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ABSTRACT

For nearly a decade there has been strong industrial growth accompanied with
environmental pollution including water poliution, air and noise pollution, and solid and
hazardous waste.

Hazardous waste is the most significant problem according to the lack of understanding
and knowledge of hazardous waste management as well as the inadequacy of disposal sites.
Hazardous waste disposal sites include Samae Dam, Bang Khun Tien, Bangkok; Ratchburi;
and GENCO on the Eastern Seaboard at Rayong,

Besides the industry which is considered as the major source of hazardous waste, academic
institutions equipped with laboratories are also sources of hazardous waste. Laboratories
generate not only hazardous waste but also toxic chemicals. The Thailand Research Fund
(TRF) has funded several research projects under the Industry University Cooperative
Research Center (IUCRC) for Hazardous and Environmental Management at five
Universities, namely Chulalongkorn University, Khon Kaen University, Chiangmai
University, Prince of Songkla University, and King Mongkut University of Technology,
Thonburi. The research projects are aimed at the management of hazardous substances,
including toxic chemicals and hazardous waste, of the university. It includes a data base
system of hazardous substances, management of hazardous waste, and an emergency
response system.

Universities will be the model of hazardous substance management. The model could be
applied to other academic institutions, organizations in both public and private sectors, as
appropriate.

Khon Kaen University of which the Environmental Engineering Department, Faculty of
Engineering as a core unit cooperating withi the Chemical Engineering Department, Faculty
of Engineering; the Chemistry Department, Faculty of Science; the Epidemiology
Department and the Sanitary Science Department, Facuity of Public Health; the
Pharmaceutical Chemistry Department and the Toxicology Department, Faculty of
Pharmacy; the Radiology Department, Faculty of Medicine; the Entomology Department,
Faculty of Agriculture, had performed the research study of TUCRC for hazardous
substance management for 2 year period, starting April 1997 to September 1999. The study
covered development of a data base system of hazardous substances, management of
hazardous substances, and development of an emergency response plan.

The data survey was carried out from July 1997 to April 1998 for 14 faculties including the
Faculties of Agriculture, Technology, Science, Engineering, Public Health, Nursing,
Pharmacy, Associated Medical Science, Medicine, Veterinary Medicine, Dentistry,
Education, Architecture, and Fine and Applied Art. Thirty one sources of hazardous
substances was found from 56 sources in 14 faculties, being equivalent to 55.53% .

Types of the hazardous substances found were flammable liquids which was 90.32% of the
buildings having hazardous substances, followed by gas and toxic chemicals being equal to
80.64% and 77.42% respectively. The Faculty of Science was the most hazardous substance
utilizing source, ie. 2,079 items of hazardous substances from 3,898 items of chemicals
used. The Faculty of Public Health was the lowest hazardous substance utilizing source, ie.
115 items of hazardous substances from 122 items of chemicals used.

The quantity of chemicals surveyed during July 1997-April 1998 was 19,970 liters of liquid
and 6,107 kilograms of solid.

Ten types of gases were used in 14 faculties during the same survey period; these include
methane, acetyiene, hydrogen, helium, oxygen, argon, nitrogen, carbon dioxide, nitrous
oxide, and mixing gas. The most common gas type used was nitrogen (51 containers of 45
kg/container) followed by carbon dioxide (39 containers of 45 kg/container) and oxygen (31
containers of 45 kg/container). Nitrogen dioxide and carbon dioxide were mostly used in



the Faculty of Science, ie. 21 containers and 19 containers, respectively. While oxygen was
mostly used in Faculty of Veterinary Medicine, ie 19 containers.

Laboratory hazardous waste was investigated for 4 departments; the Chemistry
Department, Faculty of Science; the Pharmaceutical Chemistry and the Toxicology
Department, Faculty of Pharmacy; the Environmental Engineering Department, Faculty of
Engineering. The survey period covered both first and second semesters. During June
1996-February 1997, the Chemistry Laboratory generated experimental laboratory waste of
3,400 liters of liquid and 42 kilograms of solid. The Pharmaceutical Chemistry and the
Toxicology Laboratories generated 1,933 litiers of experimental waste and 18,612 liters of
washing waste (surveyed during June 1998 — February 1999). For the Environmental
Engineering Laboratory which was surveyed during 11 November - 16 December 1998 by
estimation of 80% of water used in the laboratory. The daily maximum and minimum waste
generated were 1,760 liters and 160 liters, respectively; being 973 liters/day on average.

Laboratory waste characteristics were also studied for the abovementioned laboratories.
The studied parameters include pH, phosphorus, cyanide, mercury, lead, copper,
chromium, cadmium, zinc, manganese. The study indicated that most parameter content
were within the effluent standard of the Ministry of Industry, except mercury content.
Comparison with the effluent standard of mercury of 0.005 mg/l, mercury content of
laboratory waste generated from Environmental Engineering, Pharmacuetical Chemistry,
and Chemistry were 1,420 mg/l, 43 mg/l, and 106.41 mg/], respectively. There needs to be
an appropriate treatment.

Presently, most laboratories in Khon Kaen University do not have any laboratory waste
management and hazardous waste treatment. Mostly, laboratory waste is poured down to
the drain and discharged to the University sewer, except the Chemistry Laboratory.
Chemistry laboratory waste is treated by separating experimental waste and washing water.
Washing water is daily treated by neutralization with Sodium hydroxide {NaOH) to pH 7
prior to discharging to the sewer. The experimental waste is collected in a container by
separation of inorganic and organic wastes. The inorganic waste is weekly treated by
neutralization to pH 7. The supernatant is discharged to the sewer, where the sludge is
stabilized with lime and disposed to the disposal area provided in the University. For
Sninakarin Hospital, the infectious waste is daily incinerated in an incinerator. The
Department of Radiology will. collect all radiological waste in the appropriate container
which are sent to the Office of Atomic Energy for Peace for further treatment.

In addition to the investigation of sources and quantity of hazardous substances, the data
base system of hazardous substances was made by developing the program named
HAZBASE-KKU to record types and quantity of hazardous chemicals used and hazardous
waste generated in the laboratories. The network of data base has been established in
various departments and faculties. Moreover, the homepage of data base of hazardous
substance was developed for external use through the internet. Training for the relevant
staffs of University for utilization of the data base system has been implemented in order to
have maximum use of data base system.

An emergency response system for the laboratory was also developed by investigating the
related facilities and equipments such as fire extinguishers, safety equipment, absorbing
material used for chemical spills, etc. Mostly, these kinds of facilities and equipments are
not only inadequate but also inefficient. Training of the emergency response system was
implemented to the laboratory staffs and security guards in order to make them understand
and for awareness encouragement. The laboratory safety system was made by making the
manual of safety chemical use with the list of safety equipment. The emergency response
plan was developed with the collaboration of the emergency unit of Srinakarin Hospital and
the Khon Kaen Fire Brigade of Khon Kaen Municipality.

The model of university hazardous substance management was proposed by establishing the
Hazardous Substance Management Unit comprising of data base system, laboratory waste
disposal, and emergency response. The action plan will be implemented through the
committee, policy and acting committees. The model will be proposed to be the



University’s plan. Then it will be proposed to the Ministry of University Affairs (MUA) to
announce it as the MUA’s policy for all universities to implement the hazardous substance
management. The hazardous management plan can be expanded to other public and
private sectors through the network of relevant agencies such as the Ministry of Industry,
the Pollution Control Department, etc, and the Thailand Research Fund in particular which
is the initiating agency to support the establishment of an Industry University Cooperation
Research Center for Hazardous and Environmental Management.



11 anudlunveslasams

s 10 Ml Arimsmemsgaamnsnmading e llathenad:  Lieafams:
makAn  meWamRAREaTITeR s vgmE NI aeholsimamaienndanam
Sumemnmsionmeivianadaffterre ideiymiwnedainmitms W sefwmah
2IMA uBLiv  ARasRuRMMWTInfidataanlsenm wansudandmansnstiwdnqusrldashg
o wu Iniflndafvameilhohdensaany Jovminhdahushidmesn vidu winaeuat
dmimes iudu snafireWiaamaadunii dvmitadenmideeylugimawadifngunss
suagEndmilamnansuaneig favennismaasmnrnuasnsasnes uldun Tavanin
emisusagie @slosandu ssedls o vas

dwsumseuouguantlaomasfsarms S medqunaldimseanngyans
TN wermeydi@es a9 waeatt  udnammwuliimeemadaausassiullymmeifia
snfavkanTaagsuaneegdior  wanantbnasmvilugmautetipmlfamedeiuas
o daudagmnuariutaudasndsmadrmgicdmmalilad uasfnunarimusein
uazasasinaniaaoduyeans  qunett  wiaele  wasplaumaAmsiemsfiRdasimes
whsmdanluolifosane  daitymdnandamsbiyneheiomedging wnm (ssmugesmn
dontumsfnm  suflatulumsiorns muaugus  wasdeiuwmasivdunadenuasTansunnebi
anavaglussisnaspwiameiasnfidsiunsaall  lumaudledigmBanedeaaringdueme
snamidtipluumsiamsfivsmuemidiiusuiuihmleatiiuamizasim  foguifiduha
qmmwnﬁu-um’mmﬁu {Industry-University Cooperative Research Center : IUCRC} AUMSINNTS
funefenlnowmmsingduany faihqiudidiums o sothunalulatioees® (New Jersey Mstitute
of Technology) sia%giwa’® Usunenigoudm louimminndy 5 wh TubuSenunasiilionm
gamna 40 Wi WHumndn Tow National Science Foundation (NSF) Whpetiusminsdu
g TUCRC  dmamusneudrtmmadmmsiommmesidennendunedon Sennm
waans Aennradem Amnmmued Annsnlgh wremge Snnenand sufinlemmsiiefilsonm
QaEMNTIIENMN TN WAL Fopaiuampfusnaneaanininelaelsnvgesmnssiiog
lowms  venanldmanufimansmitfialdussidimeahemanenaginalulad msinausssha
aramyrmnsuilssnugmanmniidhucningngay

1-1



nnradifaveslasons TUCRC low sasnd nodewn endemanst mefirfennaslem
uadanedon aotwnalulatinees®  fufuidmmydmmsieniagsusnmiintiuassiumn
aenlumsiidiumares TUCRC Aoldsudyiiluieisdastatinaafin® TUCRC  fusume
S wiae Buleflde  uasAUEN Wavuaquiuuimiisumsinesndadwinaunaoisiusm
m3de  @m)  uasmedrinnunesuaiuaunide WiwhquuuuieSahuguiAdusngasvmnass-
st loniathes dmiumaenlasssfeonswitiymddanadeaasianiuany
Tutszmettnedney Sl imnufesiumplasmeiadusiotuguiidhugasmnemi-
wfinend SmsiemsanedouasTnntuamy Jadufsnsadlasimided

1.2 ihwune

-] v U - Foy ) o v X
Whmnenslanmsfamainduniatuguiiiugasmnys-aminnduiulisunelny
Tawdsmematamlassshameluminedy  loosanguemmadinmes o fiaula  madam
4 a £ o v o a an A A v v e .
wisafla gunalfisudu  ememaumsNanmingemAelasimilineusiiifiendes  WawSaaudfianh
lugmshndieiumegasmnssuasmenemadarih Wfia wamumsoiaolusasiasiuwasnime
aepaausiuddaly loefwomeiufivms 3 fumaunands

1 Sdwensoinedumanguosduasimdusndenn  TessmauditiywRaneadas
nariagduemeluaniiueseu i medavnseuudays  msdiaenamsliuazmarideanaed Jagllw
e o Aldogduwled seammmmsiarsumaiansudtaiigmsafemeluminendy mededaud

-1 2
ymandiusimil saseaumetammangas meevsn mawswsullou npnmeie « Wiudu

v oA a = vooa o o oA ilﬂ A v g ‘llﬂ :4114 v a

2 Werfinendudidiumsiug 1 lenafudiiarsmnorewan ieseuegaind wdoniaf
winendesoey lowasipaldfumsaiuaminadisrnmedguasenmuiifiendosiny

L ! ] L v ]

Wh 3 Waamimendudufiumeiud 2 uaduds fesaenumeuinbiduedathosaiiastut
ynpfimasesauns lnawenenasnsediumsdams maldy ussmafimsshen Wldnesyuana

wessmmamwoyauasmeadlieldiussdnaimsadimiulusmetsune waufemadasadn  qud

whmdsiol

piwulrssmawdahugudidssnaamneseaminndy wanabigi 1.2

1-2



MINEIREYIULIL

;

ARl Innensnd Sranssudiand wndvariad uwneeng IR
L) > r » 4
AimaianERwnaey | g dennrdns
wninmdaludszing u q
Trsemmyszrnm )
13y aRANTI
- £ o - 4—
w. - fivonid NHTINERL-AREMNTSN

MrInmiuELsEnd

v

STAUTIMIR/SEALMA

'

ssiulseined

'\

am. uaceubdunan

d 1 L nd + - s
31l 1.21 phanlrsonmefotugudiiuanasmnis-amyinndo

1-3




ar

13 agiszasn

gausmitnyraslammsiiazasauagadumaumsmiiwmbiussathvanssaclesimeiun 1
- 1% - w 3 3 1 3 . L3 [ [ i
faliminendsldiamsuumeiemadusadoandanedoauayiigsunny  olsenaudy ms
shodenns maudums  monwdemegeans sofiuenedacfle qunstinaii wey

vangasiinausy daiu lasmeiud 1 Seiiiaguszasddudalud

1) dedmaasiesngdayefifmderiudunedaesingiuanonuleoineds g
Jsznoudne wiweTnayees wiasde aunaol maemsfidiumsay]

2)  dedanpwiayaiefismamaedeulmeasianSuemeiliogheminendufusdidunm
rasvispaniy

3 awmenumaeiaflagunaifdiudomait  waelUsumssmsfinovsn deshenm
s Burisefaden fidemsumsamsuasilywaitmenn fagdueme

4) L-?iaﬁmélv'qmiw-ﬂ'mmﬁaqn@u {(Emergency Response Team) uaeavniumaunsLdiv
mthiigifmainianiurmnametueinady TnarmmadFufngey mefineusfUia wasgungoid
iudiadld masmaumssEuOWmhsWSAnteumEMen

5 dedmaulsnusaaminendtluhyiunfsriumeiamadiagiuany  Silbinnza
e lifuluwsdinanasmfiumsianmlouedsugnmsuigmesssduasszosem ot
Foau

6) iiniaalasmautlslywesadsnndanefanuasiansusname e duiidu
st @b Al

7 WeusumImsIadaeiatuguiidengasmnaai-aminndsluiuda

1.4 U2 VIVAVIITIEITY

TaLIITIBMATANYIDE ArenARNaMIMITMMAUARNY Gearnendusauriv) o

]
s

welSasfiums Wassnneu 2540 auih nanea 2542 eitnuavdadal]

1) wamsdmawarhdeiangiuandsminadsrowin . wanrmiiudaumsariiiaing
Suame lopssuumsamsiniienaa’

2) wemsdmadeyainndusmsamemed  wasihebwisafidmemerenidn 9 Tu
NMAINENABTAUUNY

3 mamsdmInamdriuenoasmsAnninoesafrmadeiuieny ohide) an

viasfiiEmsene «f meluaminendesauurin

1-4



5  myimhsudoyeiaduenehianitine  Idimaiesnnlunsudisiadudidon
gmen 2541 whasrwhmswindayscwenmevimedifariafiumaafiuantniiimne
maamed  ednmehemfinediseuuiy - winnmiesliaunsuenifindayanandns
smedudrildimdedmatamisgiundlifumein  ussanAnfifinmrsddsmmnas
sruudemstiruenamiudsinlitimsausumslmusuudayaiansuanaiawGuaainiay
amaduriyeansiiansludiisaty

5 usumsadmshamieandunssiinrumaandsnaeiiasingiuany oy
wvaullasumauldivaanin uasimvngiemmifidmsldmeunmemnidguanamesimelu
ANt T e iRm0 meleminnan usanedediianduamhdad
Wi

6 wuawwmumiamsresdudunnunnianfiiinssemmadonde  ainvinalfiFmeles
whominay waemadmndedosdunnianfiing o Feufiims

7 Aevnlessedoruumsiametagduens  faksnewde  ssfnmeemsagdueny
msifiumsuamin 9 1essdnmsiemsingiusns %@ﬂmnﬂijmmmﬁmmﬂmLﬁuﬁumﬂu M

sruuiayamaaiiuarraaduduany Lasnumaumieanidu

1-5



2. MIANTININGIUATIBNAZ VD UTHOUATIY

2.1 UHAIRUIAINYIUASIY

mﬁﬁnz:mma'aﬁwLﬁmﬁfmt}é’umﬂu'lumﬁwmﬁu'nauuﬁu%qﬂﬁ:nauﬁw 16 anedn losldisms
TRLAULLEIUNN  GHRUBLALEM IAMOEAN N 1) WEENIRITIRN MMeEIN 14 AT
P - a n\bjnv P o 1» a - » A I e o
Wasnnsi 2 eAnAlbifvewfifnmsiimslganesl  Wenurideyasmuiisiunasiniieiog
Suamey 1fin uarMnuEsiueme lamhmsdhssiudideunsnman 2540 - AuAAME 2541
PRUIAMIATIINTAUAGAINSFN 7 ST inndurauurudauda i 2141 uasvpsfidmsiu

AMEE 7 TN 16 Akt

1) AuNEasHEnS

2) ARATINTINMERS

3) AUMinenenEns

4) aninmenEns

5) AMAYWENLNAAERS

6) POAUWNLFERNS

7) AnvAMERSuAEAInNeHRS (LilFiuiumadhna
8) euumaien AN

9) AULETITAGURNERS

10) ANAYMAUAVEFNERS -

11) Anasndaenans

12) anuemalula

13) AoRedILWYBENE®S

14) anzamilaunsneans

15) puAmenmadanms (Wlddidumsdims)

16) AARUNTINENEGS

wananfidnihmedmamisaudie  memiinndufimehandumssriifiesasianiuans
A L P b ) ] ] -1 v - [ P-)
e inmuamuficouazmadamaluiligiu whsavsen waht Ioun lsawennaefueung Tsdou

afnanisinnenans svdenhjueFesinana nesmmauazamud sansaahy Wudu

2-1



HORET)

L 9T01 .

W0 LLLOT

MELT AT .

0L BT 91

k1% o201

C T Henpecoutie

ek

raLmD
¥ ALTA 1MANA

§ AUTRIT LEURHG

T OUTAI BEsHn

1 AUTRRE UMt

LEE AN e
a_=5==n_==_,=711,

APLAUMELYLG i

er._mWnnc_.b.S.:o:r—t..n I

“ ....._wam——nsw._ﬁr_chi

HUII@RADLABLL LA

AT O L/

:HODO—_ 3
g B R, ulu_.:.__

onr W

o8 AP alhT

Lo i

0P o1

g

ViVeNaeIauIny

19 o Tuam

2.1-1  WNURIDIANSR

S
v



ramsdmatayawmasTIia TS ummenn 14 aue Wb 11 e Admelamedindadu
FogiuamelumsGoumeson warneIMsEEu 14 Ao MM 56 wis Smasime Egiuame
Vol 31 wis oo 5533% tasmiimedTe SR maRUTeoRARMIE MM R
Inenenaasuammalulafifion 100% tovdmmmmssmdiineFeniuens Tauifmuomsuuis
mﬂi"imqé’umﬂar\nnﬁim'mmm‘n‘%'au‘ry‘hmﬂ"[umiazﬂwﬁqmmﬁ 21-1  UAsEINTONAERIREMLD

sooufimimsldnmasilunniena o 1dequi 212

e 2.1-1 Suumeinmsliagiurmemsadasansiivimehes

dnoumendm | snoueemBmiiims | swmveemdmiad
ANy frovawnded | fimWng | Wegleradnty | oislagieny
| L &

1. ineenans 7 3 9.70 5.36
2. welulab 5 4 12.90 7.14
3. Jnenenaead 7 6 19.40 10.71
4. Fenymenaat 16 6 19.40 10.71
5. #EIIOKERNERT 4 1 19.40 1.78
6. WHILRENENS 4 2 3.20 3.57
7. iR 1 1 6.50 1.78
8 weilamiumd 1 1 3.20 1.78
9. YMALWIBMERNS 2 2 6.50 3.57
10. WwMesEa 3 3 .70 5.36
11. #nwwmesidaT 2 2 6.50 3.57
12. fnwenans 1 0 0.00 0.00
13. dnilaenTinmans 2 0 0.00 0.00
14. Ranasuenani 1 0 0.00 0.00
oY 56 31 100 56.33

i : Aoayuenaniunzdnnenda uasaoeIngmsdansdidvhmsdr

dumbamidug wenmflanmmbsrmiimadmmeden wuiihnisavfine idnready
Suanuduiniudauings Iun Txwenacfuniund Tsodensnsmiinnds whedengvenin
Sinfinn g omslsmeadnt ansdmunnemans Fanhsmidnaniwnbemaims
mamfivendy  fmaliamgunaciiasnaiuridono WitesaaBudunms  uazemsldEummihdeathe
grdoutuiniurasdouasiagsuaanntealfiEnmei i umeBumssen lnswamsthmagiionss

soufusmyarlosuanumnmisnueien usnadmneh 2.1-2



£y o
ANZInuImand »
naznn Tu1ad

19.4%

12.5%

ANZINMASANART
9. 7%

AmSSAINSSUMANT . '
- AmEdaNnmans
19.4%
6.5%
o
. AUSUWNUAITIAS
*HIFT1TUAVRITAI
i R 9.7%
3.2% ) }
AUTNUTTAMITAT Ausindyraad | AusRuALIMUmans
6.5% 3 2% 6.5%

= o
AUSIMNAUANTTIWNY

32%

AR 212 SwmmesBuuiimsEaiurmeadiafouivimoueasGendiims ingiuemey

FIMNG (%) 1DIanEAYINISAITIR

2-4



e 21-2 rhareseaduSuanERITMHI LU

TR T R

- ﬁﬁéiﬂagaﬂaﬂﬁmmﬂ* E

1. lswemna

- wheaTaglaeuen 1,2,3,4,5,7

- vorihe 1,2,3,4,56,7

- VB 1

- VNRaaAIAmTLNATELAT) 1,7

- whzglifimeanidu 1,2,3,4,7

- MWILYUSNTTN 3,7

- mhpgavsseinAfiin 1,237

- mheaiaahin 1,237

- whepiauiwinenaaiin 1,23

- VUIEWENTINEN 1,23

- whesaifiady 2

- Mhe3aRinm 2

- whsnsmaniiiedus 2
2. guignmm yvaufindo
3. ladeusnaminendy vhifwefia, uuawe’
4. miragashyoneRniindnm VRBAHGRBITHIUG

wnumg * yadbuurmeseslsamsnnautiensenidiusremuaveiiasg 6§ ol
1. Pathological waste
2. Radivactive waste
3. Chemical waste
4. Sharp waste
5. Phanmaceutical waste
8. Pressurized container

7. Infectious waste

ﬁagamnmsﬁmaan‘mﬁé’mqLmiarhl,ﬁm’:’mqﬁumﬂu%mumﬁqnm’:ﬁ snmsiuTILTINR
Duwnilonld GPS (Global Positioning System) Whweasrimuasiumiy usismeqlnesnes
aumﬂqﬁmﬁm% (Geographic Information System, GIS) E.lsunm‘?';‘l%'ﬁm%’un1ﬁmﬁ1m'ﬁaqa aIs i
@0 Tsunsw SPANS Fawmfiudmansnasssssmuiifdumasrindednndusme uﬁm‘lugﬂ-?] 2.1-3

2-5



WUE 1S 201 0 13 2101 P 0 05 -201 Bt v 201 i 0L B¥ oT01 E )

W OooI 0 actw

L S
AESTLH -
S0 LT W21 A . . o =m=1.=”ﬂa.=2.=. S
ags
TMOLHHD

P ALR URiHND

§ MLO'An UgiHne

T MMt UDILHKD

T RLURM UFHAND

HELT . e . - R

nrn'_:\mn-hh.—n-:nﬂ.:_u °

LAEuAn QR
LHHUH LR T

THAULLT

LITTHTTINTT AT, TRUT )
AR |
cinunlpropnagitive T

A0 I .91 .
Wﬁaadﬁmaﬂmu

1 o

DAL EE:@wEaﬁ.Exzo::dzsnsm:;;a:
. S o b

TINENABTBURNU

Suanutui

&
3

BINTMEINT)

st 213 uw




2.1.1  ¥HAYRIINQOUATIHDINUHAIR TR

AMMSATIRHLNIMSTI SU 14 e FalsmaudsmenaBuuian 56 wis Smsliten

Suamis 31 wh mMadmasiawsiagduensnnunasiiie Iukdsmsasiagiunnodu 9 ngx

o maumsiauiaesdmawdisduisswhosume il

1)
2)
3)

"J'ﬂf]‘iszlﬂ (Explosive)

M (Gas)

raavaIqnan W& (Inflammable Liquids)
wnaudsgn@iniWld (inflammable Solids)
90anT aduaziieasuniinwasoanled (Oxidizing Substances and Organic
Peroxides)

e )

6.1} &15hY {Toxic or Poisonous)

6.2) Hdada (Infectious Substances}
MTNTMANSIE  (Radicactive Substances)
fariensau (Corrosive)

ssduantiug sebimananinagbussamlale

wamTd AL sRiFMs  Suwsaifiiins  sfievasTngdusneflslwinalfiidms

WaMTIAMITIBe IHATIIAEMFITIEN © uEaslumMARIIN N2

SvumaiemsreadssusmeufoR e inedureuwiuiifsimeisied - audinndans

meA3ad answmuensas WlsmennadBuniuns dauanilummaf 2.1-3 dawvibaoansamivegy

Tuanizsing ) siumnerisasgramnmbmamesmiingdy



Ml 213 mydanmreadudunnadissiulunnarmedne o

AN maN nmatamsyaafsiuanudanm
1. INBEIFERT figAnn, Aels, U Ugienaed, Aoenu, | id
Teaieine, dmenans
2 Fermymenaal | w3aena, w0l Rueday, lum, geamnys | Lidl

3. Innenass

AANd, Imenenanifunedon, Suad,

e, %1

Wil (endumedrqeiinndimeausideyiunat)

Wi usnzandudhu 2 Yrem
1. vhdvgunae fimmsu o = 7 Tasldleani raw
snudesnehidermsnminnsy
2. MnaImEimmeans 13U pH = 12-13 lawllealn
yhmnoufla hvdeinhdendifatmay dvinhla
W pH =7 Rausansgressnmidasses
| TR
4. finwenams winluladmsdinw b
5 wemnamanT | madnifauasivsmm@inwmennia gt
ﬁujmmwwuma
6. UWNDFNENT Aanzemnaad wnSinandeinen, hisi

- § A
NRAINNFAING, RTIINMEN

A

- yuefioda wvihngbasnisna

- @azanIae Ui pH dhnanudsanugrionane
Vi

- ez wseriuliemmibhiha

$offinen

- firmwensesisiuanmiiEldmmeistameramnily
i

7. wadianmwwmi

qanTaevingiin, niinddin

big

eEinnAAtin finms Autoclave (aushidalsadamaastionmeula
Reumsdaniauh
8. Tanuwnumand | LAVuRIv, MiuanTsalsfug, oigt
Frmeanhn, iuansagow,
Fieddlndonhn
9. swrigoenant | Innwinen, Tmnenasigniua b
10. ndzenanT nimnd, Wivien, ndewanuenans gt

wazndzTiiasiy, indagaamnT

2-8




mend 213 () mIdemareadeiueneidowuluentuatmaine q

AtRE

nMe

» LA x »
nsianEenduviwermnisim

11. walnlad

walulafomm, melulatisrd

bist

waluladiinm

Surumaldme rmdhdwariwasivhacmy

12, dmwmuenaa’

M, memaeaad, weiinem,

aaeneed, mwmdamnge

bid

nFrmenuariyine E’gm‘lm:mun’fuﬁwazuﬁumw'nﬁﬁ’ﬂ'ﬂumwm}
wravay

Fmwmbmmanig Yam1s Autoclave Hau

fauehans yomuemursldniiaide:




anmsdnussidesaivusnassaveesianiuens wuhdunuamsiisims g
Surmeiminraamagnaaly e wassRudinniiqe ouay 9032 8064 uay 77.42 mwadile
Fevtuaesifims Fmgduaneviome Fudnalummon 2.1-4 warpfl 21-4 dumatidiamwied

-] L ] e 1w E- 3 . Ly w s [
fawhsfhmsarinfisagiouusiiuhduaneuazas ey sumsiants

M 214 SumasfiimsEngdusmedmnamanissnviagduame

dszomingSuasng
1. Tonuie (Explosive) 13 4193
2. % {Gas) 26 80.64
3. s0ummgn@aly (Inflammable Liquids) 28 90.32
4 12ToqnAalW (Inflammable Solids) 1 35.48
5. daeni lad uasasaaiuntinwafaanled 20 64.52

(Oxidizing Substances and Organic Peroxides)
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8.1 @ (Toxic or Poisonous) 24 77.42
8.2 ﬁﬁﬁﬂl‘%ﬂ {Infectious Substances) 7 22.58
7. §1HNUAN WS (Radioactive Substances) 7 2258
8. #19mnsau (Corosives) 29 53.65
9. Msduamuiu dobimansndeoglusznnlald 0 0.00
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M 231 SneniraaluduanenvoaniFing

Classification Waste Reagent

1) Waste reagent containing mercury

2) Waste reagent containing cyanide

3) Waste reagent containing fluoride and phosphoric acid
Inorganic waste reagent 4) Waste 1eagent containing arsenic, chromium, heavy metals
B) Simple substances of alkali metals and hydrides

6) Waste reagent containing acid and alkali

7) Oxidizing agents, Reducing agents

1} Combustible organic liquid, liquid containing halogen
Organic waste reagent (chlorine), specialized combustible substances

2) Combustion-resistant organic liquid

3) Solid, explosive substances, agricultural pesticides
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ae 235 Yhinunmsihhresinalfiifinmed madrdmnsmduanedon ansdsmnssuendas

Sudd WBinesveniflsluams Panashisiteniesanmi
Gny) (ams)
11 W, 41 2,200 1,760
12 Wy, 4 1,000 800
130y, 41 _ 1,500 1,200
14 W, 41 200 160
15 W.u. 41 300 240
16 Wb, 41 2,000 1,600
17 Wb, 41 2200 1,760
18 Wh. 41 1,600 1,200
19 Wy, 41 1,000 800
20 Wb, 41 1,000 800
21 w.n. 41 400 320
2 W, 41 600 480
23 W, 41 2,000 1,600
24 W.u, 41 1,600 1,280
B Wy, 41 ' 3,900 3120
26 M. 41 1,800 1,440
27w 41 2,000 1,600
BN, 41 300 240
20Mu, 41 400 320
30 W 41 500 400
15.0. 41 700 560
25, 41 800 640
3 6.0, 41 1,500 1,200
41.0. 41 700 560
5 9.0, 41 300 240
§5.9. 41 200 160
789,41 1,500 1,200
8 8.9, 41 2,200 1,760
91.0. 41 2,000 1,500
10 5.9, 41 900 720
11 5.9 41 1,200 960
12 5.8 41 600 480
13 5.8, 41 200 160
1460, 41 2,000 1,600
16 8.0, 41 1,400 1,120
16 5.9, 41 1,200 960
” 43,800 35,040
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(9 2503 + 2218 an/a) dmiulanomin wirimmediefiAnoig Teelsen (Hg) fifam 0 - 357
HN/A. (Lﬂ‘?‘;ﬁ 54.45 + 106.41 NN/A.) m:ﬁ"'} Rt 1.16 - 415.10 Nn/4. (Lﬂé&l 117.68 + 129.49 an./A.)
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149 an/a. (198b 7088 + 4423 wn/a) unediea(Cd) MBanne 0.10 - 21422 snJa. (Wi 7112 +
77.78 an/a.) Janed (Zn) MR 028 - 274.10 an/a. (WAy 11852 + 10875 n/a) uavwemild
(Mn) £ 0.06 - 265 an/a. (98 88.32 + 7891 1N/A)
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weardUa i dlavhanmauTidPienoianeoednang manutuwnsa-ene  Senadunse
vhnolansminfiemafiensmnefioagbunamnmpumssemenymsgasmnms fuaelu

MTIN 2.3-7

manf 237 AnunuedNUih@udsunmisasmaeiing medned  andingenans  matate

Tmséin 2539

o Al a e ’ O A ’ C e .
Aifpeiened CHAEmE | anespdenalsrmd
' nENTNEAT NN
manudunga-a pH 2.28 5-9
15em Hg 63.0 < 0.005
lasiflem Cr 27.0 <05
wnn1iis Mn 329 <50
L Pb 145 <oz
daned zn 44.8
<50
Naded Cu 2bb
" <10
uRaNsN Cd 195
<003

Nam'sﬁﬂm"’iLﬂﬂm‘ﬁm&wauﬁﬁmaaﬁwLﬁuﬂ‘ssmﬂﬁwﬁnqﬂﬂmi'?'ﬂﬂumsﬂﬂamﬁauﬁm‘l.umm'?i
238 Wnnensfsiaslanoninehdosaombdognifummessstuudazdtont  Lifiens
wanshein dnvfigrifiuna fifles 2 Sland filgrddunsafie S 6 was 7 vy Wud
warasd (P) SRanm 012 - 320 an/a. (@ 079 + 101 an/a) dmsulameinwudmnaties)
Bnnisautiosh namde aeih (Pb) f1Baos 0.10 - 066 AN, (WAl 020 + 016 ANJA) NBIAY
(Cu) F1fanms 0.26 - 4.40 an/a. (WAL 0.96 + 1.13 ansa) lamdley (Cn) fUSne 007 - 051 wnJa.
(08 022 + 012 nn/a) weedien (Cd) MBanm < 002 - 065 AN/A. (WaB 021 + 0.18 AN/A)
Joned (Zn) fafnos 003 - 111 an/a. (@AE 189 + 301 NN/A) WRHNME (Mn) F1fanm
0.05 - 0.46 an/a. (mﬁ'u 0.18 + 0.12 NN./A)
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maef 238 wamsaTiensinTRmedansinbehdsnnmsiugunsiiltlummesss

ot pH | vomdes | el | vewen | Tl i | emils
@®).nsa) |- @0 (Ca)uns (e € | (20 (Mn)
(un/a) a) prsa) | Gnm) | enm) | G
1 6.95 0.17 0.10 0.36 0.51 0.08 0.61 0.08
2 6.40 049 0.66 0.58 0.14 0.36 0.30 0.14
3 7.28 0.12 0.21 0.46 0.30 0.65 0.52 0.18
4 7.18 0.64 0.3 440 0.21 0.32 111 0.06
5 7.12 0.34 0.20 0.28 0.34 0.20 0.42 030
6 2.85 0.29 0.40 0.26 0.16 0.29 0.64 0.46
7 217 0.20 0.38 0.64 0.12 0.20 0.38 0.29
8 5.07 0.2 0.44 1.3 0.29 0.16 0.60 0.20
9 884 0.34 0.14 0.55 0.10 0.02 2.3 0.18
10 6.23 3.20 0.15 0.70 0.07 < 0.02 255 007
11 7.10 260 0.20 115 0.19 < 0.02 1.28 0.05
AETO-gEa | 217728 | 012320 | 010066 | 026440 | 007051 | <0.02056 | 030-111 | 050046
AR P 0.79+1.01 | 0.2940.16 | 0.96+1.13 | 0224012 | 0211018 | 1.89+301 | 0.1840.12
'.'l‘j EN LU%N')G‘!‘SE’IN
ANATIIU 59 <05 <02 <10 <05 <003 <50 <50

L3
wnmag ¢ Shishanmsiedze pH meter mevarimsseshdsded dam
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2) viawfunsmeinundneiivaciving ansandamdans

msfnndnsacsiihRismssRsmsefimevimmasaesmeinndned  dden
Anwameneiniiims Hemienaulavewin Adevihmssewlumeuaes Smsdnm 2539 (osfimem
2639 - nunug 2540) g msemsien 1 Tasmumaehdidumsasmanfimeniimmeanah
Aemwiamsmumemsinuias wazmathninemainrsilanswin wamssmadinnsiiioiu
AWITMNTITNGARMNTTH (TR 23-9) WU pH unen thsnoilsen Jmned uasusemita aglu

sdufnnisnasyy sndusBnolendiosiishninusinasyys fa 005 un/a.

m5af 2.3-9 dnwirduTdhBolsunvasammuedl menndnedl ansndarans

Tamzmtn anudndn Giaindudndas) mmﬁj'mm_aﬂssm# o
pH 273 5-9
Usan (un./a.) 43 <0.006
Tosdlun wnva) ' 0.05 <05
faned un/a) 65.4 <05
WIME  (n/a.) 234 <05

wonni s i dnsns b dpeemeinndseiuasiving  blimsdnn 2541
@nwiem 2541 - nunwiug 2542) Toedinnly 8 T (eauBuausaclumenuan a8) wuiidinmos
AR Tara RS iM SN IMaRBIRA pH 0.06-12.79 COD 180k 161-1,609,756 1N/,
Wanoilavewinléiun Zn HUSmm < 002-47.7 an/a. Cu ffnne < 0.02-0.15 ainsa. Cd M <
0.02:0.7 un./a. Cr NUSnm < 0.02-1.26 an/a. Mn JUBnme < 0.01-13.5 1n/a. uas Po IBanm <
005025 an/a. (Mmefh 23-10) T i Anyssihdnlsanmhigunslsimednnd
105 uaEMAATRIMET wuilen pH 2.14-1265 COD SiBant 32-164,875 ain/a. wavLBnudanswin
urt zn fBanm < 0.02-20.4 Nn/a. Cu SBINML < 0.02-0.05 An/a. Cd fianns < 0.02-0.03 un/a.
Cr $hfRans < 0.02-0.14 un./a. Mn SR04 < 0.01-3.87 Wn/A. WAL Pb Shf5aitu 0-0.12 1n/a. eaenT
# 2311 %qnﬁn‘[ﬁﬁmﬂwnﬁmﬂﬁmz‘lﬂLﬁummfr'lmmg‘luﬁusim COD ua: pH ﬁ\lﬂagﬂumm‘l

N’!@'ﬁjﬂl
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3) vaalfudnismadimimnssufanedsy andmnssumand

raadefimusaldnianiiimsmemeinimnmBunnden  fehmmusaeadeiine
anmydwnpien cop  dlasniimslimasneuiillaveminnntign semsemeiemsilavanin
Wun  dsan lesdlon wasmdn vwduAwnoanaspusadsimiczanTnIeaE NI
Graenme 2.3-12 Wi pH < 0,00 Fedloriidunn UsendiBanoigefign S1 1,420 an/a. dwsumdnbi
marusbnesysmensmmgaEvnTuima e ienaesmnTsima

Tsitfiu 10 an/a. Wadeutunasnesy i lameminymadia aglwssdufunmsnnsg

M 23412 dmstiaNTAindsnnmainnmien COD medeirnnTsnianadon

ATAAFINITNENENS
Tamzwnln enidi @afnsudadng:
PH <0.00 5-9
Usam (un/a) 1,420 <0.005
Tosifiem (insa)) 245 <05
Wan (Wn./a) 780 .

weneIna v msdmndnoaTRRYeR b mesmedTAdanssdunedas
AREAehnTenEns matme Smsfinn 2541 woeRmes 2541 - NaNWLE 2542) Wud T Riwe S
meTsiremanenehaasitinnn Tned pH 6674 fefiaudafiunars BOD S
15-36 1in./A. COD fiubanta 27.8-70.1 1N/, TKN fn5anns 17.1-30.4 An/a, TS ffRanny 240-284 wn./
8. nazBinoalavewdin leun zn SSam 0.04-0.51 anJ/a. Cu we Cd Sfnnuipend 0.02 anJ/a. Cr
fBmuiaung 0.02-0.28 1n/a. Mn {3 0.20-2.28 Nn/A. Uae Pb MAmnnilaund 0.05-0.06 un./

a. famef 2.3-13

1 7 L2
T dimsdnmdnvowaaimiimnfeonmaea - amisaidimsmedTienns

Sawedan sansnaqladinnef 23-14 lasfinwauBandall (mawan a6)

(1) Anunicsimifenfanssumame)  BOD S pH 1420 (98y 1.53) COD
240-341 an/a. (HAY 319.50 HN/A) TKN ffnos 24-3.4 wn/a. (ay 2.85 ansa) Vhanndanswin
¢t Zn fBanod 0.04-0.18 an/a. (9AL 0.08 1NJa) Cu FBNI0L 0.02-0.06 3n./a. (Wb 0.02 NN/A)
way Cd SemBmnsiounh 0.02 an/a. Cr f1Rans 0.06-0.00 NN/a. (b 0.06 an/a) Mn B
8001300 an/n. (WAL 11625 an/a) %qﬂfhtﬁummyuﬁwﬁmﬁ[ﬁwugmﬂwwnﬁummhxmﬁ
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NENTIRNEMNTSH AR 12 (WA, 2525) irhmua Rfes 5.0 an/a. uay Pb Shisanm 0.09-0.26 an/a.

(ady 0.17 Jnsa)

@) Smsnidifhfernfensanne COD fif pH 06-12 198N 0.89 ¥n/a. COD &
\Aants 179-263 NN/A. (WY 236.85 MN./a) TKN SAanmh 490-626 an/a. (9&b 504.14 3N/a) LA
yBsnodlavewin un Zn $1B04 018083 anua. (9 034 wn/a) Cu Shfmm 0.19-0.28 an/a.
(WK 0.26 1n/a) Cd ABanms 0.08-0.11 3n/a. (WAL 010 Nn/a) Cr Ao 150-230 8N/A. (WK
200 3N/8) Ma SN0k 0.67-1.28 1NnJ/a. (WAu 1.02 Hn/a) Pb SR 1.8-3.0 sn/a. (WL 252
NN/A) WU TEN uay Cr ﬁﬁumqoﬁmnmgmﬁwﬁmn‘[mmqmmmmn Tasdnanasyu

fvua A iAu 100 NN/8. uas 0.5 JN/a. MNEGL

() dnuowaMhRaaInfansssnm N TN fieh pH 114129 n/a. (@A 1191 ) COD
SBI04 940-1,660 Wn/A. (9AH 1,20450 3in/a) TKN BNtk 1428 3in/a. (930 2167 anJ/a) way
Pnolavenin 18un zo ffam 002032 ansa. (98 0.13 an/a.) Cu SiBins < 0.02-1.90 AN/A.
(9 0.26 3n/a) Cd fBannaioend 0.02-0.03 an /4. (98u 0.02 an/a.) Cr S 0.06-0.34 3N/
8. (Wb 015 an/a) Mn LS04 007-0.16 Nn/a. (AL 0.09 3n/a) Pb FBanms 0.05-0.94 an/a.
(981 0.20 N/A) NANMENTRRINETIWTIF COD fenfuanaspuiirmnld 120 an/a. gann

wat pH Siehamantiueage

(@ St RInfnIIMIIe Grease and Ol S pH BEIVIN 1.08-5.22
(A1 302) COD SBinny 900-1321 an/a. Ay 1,08953 mn/a) TKN ffanms 2830 wn/a.
(W 1472 an/a.) wasBnndaventin 18un Zn SBanos 0.04-056 anJ/a. (e 021 an/a) Cu &
VRsnoatauni 0.02-0.19 an/a. (98 0.07 an/a) cd ffBnoniaand 002-004 an/a. (win 0.02
un/A) Cr ffants 0.01-4.10 ¥N/a. (688 005 an/a) Mn  ShRanni 0.05-13.20 8N/A. (WAY 3.56
3N/a) way Pb A0k 0.06-0.23 an/a. (98 0.12 an/a) andnunwanT@denanmuh coD &

VanosgoivenasyuennBanaspuivuaty 120 ana.

(5) AnsnicaadhRmnmINsmahfienm 4 Aansshedumuisien pH 128-580 (R
247) COD fRats 250-1,000 3n/A. (WAY 61952 an/a.) TKN S 8-285 an/a. (wdu 98.69
sn/amanSannlananin 1un zo ffnme 0.11-0.62 an/a. (9dp 022 an/a) Cu M 0.06-
1.88 WN/a. (WL 0.44 an/a) Cd ffannt 0.04-0.16 an/a. (Way 007 Nn/a) Cr Saffanta 0.10-600
NN/8. (98K 2675 3n/a) Mo Snfannt 0.12-980 ain/a. (win 51073 an/a.) uasPb SR 0.20-

1.60 uN/a. (AL 0.58 anJ/a.)
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3. MsdaMsveuTudUAIBINHDILfURAMS

gpadudunnenniafiims  swbisuusmarmennmmesalfiifims  Usneusay
ameivaesiio ddEmmasmeiuiaviioasuandoin femeamsseadnanfifmde
ffludosuenissnmreadusandungy  Wermmsenniumaite  ufifeusuemsiameeade
Sumunnipalgiams 2 dnwoe nevfle neiemmeaddusmelaeimisonna einsdn
e Wefufemeylumaiemeresduiuanorniafifmseaminedy  wasdnduouvil fa
mahiieeaadesusmelnerafidmeaiu q Fadumantadadu TusvesBadimasmeiomaseadsy

éﬁmﬂrmnﬁaaﬂﬁﬁanﬁﬂmmq’mﬁnmrﬁuﬁ meEnsneiuns evnd
s = as -4 a eAS ¥
3.1 msaﬂm‘smmmﬂaumwmﬂﬂaaﬂgmmﬂmmmmmnma

Pnmsdnmmsiensreaiusuanaeumimendvganinla lofien uafnla ussnedn
) 2 3 2/ a va = ol 2, w w : A [ Y
nanldh denfifinmefadidnvowedein  dnhdsswepiuunsiamssaluduaies
aAnendulutsemendiu Fefiniswendsumiaae wasmiemsseadausianlssrmauses e
3.1-1 el 3.1-1 Sevialudl

d‘ Al .: o w a
meNd 311 msusmlsurmaseiiwhiRussswingdolafiin

el Snwmiy (Descriptive) MHAAN3 (Treatment)
A | Usem Mercury) Qﬂ%’uﬁw‘:ﬂmﬂmu’lﬁ Chelate Resin uacuunUsavaonieh
néulul sl (Absorption by Chelate Resin)
B | lgenlud (cyanide) sovrmulaulassigntlunoont indiewfelze hidl
aq'lu;ﬂﬂa%uﬁuﬁ\hhﬂué'uﬂﬂu {Oxidative Decomposition)
¢ | wpelsd  amisneuvesmata(uonide, | Yilianaznaulanlfunaidunlantantsduausnaznavueansn
Phosphorus compounds) "Mjﬂﬁmhznanuﬂal.‘?uu {Calcification)
D | nso {Acid, Dichromate acid) wnisminaaniaeriivifadussisivngn (Ferite Method)
E | o3 (Alkali) Fertite Method
F | lavewtin (Heavy Metal) Femite Method
G | ssavawannrsan-Sanmig yawhaanen (Incineration)
{(Photographic solutions)
H wBanafniW (Combustible liquids) Incineration
1| it com Incineration
J | mlaaw (Halogen) Incineration
K wmanmlsifintW (ncombustible liguids) Incineration
L | awusonds (Toxc solids) Incineration and others

d - = Y -
0 « *madanvaads husimndulafin: mssRuaeson 2 (Grmes-nunmiuf 2540)

31



Msuunaonduininiaemnagy

AutUWrsowdu s imunaulaio)

[ owta via sowrm smhan
YM ST ;. [RES TS E
Fﬂfuﬂui’lﬁa\ﬁ ‘I i o 11m1u61
Yl;;ﬁ i s B hiquin
- CARN] N
| znh?mua‘lu B - armbson
I
[Lﬁuanmm1mniu5n}ﬂ‘r v - @ ATREMIERIN
L g
{Tﬂaﬂﬁaﬁaﬂaaa\aél @ voava3a,aaalin
ve y
Lﬂuarm)mlm.imm I,L_.I Bmumsannd § % l‘—_b_ alisale
yus
| Dhamlas }_uju__..__> m wlas

jhﬂi

— e
e RS ¢ S

M "’ H sl
| Iﬁ‘m:rwnﬁsx W tnaenauidunn chiomic > @ e
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G - nrrdenmvaaduhemTingdufitnla aensRonadan 2 (INTIRN-NAAUE 2540)
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3.2 mathitiadudedesduninfiead fiins m Heslfifins

mﬁmﬁmﬁnﬁuLﬁaqﬁumnﬁ’mﬂﬁﬁﬁmﬁashtﬁumiﬁmwLﬁuﬁuuuuﬁm%ﬂmqmsﬁ Silsznay
dhe vinnlfiRmees aninmenand FealfidmedmnenBanadan andennTemeEns uasias
UAmsndmed ensndamses uenmniioldimsinmmstanmhidsmsan 3 enftamsiicny
Tnevdnmmintin fe masnawnaudiem (CalOH),) vialsmin NaOH) Wadwuwamelunmsine
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