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Nonliving methanotrophic biomass was used as biosorbent to remove lead which is one of representative pollutants in
metal-bearing wastewater. Solution pH, maximum uptake, biosorbent dose and ionic strength were considered as major
factors for adsorption experiments. The optimum pH range for lead removal was increased 3.8~11.0 for methanotrophic
- biomass compared to biosorbent-free control, pH of 8.4~11.2. Removal efficiency of lead by methanotrophic biomass

was pH dependent, but less sensitive than that of control.

In isotherm experiments with 0.2 g biosorbent/L at initial

solution pH 5.0, methanotrophic biomass took up lead from aqueous solutions to the extent of 1085 mg/g biomass.
Removal amount of lead increased with an increase of biomass dose. According to biomass dose for initial 1000 mg
Ppb/L at initial pH 5.0, the optimum amount of biomass for maximum lead removal per unit methanotrophic biomass
was 0.2 g biomass/L. As a result of scanning electron microscope (SEM) micrographs equipped with energy dispersive
spectroscopy (EDS), lead removal by methanotrophic biomass seemed to be through adsorptions on the surface of
methanotrophic biomass and exopolymers around the biomass. EDS spectra confirmed that lead adsorption appeared
on the biomass and exopolymers that may be effective to lead removal comparing before and after contact with lead.
Removal efficiency of lead was slightly affected by ionic strength up to 2.0 M of NaCl and NaNOs, respectively.
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A g8 AAYe gHL BYEE Q2L 2T4E S5

F #HgHo g WEFAY (biosorption)o] BL AR
«lﬁﬂjﬂ A7E] fTH3-5). HE ovle] AEFIYPL ulo]
Ll (biomass)E o] &3l Fg&oly WM dES F
a2, AAS e Yo s Wl BHAL JiAE udEY ¥

Hol| H4 F9] 24 o5 vEozm FAAAA A
7= dioltt A dedrl AEEEAle Welzlol (Citrobactes

sp., Bacillus subtillis), &5 (Chlorella regularis, Ascophyllum
nodosum), &%) (Absidia orchidis, Aspergillus niger), &=
(Saccharomyces cerevisiae, Candida tropicalis), 71 £]9] u}o]
R2uj 2 (chitosan, crab shell) So] 2)th3-6). WEFEAH| 9
3 FEE AAY F8 wAYEL I AXY AR &
Z, NEe) nEAey whe e F3d 93§29 &7
(surface binding), A|¥U] &4 EH|E) o3 B3, =
¥ FA (surface precipitation), 4 Zu] g Asle] 3FE
83, MEWA Z249] W3, siderophoess] o)3+ T4
o] 233 22 JyE &3 (intracellular accumulation)©.2 1}

=
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E 4 9oy g4¥0z2E ¥R EFo) F2 d7He 21
Atk3-5). 534 APA Fisol dFE AE IAEE
n A2 §we] 7)% 7] (functional groups)?] & % e, 1

3 IR FFE AT o4, WNEY 7] #
Z Zo] 2gA QJrk3-5). AEFHAAE 7|&EY ol2ud
A 254 FHA vlmste F2ge] 7] W Hla
H pFT %9 ohdst Axkd FFE IF He4E HE

& =98 pHe ZFGle] Mg 4 Aok =
747t th2 HHo AA pH 49¢ 713 7HA] FE5
| 2% o) BAl0] M2 5+ ATk 2E W A7
A} FL BE (bead)Z WE A o)A} vpRrHA
2 o ¥ Algo] sbsetm EWF SR 2 $FA
=qlo] B glom, Na', Mg, Ca'' 53 z2& ¢ &
2 o]gd] tE FBT FHe otk 1 olE pHY 2FO]
U ssEsiAE x| %7 Wl HS, HON, HF 53 2
o §E4 7lnel A Yol Hom, B& FHFoE s
2are] 3 Fdo] Wz AIHEAY HES 2Y F
gtk It HEEAAS 9Ev) gsiHEe PAES WY
ot stoz Ao mEAE o Ejek vlgo) TAY 4 9
o olemEgol} FA vltAE HEFHAY A
ol WQaTh E3 ol )9 HEE AP o
S71849 HEFHLA7 2aE o] on, gojo]
o 248 W Hso] Yol dHe s 2%

B d7dNE 225 b8l "ot 35S 7MW 4E
FZAE Awsia ool EA W sz A7E FYsid
72el E3A HoT Aso] Hohtw, Hrh okdslm Al
Hog T4 AASEY Utk WEEFAAY FFH02
= desids gol 24 Ay=Aen &9 pH, Ao &
e weasid £9%, o]eAE 59 93 B 4P
AYs Yt

ME 2 Ay

1. Ao Y X2

Ao A" F §82 lead nitrate (Pb(NOs), Aldrich
chemica) & 33 FFHFol A F 9] 4Fe 7Hted pHE
3.00.8 gr2o] stock solution® @ ARREIETE d 49 F
5 4AE3E 7] (Atomic Absorption Spectroscopy, AAS)
2 AZsgen "aAmt JdAES Mt AMESHITH
2 9o pH % o] ZE9 =HE 93|A Sigma Chemical
9] sodium hydroxide (NaOH), nitric acid (HNO,), sodium chloride
(NaCl), sodium nitrate (NaNO3)Z zt2+ AL-&-3sH5 0

2. DjEX|Be| 2a| I uig

oA Q29 29, 19l B, ¥4 2EX AT 7
o9 EgoA vgaglte 2ag Aty AEE oFE
23 HTh7,8). EaE dgxsge 2 L dEzx MultiGen

A}, v]=) 2djo 4] Higgins nitrate mineral salt (NMS, Table
1) WAE o)&sty tiFez ujdslAr). wdeEE 25~
30°C, W £5E 350~400 pm, pHE 68~7.28 FA8HY
on, 7ldg FF £EE CH,, air, CO7} zHz} 5~6, 45~
50, 4~5 mLimin® & sl FFIGh MgAsFe o
d FFREE Ao =87 Wi oy 7HA] dexEas
B3aoz wiokile 2 Age) AMg3Aon, FFE W)
F F 5~69 Ax AUA thE 476 o=tk HEEFH
A 17Y 2ok ujeFd EPWEAT WIFdE 15000 pm
oA 2087 fAREslY FEE AJAA AUk ¥A A
REES Qo] Y8t A5Ae e AHY 4F5&
F4o oA B ohg dAER sk AR AR

Sde oA Wygn JAYE FFEE 2oy, 759 &
o 7157159 WAL 9] Ydald 52 ARANRHY. dE
o] whglglobs =77} vl ZY] g BAE Bavt gle
U 23 WigAsdy ASds 394 28 2250

Bz Bulglojd nAd YR SV Wl A
Bzt AHE-sHA T

Wt Jo dt & o ol

@

SEHIE Y

£ pHoll W2 o] FA% g olexsidol o3 &3
=0 o} By 98l 33} ZFSFEZ stock solution2 3|43}
o] 50 mg/Le] SH8L TEQT o) olATE UFA ¢
gted, pHE 3008 93u Al 7lAE Eojyo] &5
o] & oAFELE gyRYtk WA 50 mgle & &9
S 100 mLA ZetA= 1070 ¥e & vekaigag 1 gL

=
A Y1 HNO;9} NaOHZ pHE 2~122 3¢t} o] Zg)
255 30T & wEbZolA] 200 rpmo 2 WHISIHA 244
T RS 3 F BSaa £0 848 40 mL A3
LAE 71004 15000 pm, 308 7t AR s AFA
e i & HF pHE 243l AASE F-48}¢t} Blank
AR MEASTE ¥4 BT FAHE AP DYsAL,
pHE HNO;9F NaOH=Z 7z} 2~127h%] 259leH, 30T &
o wMEdA 200 pmoz WHEEA 2447 Ft W8
ok 2 & AHES ARV A 2T o8, 45AE
HalA AASE FE e ¢ TH3AT:
BE Aol @9 gzt g gl A AASS 3
Table 1. Composition of NMS medium (g/L)
NaNOQO; 8.5
. . K80, 1.7
Salt solution (10%) MgS0; 7H;0 037
CaCl, 2H,0 0.07
. , KH,PO, 5.3
Phosphate buffer solution (10x) Na;HPO, 36
ZnS0, 7TH;O 0.574
MnSO, 7H.0 0.446
H3BO; 0.124
Trace metal solution (1000%) NaMoO, 2H,0O 0.096
CoCl, 6H,0 0.096
KI 0.166
CuSO, 5H;0 0.25
Iron solution (1000x) FeSO4 7H,0O 11.2

Add 1 and 5 mL of 1 mM H,SO. in 1 L trace metal and 100 mL

iron solution, respectively. Dilute and mix all the solutions before use
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o13l7] ¢8|4 200, 400, 600, 800, 1000 mg/Le] stock
solutiong A %3 e pHE 247t 3.03 5002 A4
W pH 5.0 olslollA AR k7] Wiel] FF AlA
= 509 Hr} w2 pH 3.0& 71327 stock solutionS A3
a9} Sekaze pHE A Z42He] stock solution& 100
mLH ¢ F ABEAAS A7 | gLy ¥ ARe
%*17 o HP"WWE AAF 71N
Solo] pHE 243 g&
% o Z}i}ﬁ‘_ HEFolZ AE
73 (Scanning Electron Microscope,

)
rfo
]11
9
,l_.
&
x
rn:

SEM)e. 2 E—)ﬁ,ﬁ}f\’iq—.

detsty Tl e g AATE Eotir] fJsiA
1000 mg/L9] stock solutiong #|%3F UL pHE 747+ 3.0%
5002 zAsATE 1 F Sk stock solutionS 100 mL
W we & ueRsre 2z 02, 05, 10, 20, 3.0 gLy

Heth oRE Be mdzeld WIAY T, AR
AYRHTL JFAe) pHet W BES 25

ol Zwd W& Fo FiAeS ZAHINY] AW 27
pH 5.0, 50 mg/L9] stock solutionS A|Z3F t}-g, 100 mLY
& Zekazd zZ4zb ¥ NaClygt NaNOsE Wold FEE
02~2 Moz gtk o vexsts 1 gLy ¥
o g mukzolA Azl oy, w2 d4Eed
& A5do] pHe ¢ F=E FA3AH

Ad 2 F& 98e AL G F ATH & Folsle
ol HE F5E 2A37] $ja4 PERKIN-ELMER 3100
AASE A3t AMRE JHAE aire) acetyleneo]loH,
ol thallA] wave length 283.3 nm, slit 0.7 nmoljA] FA4&
APsgey. TF LN linear range =9} 3ul, 68 Fg
T8 717h ARSI

g FA8 A, Fo Wudsite 2okl wsleEA,
ERGIA ) Ao] YolukeA R157] A Energy
Dispersive Spectroscopy (EDS, EDAX international Co. PV
9900) 8 Aasla Qe FAPAANERZ (Philips 535M Scanning
Electron Microscope, SEM)& AM&-&5ch A, A A
w3k WA Ate] FEUE eppendorf FHO| @i wjA|
Yo o AR F, 5Yd 22E 343 H= wt
3lod 3] ETES *1}71'3}04 deA )zt ge 2%
5ol 5 dARgse RolFAL;

i)
™
i)
:u

34 4C«] 3% paraformaldehyde} 2.5%

glutaraldehyde 2] E3}elol] AIEE 4417 B¢ BF £ U,
0.1 M phosphate $+= &80 % 33 AL overnightd}HA Al
Hapgry tro g XAE Al HsiM el 1% 0sOs
o] 1A]7F ot ¥4 % thE, 0.1 M phosphate &% &AL
Z 1084 33 A Adsdck AR £ & AA
SalA ZzH 1088 50%, 70%, 80%, 95%2] olehg &l
S F o, 1084 330 2H 100% g F4 FAU
o}k AESS FLAF7] YA 100% SE-ET isoamylacetate
9] &S 7tz 2:1, L1, 128 wo 7PEA 1084 AMES
= e, 1084 330 ZA 100% iscamylacetate 54

o 2 Tk 2 &, 80 bar FEY mtellM AA| COE
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Figure 1. Chemical equilibrium speciations of lead computed by
MINTEQA2/PRODEFA2.

TEE F 3L1T FEE 25E LA COE 7|37
A ARE Azsgr Al HHY chargeE Q971 YA
goldZ sputtering3t thg, FAPAAEU o2 RS

25

]

a

1. pHo| o2 vEIXIEAFO| & HAS

AEERR o8] F3£S AAS] HaA vesT
(methanotrophic biomass)S MEF2A 2 AAsdch weA
e e B SA9e o83lx Ei o4 vg s
A A ghadoly duixger AMgste HEEoEA,
EolgiAlE weke o] &3l AJFstHA TCES 22 /7|2
HEAL B &£ ' A= YHA JH7.8). wWeAs)
7o Wee vegs W3hAF)E methane monooxygenase
MMO)2te E4E 71A1 glon, ¥e 7|dE0|4S Hol
= o] §49 cometabolisme] 93 TCEE &g <+ ot
(7.8). 3 o] FFE NMS vz Ee nZgY 44
Sl Lol A Z}E}i Ao "ag MMOSH & aiEo°
BY g4 ol 2T orn= AEHE B R
2 24 ols ‘%’: Isole A7 & 2eEo g ez
Atggdet. &, AEYM F45& FAE F e 7s7t
Wol B¥d Ao FZHY Wi YEFHAAE HAH
Atk o] AP B Wexsde tae nREAE
HAEZ Bu]EHEA soluble MMOO] e AsfiAlz 2183}
= FeEd dEM 38 35S AT AATKS). HEAs
ol o8 o] FF5L Tolry] A HA HF el
A pHo| W2 o] AASS AHugch FFE o2& Al

=g glold pHE 71 208 98 Fysle QAR
a2 A Ith12). % o)Ly &5 AES Yolhe T2
INTEQA2/ PRODEFA2¢] Aako] &jshd, ekt °l£
6}21 o}= wre gl pHolA Pb' 9 HElE W
& 0]2-2 pHE Z7le] wepx OH™ o] &3 éﬂﬂﬂi
PbOH ", Pb3(0H)j’4 g2 wA B} (Fgure 1) °F pH 8
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Figure 2. Removal efficiency of lead for initial 50 mg/L with 1 g
dry biosorbent/L at various pH valuse: (@) methanotrophic biomass

and () without biosorbent.

B ME o]&4S YA Ho] PbOH), Fele HAHES 3
A8H) o, Be =& pHolAE thA] Pb (OH); 1} Pb (OH)'~
Fehz A S3sA ok gy F& NEELAE Yo
pHO Aol A % A Lo o] HoWA FE&H
< T3 AAL 5 ojof Frh pHo| & H4PL &
o we Ao guryoz g FEAEgo] HH ol
£ 2427k TIEo R AN §3 4¥e 27] 50 mg/lL
o il 1 g/Lel vgaldld s 548 A9 FYskA
blank AH-E S Ao B3t (Figure 2). Blank 218
< A9 e g8lx= pH W] o WHste F
3% pH WS giold ALode AAHUY Hol ThA
Ak 90% olel @& AAL 4 e HA pH 4
84~1128 F& Holth g &3t o201 Akavt
e A%l pH 5 ool o] Yoi}r] AlAste pH7}
11 ool =H Aoz AQHYA dRE A S3Ft ©9).
a2 WerEge 1 gl BAs A9ode Az o
AAR A Boh 7 AAQ HA pH7F 38~11.022 B Y
oJAr} L3 pH 2 H29 & pHOME 80% olie &
g AASS BYo 28B2 W pHAlA g wWgAsit
o ERol E45 AAY AeE B £ Yn FL pHoA
AAo] Sair AAY Aoz Bt} BlankoAe ol
pH Gdoxwt A AAHEE Bl 3o B
Ao BT E3), A 93 AXe W= g
Aol gko] W FHA pHY Fdgo] Hlwy Fr} Lol
i HAES AAY YsMe SHAE ARRsoF &ty
WHAE A A AT 23E) FAE Padt ad
oA werligtgol 23 g FF AAHe FHF pHYL 3.
8§~11.02 Yrie 2HdA f&3lth 53], ¥ pHAA:
AAZel gomg A4 ddds UEHe FI4E AFE

AHelghed) a4 Hog AaHS

o fu

e}
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rlo
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Figure 3, Maximum uptake of lead with 1 g dry methanotrophic biomass
at initial pH 3.0 (@) and 5.0 ().

%7] pH 3.03} 509 ¢ &0 djghxisidt 1 gLE FYst
Ak o, weol AATE HEFHANN vigAstFe] EFF
Hol AA" g9 47 AF Fo oile de ¥ vlE
A FZAEGT A8 dielA ol HAHE AE 47
AailA 27] pH 50 olatdl X P, FH| ojlze A
e 4O Bob dol AAZT B ol do} gle ¥
& vadl a1geg Jehilct (Figure 3). Aol ot
%7 pH7t BGeE el FH5o] Hojdg ¢ F UM
ojAe dgRslEel 71571d H' oled Pb’7 o]&o] M2
AAHoE FFEY] wie] Avle @FoR HAth F,
pH7L SoPa$E H' olee) 47t 43 Fristeg ML
Be] 7)%57lelA PbT oleg Polym il FREnz §
Zzo] PojAE ASE HATH WgAsg2 o™ A
3 Zgo| (Absidia coerulea)} Z5F (Thraustochitrium sp.)
Hoe 7~8u) o)A T& FHETE HHPUKI0). 27 pH
5094 07t mekxtzld g 3 N AAZFE 870 mg, pH
3000 825 mge] ol FHEHol AAHAL. HZ oY
Apxate) o3t dF Ao s Ascophyllum  nodosum,
Brevibacterium sp., Durvillaea potatorum, Ecklonia radiata,

£ @ o2

Fucus vesiculosus, Penicillium chrysogenum, Phellinus badius,
Phanarochaete chrysosporium, Polyporous versicolor, Pseudomonas
aeruginosa PU21, Rhizopus oligosporus, Saccharomyces uvarum,
Sargassum fluitans, Sargassum horneri, Sargassum sagamianum,
Streptoverticillium cinnamoneum 59 AME-FZA7E ANFA
aeizl A Hgloem, thrl 50~370 mg/g biosorbentd] & W
Ea%=L HYo) (Table 2). 2 FoME 8 S5 B
o AEFAAE e 2F} FHo|Ath 53], Matheickal
9l Yuol) ola) 42l Durvillaea potarorum= 332 mg/g, Holan
I Voleskyol| 93] L&A Fucus vesiculosusS} Ascophyllum
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Table 2. Recent studies for the biosorption of lead

Microorganism Lead uptake (mg/g) References

Brevibacterium sp. 74.6 16
brewery yeast 127 17
distillery-derived biomass 189 18
Durvillaea potatorum & Ecklonia radiata 332 & 269 19
Fucus vesiculosus & Ascophyllum nodosum, crosslinked 370 20
Penicillium chrysogenum 116 21
Phellinus badius 170 22
Polyporous versicolor & Phanarochaete chrysosporium 575 & 110 23
Pseudomonas aeruginosa PU21 110 24
Pseudomonas aeruginosa PU21, calcium alginate-immobilized 332 25
Rhizopus oligosporus 126 26
Saccharomyces uvarum 48.9 27
Sargassum fluitans & Ascophyllum nodosum 369 & 287 28
Sargassum horneri 185.5 29
Sargassum sagamianum 2245 30

577 31

Streptoverticillium cinnamoneum

M R
o
=
2

£
H
§
g
PE«
| =
-
t
| 2.9 4,08 6,00 8.6
ACHNT B.808KEV 18BeVrch A EDAX
(©

Figaure 4. SEM of methanotrophic biomass and EDS on the surface of methanotrophic biomass: (A) raw methanotrophs (X 10000), (B)
methanotrophs exposed to initial 1000 mg Pb/L at pH 5.0 (X 10000) and (C) EDS peak on the surface of methanotrophs exposed to initial 1000
mg Pb/L at pH 5.0.
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nodosum®) 3133 9= 370 mg/g, Chang®} Huangol] <&
A @712 1B} Pseudomonas aeruginosa PU21= 332 mg/g,
Leusch 59 93] <#lA Sargassum fluitans™ 369 mgfgel
o ¢ 45 Rtk 199)A Macaskie 5 Hhe|2io}
9] Y& Citrobacter sp.& ©]8-3} EE DA Yz A

R o} 2u) ol4e) 4% ATz B & ok
ozt duAsFel A% ¢ AA AAUEE s
7] sletel e Edsl 2 ¥ FRE ANAR F A%
o7 (SEM)ez #F3gty E3 #59 FWE EDS &
HEHo 2 FHsle ojd P2Eo] FE EAL YA
22590} (Figure 4). WE3}7S 1000 mg/Le) F3 HF
A7l 3 #EE A oshd, eS¢ FHE]
A Fo] 2 Wzl AUk 2™l el A4 Fele A
AEo] Holx G ROF Hol g ] A AA=
E Aol oflet FFol daiM AAHE ZoZ BAt §
olgt M Wit HEF ¥ vexlgd FHY 1R EHE
o) mx £8AY Bvke ZRolh ozl wElA Brp &
A5 o} ®y) 984 F& FEAAZ oeAshE el deiA
EDS BA3 Az, n&x EWSA o B2 49 9 peak
7t BEHAT} (Figure 4, C). 714 < Pyl tidh peak7t
UehdE e SEM A8 Fulske B0 A phosphate ¢
Zgdog 33 FT ovemight3pAA AAFP7) QFoz A}
S99 BBA dedsEe Be J9 n¥4 $AEE
AT 92 WEH, 0B TS o e we FF
2 AT 98E & 4 AT Ao A5 2 FolA
& o]l22 oF HelE wuE Hxl g =y AEy
N7 2oy 7ix AFse AFE] itk dEE, F
go] Axde Fa AR Fo skl 7"y J)EALY
oxygen ¥ acetamido I % nitrogen E|UEE Z8-3}o
FHS BT £ e 570 oM oy 71A g5 ol
M ZHe Fasol Uui2,13). wWeElete] AEyel F
8 A AE-S peptidoglycano|®, o] % N-acetyl glucosamine
F&o i3 FH5o] Hojdt Hog ¢ 719 Fa

ZF3&0] FFo FaF dE ol MEH $of
Ex& teichoic acid, teichuronic acid, phospholipid,
lipopolysaccharide, N-acetyl glucosamine i <3} tehLt
e AeE A UTS).

lo ol or

3. HEXEE S ¢ o|2Zz oE "o HAS
223 HEFHAS AAsr) YsiMe pHel WE FF
29 AASY HIAYANN &Y HEFIA T FFHY
At AASS ARRE & F Aok & FL2 AsFHAe
We pH dddA 2 3% AATE 73 doler 3t
, W pHAlA ©g] AEEAA o & A 5845 AA
& Baol Ik E AYoNe 27 ¥4 = & &
of et HAFe YEFHA FYHFE FA] A3t H
Aol A wgatshite $UFe] G o AATE 2R
gtk A¥L £7) pH 3.07 509 1000 mg/Le] Y &-Hoj

1200
) l
Y 1000
-E— 800 A
£
© 600 4
ey
<%

D 400 A
?
@ 200 4
-

0

Final Solution pH
[5)]

0 % 2 3
Biosorbent Dose (g/L)

Figure 5. Effects of methanotrophic biomass dose for 1000 mg/L of
lead at initial solution pH 3.0 (@) and 5.0 (O).

Az e 49 vexsiae FUstd @9l deasd 7
A 7 AASE Lol Btk (Figure 5). Aol o3hd %
7] pH 3.0} 5.00)4 1000 mg Pb/Lol tisfr &4 vjekzis)
T Bz 247} 0.2 glLollon, 1u T weskt 2
HAv) g AAFL 9507} 1085 mg/gol et ARG vieh 2
o vletzlsle] Flde] F/igel wel AAHE F Fel
gt Z7lago ey ol dexiside] Aoz
FolA A WEA] AEFAA Y] o] Frh3itia 3
A w9 Hexigd 3 3] Fkske Ao] ofdS ¢
g 9litk. B8] Absidia coerulea\} Thraustochitrium sp.$}
o] B e FLSL Hole ABREFAE AEFHA
o} oko] Z7\gtol wil @9 FEFY PAUE e
(10, Hekatsgst Zo] & FA5E Bole AEEFHAE
e FAT o9 F3eke A E Bk ol dExs
e FYeko) weE o9 FAFE 27 @ vxe w¢
#do] @itk vetslde Fibso] ®olr] &7 pH 5.0,
1000 mg Pb/LolA 1 gLY BEFIAE FHsHH ¢ 880
mgfgd $E AAT £ AR, FUFT ZAAM 2 gLE
2qlabd A|7%ol 499 mg Phgo g Holgth ojAg o
2 @k 2 g/Ly] wgasld FYoF 998 mgo] ol
AA=] goldde "ol 2 mgL ®olAk F, 27] WY &
To mEkd HFY AEEFFA Y £YFdo] EAFS & F
Ak Wk AR BAVIES AACk = AFolgH
1000 mg/Le) P& A3 HaiMe AT 2 gl o9
WeAsFE Faersts 4 4 U AL FIFE A
AE A SANAE FUT W mRRAR #3471
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Figure 6. Effects of ionic strength for 50 mg Pb/L, initial solution
pH 5.0 and 1 g dry methanotrophs/L: (@) NaCl and ({) NaNOs.

50 mg Pb/Lel] 1 g/Le] mgralslig T3t 2
o] WEE 249 Byt (Figure 6). 482 52 ©
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F deAel e FaER e, ol Es NaCl#t NaNO;
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g Ag Aoz JulEd. olendFAe FEE AAY
WAV Zo] oj2E md A ojFollEz E &
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o /\gg x_llx-]]‘— a]—vq }E o]2E59 Cdtsko] A Ao
2 AEHAL dAZ =gds AHE 3AY Aee fEE
E ¥4 B Na', Ca°F, CI 57 2& o]& ]9 = EDTA
U CN™ 9} 2 Y olE 3EE0] %ol EFE ojA
HEo Aot} olemBFEAd YME FFEE &7
Hoz AASY P& Ao dEid Jrkl2). 93
BN 2 uf of AR o] EAE AEFHAY o]
AR Y] 7lErolM e | o]&7ke) FA ¥k opg}
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