shudge process aler bactera cublure
Biological
T t " # Asan example, Influent 20 50 mg- CNOL, 0.4 - 0.8
realtnen
kx'mDMu-‘ﬂlJ-'du}'. removal e of CN: more than 98 %
* By lonoexchange resin or by aclivated carbon, Generally this
method is used only as non-regenertion.
Absorption
* Becovery of Aw AMer saturation. e absorption materiaks are
Incinerated 1o recovery of A,
Acid * oH less than 1| CN comples s discomposed and produces CN gas,
decomposition- O gas s trapped by NaOH to form NaCN or incinerated (more
incineration Hleam P00 ) bo OO and ™ gas

50
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Treatment of Hazardous Substances-7

Cyanogens

Treatment
method

Remarks

Evaporation-
melting process

CMN compounds are decomposed al high temperature. Evaporated
residue Is decomposed il 1,200 "C do CO0 and M and metal residuoe
I recovered. The Uguld separuied sl evaporation process conbalns
PIELy o pard of O™ to be iresied,

Subtable for concentrated O compounids.

This meihod needs boller for concentration, cooling tower, blnst
Fumas, exhimustied gas treatment, allall decomposition apparats
Foa® lhguikd separaled al evaparalion, ele,

Cosily

Wet heating

This meethod s heating (more than 150 T hy 1.1 MPa boller) ©MN
campeunds al pressugised vessel o Torm MNH; and Formale achd salt

Break-point
chlorination

hydrolysis by My HL
decomposition .
* When ON s completely decomposed, metals Tormed CN complex o

process chan meinl oxide.
Blﬂlﬂmtﬂl & Bilologleal nitrifcation-denirifieation
treatment

Ml rogen (T |l. o - Targei: MH-MN, High pH by NaldH, elminate as NH; gas by

. . Ammonia striping acralion or scrubber, high performance with high temperature,
Moy =N, Ny~ elimdnated MH; s recovered as ammpenbam sulfale
™) -

Targei: MNH-MN, decomposing af NH,-™ 10 Ny gas by ehlorine,
Hubiable for low concentraibon of MH,-MN, (YR control. Possibility
of generation af iri-halomethane, a carcinegen.
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Treatment of Hazardous Substances-8

Hazardous
Substances

Mitrogen {(WH,-

Treatment
method

Remarks

lon-¢ xl:h:tngr

Faeoliie or cailon lon exchange resin for MNEL lone Andon lon
exchange resin Tor MOy, MO,y lon, Treatment of reclaimed Boudd
comaining concentrated nitrogen is necessary. Zeollie or lon
exchange resins nre low In selecilviiy.

N, NN, NO,-
N

Decomposition with
catalysi

Decomposition of NH-™ fo Ny gas ai gh iemperaiore amd high
pressure with the help of oxygen and cainlyst (precious metsl or
melal axide). Suitable For gh concentrated ML - Houedd ke
regeneration Bguid of lon-cxclange ireaiment

Oirgancphosphoras

Biological

trentment

Hydrolysis mt high pkl- = congulation sedimentation = fMlirntion -«

clillud ben smcllvated slodge

Parathion, EPMN
{O-ethyl O-4-
nitrophenyl
phenviphosphonot

ey, Methyl
Ao

IRt

Activated carbon

Main target: paraihion

COrganic pesticide

Activated carbon

Absorptlon capachy is soull

i1.3-

dichloropropene
(I3, Thiursm,
Simszine (CA
Thisbencarby:
disinfectant and

weedl killer

ROy

Treatmend of conceidraled Hguld and eleanbag sastesaler is soill

FTTRCETTT

52

Part IV: A3-95




Appendix 3, Part IV (AP/IW)
Wastewater Management in Skopje

"
Treatment of Hazardous Substances-9

Hazardous Treatment Remark
Congulation-

sedimentation-slow | % Cosngulation absorption by usbng ksolin and shembmon sulfste
Filtration or MF

#* Twrgel: chilorine munber 1-%, need pre expecosent
Activated carbon

POB Base Catalyzed * Do chlorimation of POR by heating at 300 (o 350 02 with My gas
(polyehlorabiphen |Decomposition{BC with the helps of ofl with high bolllng pobsl. carbon calnlyvst mmd
vl ¥ KO,

Supercritical Waler | ® Decomposition by supercritical water oxidation ({400 0, 25MPa)
Orxidation (50WOF)
Bloremediation & Treatument of dioxln contaminated soll White rot Tungos s a
earrn fungus that eauses woeod decay; i exereles Bgade
degrading eneymes with highly sctive oxidizing properties that can

fungus decompose virlous organic conmpounds.
By stripping tower, for Trichloroethylens 1940 — 230 g/day 20 m"
alrm® wastewater b, for Tetrwchloroeihylens 39 - 183 g/day

using white rol

Acration
1200 - aleim - wastewater T, eliminated gas is ireated by
absorption or oxidation decomposiilon
Volatile Owganie [ Activated carbon * Abhsorption cnpacity is very small. pre-experiment Is necessary
Compounds adsorplion
Oxidation * By K30 at high tempernture, P00 -+ U with THO: catalyst
decomposition
Biological * iy specinl bacteris in the soll to decompose Volatile Organic
treatment Compounds, activated dudge
53
" J
-
g MNaOH
Ca(OH);  Polymer |
InfTuent | - - | -
TS i- Hu.l No.1 EMuaent
i M E- m!mh Sedimentation
e iy tank:
Slud Cal
Regeneration waste (NAF) HOgE St n
F removal by combination of F-absorption Resin
bl
i
Reduction Paolymer {.‘_:I .
H]
Influeni '_j ! i
* EfMuent
> 1 ) Sedimentation Pl adjustinent| | Scedimentotion
.ml Coagulativ tank Aiale HE
tank
(ALl N change
insoluble) Sludge containing CN
Cu(OHy slodge (Recycle lne)
CN removal by Formulation of Insoluble Salt by Cu-salt
54
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|
[
Analysis of Hazardous Substances-1
Parameter Analysis method Remarks
# Use the relerence solution where a little amount of
Diphenylcarbazide ethanol to change chrominm (V1) to chromium {111
ahsnrptiometr}' # Heduction substances give negative influence. In this
ease, use Fe coprecipltation to separate chromium (V1)
Flame atomic absorption
Chromium method
(VI)(Cr*)  |Electric heating atomic
absorption method # Filtrate by Fe co-precipitation
ICP atomic emission
spectrometry
ICF mass spectrometry
Dicthyldithiocarbamic acid | * C"nee As (V) to As(lll) with KT and SnCl.
iy It ab . v # Generated H25 is Mived by lead acetate solution
silver salt absorplomeny |, gou 35°C b water bath
Arsenic (As) # Change As(lll} to arsenic hydride by Zn powder
T o . " # Use hyvdrogen- argon Mame
Atomic ?bﬁnrlﬂmn method # When a lol of organic matter is contained, decompose
by hydride the organic matter with H.50,, HNO,, HCL,
# Use the beaker made of ethylene tetra Muoride resin

" JE
Analysis of Hazardous Substances-2

55

Parameter

Analysis method

Remarks

Arsenic (As)

Atomic absorption method
by hyvdride

# Contamination of Zn powder to generate hydride,

Sodium tetrahydroborate is preferable o wse instead of
i,

Instead of hydrogen-argon Mame, a heating-type
absorplion cell is serviceable.

ICP atomic emission
spectrometry by hydride

# Change As(ll) to arsenie hydride by NaBH, and HC1

Change As (W) to As{I with HOC and K Br in order to
reduce selenbum (Se) simultaneously .

1971)

Atomic absorption
spectrometry by heating and
vaporization

# Lse siandard addition methoed for calibration curve and
background comrectlion
# Pretreated sample using KMnOd, and reduce Flg [T by
AnCly Aerate this sohution to generate Mercury vapor,
N anel meeasure its alomic absormplion.
Total Atomic absorption # Be careful of lots of chloride lon. Reduction by excess
ui spectrometry by reduction hydroxyl anmonium solutien.
mercury and vaporization # Benzene or acetone gives positlve error. When
(MNotice 59, complicuted substances exist, extract mercury as
Ministry of dithizone complex, measure owing to heating and
L. vaporation method.
Environment, -

Pretreated sample using KMnO,, and extract dithlzone
complex of mercury with organic solvent from the
solution acidified by H;50,. After volatilizing organic
solvent, heat resldue to emit mercury vapor, measure lis
wlomic absorplion.
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Analysis of Hazardous Substances-3

Parameter Analysis method

Remarks

Alkyl Gas chromatography
mercury( I1)
compound
{MNotice 59,
Ministry of

Environment,

#+ Extract alkyl mercury( [ } compound In benzene, back-
extract selectively it using L-eystelne, extract again
using benzene, and measure by the gas chromatography
with ECD detector.

# When the sample contains sullide fon or thiocyanate ion,
remove it by powdered CuCls.

#+ In case of existing a lot of inorganic mercury, repeat
washings until a washing shows neutrality because
residual HCT in benzene layer causes incomplele back-
extract of alkyl mercury owing to L-cysieine,

* When the sample contains the constituent interfering
benzene extraction of alkyvl mercury( [ y compound, add
definite amount of ethy]l mercury chloride or methyl
mercury chloride reference solution, Mind the recovery
rale and correct the determined vale,

1971)
Thin layer chromatograph

spectrometry

separation-atomic absorption

# Extract alkyl mercury( [ } compound In benzene, and
concenirate it in ahunina column. Separate it with thin-
layer chromatography, peel off the spois comesponding
to alkyl mercury and measure it by atomic absorption
specirometry in accordance with the reduction
procedures for total mercury.

* When phenyl mercury exists in sample, use 1- butanol
salurated with water as developing solvent.
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|
Analysis of Hazardous Substances-4
Parameter Analysis method Remarks
3,3'-diaminobenzenzidine * Concentrate selenium by co-precipitation with Fe(OH)s,
ahsurptiumrtr_v . I:;f;imm::;ﬁ;::mn" selenium complex,

Atomic absorption method

Selenium (Se) )
by hydride

ICP atomic emission
spectrometry by hydride

+ Same as analvsis of As

Methylene blue

B B
oron (B) absorptiometry

& Add H:50; and HF to Muoride compound to make
tetrafluoroborate lon, add methylene blue, extract
produced lon assoctation by 1.2-dichloroethane, and
measure iis absorbance.

* Use Nas00; to melt organic matter when a lot of
organic matler co-exisis,

& Chromate ion makes disturbance, To prevent this
disturbance; add H;0: and boil it to decompose
excessive HyO.,

# Use waler prepared using a still made of quariz glass or
meial

# Use glassware made of quartz or soda Hme glass

#+ Use separatory funmel made of polyethylene
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|
Analysis of Hazardous Substances-5
Parameter Analysis method Remarks
#* HReact with azomethine H under pH about 6 o generate
Aromethine H vellow complex,

absorptiometry

*

The existence of Fe, Mn, Al Cu, Be, TL V. Zr gives
positive ermor.

ICP atomic emission

spectrometry
Boron (B) "

+

For the sample containing high concentration of salis,
the standard addition method is used along with
corvection of background

Belore spraying other solution, long time of spraying
waler i necessary Lo eliminate the longer memory
elfect,

ICP mass spectrometry

Use Internal standard method by using yttriom (Y) or
Imalium {Tn)

When sample contains high concentration of salt. dilute
with water to a certain concentration

Belore sprayving other solution, long time of spraying
waler is necessary to eliminate the longer memaory
elfect,

Fluorine
compound
{F)

Lanthanum-alizarin
complexone absorptiometry

Pre-treat the sample by distillation (temperature 145 £
£, distilling rate 3 to 5 mlmin

Add several drops of NaOH solution in receiver when a
lot of halogenide other than Muoride fon is contaimed in
the sample,

Keep pll 4.3-4.6 in the reaction.
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Analysis of Hazardous Substances-6

Analvysis method

Parameter

Remarks

lon-selective electrode method
Fluorine
compound

(F)

+

+

*

# Potential discrepancy between fuoride fon reference

Prre-treat the sample by distillation (temperature 145 &
5°C), distilling rate 3 1o 5 mbimin.

pH, liquid temperature, co-existence substances,
response tme, characterstics of elecirede, elc.infuence
the result.

Keep the electrode clean

solution (1mg-F 1) and Muoride jon reference solution

{100 mg-F 1) Falls in the range af 100 -128 mV (2872),
and the working curve makes linearity beiween 0.1 mg-

F 1 and 100 mg-F . concentration of Mueride lon.

Ton chromatography

Detector: Electric conductivity detector

Pre-treat the sample by distilation (temperature 145 £
&0, distilling rate 3 o 5 mlmin,

Check periodically the performance of 2 separation
columi.

Total cyanide
(CN)

Pyridine-pyrazolone
absorptiometry

Pre-treat the sample by distillation (pH below 2),
distilling rate 2 to 3 ml'min.

The pH lor coloring should be n the range from & to 5.
The color becomes the sirongest within 30 mimtes after
color reaction and the color keeps one hour are 25 C.
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" JEE
Analysis of Hazardous Substances-7

Ion chromatography

Parameter Analysis method Remarks
* Pre-treat the sample by distillation (pH below 2,
4-pyridinecarboxylic acid- disiiRing rale 2 Lo 3 mimin.
T | evamid Py o, # The color becomes the strongest within 20 minutes after
"1'_' cyanide P}mzﬂla“f nbsnrptla]nclry color reaction and the color keeps one hour are 25 °C,
{( I\l # The FH lor coloring should be i the rmange rom 7 (o 5,
lon-selective electrode * Measure the pre-treated sample ol pH 1210 13
method
+ Pre-treat the sample by distillation. distilling rate £ to 7
Indophenol blue il min. .
i # Liguid temperature belween 20 1o 25 T gives the
absorptiometry maxhmum coloring after nearly 30 mins, and it ks stable
Tor another about 30 mins.
# Pretreal the sample by distillation, distilling rate 5o 7
. Neutralization titrimetry !
Ammonium * Amines in the sample move to receiver and give positive
o {_\-[ I-I- ) . error, In this case, use llLdDPhrllﬂl hhae uhor‘tlmml:y.
Ion-selective electrode * Control the pH of pretreated sample to 11 to 13 so as to
metlhod converl ammoenia ion into amamonis,
# Detector: Electric conductivity detector
# The sample containing organde matter (proteins, oils and

Tats, surface-actlve agents, ete.) shall be Altered through
UF to remove them as complelely as possible, and then
be fested.
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|
Analysis of Hazardous Substances-8
Parameter Analvsis method Remarks
#* When sample contains cations such as caleiom or
P magnesium, prepare the eluent 20 times to 200 limes

ion (NH*)

lon chromatography

conceniruled than thal of eluent periodically, and pour
Faor the sample containing oxidizing material or
reducing material, dilute the sample with water by a
definiie rate.

Mitrite ion

(NOy )

Maphthylethylenediamine
absorptiometry

Filtrate sample through Mter paper 5 grade O or Olber
paper 6 grade. When fliration can not remove coloring
or lurbidity, use congulation- Mitration.

Ion chromatography

When anions other than nitrite jon are simali aneously
tested, use anlon mixed reference solution as designated.

Mitrate ion

(NOy)

Indophenol blue
absorptiometry after
reducing distillation

Remove ammonia by distillation with addition of MaCyH
in smmpde, nnd ndd Devards's alloy to reduce nitrile jon
anud nitrate lon inlo ammoenda, distill it (o recelver,
Ligquid temperature between 20 to 25 C glves the
maximum coloring after nearly 30 mins, and it s stable
for another abowt 30 mins.

Meutralization titrimetry
after reducing distillation

Remove arumonia by distillation with addition of NaOH
In samiple. and add Devards's alloy to reduce nitrite fon
and nitrate lon into amomonda, distill it (o recelver,

Maphthylethylenediamine

absorptiometry after copper-

cadmium column reducing

+

Reduce nitrate lon in sample by copper-cadmium
column to make it nlirte lon

Filtrate sample through Mter paper 5§ grade C or flber
paper 6 grade. When Altration can not remove coloring
or lurbidity, use congulation- Mitration.
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Analysis of Hazardous Substances-9

Parameter

Analysis method

Remarks

MNitrate ion

(NOy )

Naphthylethylenediamine
absorptiometry after copper-
cadmium column reducing

+

Liguid Mowing outl contains about 50 me-Cd/L incldes,
Treat it appropriately.

Brucine absorptiometry

In case of strong alkalinity, test it afier controlling its pil
aroumnd 7

The coexistence of such Fe (11 ), Fe (1), or manganese
{11 3 results in positive errer, but lmg/1 or less of their
concentration will give no problem.,

The reaction between nltrate lon and bucine gets faster
i proportion as temperature rises higher. ThereTore,
aperate af the same temperniore as that at calibration
curve preparation

Ton chromatography

When andons other than nitrate lon are simuolianeously
tested, use anlon mixed reference solution as designated.

Organophosp
horus (EPN,
parathion,
methyl
parathion)

Gas chromatography(Notice
64, Ministry of Environment)

*

Extract organnophosphrous by hexane and concentrate
wsing evaporator or Koderma Danish apparatus and
imject the concentrated in GO (FPD (ype)

In case disturbance peak appears by Impurities, separate
the impurities by using 50, diatomite eolumn, Norksil
codumnn or thin-layer chrommlogra)

MNaphtylethylenediamine
absorptiometry (Averell-
Morris method)

Pretreat the sample by extracting with hexane with,
separate by using Si0.- diatomite column, and remove
the disturbances

63

|
Analysis of Hazardous Substances-10
Parameter Analysis method Remarks
Naphtylethylenedinmine # Reduce organic phosphoms pesticides, diszotize it using
absorptiomet ( Averell- nitreus achl, decompose excess nitrous ackd using
Organophosp sorp ry nmnrnonium amidosulfute, couple i with M-1
horus (FEPN, Norris method) naphtylenediamine.

- . # Pretrest the sample by extracting with hexane with,
pa athion, separate hy using S00;-diatomite column, and remove
“'rth.-‘-l p-n itro phrnu] the disturbances
parathion) absorptiometry # Hydrolyee organic phosphores pesticide sith alkal,

preduce yellow p-nitrophenoxide, and measure s
ubsorbance.
Maolybdenum blue (tin
Meihvldimet chloride reductional Pretreal the sample using thin layer chrommiography
;?n: tyldime absorptiometry) (Notice 64, | with CHCl, dissolve it (o P, and color with

Ministry of Environment,
1974)

ammmnarnim maolyhdate with tin chloride,

Thiuram

High Performance Liguid
Chromatography (Notice 59,
Ministry of
Environment,1971)

Extract sample by dichloromethane as acetonitrile
solution or using solid phase of co-polymer of stylene
and divynylbenzens to absorh thbursm amd Now owt it by
acelonitrile. And inject it to HCLF (High Performmance
Lisquiel Chromatograply).

Simazine and
Thiobencarb

Gas chromatography (Notice
59, Ministry of
Environment,1971)

Extract sample by dichloromethane and concentrate by
hexane or nsing solid phase of co-polyimer of stylene and
divynyibenzene to absorb simazine and thishenearb and
Mow oud il by hexane. And nject it to Gas
chromatography (NPD or ECD type)
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Analysis of Hazardous Substances-11

Parameter

Analysis method

Remarks

Simazine and
Thiobencarb

Gas chromatography-Mass
spectrometry (Notice 59,
Ministry of
Environment, 1971)

Inject the hexane concentrated extract in GC with split
less injection method or cold-on column injection
method and monitor mass mumbers peculiar to simazine
and thichencarb using selective lon monitor

Polychlorinat
ed biphenyl
(PCE)

Gas chromatography (Notice
59, Ministry of
Environment, 1971}

Extract PCE by hexane, hydrolyze with alkall agent,
concenirafe it by hexane again, Flow the concentrated
PCB in silikagel column, collect efMuent equivalent for
the efMuent fraction confimmed by PCB standard in
advance, Concentrate the eMuent by hexane and inject
it in Gas clromatography (ECD detecior)

Gas chromatography-MMass

spectrometry

Addd NaCl and intermal standard to sample, extract PCB
and internal standard by hexane (o concentrate. Flow
the concentrated them in sililkagel colomn, concentrate
separaied e Muent again. Add perylene-dy ;. Inject 2
certain amount of it o GO-MS using seleciive lon
manitor or tetal lon monktor,

Volatile
Organic
Compounds

Purge trap method or head
space method -Gas
chromatography Mass
Spectrometry

(Purge and trap method) Add intermml standard
Muorobenzene to sample. Collect volatile organie
compounds in trap tube. Heat the trap tube to de-absorh
them and cool Lo absorh them on cooling condensalion
apparaius, Heat agaln and inject the concentrated

sample Lo GC-MS using selective lon monitor,

" JE
Analysis of Hazardous Substances-12
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Parameter

Analysis method

Remarks

Volatile
Organic
Compounds

Purge trap method or head
space method -Gas
chromatography

4 (Purge and trap method) Add internal standard
{fluorobenzene) to sample. Collect volatile organic
compounds in trap tube, Heat the trap tube to de-absorh
them and cool to absorh them on cooling condensation
apparatus. Heat again and inject the concentrated
sample to GC-MS using selective ion monitor.

Solvent extraction-Gas
Chromatography

# For Tetrachloromethane, Tetrachroroethylene, 1.1.1-
trichloroethane, 1.1.2-trichloroethane ,
Trichloroethylene (TEC). Extract them in sample hy
hexane and inject concentrated sample in Gas

4 More than 20 mg/ of mineral oil disturhances the resul,
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" JEE
Characteristics of Dehydrator

Belt Filter

Centrifuge

Filter Press

Capacity

90 to 130 kg-solid
waste/m’/hour

~&0 m*hour

2 to 4 kg-sludge
solid/m’/hour

Muoisture contents (%)

T6 to 830 % with the
addition of polymer
of 1 % to dricd
sludge.

TH to B2 %% with the
addition of polymer
of 1 % to dricd
sludge.

63 to 65 % with the
addition of lime and
ferrous of 30 to 40
Yo and 5 to 10 %,
respectively, to
dried solid

Continuous operation

Yoes

Yoes

N

Maintenance

Relatively easy due
to simple structure

Relatively easy.

Relatively difficult

Incidental facilities

Less

Many

Installation arca

A little bit bigger
than other types of
dehydrator

Small

Large

Electricity consumption

Relatively small

Relatively big

Relatively big and
running cost is high |

Others

Splintery facilities
are relatively fewer

Ligzag of filter cloth
to be paid attention.

Counter measures
to vibration and
removal of sand
and impurities

One process of
filtration-sludge
discharge-Tilter
media washing: 20
to 40 mins.
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Natural Pond Process

Oxidation Ditch Process

Thank you for your attention.
See you again.
IZAWA Tetsuo
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