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ABSTRACT

A study was carried out in order to investigate the removal efficiencies and removal characteris-
tics of heavy metals such as Ph, Cd, Cr, Cu in raw water by one of conventional water treatment
processes. The coagulants used in this study were Alum and PAC. Three kinds of water samples
were provided : kaolin water, kaolin water mixed with humic acid and raw water from Han River
mixed with suspended matter deposited on raw water inlet pipe. Heavy metals were added to
the water samples with their respective turbidity, and jar tests were performed. In the results
from heavy metal removal studies, lead might be adsorbed or exchanged on the particle surface
(8S) rather than react with organic matter added. Cadmium was affected on the dissolved organic
matter. Chromium was affected by the both dissolved organic matter and SS concentration, and
the restabilization and the enmeshment appeared at moderate (50~ 80 NTU) and high (100 NTU)
turbidity as defined in this experiment. The removal efficiency of copper was relatively little affect-
ed by the dissolved organic matter but by SS concentration in comparison with other heavy
metals. In these studies as to the raw water turbidities and concentration of heavy metals, it
is proved out that the removal efficiency on heavy metals in both cases of PAC and Alum as

coagulants was not significantly different.

Keywords : Heavy metal, coagulant, removal efficiency.
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Aol 7]& A5 fuEGE o FeHe 7
ol o] AL 9 1 F23 AR E a3
sl7] f)ste] ghgrlgod, FhggNel Fulakbe
74 A8 ¥ d) el HHEeix g Mol
ARE YoR 7 qEME FRECL e
2%, Fe)g H7EkT Jar-testE s3ted 1 A A&
W AAYSE aslaal shelch

LAY

1. A¥717]

1) Jar-tester

A2 Jar-tester(-+75 3 4L Model JA)E
Ap-g-3kod d§3lolct.

2) LC.P.Inductively coupled plasma)*®

74 ¥4 LCP(FRANCE JOBIN YVON, J.Y.
38 Plus ModeD)& o]&stgdch B4 271 Table

13 #ow, 2494% SAsbg-2 wF 22035 nm, 79
324.75 nm, 7}E=5 21443 nm, ZF 20555 nme]sd
t}.

3) pH % ExA

Alads 9 A Ye] pH 532 pH meter(Cen-
tral Kaga-kuum. Model-23, Japan)& ©}&3}g].o.m,
et 232 HACHModel 2100A Turbidimeter, U.S.
A)E o] &3l9ich

2. QB BiE

2 *;ld I AR5 °% et o {718 §eke
W} gl o] oFakg ARy i3t 374AR
zA|3 P‘}it}

A, ZHFo] 7H2-#(Junsei Chemical, Yakuri
Pure Chemical #-E2]2F 15)S 718l 500 NTUR
3}‘{1_9_‘1’ NaHCO; & F 3}011 Oé-iga]_gi_g 43 mg/l-@‘
shgdch L o4& Al Z A wel = 10, 30,
50, 80, 100NTUZ 3|4a}e] Algslg]ow] ojufe
pHE 73013tk

A, §718 kel wEE sk $jsked 9
folell 14 F)4Hhumic acid}S 1 mg/le} 3mg/iE
A7ksto] MBS ARSIl

AR, AA Ak AR f]lEle f9dael
FAxZ sk dFdEAR Ay fs)
A gvbdel =HA" SAE ek 3 Uz
AlA FA sk 2 d@EAe @7 dget
A T 1A17F AE g ohg 24417F A Al A7)
F 22 & 500 NTUR zAsle] Alg-stdch o)wf 2]
pHE 740]%lom, el 45 mg/lelsdeh

Table 1. Conditions for L.C.P. measurement

Items Condition
Optics none

Int. time 0.5 Sec
PMT Volt 600~800 Volt
Nebulizer Flow Rate 3 !/min
Argon Coolant Flow Rate 2.51/min
Sample uptake 3 !/min

Table 2. The quality of raw water

Examination-terms Average results
Water temperature (C) 20.5
Turbidity (NTU) 10.5
pH 7.3
Alkalinity (mg/l) 46
KMnO; consumed (mg/l) 6.0
Total hardness (mg/l) 58
Residue on evaporation (mg//) 128
Lead(Pb) (mg/l) ND
Cadmium(Cd) (mg/D ND
Copper(Cu) (mg/l) 0.017
Cromium(Cr) (mg/l) ND
(1993. 9))

3. SEAY

S A EH AR S AlE AAREI) Y] PAC
(poly aluminium chloride) ! LAS(Liquid Aluminium
Sulfate) 10,000 mg//, 1,000 mg/le} gHeo g Az
ste] Algstaion] pH B otHde]x xdE ¢l
LA AR 24 3)(Ca(OH),, Shinyo Pure Chem-
ical Co., LTD)E A}&slsich

4. Afury

D Arrel $4

A A A8e FATLER ALY 448 A
sted Apgsleirt. Table 2+= 1993y 9YEF 9]
HAdTAE vehdch

2) LA Folo] W pHe} bzt ‘*‘i} A8

Sl de-& v T8 ozl pH, U
El‘ie °‘.J1'l Foiafe] Wsle] we} l’%ﬁ}ﬂ 2
gted (A 118 FH& 52 pH 9 oheEE
—»’rﬂfﬂ % PACQ} alumel i3] 1m/=10 mg/i7}
HxE zAste] 77t 1/ FleEg w32
7k -2-AAo] tste] Alg4 pHr} 7.0, ebze]® 30
mg/l °|8l2 ¥+ AR5 PACY alum®) k&
ZAbstod el
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Table 3. PAC dosages for turbidity

Raw Water Results of Jar Test Optimum
Tzllf]l;lgl)ty Al(l:::;/lqll)t\ oH T((([jq)p - Jar No. 1 9 3 4 5 6 dose(mg/I)
PAC dose(mg/) 13 14 15 16 17 18
Ca(OH). dose(mg/l) - - - - - -
10 45 74 20 | AN EE(NTU) 32| 28| 24| 24| 23| 22 15
Post pH 73 73] 73| 72| 72 71
Post alkalinity(mg//) 43 |43 |43 |43 143 |43
PAC dose(mg/D) 17 18 19 120 |21 22
Ca(OH), dose(mg/]) : - - - -
30 45 7.4 20 | AN g (NTU) 301 30| 25| 22 20| 20 20
Post pH 72| 721 72 72| 71| 71
Post alkalinity(mg//) 43 |43 |42 |42 |42 |42
PAC dose(mg/!) 26 27 28 29 30 31
Ca(OH). dose(mg/l) : — : - - —
50 45 74 20 | 4 =2 (NTU) 34| 32, 26| 23| 26| 24 29
Post pH 711 71| 71] 71} 70| 70
Post alkalinity(mg/l) 41 |41 |41 |41 40 |40
PAC dose(mg/l) 33 |34 |35 |36 |37 |38
Ca(OH). dose(mg/!) - - E - -
80 45 74 20 | AN gENTU) 28| 30| 22| 22| 20| 23 35
| Post pH 70| 70| 70| 70 70| 70
Post alkalinity(mg/!) 41 141 |41 |41 |41 |40
PAC dose(mg/l) 36 |37 |38 [39 (40 |41
Ca(OH); dose(mg/l) - - — 1 1 1
100 45 74 20 | A g (NTU) 28| 26, 23} 21| 23| 20 39
Post pH 701 70 700 71| 71| 71
Post alkalinity(mg//) 41 |41 |40 |40 |40 |40
3 A A Fele 2 5 18 wlolAedl Hatd SHAId PAC H
HA A #lE dYe Sl 7RERw Alumell sl 1m/=10mg/ ¥ Ca(OH):& 1m/=1
e g, 7hedl 2 FEAg 9o Aed AM mglrl HRE 59} YEE Lmgld 74470
stel Abgsigich et 10NTUQl @715 =34 Felshelel Ak 150 pmell A 18§45 5
QAL ALY AR R AHESed 30,50, W AX F 50 pmes 534 Wk askgon
80, I00NTUx= #22jg &Hebed 500NTUE A5 1587} z—umql ¥ 235 Hele] AAoe] skruEd
Bl A Folsfo] A F ARE i pi, S 15~2an A9 0m 400
sbdelw, F8 5% SAsdck 7o AR Habo] F84 Algdubel] wel pH, ohgtelw B8
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BAstel HY gy FUES Aystack

5 Fv%F AALY

o34 589 1000 mg/lE Ap&-sle] Hrrekg
A7k F AlE4%(10, 30. 50, 80, 100 NTU)R 1
FAA) gets) A9 wk 2E, sheg, pele) ¥
®7F 05, 10, 1.5mg/le] HEE Afu-rd w438

P

sdch 7t dicol wheba] 174 vlo]F)e] sl &
AAE F3lgt F 150 rpmell 4 187 F45auks
A7) % 50 rpme® 537 RLJ-;ﬂ_uLa}q 15574
A Ak Ay E Hale] gx pH, ob#te|xE
FAstd e, LCP.& ol&sle] vy, =g, slug,

TeElE EAsksdch
Im. Z#o} 30 &

1. S3A FQjoff g pHe} AT HE

gzg/\] 7].ZL Z93F 883 ql z],_:_ pHgl, oLz}E]
R o5 42 4Razt glov g el 4
B E4 #HE gl ddele] pH 3 orael s}
zkzb 7.0 % 30 mg/lv} B EE LZJS}J’ ol ¥ K
YA ME 4o H3 zolet & F 9l pH
747, del% 45mg/iel §7) A4E AlgE sl
PAC(10.3% as Al:Oy)¢} alum(8% as AlLO3)-S 10~
100 mg/l F3l8td& we] AR5 Fig 1o vieh
.

Fig. 1M ®& HPQ} zro] pH 7.0, d#el® 30
mg/lo] Hi=dl HBed S PACS 7% pH
2 oebEe e 744 40 mg/l, 100 mg/lo)gl.om,
alum®] 7$-+= 20 mg/l, 60 mg/le]dct. ol9} 3lto)
PAC7P alumXc}t pH % d=ztelwe] 7)sir) A2

& Sl FHE Sole %, SO, 2olge] Cl
01%14 olestwst 7] wEez rheinh o
wpoR 3AAe]l EFel webd Imgd 94
WA SRRl obrbel R g 045 myl s
7oA Gulekely ¥ FejedstelRelye 27
0.24, 0.15mg/8] tAe|= & Zhash: 7oz <
44 ek

2. X SEH TAUE MH

AP grksdael ois Q- deEE(10~100
NTU)E #wtsled Aglzde o H3 F3A
FEe Aok

Table 33 4% g%eo] @& PAC® alume] &
HAY A ehd Aok AHA ¢l ol(weir) 2]
e dz} 7129l 5NTU o)tz #-%]8k=d Hash
PAC¢} alume| 7t exel digh A Fsiak =

[ P _ . -

S Y

-
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Fig. 1. pH and Alkalinity vs. coagulants.

e (I0NTU) of 10 mg/l -&7ven(50 NTU) =}
L1000 NTOY o zh2h 16 mg/l, 26 mg/ls
PAC -74)% Hr} alum Fsl3ke] ©f uighrl.

F7rebne WSl 4] PACS} alume] &3 9
e HMen 9l aen Al Bop iy} 27 odgfot
g m el pE f‘ﬁdeb‘—’— skl HA Ao
PACH ‘%J"* alum F4)@ Rl o Zch

o] g A pr, 0 oo & F=]E}7] ¢lgh
Ca(OH) Zgeke PAC7} 1EE(100 NTUO 4] 1
mg/l, alum-& MEEA0NTU) 4 2 mg/!, 8%
(100NTDell 4] 23 7mgir} Hastaich o)k
alum?®] #HA7)(SO0, Hell 7]lzhe Aol S-3uks
Al obFulipe] A7 [(OH)9b RES-8l P 2a] 23
pHE 7Fshalzlan ehdelx & 4w str] olfo o
7he] BxAlE o] ggfeks e Azxich

PACe]| 2fgk 343 Az 4N 2y ge=
dets IONTUY o 32~22NTU, 50 NTU
34~23NTU, 100 NTUY of 2.8~20NTU¢|glo.
], alum®] 2% e I0NTUY o) 3.8~25
NTU, SONTU® w 34~24 NTU, 100 NTU2 u)
2.8~23NTU°Isic}.

AA Ao g ¥ 52 20C o4 PAC7} alumel]
e &d A3prF £85-& o F g PACs)
alum 5% Megrel 2§ oo w iy Fg
Yzp7h stol Adsleu] o] @ oJzfe) UsE
ob 4 qlddnt. o Ay AgwA] i gAo) of
ok AR te dz]stedch 7F gxy ARy
ik Ade A sr 5l S Aske] AAdAe
a#3te] PACS 7% &% 10~100 NTUs| A 15~
39 mg/loll A alum—: 25~65 mg/le] )
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Table 4. Alum dosages for turbidity

Raw Water

Results of Jar Test

Optimum
TB\FJ%I;V Al(l:::/‘}i)ty oH T(eén)p - aNo | L, s | o | dose(mg/h
Alum dose(mg/l) 23 24 25 26 27 28
Ca(OH), dose(mg/]) 2 2 2 2 2 2
10 45 74 20 Aol el (NTU) 38| 32} 28| 26! 25| 26 25
h}’osl pH 73 731 73 73| 2] 72
J Post alkalinity(mg/f) |39 |39 [39 |38 [38 |38
Alum dose(mg/l) 34 |35 |36 |38 [38 |39
Ca(()}l) dose(mg/) 3 3 3 3 3 3
30 45 7.4 20 7"0‘ Ao gl (NTU) 34| 32| 30| 26| 26| 24 37
Post pH 7.2 z% 72| 72| 71 71
Post alkalimty(mg/{) 39 |39 139 |39 |38 |38
Alum dose(mg/l) 43 144 (45 |46 |47 |48
Ca(OH), dose(mg/D 4 4 4 4 4 4
50 45 7.4 20 Aol el (NTU) 341 34| 27| 26| 241 24 45
Post pH 72 72 72 721 717 71
Post alkalinity(mg/!) 39 |39 {39 [39 {38 |38
Alum dose(mg/l) 53 54 55 56 57 58
Ca(OH). dose(mg/l) 5 5 5 5 5 5 ﬂ
80 45 74 20 | AN HE(NTU) 32| 30| 26| 25| 24| 25 56
Post pH 73| 73| 73| 73| 72, 72
Post alkalinity(mg/I) 38 38 38 38 37 37
Alum dose(mg/l) 62 |63 |64 |65 |66 |67
Ca(OH), dose(mg/D) 7 7 7 7 7 7
100 45 74 20 | A =HE(NTU) 281 30| 25| 23| 24 24 65
Post pH 73| 73 73} 72| 72] 71
Post alkalinity(mg/l) |39 |39 |39 |38 |38 |37
3. & PS8, 28, T2lo| MHE AA%e] ashe 4ae vepigd 2o g
A 2] %5—_":’(10~100 NTU) #A-&3a < vl ZrtstwA 2714 SA AR Fd B

& Ay Ay

0

] ,(,“

Zoldl:o

2EA7) A8 B4 S 7hE

A7 B R AEE

D s A7 a8

Al el A AELS

S

B 4

aLzkstdct.
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Fig. 2. Pb removal efficiency with PAC.
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Fig. 9. Cr removal efficiency with alum.
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Fig. 10. Cr removal efficiency with PAC in kaolin
mixed with humic acid solution.
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Fig. 12. Cu removal efficiency with alum.
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Fig. 13. Cu removal efficiency with PAC in kaolin
mixed with humic acid solution.
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