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Project Title Treatment of Wastewater Containing Chromium(VI) and Lead(lI)
by Solar Evaporation and Cement Based Technique
Author Mr. Kasamar Pestubtim

Mr. Pongpat Srikajohn

Department Chemistry

Faculty Science

Major Program Environment Resource Chemistry

Academic year 2002

Adyvisor Mrs. Yupa Tantawee
ABSTRACT

This project studied how to treat wastewater from chemical laberatory of KMITL that
contained chromium(VI)and lead(Il) 2,330 and 46 mg/l; respectively with economic and simple
method. Wastewater with pH 2 7.0\was/evaporated by solar energy. Distillates and wastewater
were collected at-different % volume reduction ranging-from 100250, 50-25 , 25-10 and 10
percentage of inifial volume. Collected distillates were determined for Cr and Pb, while collected
wastewater cortaining Crand Phwere bound with cement, with density and compressive strength
of 2.00 - 2.08 ton/ms, and 15865+ 190.65 kg/cmz, réspectively. The maximuam concentration of
chromium and‘léad detected in'distiliate were 0.050 and 0.097, mg/l, awhile concentration in
extract solution were 0.131 and 0.210 mg/l, respectively. Solar.€vaporation and cement based
technique are alternative to-iréat-heavy metal wastes.from.small and medium sources without
environmental problem and economically.

Key words : Chemical waste , Solar evaporation , cement based technique
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(15) fin 11 10@ (Biochemical Oxygen Demand) Nigannil 20 saruvaiFoa a1 5 Tu Tiwn

U
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(16) MWtALdU (TKN 150 Total Kjeldahl Nitrogen) l1j11nn31 100 Hadniusoaas n3e019
' Y y v Yy v
uana1enInfisimua 13 JudulSuasine unaesesiuine wiedszinnveslsanugamy
n3su auinsuIssnugadvnssuivua ussded luunndi 200adnsuaoans
(17) 1% 10 (Chemical Oxygen Demand) 1331nAT1 120 TaAnSuADANT HIDDIWANA
H 3y y v Yy v
nndidmuald JudviSuanhie uvassessuing nielsznnveslssnugadmns sy ua
&o9 N1 400 TadnSurodns
Y ' ny ay kY Yo Aa v 1 dy
10 3 N1sasvapuAIAT VNN Tsseugaamassuaude 2 IRduiTumsaade 11l
1 1 :’ Qy 9Jq VY d‘ % 1
(HmsasasuamImiunsanazaaveniie I lfnseeiaanuilunsauazaves
y
11 (pH Meter)
2) MsasdernT Naea. IRITITMIIZMBURT sTnI199alvgll 103 peruwaIFed B
QUNNL 105 DA MTALTYE THal-1 $3133
(3) mzasiadeumansiivauaas’ 111935 n15nI0dHTUNSEAILNTO9 oA (Glass Fibre

Filter Disc)
¥
@) Msasaderalraziiin 1H 19819695

41 Pisasa0nmFans & Tnsdion nouiad dnamon LS ey azdo difa tas
wemila I 1955eznouin touseddi wale TasTnTaiuend (Atomic Absorption
Spectrophotometry) wiin laatoa ‘lWLS‘f;’u (Direct Aspiration) H383TWa a1 Diler Gf;/u
dilalasa Insil (Plasma Emission Spectroscopy) SHADUANTAING ANNa Wa1d1 (Inductively
Coupled Plasma : ICP)

42 MshsNndaiinie e madsalor 1R oz asniialotserFuanlalas v
Taunns (Atomic Absorption Spectrophotometry)‘]fﬁﬂ"lﬁ lasaiguiiels 6f?‘LI(Hydr‘ide Generation)
W39 Nae ?)ﬁﬁ"f;u ailalaserlali(Plasma Emission Spectroscopy) YHADUANANAAN
1WA WA 19U (Inductively Coupled Plasma : ICP)

43 msasnasuanisen 11 35oznouiinueuwendu Tnad 1ales mailn (Atomic
Absorption Cold Vapour Technique)

(5) m3asraaeunra lwd 11435 lawmsn (Titrate)
(6) m3asavareuslasen lud IHIF3E ndunazaud 633 Insau wsiySaueda
(Pyridine-Barbituric Acid)

(7) m3asaouamesuiad lad 1 14351Heu (Spectrophotometry)



(8) MIATIADUMAITUTzNaUT LG 19 1FI5NAU HAZATUAIITID 4-A2 1 1ULHAUA 1T 1
(Distillation, 4-Aminoantipyrine)
(9) MIAsIABUAIAADI UdasE 1111935 1o 10 Tatwasa (Todometric Method)
v ¢=' [ 0 & = o ¢ ac o
(10) MsasrvaermemshlFteaiunSoidadagianiodad 1635 Ma s lans ¥
(Gas-Chromatography)
a oy 4 o a o o g o 1 :
(11) myasvaevuguuniveni lHniesingamngl Javaizihmsiuaediah
' : o o Yq Yas o Y o o Y oy Y
(12) msasvaavanhdutas lviiu WldTanadediazat udwenumiminves
v
vniuuas ludu

a

(13) msasaeumiilof ¥l iTes laa TuAmAI(Azide Modification) Nigaingil 20
= v a1 D ad ¥ A <
peruaFoa Hunars u Aadonuninisnaduinay Issugaavnssuldanuiturey
(14) Msagveroumnind 191433 10aa ¥ a (Kjeldahl)
(15) Msasvasumiloa I 1 sonuaaid Iasluddiden-lalnsia (Potassium
Dichromate Digestion)
v ' & ) y 1:-]
10 4 [Msasnideudwas pdthivenlsanmgamnassr | ando 3 szdeutiulia
4 a 4 :} :J a a !
gilenszwiliazindd  voeaNInNIfins A Iuandonunustsednine | w50 Standard

Methods for-thetExamination of Water:and Wastewater 51?\1 American Public-Health Association,

Work Association ((a% Water Environment Federation vo3anigalusn1 Saufuimualidae

American Water
sgnistardunag iguisd W 2539
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loseianl Augned
@ d a A
(nelsdgTant Fugled)
SIUUATMIMSAIENTIRAAINANTTY
o
(Wgades I52238)
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(Y] d adq o Lad o = £; a A d'
ﬂﬁﬂlﬂﬂ!qql!agqﬁﬂ]iﬂ1a1ﬂqwﬁ N13A Y3 ﬂi@ﬁﬂﬁﬂﬂ{]naﬂﬁﬂjaﬂﬂ

laildudny Medszmansznsrsgaaningsy adiun 6 (W.7.2540)

Y o & o w ::31 A o A a A W Py q9Y v A o
90 1 Mshaegns 1ia Ne nserdslnansedagi luldudmunsimualuma
d' Y9y a o a ac o = o w
puan 1 19dszneunvpasTssaauaniiumslagisn1iiilia (Treatment) 170MIAIA
£ ad . ad nd! = ad 1 dl [ & ‘g v W
(Disposal) 55 IAIBMITHUN H50HanedBABLeINY (Chain treatments) YUNLANHMUZUDY
wa a a (9 o ] q’/’ g @ < a a
auauiiavesdlgnansedani ilsuaning sydecidTuanuduseuainesuansu Ise
i k4
NUARIMNT FNToAFIDTLANTY T5IUYAFIBATIHIBUNINY fade T
o w a, a 4 i
11 /m51dalaeA WAT (Physical treatment) 1AL
1415w odien (Centrifugation)
' v
1.1.2 M3nauugndadleii (Steam distillation and ‘Steant stripping)
9
1.1.3' MINIBINUAINTOINAETY (Multi-media filtration)
1.1.4 M5 N30 LEAAIYIBRINIITY (Reverse osmosis, Micro-/Ultra-filtration)
1.1.5.mM3 M3 219 (Evaporation)
I.1.6 M3LenAion9901A18 (Air flotation)
1. K7-M3EnNRaos e I1ian 29 (Gravity thicketing)
' v Y
1.1:8 MIpenAeiATesoniwaiTiy (Oil/water separator or Coalescence
separator)
o @ ad a ara 4 5 . 9 1
1.2 maiiialag sad-Wana (Physical/chemical treatment) Taun
1.2.1 M3¥LANAU (Soil washing)
1.2.2 PISLENAILDINTA (Air stripping)
@ 1 v W 4 ” "
1.2.3 ﬂﬁ@,wué’hﬂmuﬂuuuﬁ (Activated carbon adsorption)
1.2.4 MIIUAMNAZNDU (Precipitation/Flocculation)
v
1.2.5 msuﬂnﬁwmmﬁazmm‘imazamﬂn (Dissolved air flotation)
1.2.6 m3uanu/aguilszy (Ton exchange)

[ k4 e . " . .
1.2.7 MIANAYDAUNAINIYUDUNAN (Liquid/liquid extraction)
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1.2.8 nM13ng EN%?]L:!H (Filter press, dewatering, vacuum filtration and belt-press
filtration)
1.3 n1s1ua lawdsial (Chemical treatment) 14un
1.3.1 madsumanuiunsamanaziiliidunaiaNeutralizaion and pH
adjustment)
1.3.2 msi/iisereendiadu SAndu (Oxidation/reduction reactions)
1.3.3 mymawanudluivdeie Te Tow n5e5adimilan19 (Ozonation and
UV/ozonation)
1.3.4 p13uen a2 1W#, (Blectrodialysis)
.35 M3Ianngnd - (Precipitation)
1.3.6 M3 10AADIUBATY (Dechlorination)
1.3.7 mahTa1we 1515z noue Jainl (Dehalogenation)
1.4 M550 1Ag35%9071% (Biological treatment) Ieltin
1.4.1 50ﬂ§ﬁ§81%ﬁﬂﬂﬁuﬂ‘§d (Attached film reactors)
1421520 IRZNOHIT (Activated sludge)
143 szuuéaﬂﬁmmmu"ﬁ’mmﬁ (Anaerobic digestion)
1744015 My (Composting)
14.5 szuuﬁaﬁa (Stabilization ponds)
1446 msdeaﬁmﬂma%m1wsmua§jﬁuﬁ (In-situ biological decomposition)
14,7 M5 1NN INGIAN (Biological detoxification)
1.5 mythdassentsminlagnszuiunis 14an1ion (Thermal processes for
treatment and/or disposal) 18
1.5.1 M3inljnseneendiady (Wet-air oxidation)
1.5.2 My aa 1u31veunar (Liquid injection incineration)
1.5.3 m3wn Tua @ uud 1azn15wn Tuia11u (Cement kiln incineration
and Rotary kiln incineration)
1.5.4 mynlumuuuvigdaladiua (Fluidized bed incineration)
1.5.5 MITMILMIAWLAUWAA (Solar evaporation)

1.6 M3111a TagnszuIumMsUsuades ATzUIUMITASIAT NTLUIUMTIN
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Tiludeuuda (Stabilization/fixation/solidification processes) 18un

1.6.1 msveruluudvaoy (Molten glass)

1.6.2 MIASIAATIAT (Chemical fixation)

1.6.3 msv‘iﬂﬁ'ﬁ]uﬁau;n%aﬁ'aamiﬂi:mu (Pozzolanic and cement based
solidification)

1.6.4 mi‘l’fﬂﬁnﬁlﬁﬂﬁ 19 maﬁuwmaﬁﬂ (Thermoplastic encapsulation)

1.6.5 myvhidluInawes (Polymer encapsulation) |

1.7 m31iaia usemsmeauni land treatient-and/or disposal 1dun

1.7.1 msv’hmaqw%ﬁuwﬁ'ﬁu (Land farming)

172 v (Spray irrigation)

1.7.3 A5 dinausdlaonne (Engineéred, secured landfill)

1.7.4 nmﬁuuu‘ﬁuﬁusz £817 (Above ground long-term storage)

1.7.5 msﬁﬂaqsfmfﬂﬁ'ﬁuﬁn (Deepwelkinjection)

v
o a

18 fafsynpufemsTstiuauin 1453 e imennd i ne vsekaialjnanse
Sarait hilddh TngTaniseu 4 fersludandinmia 13 luide L1 Getel1.7 514350150
finunsaigal 8T ldnamouhuieand s idmuals oA msfiaalfnuvosda
Uinauaziaah ildudidustenhlilmin 14 Taunsiuanwisoqarmniveadalina
u.a:%’aa”lﬁ'l%’ué"n‘fu T ldlseleanilug (Reuserecycle) aniatlanasie laun nisia
nauAun 1¥vesdiiazaw (Solventrecovery) 1?1331& (Oil'recoveryyf3A/(Acid regeneration)
iaz Tang (Metals recovety) WS MTIEO A N (Fhels blending) o 19 1unsins 1y
IUAIYATTINATT uﬂszmm‘éuq (Co-incineration in-industrial kilns/furnaces) nsoNSILan
(lAeuvBa1EY (Wastes exchange) fvelaalss lamilunssuatinisnin aaeasums1dusms

MIAUTUMIAN 9 AINATIVDIYANADULNY

[l
s = '

40 2 Aagnaniodag hildudrnrumsiUSuatos (Stabilization) tagn1syinld

q

9 =

< va o 1 dy
WuRouuda (Solidification) 111 vz Avlinuauianae 11T
2.1 8111505 UL1599A (Unconfined compressive strength) @dWﬂﬂﬁﬂUWNMﬁiyu
ASTM D-1633 iag D-2166 18 hidfesndi 3.5 AlanSudemsruauauns sodesdnsndy
o’l v a v 9 A 1 Y Y
iminfinaiuduuwiioeg lunquidanay (Secured landfill) lapg1aaensiy
2.2 fianumuuduliding 1.15 dudegmnaniunag

v
23 flsnannududuvosmssuasiolhaia(Leachant H30 extraction fluid) 1y
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Tiaunualumsanaais (Leachate extraction procedure) Lﬁ@ﬂﬂﬁﬂﬂ’hﬁ\lﬂﬁﬂmmz’?ﬁﬂﬂ

U

Tilfuda 1drhumsihasgniuazlfuatesedeauysel mudtmsfiszylude 3 deuniniy

Tdanau

[ . . a Jd a
10 3 Msanams (Leachate extraction procedure) wazMsinszimUTinan Nty

v v
fuvoee1souns1elutiiaia (Leachant ¥59 extraction fluid) 19 1935 Aase J/i

3.1 maadamsenagour1Snaaisngnrzais 1A (Leachable) m1naalgnatas

'
d 1

v E Y A A (a
Taan lulsuad vazimonageunauljnaas

] G4
aqi lilFud Idrumsiaegninselsu
= [} L4 3 ad v} H
radesegnauysaiudniu W l§asase i
" o " oA a A v ~ 1q ¥ g A A I
3.1.1 winawendelfnanseiaai hilnudauiuvewnad niefivewuis
) &
(Dry solids) 1z isuafiteandideas 0.5 Winseeed1aiugaoununsoaloud
a 1 o o {
(Glass fiber filtef) ANUTNAFUAIRHUENDIIU830T849 0.6 3 0.8 TuAsoMUGNIvOUHAIN
[ y o a o 9
iumsnsodudl luinisimagiaime 32
@ ' a a o 4 1 < =
3.12windantsdalnnaniodag il l4iids Teaids (Dry solids) Yedulu
o
YSuamneandodas 05 Wdulumsasae il
1) vamesuaalFponie Taahn lulduds Ituna udsseurimazinsanadu
[l 4 ala
HIRUONANIgNT 04795 NaRLAs
v v v
) ¥1de81en TdaTn (1) Ml 100 nSu ANAI8TTaNA(Leackant) Mo uNsA
[ d % o" )
A2 (Synthetic acid rain extraction fluid) cdﬁdﬂszﬂaUﬁ'samﬂauwﬁnmiazmwmniﬂ
v
Az dunaznse Tuasn (ludadne 8o a920 Taadmiin) auanmniunsas afiess (pH)
] b a0 d' 1 @ p w a 9 o (] a
YRIAIUNE Y (Mixture) Hananifiy 5 HdmelsUsuasvetvowan Iionsdiuilsunsg
Y v »
yoarhafadly 20 vinfiadans) vowiaviin (A5 WoW20819
(3) 1YETUUIAT DINMUTE MBI (Rotary agitafor) NUDATINTHYU 30 TOUAD
Wil fgaungi 25 ssraiden Hunal 18 41w
[ 1 { 1 4
(4) NTDIATASAIBIINATANA (Leachate) A8LAUNTD lndIntivadurgud
AANYBINTD 0.6 19 0.8 luasen
o d' 1 g v o a 4 9
(5) thueamadndiumsnsoadl limsimneiaude 3.2
a 4 1 @ 1 {1
3.2 MFAATIZHMIAMNIOUAT a1 Tuveanalrumsnsewdinnde 3.1.1
' Yy v
wiede 3.1.2 1H1435 A5 US EPA SW 846 n3o3tmasguildlumsiinszniimeny
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N13AATICHUDINITALANYIINNTANA (Leachate) nmqqmummﬂigmlﬁmluumﬁnam

% oA Yt wa o 6 v
gn v e Indiguauidnuidimua 1

(% : g =)
maauaasmInasgufBinannudnduvesasouasgluiana (Leachant 130

extraction fluid)

91331in (‘ﬁgaﬁm) (Arsenic (total))

{UI583 (Barium)

RITGAY (Benzene)

UAALY (‘ﬁymm) (Cadmium (fotal))

M3 uoUAFIAae 139 (Cacbon tetradhloride)
Aa8LAY (Chlordane)

A0 151UUTY (Chlorsbenzene)
aaolsHosy (Chloroform)

Tasifign (an9) (Chroraium (total))

995 15-A5 D@ (ortho-Cresol)

WNI1-ATH0A (meta-Cresol)

W151-AS TR (para-Cresol)

ATYoR (ﬁgwm) (Cresol (fotal))

2-4 f (2-4 D)

1,4-‘1ﬂﬂﬂaii WU (1,4*Dichlorobenzene)
1,2-lanae 159154 (1,2-Dichloroethane)
I,I-Vlﬂﬂaﬂiim%au (1,1-Dichloroethylene)
1923 U (Endrin)

18 ﬂmﬂa’f)ia' (Heptachlor and its epoxide)

LAY INAD LTI (Hexachlorobenzene)
1@NYINAD 15UINADU (Hexachlorobutadiene)
1N 1AAD 150151 (Hexachloroethane)

Uk ﬁ'”a (ﬁymuﬂ) (Lead (total))

AU (Lindane)

5.0
100.0
0.5

1.0

0.03
100.0
6.0
5.0
200.0
200.0
200.0
200.0
10.0
7.5
0.5
0.7
0.02
0.008
0.13
0.5
3.0
5.0
0.4

Uaansunoans



Uson (ﬁqwm) (Mercury (total))
WFONTARDT (Methoxychlor)

(5@ 1950 A AU (Methyl ethyl ketone)
TuTaswudu (Nitrobenzene)

2,4-1141@5 Tﬂg%u (2,4-Nitrotoluene)
MuaAae 1sWUoa (Pentachlorophenol)
158U (Pyridine)

Ao (Selenium)

QU (Silver)

wnAsInas 15:enEat (Tetrachloroethylene)
nona Wy (Toxaphene)

lasnae Is@NFau (Trichloroethylene)

2,4,5- lagnas 151 uoa(2,4,5-Trichlorophenol)
2,4,6-1asnaelsi Yea/(2,4,6-Trichlorophenol)
2,4,5-1 (FAIN) (2,4)5-TR(Silvex))

hila e 'lsd (VidyLchloride)

S v

0.2
10.0
200.0
2.0
0.13
100.0
5.0
1.0
5.0
0.7
0.5
0.5
400.0
2.0
1.0
0.2
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