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Lead adsorption capacities of different components in natural surface coatings
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Abstract: Pb adsorption capaciies of Fe oxide, Mn oxide and arganic materials in natural surface coatings ( biofims and associated
minerals) collected in three lakes, two pends and a river in Jilin Province, China and Cayuga Lake in US were studied. A novel extraction
technique was employed to remove one or more component(s) from the surface coatings. Pb adsorption to surface coatings before and
after extraction was performed to determine the adsorptive properties of the extracted component(s}. The statistical analysis of observed
Pt adsorption was carried out using nonlinear least squares fiting( NLSF) to estimate the Pb adsorption capacity of each component of
surface coatings. For each body of water, the estimated Pb adsorption capacity of Mn oxide( mol Pb/mol Mn) was significantly higher than
that of Fe oxide(mol Pb/ mol Fe}. The value of estimated adsorption capacities of organic materials with the unil mol Pb per kg COD was
similar to or less than that of Fe oxides with the unit mol Ph per mol Fe. Comparison of components of surface coatings in different waters
showed that the estimated Pb adsorption capacities of components in surface coatings developed in different natural waters were ditferent,

especially for Mn oxides.
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Introduction

Ph and other heavy metals in the aquatic environments have
promoted greal interests in their transport and fate for their toxieity,
binaccumulation and lack of degradation. The cyeling of these metals in
aqualic cavironments has been acibuted to their binding or adsorption ta
surfaces of solid phases and complexation with the ligands in the water
(Turekian, 19775 Muller, 1990; Giusti. 1993) . .V[an_v researches huve
heen made in developing models 1o describe lrace metal adsorption 1o
heterogeneous sudaces ( Drombak, 1990; Schindler, 1991; Westall,
1995) . Metal oxides, especially iron and manganese oxides, and orgadic
materials are very important components in the solid phases for their
capacities of adsorbing heavy metals ( Sigg, [985; Tessier. 1987;
Nelson, 1995). The relative significance of hiotie vs. abiotic factor as
controls for trace metul cycling is expected to be influenced by conditions
in aqueous cavirenment(e.g. pH, temperature, ioni¢ strengih and metal
speciation in the water) { Muller, 1990; Giusti. 1993) and the nature of
1982; 1981 ).

Additionally, interactions between couslituceds could alter the metai

the heavy metal itself as well(Lion, Luoma,,
adsorption properties of these constituents in a heterogeneous matrix
(Tipping. 1982: Honeyman, 1988). For example, microsrganisms

could alter the depasition of metal oxides through either passive or aclive

provesses{ Lion, 1988: Lo, 1996). As for Pb adsomtion, a number of

faboratory studies have indicated that Ph is predominantly associated with
ferromanganese coatings ( Whitney, 19753 Lion, 1982). However,
significant fractions of Pb have also been reported to be associated with
orgamc materials in natural aqualic  environments ( Brundin, 1972;
Cooper, 1974} .

As surface coatings play very important roles in the cycling of heavy
metals and other pollutants. some siudics have been earried out on their
adsorption or binding property of pollutants { Nelson, 1995; lHeadley.
1998; Gray, 2001}, The role of the components of naiural surface

coalings in contralling Ph adsorption has been investigated by Nelson e

al . (Nelson, 1999a; 2002) using an adsorption additive model . The
technique of selective extraction {ollowed by Ph adsorption and statistical
analyses was employed by Dong et al. { Dong. 2000) o evaluate the
relative contributions of metal oxides and orgunic material to 1tolal
observed Ph adsorption by Lhe surface coating materials. The purpose of
the study reporied here is to {ocus on the Ph adsorption capacity of each
component in surface coatings developed in different natural waters. As
Ph adsorption 10 Al oxides and other components in surface coatings was
nﬂg]igihlt‘e( Dong. 2000 Nelson, 19994) , (m]y Fe oxides, Mn oxides
and organic materials were studied here. The same technigue described
above was employed here 1o determine the Pl adsorption parameters of
each component. The resulted Ph adsorption capacities of Fe oxide, Mn

oxide amd organic material in surface coatings were compared between

each other in each body of water. The adsorption capacity of each

component was also compared ameng surface coatings developed in
dilferent waters and the surrogate materials used in additive model by

Nelson et al . { Nelson, 1999a; 2002) .

1 Materials and methods

1.1  Development and characterization of natural surface coatings

Three lakes. one river and two ponds ( Jingyuetan Lake, Nanhu
Lake, Songhuahu lake. Songhua River and two pouds in Xianghai
wetland ) in Jilin Province , China and Cayuga lake in LS. were chosen
as the aquatic environments o develop natural surface coatings. Nanhu
Lake is an eutrophic lake lacated in Changehin City with significant Mn
deposition{ Xu, 1999) . Songhuahu Lake is an oligotrophic lake with &
lithoid bottom while Jingyuetan lake is a mesotrophic lake. The sile
selected ta collect surface coatings in Songhua River locates ar the
downstream of Jilin City. The ponds are located in Xianghai weiland and
Pond 1 is a mesotrophic reedy pond while pond II is an eutrophic
piscine. Cavuga lake is a large deep lake with mesotrophic conditions
located i central New York State, U.5. (Nelson, 1968a) .

At each aqqualic field sites, glass microscope slides (5.0 x 7.5 %
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0.1 em) were fixed cn polvpropylene vacks and submerged in the water
at a depth of about 30 ¢m for a period of 2 weeks(four weeks for Cayuga
Lake}. Prior to placement in the water, glass slides and racks were pre-
cleaned with detergent, svaked for 24 h in svap solution, acid washed for
24 b in 15% HNO,, and then rinsed in distilled-detomized water
{ddH, 0}, followed hy a second 24 h acid wush and a final rinse in
dedH, 0. lo each case, visible surface coatings were present on the glass
shdes after development .

After exposure in the field. ihe glass slides{ submerged in water)
with attached surface coalings were lransported to the laboratory for
microscopic examination, extraction and measurement of Ph binding.
1.2 Extraction of natural surface coatings

Extracted with 0.02 mol/L. hydroxylamine hydrochloride { N1, OH -
HCD and 0.01 moel/l. HNO, for 20 min was used o remove manganese
oxides, 0.4 mol/1, sodium dithionite {Na,%,0,) for 30 win ut pH 6.0 10
remove iron and manganese oxides, and 10% oxalic acid for 60 h 1o
remove most of the metal oxides and some of the organic material{ Dang,
2000; 2001 ). The exiractions were taken in 100 mm petsi dishes.

Organic materiat in unextracted and extracled surface coatings was
quantified by measuring the chemical oxvgen demand (COD} using a
modification of Standard Method # 35220 B { APHA, 1995; Dong,
2000) .

1.3 Measurement of Ph adsorption to surface coatings

Ph adsorption to unextracted and extracled sutface coatings were
measured i solutions with defined melal speciation and initial Ph
concentrations ranging from .2 1o 2.0 pmol/L, The Ph adsorption
solutions were prepared by dilution of 1000 mg/L Ph{NQ; ), reference
soluftons using a minimal mineral salts( MMS) solution with ionie strength
adjusted to 0.05 mol/l. with NaNO, { Table I'). Pb speciation in the
solutions at pH 6.0 was caleulated using MINEQL{ Westall, 1976) at
(Phl=1.0 pmolf 1., The caleulations showed that {ree PE' ions would
comprise 89% of the total dissolved Pb with only 99 PbSQ), and 1%
PhOH" . Twa slides from each treatment wore placed in polypropylene
racks after rinsed by MMS solution without Ph for 2 5 and submerged into
each of five B0D-ml! solutions with five different Ph concentrations ( six
different concentrations for pond scrface coatings) . These solntions were
comained n 1 1, heakers under a condition of 25 £ 10 . The solutions
werg stirred continuously with magnetic stirrers for 24 h, maintaining the
pH at 6.0 £ 0.1 using 0.01 mal/l, HNO, and NaOH. Afier equilibriom,
slides with surface coalings were extracted inlo 25 ml of 15% HNO; for
24 h. Ph in equiltbriom solutions were measured by GFAAS. Total
exiractable Fe. Mn and Ph in the acid exiracts were analyzed by FAAS
1o determine lhe concentrations of melal oxides and Ph adsorbed in the
surface coalings after Ph adsarption. These measurements of metal oxides
in surface coatings were curried out after Ph adsorption to avoid the effect

of the dissolulion of these oxides.

Table 1  Composition of MMS solution

Component oF species Concentration, prmol/L

Catly - Hy) 200
MSQ, » TH, O 140
(NH, J2 50, 910
KNO, 150
HaHCOy 10
K1L PO, 5

Notes: looie strength adjusted to 0.05 mol/L w/NaNEy, ; pH=6.0

1.4 Statistical analyses

As none of the extraction techniques removed only one component
from the surface coatings withowt partly extracting al least one of other
components as well, accurate determination of Ph associated with each
individual component { by difference hefore and after extraction ) thus
required consideration of eontributions {rom the partial fractions of other
components removed from the slides. Here the Ph adsorption data of
extracled and unextracled surface coatings were analyzed by nonlinear
least squares fitting{ NLSF} . The model used for the analysis considered
total adsorption by surface coating at a given Ph coneentration (T,
pmolPh/m’ ) 1o he the sum of cantributions from three constituents{ Fe,
Mn oxides and COD):

T = Coo " Tho + Cy = Ty + Coay * Tean s {1
where € terms are the surface concentrations of each component { mol
Fe or Mn/m® and mg COIYm®) and the T terms are adsorption on a per
guantity of material basis (e. g. pmol Ph/pmol Fe). T for each
cotnpouent was expressed us o Lungmuir adsorption isotherm

I7"K, [ Ph)
ATk

(2)

where: [, is the adsorption of Ph by component ¢ per unit surface area,
™ is the maximum adsorption of Ph by component i, K, is the
Langmuir equilibtiom coeflicient and [ Ph ! is the concentration of Pb.
Adsorption 16 each component is expressed per unit nominal surface area
of the glass slides conlaining the surface coaling, nol the tolal surface
area of the adsorbing phase.

For each body of water, the data sets consisied of Ph adsorption
data tor unextracted surface coatings plus surface coatings extracted with
each of the three extractants were fitted using multiple data sets {itting,
Fitting functinn was the combination of Egs. (1) and (2), and T and
K, were sel as shared paramelers. Before {itting was carried out, four
sets of €, were inputted and set as not varable while TT" and K, were
set as variable, > 0, and initiglized based on the assumption that each
compenent had the sarme adsomtion caparity. After this, iterations were
pedformed until X7 is oot reduced (the fiking converged) or X? did nat
change in 4 iterations( the filting did not converge). where X* was used
o represent the derivations of the thearetical curves from  the

expetimental data.

2  Resuits and discussion

2.1 Character of mnextracted and extiracted surface coatings
Natural sudace coatings developed on glass slides in all the aquatic
enviconments consisted of assemblages of mictoorganisms i a biofilm
matrix assoviztenl with mineral deposits. All the mineral deposits were
similar in appearance to floc particles. The surface coatings in Jingyuetan
Lake and in Nanhn Lake were similar. The color of both surface coatings
and water was sage green and organismws on the surface coatings were
mostly  zoogloea with  some  algae. Surdace coatings developed in
Songhuahu Lake were green in color and relatively thinner. The
domination organisms on the surfuce coalings were green algae arl
diatoms, Tn Songhua River, the surface coatings were light drab in
color, and most purt of the glass slides were covered by filamentons
microorganisms. Sudace coatings developed in wetland pond | were
very thin and were green in color. Pond I surface coatings were white

in color with white mineral deposits and white filamentons  fingal
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biomass. Surface coatings in Cayuga Lake conlained large numbers of

distoms, green and red algae. bacterial cells and  (ilamentous
cyanvhacteria and so on( Dong, 2000) .

The, components of wnextracted and extracted surface coatings are
all listedd in Table 2. It can be seen from Table 2 that althongh the

content of components of unextracted surfuce coatings developed in

different waters varied remarkably. surface coatings developed in cach
bady of water were consistent (rom  slide to slide { Fe amd Mn
eoncenlrations and COIY varied less than 109 ), allowing the nse of
different  slides  for characterizations  and  for  measurement  of  Ph

adsorption .

Table 2 Concentrations of metal oxides and organic materials on unextracted and extracted surface coatings developed in different waters

Surface Extractant
Waters . — - -—
concentratian Not extracted NH, OH-HCl Maa S () Oxalie: acid
Fe anidde (817 £ 68 B3 £ 159 1030 £ 90 Wby + 27
Jingynetan Lake Mn oxide 512135 20+3.9 9.2x2.3 35+ 3.1
Organic material 1551 + 4 1537 2 6 1505 + 41 1311 + 37
Fe oxide 735 + 46 706 = 58 T e 220 65+5 6
Nanhu Lake Mn oxide 283 + 25 9.8+ 1.3 0.7:£0.2 BL*
- (rganie material 1348 + 51 1033 £ 1239 1021 + 84 1047 = 104
T T e e 185 £ 11 182 + 10 63247 s4+3.4
Sonphushu Lake Mn oxide 23.7+2.2 34207 BD' BRI
Organic material 757 £ 75 586 = 150 296 « 89 686 = 99 .
T T e avide 1385 = 100 1379 + 166 231+ 44 73x 11
Songhua River Mn oxide 212+ 21 9+5.1 3.321.0 Ry
Organic material 1226 + 5.7 1146 + 58 #84 £ 20 1136+ 205 o
Fe oxide M+x26 Nx2.1 52+0,7 4.7+0.7
Poud [ Mn oxide 7.2:0.6 BI BD* RD'
Organic material ii8+0.6 109+0.6 78+0.6 44 2.7
Fe oxide 882+ 72 863 52 419+ 18 76+ 13.3
Poud (! Mn oxide 50+ 5.6 4.7+0.6 1.3:£0.4 2.3z 1.1
_ Ouvganic maierial i454 £ 135 1350+ 124 993 + 20 121126
T e oide 353219 02 £ 25 60+ 1.4 15£2.5
Cayuga Lake Mn oxide 22+0.3 6.3:0.7 1.7+0.1 BD
Organic material 484 + 29 330 + 54 470 x 25 88 +3.0

Notes: * Unit: pemol Fe or Mn /m? for metal axides and my COD/nd for organic materiul; mean{ n = 10) £ one standard deviation for metal oxides and mean (n = 2) +
! 8 Z

one devigtion lor organic material; i, Below detection limit

The extraction efliviencies of each extractant for surface coatings
eollected in different waters were differeat. NH.OH + HCl reagents
removed mast of Mn from the surface coatings with a relative litlle effect
on Fe and the oganic materials. Na,$. 0, removed most of Fe and
almost all of Mn. Oxalic acid removed most of Fe and Mn, bul the
organic materials removed were not very significant for surface coatings
collected in some bodies of water. This may be due to the remaining of
the oxalic acid, which inercased the COD value of the extracted surface
coatings. Nonetheless, different extraction reagents did extruct different
components selectively, allowing the nse of Ph adsorplion isotherms of
suface coatings treated with different  extractamt 1o determine the
eontribution of each component 1o iotal Pb adsorplion using the statistical
anzlyses method .

2.2 Pb adsorption to unextracted and extracted surface coatings

The experiment dala and the curves fitted for Ph adsorption to
extracted and unextracted surface coatings by nonlinear least SqUALes
Gtting{ NLSEY in these aquatic envimnments s afl shown in tig.1. The
estimated Langmuir parameters for each component of different surface
eoalings are listed in Table 3 and the correlation coefficients{ ) of the
NLSY are also histed

It can be seen from Fig. 1 that Pb adsorplion 1o the surface coatings
at pH 6.0 in MMS solution followed Langmuir adsorption isotherms . Ou
the other hand, the Ph concentrations in the equilibrium solutions

reduced remarkably from the imitial concentrations, especially for

unextracted surface coalings and  surface coatings extracted by he
NH, OH« HCI reagents. This indicated that there were significant Ph
adsorptions o the surface coatings. ‘The surface coatings exiracted with
NH,OH » HCI. Na,S,0, and oxalic acid significantly  reduced  thr
adsorption of Ph. especially for surdace coatings collected in Jingyvuetan
Lake. Nanhu lLake and Pond T .

The symbols of the experiment data of Ph adsarption to surfuce
coatings with each treatment in all the waters wore very elose o the
curves [ited{Fig. 1) . The values of 8 in Table 3 also showed thal the
experiment data fitted the equation with the estimated T9™ and K, very
well. This might suggest that the methods employed here were capahic of
getting the adsorption capacities of components in surfuce coatings and
the: resulted parameters were luirly reliable .

2.3  Comparison of Pb adsorption capacity of each component

Extensive study on the estimated Ph adsorption property of each
companent on a per quantity of malerial basis was careied out here. In
Fig.2, Pb adsorpiion eapacity s eompared among the three componenls
of surfuce coatings in cach body of water; while in Fig.3. Pb adsorption
capacity of each component is compared among suduce coatings in these
wuters and surrogate materials used in the additive model by Nelson e
al . (Relson. 199%a: 2002) for each of the three components. Ph
adsorption  isothenns  for pur:  laboralory  surogale  materials  were
determined under the same defined condition as that deseribed for surface

coatings on glass slides.
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Table 3 Estimaled Langmuir parameters for Pb adsorption to the three components in surface coatings developed in different waters using NLSF

Waters Parameters " e . o Ky, Ky, Keon R
Jingyuetan Lake Estimate 0.064 0.521 0.034 6.37 12.1 2.36 0.9971
Fit error 0.011 0.026 0.016 3.52 2.6 2.96
Nanhu Lake Estimate: 0.053 0.207 0.034 4.56 42.3 3.31 0.9939
Fit error 0.012 0.014 0.005 2.78 3.6 1.29
Sanghuahi 1.ake Estimate 0.193 0.729 0.102 5.24 3.0 0.29 0.9964
Fil ertor 0.019 0.074 0.122 1.37 14.5 0.43
Songhua River Estimate 0.063 0.113 0.020 3.52 25.2 6.58 0.9968
Fit error 0.013 0.021 0.004 1.27 15.6 3.40
Pond | Eslimate 0.330 1,060 0.058 0.47 211 4.45 0.9964
Fil error (.383 0.066 0.007 0.66 5.0 1.37
Fond I Estimate 0.055 0.243 0.029 4.19 348.0 15.90 0. 9803
Fit error 0.018 0.049 0.003 2.90 332.3 5.1
Cayuga Lake Estimate 0.118 0.959 0.039 0.24 250.5 1.44 09905
Fit error 0.524 0.100 0.021 1.40 108.4 1.52
Notes: * Unit: T¥*—mol Pb/mol Fe; T -—mol Ph/mol Mn: T, —mol Phikg COD; K—1/pmol
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The: estimated Ph adsorption capacity of Mn oxide based on mol Ph
per tnol Mn was significantly higher than that of Fe oxide based on mol
Pb per mol Fe for all of these surface coatings(Fig.2) . Many researches
eoncerning heavy metals adsorption to natural and artificial metal oxides
also showed that the adsorption eapacity of Mn oxides was higher than
1980; Gray, 2001; Trvedi, 2001;

Nelson, 2002) . This difference was due to the structures of the oxides:

that of Fe oxides { McKenzie,

the surface area of Mn oxide was significantly larger than that of Fe oxide
( Nelson, 2002). The tendency for Mn to bind metals has been
explained, at least in part, hy the complex mineralogical structure of Mn
oxides and wide range of zero point of charge ( Chao, 1976}, The

difference between Ph adsorption capacities of Mn oxides and Fe oxides

1
08
Equilibrium Pb concentration, pmol/L

| | |
032 04 0.6 0.8
Equilibrium Pb concentration, pmol/L

1 il
12 1.6 20 t}0

Pb adsorption to unextracted surface coatings( M) and surface coatings extracted with NH,OH HCI{ @ ). Na, 5,0, { &} and oxalic

varied remarkably. This difference was greatest in Cavuga Lake, in
which the adsorption capacity of Mn oxide is nearly two orders of
magnitude greater than that of Fe oxide, and the smallest in Songhua
River in which the adsorption capacity of Mn oxide was only about three
times greater than that of Fe oxide. But if this comparison was camiad
out at lower equilibrium Pb concentration(e.g. < 0.05 pnol/L), the
Ph adsorption capacities of Mn oxides based on mol Ph adsorbed by per
mol metal were much greater than those of Fe oxides in all the waters
investigated here. Considering the low trace metal concentration in the
natural aqualie environment, the role of Mn oxides in binding Pb would
be very significant in natural waters.

Ph adsorption to organic phases based on mol Ph adsorbed by per
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e
T

0.01

o
=

Jingyuetan Lake
Nanhu Lake
Songhuahu Lake
- Songhua River
Pond I
Pond 1T
o Cayunga Lake
a  Amorphous Fe oxide 1
a Almorphogs FeJ oxin;le 1

1E-3

Pb adsorption to Fe oxide, mol Pb/mol Fe
Pb adsorption to Mi oxide, mel Pb/mol Mn

(=]

(=

—_
T

<
<
—

Pb adsorption to organic materials, meol Pb/kg COD

1 1 I
0.2 0.4 0.6 08 1.0 02

Equilibrium Pb concentration, pmol/L

4] 4]

Fig.3
(19994, 2002) for each enmponent)

kg COD in each body of waler is also shown in Fig.2. 1t shows that the
number of moles of Phb adsorbed by Fe oxides on a per mol Fe basis was
larger than or similar to that of Pb adsorbed by organte materials on a per
kg COD hasis. Considering that the surface concentrations of Fe oxides
{pmol Fe/m’ ) and organic materials(mg COD/m’ ) on surface coatings
were nol very different from each other, it can he deduced that the Ph
adsorption contribution of Fe oxides ta total Ph adsorption would be
similar to or large than that of organic phase(Dong, 2002a; 2002h) .
For Ph adsorption 10 Fe oxides in different surface coatings, the
eslimated adsorption capacity{ mol Ph/mel Fe) based on T™ and K, was
similar in surface coatings collected in Jingyuetan lake, Nanhu Lake,

Songhua River and the two wetland ponds ( Fig. 3a). Fe oxides in

04
Equilibrium Pb concentration, umol/L,

- Jingyuetan Lake
Nanhu Lake - — — Nanhu Lake
Songhuahu Lake g3 &8 - Songhuahu Lake
- Songhua River e — - — - Sonphua River
- Pond 1 I = Pond [
-- Pond 1l |- s Pond II
- Cayuga Lake I - Cayuga Lake
Biogenic Mn oxide b 0 Surrogale organic
Abiotic Mn oxide material
L I\ 1E-4 " L i I L 1
0.6 08 1.0 0 0.2 04 046 0.8 1.0

Equilibrium Pb concentration, pmol/L

Pb adserplion capacities of surface coating components{ comparison among the differenl surface coatings and the surrogate materials used by Nelson et al .

Songhuahu Lake surfuce coatings were special for the relatively higher Ph
adsorption capacity which was ahout 3 to 4 times greater than that of Te
oxides in surface coatings in the other five hodies of waler mentioned
above. This might be owing to the lithaid bottom of the lake. therefore
the sediment have litile effeet on the surface coatings. Another reason
might he that the algae were the domination organisms on the surface
coatings, which might conduce to the formation of Fe oxides with high Ph
1988; 2001 ). The
amorphous Fe oxide used in the adsorplion additive model was prepared
by precipitation of Fe(Ill } by addition of NaOH to Fe(NO, ), solution 1o
reach a ptl of 8.0 (amorphous Fe oxide 1, Nelson, 1999a) or 7.5
{amorphous Fe oxide 2, Nelson, 2002) in MMS media. The Pb

adsorption activity { Richardson, Emmenegger,
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Yol. 16

adsorption capacity of amorphous Fe oxide 1{I",, = 0.050 mol Pb/ mol

i
Fe and K = 1.3 il;;mol) was only higher than that of the Fe oxides in
surface coatings developed in Cayuga lake, and was about hall of the
adsorplion cupacity of the Fe oxides in surface coatings collected in five
waters discussed above. This suggested that it might be under estimated
10 use this kind of amorphous Fe oxide as the surrogate material of the Fe
oxides in natural surface coatings. This may explain why the additive
maodel under estimated Pb adsorption by surface eoatings developed in
natural waters especially in the well, in which Fe oxides compose the
majority of the components of the surface coatings( Nelson., 1999a). The
adsorption capacity of amorphous Fe pxi(le 2 (F,.. = ©.050 mal Pb/mol
Fe wnd K= 3.1 L/umol) was similar 1o that of the Fe oxide in surface
coatings in the five bodies of water.

Fhe estimated Pb adsorption ecapacities of Mn oxides { mol Ph/mol
W) were different in different surface coatings and followed the order:
Cavuga lake and Pond | > Songhuahu Lake > Jingyuetan Lake >
Pond [l and Nanhu Lake > Songhua River{ Fig. 3b}. The highest
adsorption capacity{ Cayuga Take and Pond ] } was about one order of
magnitude than the lowest one{Songhua River) . The results of adsorption
of Pb to two kinds of surrogate Mn oxides. biogenetic Mn oxides and
fresh abiotic Mn oxide. are alse included in Fig.3b. The biogenetic Mn
oxides were prepared via hiologically catulyzed oxidation of Mn (1l } by
the bacterium Leptothris discophora $8-1( Nelson, 1999a; 1999h} and
the fresh abiotic Mn oxide was prepared by oxidation of Mo (11} with
KMnQ), and NaOH at 90C ( Murry, 1974; Nelson, 1999b). The
adsorption capacity of the biogenetic Mn oxide was similar to the
estimated  adsorption capacities of the Mn oxides in surface coatings
collected in Songhuahu Lake and Jingyuetan Lake, while the adsorption
praperty of the abiotic Mn oxide and the Mn oxides in surface coatings
colleeted in Pond [I . Nanhu Take and Songhua River was similar.
(Lnnsiflﬂring the lruphi(: conditions of the waters, this miglﬂ show that the
biogenetic Mn oxides were suitable surrogate for Mn oxides of surface
coatings developed in oligotrophic and mesotrophic aguatic environments
und the fresh abiotic Mn oxide was suitable to surrogate Mn oxides of
surface coatings developed in ewtrophic aquatic environments. This might
he explained as follows: biogenetic Mn oxides have higher adsorption
capacilies compared with abiotic oxides while the oligotrophic conditions
are in faver of the formation of biogenetic Mn oxides because of the high
dissnlved oxygen level .

For organie materials, the estimated Ph adsnrpiion capacities were
similar to each other in all the waters invested here, especially when Ph
concentration was larger than 0.5 pmol/L (Fig. 3e¢). Specifically, the
estimated Ph adsorption capacities of organic phases in surface coatings
developed in Jingyuetan Lake and Nanhu Lake were almost the same.
Meanwhile, the organisms in the surface coatings developed in the two
lakes were also alike as described ahove. Only the adsorption capacities
of organic phases in surface coatings developed in the two wetland ponds
were slightly higher than the capacities of organic phases in the other
sirface coalings. The curve of the surrogate organic materials used for
the additive model shown in Fig. 3¢ was the combined isotherms of cells
including a kind of diatom, a kind of green a]ga and two kinds of
hacteria and the extracellular polymer of B. cepacia (Nelson, 1999a) .
The Ph adsorption capacities of surrogale materials were lower{ approx .
1/2—1/4) than the estimated capacities of organic materials on the

surface eoatings, which might be due to that the adsorption contributions

of some surface coating components in addition 1o the acid soluble metal
oxides and organic materials, such as clay minerals, were contributed to
the organic phases. Another explanation was that there might be some
organic ligands with relatively higher Pb adsorption capacities associated

with the surface coatings developed in natural waters{ Muller, 1990) .

3 Conclusions

In all the waters studied, the estimated Ph adsorption capacities of
Mn cxides were significantly higher than those of Fe oxides hased on the
number of moles of Ph adsorbed by per mole metal, especially at lower
Ph concentration. The number of moles of Ph adsorhed by Fe oxides
containing one mole Fe was similar 1o or larger than that adsorbed by
organic materials containing one kilogram CODN. This proved that metal
oxides plaved an important role in determining Pb adsorption to surface
coatings .

For different walers, the estimated Pb adsorption capacities of
components in surface coatings were affected by the walers in which the
films were collected, especially for Mn oxides. The adsorption capacities
of surrogate materials used in additive model fitted the estimated Ph
adsorption capacily of components only in some bodies of natural water.
Therefore, it was not suitable to use a single surrogate material to
substitute for the component of surface coatings developed in any kind of

natural waters, f_‘spe—‘(’ia]]y for Mn oxides.
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