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@ - 874 s3&uA2RE] B3 Thiobacillus thiooxidans MET#3E o] &3l Wil4& fly
ash22E 2249 £2858 v|X & flyash THE 5= d3& zAsgch 198 27 20~
100g - L19) 27164, T. thiooxidans METZZE Aad7lgle] 7142 A73 08 g oz A3tat
@27, oo wil wjekNe) pHE 1 o5t2 Z4dRy 43131039 (ORP)E 420mV o|A7k4] F7tst
gt 3HE B57F 150~300 g - L1E & 79 l-‘é fly ash €942| pH7} #4352 ORP7 F7Hst
AR 4~8Uzke] AA7|7t WEHQE A2e] 1y E sEelA T thiooxidans MET#5F9] 843}

&5 wlag A3, 100g - L of3he) 2 163% % AAE 0.70~0.75 g-S - L1 - d19] &2
de 4+ Yoy, 150g - L1 o495 3FE SEdlAE TYE 27 Z/H84E METZ#2)
LS By L FASA Aol Wske), TS AALEE DVE S/ TV Bastsie w3

fly ashZ BE} 2F%o] §&5E 54 N80 pHY oS L AWBAE 72 ek Zn, Cu ¥
Mne| 7%, £H9) pH7l 3 ol3t7t =M fly ash2 Be] Zhzhe] FF%o| §&57] A543z, pHoT 2
o5lel ZAAE FFE& §FaEE] FH3 Frsldch Crd &9 pHYF 2.5 o] st A3ts ook
ot 2257 A28 3, Poe £999] pH7L 2 o) 3k& A sls]ol okt £25)7] A4rasic)

A, Ful et Bl A8 4 Ao

M B 2% #71828E F345E AAR) A% M
ubEQl W2 pH 1.5~2.001M AL E st Ta2%
ZZLoz odd HIEE Wake] F= ZFrld & A A= 333HA v So|t} (Tyagi & Couillard
3 ed, AdE e Fogsks 3R, 27444 1989). gst Wy st} A E WS B T
4 sl A SollM WASE slagd) fly ash Selle F&9 4AEE Y £ glo) Rz &0 A
Cd, Cr, Cu, Ni, Pb §l Zn3} 22 #53 $g5] A% A7} Fbestet 2Eu, Abx el e 2 sl Hhel
§8-%o] 9]t} (Davis 1987; Tyagi et al. 1991; Santar- 3 5 234 29 shigl Cux A9 LaEA ¢
siero & Ottavian 1995). @A, o|2{d 53 F3F5E  EA7E e b wbEe B ke ke 28
o FHT HANES A S g oy e 2 39, o]z Q& A F #H7ES FIF7) %
F71 el s HEF AEHI gled, HE A F Z3A AHgSE 0] g2 Aok 59 Amur) wel
350 £&5] = A8, M4 Bl o] 29E A05E el vk =3, B kel A AP
Al w-¢ woh M, FFE02 299 AVE e e Ad=z Me] AAE AlFfstedof
of ot ¥R WA HAME ol HE 37) Wi AdulE %ol £oFE @A U
2RE FF5E At HF ARshe 7o) Bas) (Oliver & Carey 1976; Wozniak & Huang 1982; Tyagi et
o} w3, #7182 RE $345E AAT Tl AVE al. 1988; Lo & Chen 1990). mtetr, oj2fdt RAHEL
2 Ados APegozn Whx X5 2AE 42 2313, meh g 718 234 AAT 4 9
33, B4 ol 4EF l"—%l 4 e #Hd £3= 7 % M2 F71E F34 71 el 243 das)
A& & A A B, 235 AT £RE = A =
ool Fsle] wiRA] HEAY FUE EXE ol& 71& gty AHye AT 4 e A2 e
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2 uES o &3 T4 AAE Nl B2 FA
o] AZE=F 1 9} (Tyagi et al. 1988; Tyagi et al. 1991,
Jain & Tyagi 1992; Tyagi & Couillard 1994; Sreekri-
shnan & Tyagi 1996; Ryu et al. 1998; Cho et al. 1999),
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2 T. thiooxidanso|o} (Jain & Tyagi 1992; Tyagi &
Couillard 1994). 5| 7| E2XRE] ZI&E 82317 $8
T. thiooxidans2] 7]A 2 element sulfur (S5 A7} F
o, 80 T. thicoxidansel &3] FAko =z AMS}E 3, o
kel golo] pHE RaA71n F24E 4o

T. thiooxidans

28°+30,+2H,0 ————— > 2H,S0,

olee FARATEE ol45te] of 2~209 ol
H7]E% Zn, Cu, Cd, Mn, Ni 58 65~95%7}%] A|A
& 4 )} (Tyagi et al. 1991; Blais et al. 1992; Jain &
Tyagi 1992; Tyagi et al. 1992; Sreekrishnan & Tyagi
1996; Cho et al. 1999).
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Table 1. Concentration of heavy metals in fly ash

Concentration
Heavy metal (mg - k! dry fly ash)
Al 168,000
Cr 26
Mn 143
Ni 13
Cu 61
In 76
Cd 3
Pb 88

A T. thiooxidans METH5-2] 3HAL3}l £ 5F A A
ou, ol-2 FF2 a3t A vl = oy A

Cge masldnh £, 3349 AALET §99)

pHSLo| AaA S zAl

Mz o Uy

1.Fly ash A| &

2 dFol AHER fly ash AlBE FAFE 24
b Ao A A3 skth AFE3E fly ashol] §H-5-5 ¢
d¥E 24 FEE Table 1] ek

2. 4EFF 2 Wz

b

2 Q7oA RS BASATE BN 23 o
A& REldoe = 33 modified Waksman (MW)u] 2] =
o]-8-3ted 203] Ale| wj<kste] &4 ¥2l¥ Thiobacillus
thiooxidans METOF2 A}-8-3}9t} (Lee 1999). METH
F2 ksl BE37] 95t MWHlA|Z o]4-3}
ot} MW wi A= K;HPO, 0.3%, MgSO; - TH:0 0.01%,
CaCl, - 2H,0 0.03%, FeSO, - THz0 0.001%2] %713 v)
Aol 805 1% A7F Aoz, wiz) 2] pHE 4.002 =
galole S 124052 AdAE 2Aehed B A
sk} ALESHATE MW A1) METZFE A3
30°Coll M 7~1047t A1EHl ¢k (180 rpm, VS-8480SR,
VISION, Korea)3}glt}. o)2] gt vl o 2 wjok3l METH
F2] wjokol 41L& 3,000 rpm (VS-8480SR, VISION,
Korea)ol 4| 5%70 R4 ¥eisked v]aks} & g A7
B #, A5NE hAl 8000rpmel s 3087t W4 elsh
of st 2AE 2ol Aol Ao olg FEL
2 ol8agc TE AYAN FF YEBEE 47
mg—dry cell weight «+ L2 3}¢c}.

3. T. thiooxidans MET#F & o] £-3 fly ashe] &
s 253 .8.%
L= 2] o

MET#FE o|43le FIF4& AAxE mAE fly
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Fig. 1. Time profiles of (a) pH, (b) ORP and (c) sulfate
concentration at different solid concentrations (g -
L. e, 20g; 0, 50; v, 100; v, 150; m, 200; O,
300.

ash?] THE F=2| JF& A 7719 Al
fly ash® 1 E =7} Z}zt 20g - L, 50g - L1, 100
g-L1,150g L1 200g -L1% 300g- LV} HES
¥ 4 90mlel 8% 10g - L H7HE F, METHF
gt g 10ml A F3Hch 30°C, 180 rpmefl A 71} ul
FotHA W AlsE At pH, AHHZAA 4
(ORP), 5= ¢ $5% 5% At~
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Fig. 2. Time profiles of removal efficiency of heavy metal
at (a) 100 g - L' solid concentration and (b) 150
g - L1 golid concentration. 0, Zn; ¥, Cu; Vv, Cr;
m Pb; o, Mn.

Az F FA 722 flyash 0.1gel]

1
AAre] 39982 10ml Y microwaveE ARE
5
15

}\qu’
sl A AH2g F EAEGH(Cho et al. 1996). wifd
29 399 =xl o]eARuE T 3] (Waters 510,

U.S.A.; conductivity detector, Waters 432; IC-Pak-™
Anion column: 4.6 mm ® X 50 mm L)& ©]-23}¢ v}, o] &
A} o 7 = sodium borate/gluconate -£-4-& Al 8319 o™,
<42 12ml - min~}, 25+ 35°CE AA3FdH.

23 5l o#

=
1.Flyash 23 & 5X%¥ pH, ORP ¥ 344 FE
9] w3}

Fly ash %35 20~300g - L 7}A] AAs T
thiooxidans MET#F25 o] &3l 234 8% EAL
=Ase) Z7te) &l 9] Aglel ©E uso)
9] pH, ORP @ kAl x99 W3}E Fig 1o 243}
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X able 2. Sulfur oxidation in fly ash solution with differ-
Tabl Sulf idation in f1 h sol ith diffe
Fig. l@o)A] Bt ups} o] wjoale] pH: 27| ent solid concentrations
= ; - Total solids Sulfur oxidized Sulfur oxidation rate
A o] 71dXE w7 . 1n 1:1].0 7:]
3.004] fly ash®] 33 E %7} 100g - Ll n|2ted - LY %) (@-S - L1 d-)
Qo= T thiooxidans METF3=0l 9]3] Sor} Al3}= o 20 90.1 0.70
me} o) pH7} FA5H st 12y, 138 50 90.5 0.70
=27} 100g - Lt ojAtd AL 1~2Y A7} Fo) 35~ 100 97.7 0.75
5074 Aatels, wHE $E7 ¥24% pHY o gt o
AZo]l ZrlsldY 100g - L I3 E FEdME 1 300 21.8 0.17

d AF 352 ot Fristglovt, I o] FRE

AlZbel wlEste] pH7} 2tAstgich 28, 150g - Lt

£88] FEoAE 49,200g - Lt £8l8] XM= 6 concentration

( B P X 3 =

9, 300g - Lt g2fe) wxelM= 899 A<71% nal Solid Culture Metals solubilized(%)
% pHS Za7F #AFHQ) Fly ashe] 1389 = concentrations time
7}_ 1%1.%_/':% 13% HH ok 'o'_/] §]£ pHx_ ‘;!_9\}‘_‘__’}_ 20, 50’ (g - LY (days) Zn Cu Cr Pb Mn
100, 150, 200 2 300g - L19] 732 T xoi= de 4 447 670 200 914 212

Table 3. Heavy metal solubilization with different solids

) 20 8 525 826 204 156 352
3% pH: 747} 0.7,0.8,0.9,1.2,1.6 % 2.5 ¢]3]r} 13 68.6 100.0 27.0 197 44.1

Z47+e) Zelz] g9 ORPE wjekr|zhe] 2713t 4 242 378 11.3 17.87 196
wpe} Abslel 3, wjokele] HE ORP: 1HE 2%} 50 8 460 576 168 132 312

13 585 657 216 164 402

G342 A FAHAUTH(Fig. 1 (). 100g - L o} 3}e]
=AE AT AD) ol ORPF Fksle L s b 1t 100 a0
150g - L o]49] 13 F F=olAE pH ®Zs} f2t 13 434 490 176 128 322
3HAl 4~8%e] A47] Foll ORPE F7p7h A= et 4 159 172 069 0 350
20g - L1 &2g) 442 A$ ORP7} T 434 mV7}x| 150 8§ 288 353 107  3.38 241
z7}s}ed T, 50, 100 B 150g - Lt 3= e Al 13 404 448 176 120 309
z}7} 423mV, 418 mV % 403 mV=, ORP7} 400 mV o) 4 9.73 103 048 0 3.55
A7 F7etsih 2, 200 - Lish 300g - L] 00 12 ;3? 2;.37 134 295 22&9
Iex 87 fdoA wicF 13¢Fe] ORPE: 77}
390mV$} 364 mVel] 53

T. thiooxidans METF3=o] 2]t S0 Abs}= wjj okl o)) FAE-2 90% olAoldly, 100g - Lt 13E 5o
e B exE ERFoaxn syt (Fig 3 el ashge 97.7%2 HA%E »}E}ﬁ\:}. a2,
(©). ZE fly ash §ohol] J7H& 714 $09] & 10g-  150g - L2 olde) DT sxolye) Fasee 77
Lt o]gic}. pHS} ORP A }el §-A1s7), fly ashe] 313 2 3xrt 2143 gasidoh &, 150g - L 1Y
B 357l 371845 £8E £ 39 £33 A E x=xo)A] 75.8%,200g - L'l T3 E 2w 56.3%
2 A R3] Bk F,100g - L o]} o abzlgs 98 4 U, 300g - L IHE v
THE Fxdiue Wk 139 F9 Y F=: M= A71eE 809 21.8%9to] AMZE i) SALE &
20~30g - L7kA] Z7}slglent, 150g - L 8% 5 =9 A9, 100g- L1 o]s}e] e IHE FEeA:
FolMiE 24g - L, T3 E 7} 200g - L1 2710 0.70~0.75g-8 - L1 - 49 &£5& A& & gsden),
A& 18g - L1, 30g - Lo A= 9g - LAl Z71814 150g - L1 o]4k9) & W3 E vxoME IHE v
. b FAESS METEFRS SAsswst FAsA 2

712 T8 S°10g - L7} 25 AbzhEd o2 ExeSe s

oz 30g- L9 3akgde] AT B dFoME & Fig. 1o =8k ule} 7o) fly ash®] 13E =7}
A Tl Ak -‘%“ ge] foenE] A=z HFrigk S0 FUlEtel whel wjokle] 27] pH F71Ee] A3, v F
o) Abzhgal BAbsl4wg AAbste] Table 20 A% 9] #F pH7} AH o2 ¥ 712 fly ash xA| 7} 7}
A} 232 Y 9%F (buffering capacity) w]-Eo]t}(Sree-

Fly ash®] 73 E %7} 100g - L ¢]&}] A= krishnan et al. 1993). dubx o g2 9}Z= o] Z 7| &Y
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45 pHO| 2ol Hez sl FAdY Fo) 71
wa} ol 234 42 585 Assts Aoz ugy
%} (Sreekrishnan et al. 1993; Cho et al. 1999). 73] =
2,8 47N AHS3 fly ashe] THE F2rt 2719
of mhe}l =] R Feje] fo) $4FHe Zr)s)ed
=3 A7} wAsE Aoz AZEC Fig 1a)dl
JeRd wvie} 7o), B A FoA] ALL3 T thiooxidans
MET#5+ 27] pH 23 §lol= FAARTA 43}
7} 7}538led fly ash £o12] pHE 332 4 A9 1%
= fly ash 8¢ F34 42 &8 FAAT7] Y3l
Me 2] EtebES AHE-Sle] fly ash §of b3
HE A7l Aol v g ez AaEglch

& vAE flyash I E 5

frt

IHE F%7} 20~200g - L1g]
428 9% v=F A3
% AAELEE AT Fig. 2¢]] fly ash 7182 %
=7} 100g - L9} 150g - Lol ZAelA] ul k] 7t
wE Zn, Cu, Cr, Pb ¥ Mné] AlARES =4 3}931:}
100g - L I E F=2] ¢ (Fig. 2 (a), AALE
A 2342 25 wel zojrl slgdon), 22
&9 AAzES HH°¥ 8~9U7}A = A|7toll u]#5}ed
FAsHA F7Hstdl o, 89 ol ol A Wt 9A
v 7k Zrlsigin &, 8~99 A} Fel= A9 tH

i ofN

BE FFo] T3 FEAAE 42Fo] AAH
& 4 Al

THE =7} 150g - L1el 271 (Fig. 2(b)), =l
F 4~6d Ftole FF 91 S50 719 dejriA] ¢k
oL, 4~69 o FNE ZAzel 34 AAmE F7
317 Z71819ich Cu, Zn @ Mn2- uje} 49 o] FHE,
Cri} Pb: 69 o3 HE] £25)7) Aztslodd 224
4Zo] dojuiA] o 4~6d9 Ad7] T &Y
£ ¢] pHE 8.00]4]%l3, ORP: 350mV o}3}e]giet
(Fig. 1). Fly ash 88| pHe} FF4 AAa&7e] 4
FABAE o5 AelM AAF) e

Fly ash®] T3 E %%7} 20~200g - L1¢] 276 A)
49,89 9 139 Ft £EAYPE S5l dL& 7 F
F42 AAZEE Table 3o epfigieh

Fly ash 23 & % %7} 100g - L1 ¢]5}2] 7P %
M, 84 Fkel wickel 93 AA e FFE
78] dRE E&H AAE 5 A 22, fly ash
o] TFHE ¥x7} 150g - L9} 200g - L1gl 27 o)A
T 27] 49 Fbel: FF40] AL 45594 4,

sY Al EIE FEE $EUse 1WRE ¢ 4

gul

[*]

be

—_

o

U Fly ashe] 318 & =7t £ A fels 27
%l Fetells 48] pH7E 4.0 o]4}fo]7] o]
E0hgo] 72 dopr] g Rew geEg)
3‘34_ e £2AY ARE vIFer 747t
AAZE WA fly ash THPE =] e Aty
B, Zn9 AAEEL 20g - L LNA] 68.6%, 50
g - Lol &) 58.5%, 100g - L 10| A 43.4%, 150g - L 1]
] 40.4%, 200g - L1el|A] 30.7%2, 25 T3 E 25|
A HEA 2 AAEZES IE& 5 Aok
Cu®] 75, 20g - L' I3 E oA Ao k33
ANA 7hedkd et 13 =7t 37V A EE
o] FAH Fas= of‘%°] WAH A Cre] AAR
2 20g- L1} 50g - L~ 19} o 7EE Ego A=
7+7b 27.0%2F 21.6%0]%137, 100g - Lt o]Ake] waE
FEoNAME of 13~18%9 AAEZES 9 5 ATk
Pbe] AAREL THE F=o| ATgle] 20% w|gte
2 7 AR e 33459 4 U5k
Mne] 7%, 20~50g - L nHE %‘—E‘ﬂ] ME 40~
44%2) AAZLEES, 100~150g - L1 THE 5o
31~32%°] AANEEE 4& 4 3123, 200g - L 2§
E solle 26%0] AIAEEE & 5 A
Fig. 1, Fig. 2, Table 23} Table 3] v}ebdl wle} 7hof,
fly ash®] 3B =x7} Z7}3be]| wre}l T thiooxidans
METg52] 34t gA4e] A, ool Ah&sted
F549 %—% £x 7Fasto ol sk A [lgle
E 2F8E GRS AA o3 2T A4
9} fly as h% | 8850 Q)= METH59] A3l 84
s ede] d3& A7 4 9lv Fly ash®] w3 E
=2 gl A wicke] zWHe) ule} AdAE
o] FAe] defubA, Ak Z7)7) HA zpebdA A7
ulH YAkl 23 ekl e] A=t Fotsle o] T
Hodoh Aa- oz e £8d] SAdME 57|40
3 gtafloz oabEelAE o] 43l B oddAFal
T. thiooxidans MET#57} B L2 3= AbAxe} o)Az}
ehhe} ZhE siaAte] ofokEAle] FgFo] HFER E
A 3, weld METEFF9) 343t ZAdo] A8 &
WA fot o)t A2 T ferrooxidans® o] 43 A
gebsl 3 (Ryu et ol. 1993), A5 F ABEEEY JYE
4 A AZA Ryu et al. 1995) Y s} 2|2 A B3}
A FF4 A AZA Ryu et al. 1998; Cho et al. 1999)3}
7o z:aa] /\]/\Eﬂ—o— o] &3}= A 235 z{a] HLH‘joﬂ
A RaET Qe
Fly ash 373 &-¢] ®x7} Z7}1845 fly ash o
fre A2 AR5 £&HE o] F7gel o)
MET# 4 kgl gAdo) Ad| wE £ ok sles

.
=1

of & ol

3 ot
Ly
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G 2nE FAR T} BARATE o4l F
738 w7}
e oo §71%o o2 MaEa

#24E Asfte Ao

F4e A
___7]_@/\& P= I:-]
o) §355 ozl wlYE B
2 4o (Ryu et al. 1998; Cho et al. 1999).
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Fig. 3. Metal solubilized, as a percentage of that initially
present, at various pH values. (a) Zinc, (b) Copper,
(¢) Chromium, (d) Lead, and (e¢) Manganese. Solid
concentrations ,20g - L% 0,50g - LY w, 100
g-Lv,150g L1, m,200g - L%
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< & £ Uk meEkA, £8lEl f92] pHY F34
%%1%7&«1 ARBAE =&37) $18l,20~200g -
L9 338 5= 270N 479 <2lE] 4949 pH
He de FF& AAEEE Fig 3 EA5H-

Zn®) 7%, €88 $949) pHY} 3 o3} W fly
ash23¥] Zne] §&5 7| A|2sle] pH 24|A of 156~
20%2] AAEZEES 4& 4 U (Fig. 3(a). pH7} 29]
el AN E Znd] A &L FAHA F7tsh,
4e] pH7} 1744 A3t=Ew Zno| A|AELEE 40~
53%71A Z7V8lch €2l2] 499 pH7} 1 o3tz A
e =AM e Zne) AAHEEES 60~70%°]grt. Cu
o] ASx Ind FAHA, £ $de) pHrY 3 o)3}
2 A3E" 4257]) Al=kste] pH7} 2 o3tz A 5hH
W A A &L FHEA F718Ed (Fig. 3(b). Cug] A
HEES pH 2-FoA] 35~45%, pH 1 Fol|A] 55~
70%2] AAZEE 4& & U ¢ F AU Mo
AAZEE 2] §49 pH7L 3 o|3tE #|3}H7] A
23 8257 ARtsle] £3jE] 499] pH7L 20]3)
2 Azt g ool &5 AALE 4 S A
o} (Fig. 3(e)).

I8l Zn, Cu ¥ Mo dj2¥ o= Cre £3e9]
pH7} 2.5 o]3t2 AH3lge]ol3t 4&H7] Azl
pH 26]A49) AAZEE 10% v]gte] g} (Fig. 3(c). =
3, Pbe] A= £ejE] £99 pH7} 20]512 2315 <]
ofgt &-257] A28l o} (Fig. 3(d). &, Crz} Pbi= Zn,
Cu ¥ MnEcoh:= 32 pH FZ0A £F<] 7153 &
F4EYE & 4 AL+

Fly ash 89 ¢] pH7} 3 o]3lel xA3}eIAN FF<4 &
28583 pHeo ABAAE 1xe=z sMsphd 2z
F49) FFel b2 FRASE 0.89~0.96°] % ©]
FF4 42882 pHol AEFE Auidin
A, A2 RE w2 fly ashE zrz};} &7t
gAY glov), A2 RE $2" TFS
o8] Fd s, = @ Asp7tA i‘ﬁlﬂﬂ NE= A
Aolot. # A7 Ay A}, GAsM| ] Thiobacillus
thiooxidans METH#F& o|-83le] FF4Hoz 293
A s fly ashiTEi FF5E 42 AA AASE Ao
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Characterization of Heavy Metals Bioleaching from Fly Ash
by a Sulfur-Oxidizing Bacterium Thiobacillus thiooxidans:
Effect of Solid Concentrations

Kyung-Suk Cho, Hee Sun Moon and In Sook Lee!

(Department of Environmental Science and Engineering, ‘Department of Biological
Science, Ewha Womans University, Seoul 120-750, Korea)

Abstract - The bioleaching of heavy metals from fly ash was performed by Thiobacillus
thiooxidans MET isolated from the enrichment culture of an anaerobically digested sludge. The
effect of solid concentrations on the efficiency of metal leaching was studied in shaken flasks.
In the range of solid concentrations 20 g « L1 to 100 g - L1, T\ thiooxidans MET oxidized S° to
sulfate without any lag period. The final pH of slurry solution was decreased to below pH 1,
and the final oxido-redox potential (ORP) was increased to over 420 mV in the solid
concentrations below 100 g - L-1. However, the initial lag period of 4 to 8 days was required to
obtain the pH reduction and ORP increase of the slurry solutions in the range of solid
concentrations 150 g - L ! to 300 g - L. The sulfur oxidation rate of T. thicoxidans MET in
20~100 g - L! solid concentrations was 0.70~0.75 g-S - L1 - d°1, but its sulfur oxidation
activity was remarkably inhibited with increasing solid concentration over 150 g - L1
Increasing fly ash solids concentration in the range of solids concentration 20g - L1 to 200 g -
L-! decreased the removal efficiency of Zn, Cu, Mn, Cr and Pb. The solubilization of heavy
metals from fly ash was strongly correlated with the pH value of slurry solution. When the pH
of slurry solution was reduced to 3, the solubilization process of Zn, Cu and Mn started, and
their solubilization efficiency of Zn, Cu and Mn was progressively increased below pH 2.
However, the solubilization process of Cr and Pb started at pH 2.5 and 2.0, respectively.
[Thiobacillus thiooxidans, Bioleaching, Heavy metals, Fly ash, Solids concentration].



