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Executive Summary 

The role of chemical and physical interactions in cleaning of organic fouled reverse 
osmosis (RO) membranes is systematically investigated. Fouling and cleaning 
experiments were performed with organic foulants that simulate effluent organic matter 
(EfDM) and selected cleaning agents using a laboratory-scale crossflow test unit. All 
fouling runs, which were subjected to ensuing cleaning experiments, were performed at 
the same operational conditions. 

The extent of flux decline was accelerated by adding calcium to the feed water prior to 7 
the initiation of fouling runs. This allowed calcium ions to bind with the charged organic 
foulant macromolecules and form bridges between adjacent foulants, leading to a cross

c-7 linked fouling layer at the membrane surface. The cross-linked fouling layer produced a 
substantial resistance to permeate flux and, thus, a severe flux decline. 

-7 Following the severe flux-decline for each fouling run, cleaning experiments were 
performed at various chemical and physical conditions. The results showed that EDT A 
and SDS treatments were able to clean the fouled RO membrane effectively by 
optimizing chemical (i.e., dose, pH, and foulant composition) and physical (time, 
crossflow velocity, temperature, and permeation) conditions during cleaning. The 
permeate flux was, however, poorly recovered when cleaning was performed with NaOH 

-7 (pH 11 ), at the same cleaning conditions as those with EDTA and SDS. This implies that 
chemical interaction between NaOH and foulants within the cross-linked fouling layer 
was limited. 

The cleaning results were further confirmed through interfacial force measurements (by 
AFM), demonstrating the influence of each cleaning agent on reducing foulant-foulant 

- 7 adhesion force. The results showed that the adhesion force resulting from calcium
induced foulant-foulant interaction was reduced significantly with EDTA and SDS 
cleaning, while substantial adhesion force still remained with NaOH cleaning. 

It is suggested that an efficient cleaning agent and favorable cleaning conditions be 
selected by considering two important mechanisms: chemical reaction between cleaning 
agents and foulants in the fouling layer and mass transfer of chemical agents (from the 
bulk phase to the fouling layer) and foulants (from the fouling layer to the bulk phase). 

ix 
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r7 1. Introduction

Reverse osmosis (RO) membranes are widely used in drinking water, wastewater, and 
f7 industrial applications. The use of RO membranes in advanced wastewater reclamation 

using secondary treated wastewater effluent to produce water for indirect potable use has 
also increased over the past few years. However, one of the major impediments in the 

'7 application of RO membrane technology for desalination and wastewater reclamation is 
membrane fouling. Fouling results in the deterioration of membrane performance, in 

_a 
terms of a reduction in permeate water flux and quality, due to accumulation of 

n substances on the membrane surface and/or within the membrane pore structure. In 
� J 

advanced water reclamation, secondary treated effluent from wastewater treatment plants 
contains dissolved organics, commonly known as effluent organic matter (EfDM), which 
contribute to organic fouling of RO membranes (Barker et al., 2000). 

Developing strategies for fouling control has always been a major challenge in membrane 
,7 research. To minimize fouling, membrane manufacturers can improve on the membrane 

properties and membrane operators can optimize operational conditions. Another 
strategy to minimize fouling is to pretreat the feedwater before the RO process. 

r7 However, for typically large drinking water production plants, to pretreat the feedwater 
can be economically infeasible. Also, it has been reported that some pretreatment l_ J 

processes may lead to other problems as a result of undesirable interactions between 
:7 foulants and pretreatment chemicals (Walton, 1991). Therefore, despite the many 
l___ strategies to prevent fouling, fouling is inevitable. The long-term solution would be to J 

remove the foulant on membrane surfaces via chemical cleaning, which is an integral part 
'7 of sustaining membrane process operation (Mohammadi et al., 2002; Liikanen et al., 
L_J 2002; Madaeni et al., 2001; Sadhwani and Vesa, 2001; Ebrahim, 1994; Deqian, 1987). 

Membrane cleaning is performed when there is a significant drop in permeate flux or salt 
,7 rejection, or when there is a need to increase the transmembrane pressure significantly to 
LJ maintain the desired water flux (Osta and Bakheet, 1987). 

�1 There are five categories of cleaning agents: alkaline solutions, acids, metal chelating 
LJ agents, surfactants, and enzymes (Mohammadi et al., 2002; Tragardh, 1989). 

Commercial cleaning products are mixtures of these compounds, but the actual 
,- 7 

composition is often unknown to users or, more importantly, to investigators of 
L_I membrane cleaning. Therefore, many studies on chemical cleaning in the literature are 

not able to provide useful information to illuminate the mechanisms of chemical 
cleaning.

u 
In this study, alkaline solutions, metal chelating agents, and surfactants are used to clean 
fouled membranes. Alkaline solutions clean organic-fouled membranes by hydrolysis 

LJ and solubilization. Alkaline solutions also increase the solution pH, and therefore 
increase the negative charges and solubility of the organic foulant. For example, when 
the carboxylic functional groups of the organic foulant are deprotonated at alkaline 
conditions, solubility increases nearly three orders of magnitude (Thurman, 1985). In the 
presence of divalent cations, such as Ca2+ 

, sodium alginate (SA), which is selected to 

LJ 
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represent the hydrophilic (polysaccharide) fraction of EfOM in this project, may form 
alginate-complexed molecules, resulting in a highly compacted gel network of fouling 
layer (Rees, 1984; Grant et al., 1973). Metal chelating agents, such as EDTA, remove 
divalent cations from the complexed organic molecules and improve the cleaning of the 
fouled membrane (Hong and Elimelech, 1997). Surfactants are compounds that have 
both hydrophilic and hydrophobic groups, and are semi-soluble in both organic and 
aqueous solvents. Surfactants can solubilize macromolecules by forming micelles around 
them (Rosen, 1989), and help to clean the surface of the fouled membrane. 

Chemical reactions take place between the foulants and the cleaning agents during 
chemical cleaning of fouled membranes. A cleaning agent cleans the membrane by 
removing the foulants, changing the morphology of the foulants, or altering the surface 
chemistry of the fouling layer (Weis et al., 2003; Tuladhur, 2001; Bird and Fryer, 1991). 
The effectiveness of chemical cleaning has been reported to depend on factors such as 
temperature, pH, and concentration of cleaning chemicals (Mohammadi et al., 2002; 
Lindau and Jonsson, 1994; Bohner and Bradley, 1992; Daufin et al., 1991). In order to 
properly select the cleaning agents, an understanding of the fouling mechanisms by the 
foulant and the cleaning mechanisms of the cleaning agents is required. However, to 
date, mechanistic studies on chemical cleaning of polymeric RO membranes are limited. 
Most findings were based commercial membrane cleaning products of unknown chemical 
composition, and chemical cleaning protocols as specified or recommended by the 
membrane manufacturers with no scientific base for support (Weis et al., 2003; Graham 
et al., 1989; Ebrahim and Malik, 1987; Farinas et al., 1987). Because the development of 
efficient protocols for chemical cleaning is of utmost importance, more fundamental and 
systematic studies on chemical cleaning of RO (and other) membranes should be 
conducted. 

Atomic force microscopy (AFM) has been used to quantify forces, such as electrostatic, 
van der Waals, adhesion, steric, bridging, depletion, hydration, and hydrophobic 
interactions, in aqueous solutions (Ducker et al., 1992; Butt, 1991). Recently, AFM force 
measurements have been applied in membrane research (Hilal et al., 2003; Hilal and 
Bowen, 2002; Hilal et al., 2002; Bowen et al., 1999; Bowen et al., 1997). When a 
membrane surface is retracted away from a colloid probe, the measurement of the 
interaction forces between the colloid probe, which is used as a surrogate organic foulant, 
and the membrane surface covered with organic foulant, quantifies the foulant-foulant 
adhesion force. Thus, this quantification also indicates the tendency of foulant removal 
during chemical cleaning. In our earlier work (Li and Elimelech, 2004), it has been 
reported that, in the presence of EDT A and SOS solutions at pH 11, the adhesion force 
between the colloid probe and the fouled NF membrane was eliminated almost 
completely, whereas in the presence ofNaOH solution at pH 11, an adhesion force was 
still present. The study also showed a good correlation between the measured residual 
AFM adhesion force and the cleaning efficiency as obtained from the fouling/cleaning 
experiments. 

The objective of this research was to systematically study the physical and chemical 
aspects of cleaning of organic fouled RO membranes, with emphasis on cleaning of RO 
membrane fouled by hydrophilic organic matter. The general approach to systematically 
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investigate the physical and chemical factors governing chemical cleaning of organic
fouled RO membrane was to conduct bench-scale membrane filtration experiments under 
controlled conditions. AFM was used to study the interaction forces between the foulant 
in bulk solution and the foulant accumulated on the membrane surfaces, and as a tool for 
predicting chemical cleaning efficiency. To study the role of solution chemistry on 
fouling and cleaning, the AFM force measurements were conducted in the absence and 
presence of different divalent cations, and in the absence and presence of different 
chemical cleaning solutions. The adhesion force profiles of the retracting curves were 
compared with the cleaning efficiency obtained from the laboratory-scale 
fouling/cleaning experiments to explain the cleaning mechanisms involved. 

3 



--

� 

:-�1 

r--1 

,----
1 

,- -7 

I _J 

I _ r  

L i  

I J 

2. Materials and Methods 

2 . 1  Organ ic  Fou lants 

The organic foulants chosen as representative hydrophilic and hydrophobic EfDM were 
sodium alginate (SA) (Sigma-Aldrich, St. Louis, Missouri) and Suwannee River natural 
organic matter (SRNOM) (International Humic Substances Society, St. Paul, Minnesota), 
respectively. Sodium alginate was extracted from brown seaweed. Based on the 
manufacturer, the molecular weight of the sodium alginate ranges from 12 to 80 kDa. 
Both SA and SRNOM were verified to have predominantly carboxylic functional groups 
through potentiometric titration (794 Basic Titrino, Metrohm, Switzerland). Other 
characteristics of SRNOM, including molecular weight and mass fraction of hydrophobic 
NOM, can be found elsewhere (Lee et al., 2005; Lee et al., 2004). Both organic foulants 
were received in a powder form, and stock solutions (2 g/1) were prepared by dissolving 
each of the foulants in deionized (DI) water. Mixing of the stock solutions was 
performed for over 24 h to ensure complete dissolution of the foulants, followed by 
filtration with a 0.45-µm filter (Durapore, Millipore, Billerica, Massachusetts). The 
filtered stock solutions were stored in sterilized glass bottles at 4 °C. 

2.2 Chemical Clean ing Agents 

The chemical cleaning agents used were trace metal NaOH (pH 11.0) as an alkaline 
solution, certified grade disodium ethylenediaminetetraacetate (Na2-EDTA) as a metal 
chelating agent, and certified grade sodium dodecyl sulfate (SDS) as an anionic 
surfactant. These cleaning agents are the most common compounds in commercial 
cleaning products for organic-fouled membranes (Mohammadi et al., 2002; Tragardh, 
1989). The NaOH, EDTA, and SDS were purchased from Fisher Scientific (Pittsburg, 
Pennsylvania) and used with no further purification. The stock chemical solutions were 
prepared freshly by dissolving each chemical in DI water. Cleaning with DI water served 
as a baseline. The pH of the EDTA and SDS cleaning solutions was adjusted with 1.0 M 
NaOH as needed. 

2.3 RO Membrane 

The relatively well characterized thin-filmed composite LFC-1 (Hydranautics, Oceanside, 
California) was used as a model RO membrane. The average hydraulic resistance was 
determined to be 9.16 (±0.11) x 10e1 3  m- 1 . The observed salt rejection was 97.5-
98.2 percent ( determined at an applied pressure of 100 psi and a crossflow velocity of 
8.1 cm/s; feed water contained 10 mM (584 mg/L) NaCl). Membrane samples were 
received as dry large sheets, and were cut and stored in DI water at 4 °C. The membrane 
has been reported to be negatively charged at solution chemistries typical to natural and 
waste waters, with an isoelectric point at about pH 4 (Vrijenhoek et al., 2000). 
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2.4 Crossflow Test Un it 

Fouling and subsequent cleaning experiments were performed with a laboratory-scale 
crossflow test unit as shown in figure 1. The membrane test unit consists of a membrane 
cell, pump, feed reservoir, temperature control system, and data acquisition system. 
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Figure 1 .-Schematic description of the crossflow RO membrane test un it .  

The membrane cell was of a rectangular plate-and-frame unit, containing a flat membrane 
sheet placed in a rectangular channel of dimensions 7.7 cm long, 2.6 cm wide, and 0.3 cm 
high. Both permeate and retentate were recirculated back to the feed reservoir. Permeate 
flux was registered continuously by a digital flow meter (Optiflow 1000, Humonics, 
California) interfaced with a computer. A floating disc rotameter (King Instrument, 
Fresno, California) was used to monitor the retentate flow rate. The crossflow velocity 
and the operating pressure were adjusted using a bypass valve (Swagelok, Solon, Ohio) 
in conjunction with a back pressure regulator (U.S. Paraplate, Auburn, California). 
Temperature was controlled by a recirculating chiller/heater (Model 633, Polysciences) 
with a stainless-steel coil submerged in the feed water reservoir. 

2.5 Fou l ing  and Cleaning Experiments 

The experimental protocol developed for fouling/cleaning is shown in figure 2. The 
membrane was first compacted with DI water for 12 h until the permeate flux became 
constant, followed by the initial baseline performance for 1 h to determine pure water 
flux of the clean membrane. Following the initial baseline performance, the membrane 
was stabilized and equilibrated with a foulant-free electrolyte solution for 2 h. After 
attaining a stable flux, the initial flux and the crossflow velocity were adjusted to the 
values used for the subsequent fouling runs. The chemistry of feed solution and 
operating conditions adjusted in this stage were the same as those used for the ensuing 
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fouling runs. Fouling was then initiated by adding organic foulants (i.e., SA, SRNOM, or 
both SA and SRNOM) to the feed water to achieve the desired organic concentration. 
Fouling runs were carried out for 17 h. At the end of fouling, the feed solution in the 
feed reservoir was disposed of and cleaning of the fouled membrane was performed by 
adding the chemical cleaning solution to the feed reservoir. At the end of the cleaning 
stage, the chemical cleaning solution in the reservoir was emptied, and the reservoir and 
the membrane cell were rinsed with DI water to flush out the residual chemical cleaning 
solution. Finally, the cleaned RO membrane was subjected to the second baseline 
performance with DI water to determine the pure water flux again. The operating 
conditions (i.e., initial flux, crossflow velocity, and temperature) of this stage were 
identical to those applied during the initial baseline performance, so as to determine the 
cleaning efficiency by comparing the pure water fluxes determined before fouling and 
after cleaning. To confirm the reproducibility of determined cleaning efficiency, some 
selected fouling/cleaning runs were duplicated, and the results showed that fouling rate 
and cleaning efficiency obtained from the duplicate runs were within the acceptable 
experimental error (less than 5 percent). Throughout all the stages, the feed water in the 
reservoir located on top of a magnetic stirrer was mixed vigorously to ensure complete 
mixing of the feed water and cleaning solution. 
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Figure 2.-Experimental protocol for the fouling/cleaning runs 

Cleaning efficiency varies with the various conditions applied during cleaning, namely, 
type of cleaning agent, cleaning solution pH, cleaning agent dose, cleaning time, 
crossflow velocity during cleaning, cleaning solution temperature, and permeation during 
cleaning. Furthermore, cleaning efficiency, even at fixed cleaning conditions, is also 
influenced by the conditions applied during fouling. For a systematic investigation on the 
role of chemical and physical interactions in cleaning of fouled membranes, it is 
necessary to isolate cleaning conditions from the influence of fouling conditions, thus 
focusing solely on the influence of cleaning conditions on cleaning efficiency. Therefore, 
throughout this study, all fouling runs subjected to cleaning experiments were performed 
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at the same fouling conditions in terms of feed solution chemistry (i.e., pH 6.0, 0.5 mM 
calcium, 10 mM total ionic strength adjusted by varying NaCl concentration) and 
operating conditions (i.e., initial flux of 20 µmis, crossflow velocity of 8.56 cm/s, and 
temperature 20 °C); these conditions yielded similar flux decline profiles. This implies 
that each cleaning is subjected to an identical organic fouling layer since the same 
organic fouling layer produces identical resistance to permeate flow and, hence, the same 
flux profiles. A few fouling runs were performed with feed waters containing different 
organic foulants (i.e., SRNOM or mixture of SA and SRNOM); however, the fouling and 
cleaning conditions were the same as above, thus allowing to investigate the influence of 
foulant composition on cleaning efficiency. 

Calcium was used with two purposes during the fouling experiments. First, calcium was 
used to accelerate fouling of the charged organic foulant, leading to a substantial flux 
decline, which was needed to differentiate the cleaning efficiency determined at various 
conditions more comparably. Based on our previous findings, it was shown that calcium 
specifically (much more than magnesium) binds with charged (predominantly carboxylic 
groups) organic foulants (i.e., NOM and acidic polysaccharides) and form bridges 
between adjacent foulants. This results in the formation of a cross-linked fouling layer at 
the membrane surface, thus producing substantial resistance to permeate flow. In 
addition, calcium-induced organic fouling is one of the major causes for severe flux 
decline and known to be most recalcitrant since natural and waste waters contain 
substantial amounts of calcium. The role of calcium in organic fouling was also 
discussed and delineated later in this study, and the cleaning mechanisms of each 
cleaning agent was presented focusing on cleaning of calcium-induced organic fouling 
layer, with respect to chemical and physical factors that govern cleaning efficiency. 

2.6 AFM Adhesion Force Measurements 

Atomic force microscopy (AFM) was used to measure the interfacial force between the 
foulant in the bulk solution and the foulant in the fouling layer on the membrane. The 
force measurements were performed with a colloid probe, modified from a 
commercialized SiN AFM probe (Veeco Metrology Group, Santa Barbara, California). 
A carboxylate modified latex (CML) particle (Interfacial Dynamics Corp., Portland, 
Oregon) was used as a surrogate for the organic foulants, because organic foulants (SA 
and SRNOM) carry predominantly carboxylic functional groups. To make a colloid 
probe, a CML particle of diameter 4.0 µm was attached by Norland Optical adhesive 
(Norland Products, Inc., Cranbury, New Jersey) to a tipless SiN cantilever. The colloid 
probe was cured under UV light for 20 min. 

The AFM adhesion force measurements were performed in a fluid cell using a closed 
inlet/outlet loop. The solution chemistries of the test solutions in the fluid cell were the 
same as those used in the bench-scale fouling/cleaning experiments. The fluid cell was 
first rinsed with 6 mL of DI water and 6 mL of test solution, before injecting another 
6 mL of test solution. Once all the air bubbles had been flushed out of the fluid cell, the 
injection would stop and the outlet was closed. The membrane was equilibrated with the 

8 

/-eel 

'-----1 

-1
! 

l _: 

\ 7 

:__i 

; -7 

u 

--7 



- _\f 

,_j 

', 

' 

� l  

test solution for 60 min before force measurements were performed. The force 
measurements were conducted at three to five different locations, and 15 measurements 
were taken at each location. Because the focus of this study was on the foulant-foulant 
interaction (adhesion), only the raw data obtained from the retracting force curves were 
processed and converted to obtain the force versus surface-to-surface separation curves. 
The force curves presented were the averages of all the representative force curves 
obtained at the different locations. The detailed methods of interfacial force 
measurements using AFM in conjunction with a colloid probe to determine the 
intermolecular adhesion forces can be referred from our recent work (Li and Elimelech, 
2004). 
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3. Resu Its and Discussion 

3.1  Chemical Aspects of Clean ing 

The influence of cleaning solution chemistry-cleaning solution type, cleaning solution 
pH, and cleaning agent dose-on cleaning efficiency is systematically investigated to 
find out the favorable cleaning conditions in terms of chemical reaction between the 
cleaning agent and foulants. During this process, it is expected that the structural stability 
and integrity of the fouling layer are weakened. In addition, the influence of fouling 
layer composition on cleaning efficiency is also investigated with feed waters containing 
both sodium alginate (SA) and SRNOM with different mass ratios. Cleaning 
experiments are performed at fixed physical conditions (i.e., cleaning time = 15 min, 
crossflow velocity = 42.8 cm/s, temperature = 20 °C, and no water permeation), so that 
only the chemical aspects of cleaning will be investigated. 

3.1  . 1  Effect of Cleaning Solution Type 

The cleaning efficiency with different cleaning solutions - i.e., NaOH (pH 11 ), SDS, 
and EDT A) - is compared in figure 3 .  DI water was also used as a cleaning solution, 
and the result served as a baseline for comparison with other cleaning solutions. 
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F igure 3 .-lnfluence of cleaning solution type on cleaning of organic fouled RO membranes: 
(a) flux behavior during the foul ing/cleaning experiments and (b) variation in  cleaning efficiency 
with respect to cleaning solution type . Cond itions for foul ing experiments : SA concentration = 
20 mg/L, calcium concentration = 0 .5  mM,  total ionic strength = 1 0  mM ( i .e . ,  0 .5  mM Ca2+ plus
8.5 mM NaCl) ,  pH = 5.90 ± 0.05, i n it ial flux = 20 µm/s , crossflow velocity = 8 .56 emfs , and 
temperature = 20.0 ± 0.2 °C. Cond itions for clean ing experiments : t ime = 1 5  min ,  temperature = 
20.0 ± 0.2 °C, crossflow velocity = 42 .8 cm/s, and no permeation . Cleaning solutions were used 
without pH adjustment ( i .e . ,  ambient pH) except for the NaOH clean ing .  
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The flux behavior of each run in figure 3a was almost identical, except the pure water 
flux obtained after cleaning since each fouling run prior to each cleaning experiment was 

flperformed under the same conditions. Therefore, the flux profiles for subsequent 
fouling/cleaning experiments will not be shown, unless different concentrations and types 
of organic foulants were used, which would result in different flux decline profiles from 
those shown in figure 3a. Figure 3a clearly shows that permeate flux during fouling runs uf'l 
decreased dramatically since SA fouling of the RO membrane was accelerated in the 
presence of calcium ions (0.5 mM). As mentioned earlier, calcium ions bind with 
carboxylic groups of alginate and bridge between adjacent alginate molecules, leading to rl1 

uthe formation of a cross-linked alginate fouling layer on the membrane surface. This 
alginate fouling layer can also be explained by the gel-forming property of alginate in 
presence of calcium as commonly described by the "egg-box" model (Rees, 1984; 

LJ 
n' ' 

Grant et al., 1973). Based on this model, divalent cations (such as calcium ions) induce 
gelation of alginate through binding with and bridging between alginate in a highly 17
cooperative manner, leading to the "egg-box" shaped gel network. Therefore, the 
efficiency of a cleaning agent depends on the ability of the cleaning agent to break down 
the alginate gel network in the fouling layer formed in the presence of calcium through 1) 
chemical reaction. In addition, it was confirmed by visual inspection that a thick alginate 

L;
gel layer was formed on the membrane surface at the end of the fouling runs. 

Figure 3b presents the efficiency of each cleaning solution, determined by comparing the 
pure water flux obtained before fouling and after cleaning (the initial and final fluxes as 
shown in figure 3a). The cleaning efficiencies ofNaOH (pH 11) and 2 mM SDS 
cleaning solutions were 14 and 15 percent, respectively. This shows that NaOH and SDS 
cleaning performed at these experimental conditions was ineffective to clean the fouled 
membrane since the cleaning efficiency with DI water cleaning was already 12 percent. n 
Cleaning with 0.5 mM EDTA was relatively more effective compared to NaOH and SDS LJ 
cleaning, and the cleaning efficiency (25 percent) was two times higher than that of DI 
water. This is attributed to the preferential EDTA-calcium complexation compared to the 1 7  
alginate-calcium complexation. lJ 

In the case ofNaOH cleaning, it is inferred that chemical reaction between NaOH and 
alginate-calcium complexes in the alginate gel layer was limited and, thus, resulting in a 
poor cleaning efficiency. There are two possible ways to increase NaOH cleaning 
efficiency: an increase in NaOH concentration (i.e., higher pH) and/or use of favorable 

nphysical conditions. The former, however, is not applicable in real world applications t.J 
since most polymeric RO membranes have a limited pH range (i.e., pH 3-12). Therefore, 
the latter possibility has been investigated, and the results will be shown later in this 
study. w 
The ineffective SDS cleaning is attributed to the low SDS concentration applied during 
cleaning. The 2 mM concentration was much lower than the critical micelle w 
concentration (CMC) of SDS, reported as 8.36 mM in DI water (Mukerjee and Mysels, 

.n
I I1970). At this low SDS concentration, the interaction of the adsorbed SDS molecules 

with alginate-calcium complexes was not strong enough to break the intermolecular 
bridging formed with calcium ions. Li and Elimelech (2004) demonstrated that the SDS 
concentration with regard to its CMC value plays an important role in breaking down rn 
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NOM-calcium complexes and, therefore, a marked increase in cleaning efficiency for the 
NOM-fouled NF membrane was observed when SDS concentration was higher than 
CMC value. The influence of SDS concentration on cleaning efficiency will be discussed 
later in this study. 

In the case of EDTA cleaning, it should be noted that EDTA cleaning is quite sensitive to 
cleaning solution pH. The chelating ability of EDTA to remove complexed calcium ions 
from alginate-calcium complexes in the alginate gel layer through a ligand exchange 
reaction increases at higher pH where more carboxylic groups are deprotonated. This 
will be confirmed when the effect of cleaning solution pH on cleaning efficiency is 
reported.

For these runs, visual inspection of the membranes after cleaning by all tested solutions 
revealed that there was still substantial alginate gel deposition on the membrane surface. 
This observation is not surprising since the cleaning efficiency was less than 25 percent 
for all cases shown in figure 3. Note that for subsequent fouling/cleaning experiments 
(to be discussed later), there was a visible reduction in the amount of alginate gel layer 
remained after cleaning when the cleaning efficiency increased. 

3.1  .2 Effect of Cleaning Solution pH 
L J  

L J 

'L , 

u 

u 

The influence of solution pH on the cleaning efficiency was compared for SDS and 
EDTA cleaning performed at different cleaning solution pH (figure 4) . Figure 4 clearly 
shows that cleaning efficiency increased noticeably (i.e., from 25 to 44 percent) with 

,7 increasing pH from 4.9 to 11.0 for the EDTA cleaning, while there was only a slight 
L j  

difference (less than 3 percent) between the SDS cleanings performed at different pH. 
As we have discussed in the previous section, all the carboxylic functional groups of 

n EDTA were expected to be deprotonated at pH 11.0 (pKa values of EDTA are 1.99, 
2.67, 6 .16, and 10.26 (The Merck Index, 1989; Handbook of Organic Chemistry, 1987). l._J 
The increase in the chelating ability of EDT A at pH 11 resulted in a more effective 
ligand exchange reaction between EDTA and alginate-calcium complexes within the 
alginate gel layer. Consequently, the alginate gel layer was broken down relatively more L J 
easily compared to lower pH and, thus, resulted in a higher cleaning efficiency. On the 
other hand, solution pH showed very little effect on SDS cleaning because the pKa of the 
sulfate functional group ofeSDS is 2. 12  (The Merck Index, 1989; Handbook of Organic L J  

Chemistry, 1987), implying that SDS is in its ionic form at both pH values examined. 
This implies that pH of cleaning solution is a governing factor affecting chemical 

L J  reaction between EDT A and the foulants, while chemical reaction between SDS and 
the foulants is less influenced by cleaning solution pH. 
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Figure 4 .-Variation in SOS and EDTA clean ing efficiencies as a function of cleaning solution pH. 
Cleaning experiments were performed fol lowing foul ing runs carried out at the same cond itions as 
those in  figure 3a . Cond itions for cleaning experiments were identical to those in  figure 3b, 
except for the clean ing solut ion pH as ind icated in this figure .  

It is noteworthy that the efficiency of the 0.5 mM EDTA cleaning solution at pH 11 was 
relatively low (less than 45 percent) compared to the results of other studies on EDTA 
cleaning ofNOM-fouled NF membranes (Li and Elimelech, 2004; Hong and Elimelech, 
1997). Results in those studies showed that EDTA treatment was effective ( almost 
100 percent cleaning efficiency) in cleaning NOM-fouled NF membranes in the presence 
of calcium ions when the molar EDT A concentration ( cleaning solution) was same as the 
calcium concentration used during the fouling runs. Note that in our study, both EDTA 
and calcium concentrations during the cleaning and fouling experiments were 0.5 mM. 
The reason for this discrepancy is attributed to the structural difference in the fouling 
layers as well as the different extent of foulant accumulation on the membrane surface for 
these two cases. The fouling layer of the other studies comprised hydrophobic NOM 
with smaller molecular weight, whereas the fouling layer in this study comprised 
hydrophilic alginate with larger molecular weight. This argument will be discussed later 
in this study (Section 3.1.4). 

3. 1 .3 Effect of Cleaning Chemical Dose 

Cleaning experiments were also performed with cleaning solutions containing different 
doses of EDT A or SDS at the same pH (pH 11 ). The cleaning efficiency determined with 
different EDTA and SDS concentrations is presented in figures 5 and 6, respectively. 
The results clearly show that cleaning efficiency determined from EDT A and SDS 
cleaning increased with increasing cleaning agent doses. In the case of EDT A, cleaning 
efficiency increased proportionally with the EDTA concentration and reached near 
100 percent efficiency when 2.0 mM EDTA was used. Note that this molar EDTA 
concentration is four times higher than the calcium concentration employed during 
fouling runs. For SOS cleaning, it is quite notable that there was a substantial increase in 
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cleaning efficiency with increasing SOS concentration from 5 to 8 mM, where the 8 mM 
concentration is close to the CMC value of SDS (i.e., 8 .36 mM in DI water) . Therefore, 
it can be inferred that cleaning with SDS above the CMC value is the critical factor for 
SDS cleaning, allowing adequate chemical reaction between SDS and the foulants to 
break down the alginate gel network. Similar mechanisms of SDS cleaning of fouled NF 

,-, 7, membranes by humic acid in presence of calcium have been discussed in our recent work 
(Li and Elimelech, 2004). 
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Figure 5.-Variation of EOTA cleaning efficiency with EOTA concentration. EOTA cleaning 
experiments were performed at pH 1 1 .0 following fouling runs carried out at the same conditions 
as those in figure 3a . Other cleaning conditions were identical to those in figure 3b. 
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Figure 6 .-Variation in SOS cleaning efficiency with SOS concentration. SOS cleaning 
experiments were performed at pH 1 1  following fouling runs carried out at the same conditions as 
those in figure 3a . Other cleaning conditions were identical to those in figure 3b. 
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3.1  .4 Effect of Organic Foulant Composition 

As discussed in previous sections, the fouling layer structure as well as the extent of 
foulant accumulation on the membrane surface is also expected to affect cleaning 
efficiency determined for the same cleaning agent and at the same cleaning conditions. 
To investigate the influence of structural difference in the organic fouling layer on 
cleaning efficiency, fouling runs were performed with feed waters containing different 
mass ratios of sodium alginate (SA) to SRNOM. The feed water foulant composition 
was varied in four ways: (i) SAe= 20 mg/L (absence of SRNOM), (ii) SAe= 14 mg/L 
and SRNOM = 6 mg/L, (iii) SAe= 6 mg/Leand SRNOM = 14 mg/L, and (iv) SRNOM = 
20 mg/L (absence of SA); the same total organic concentration (i.e., 20 mg/L) was 
maintained in each fouling run. It is expected that the difference in feed water organic 
composition will result in formation of organic fouling layers which are structurally 
different, thus resulting in different cleaning efficiencies of a given cleaning solution. 
Following the fouling runs, each cleaning experiment was performed with an EDTA 
cleaning solution (pH 11 and 0.5 mM EDTA). The flux profiles obtained during these 
fouling runs and the cleaning efficiencies determined from the subsequent cleaning 
experiments are presented in figures 7a and 7b, respectively. 
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Figure 7 .-I nfluence of feed water organic composition on cleaning of organic fou led RO 
membranes: (a) flux behavior during the foul i ng/clean ing experiments and (b) variation in 
clean ing efficiency with respect to feed water organic composition .  Fou l ing experiments were 
performed with feed waters conta in ing : ( 1 ) SA = 20 mg/L ( i .e . ,  SA only) ;  (2) SA = 1 4  mg/L and 
SRNOM = 6 mg/L ( i .e . ,  SA:SRNOM = 7:3) ; (3) SA = 6 mg/L and SRNOM = 14 mg/L ( i . e . ,  
SA:SRNOM = 3 :7 ) ;  or (4) SRNOM = 20  mg/L ( i .e. , SRNOM only). Other fou l ing cond it ions were 
identical to those in figure 3a. Cleaning experiments were performed with 0 .5 mM EDTA 
clean ing solutions at pH 1 1 .0 .  Other clean ing conditions were identica l  to those i n  figure 3b.  
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The flux behavior in figure 7a demonstrated that the organic fouling layer formed with 
feed water containing varying mass ratios of sodium alginate to SRNOM was different. 
We attribute this observation to the organic foulants producing structurally different 
fouling layers, with different hydraulic resistance to permeate flow. A more severe flux 
decline was observed with increasing SA concentration, and there was a significant 
difference in the flux decline profiles during SA (i.e., absence of SRNOM) and SRNOM 
(i.e., absence of SA) fouling runs. This implies that the alginate fouling layer produced 
greater hydraulic resistance to permeate flow compared to the SRNOM fouling layer. 
This is attributed to the gel-type alginate fouling layer as described earlier based on the 
"egg-box" model. The gelation of charged macromolecules in presence of calcium ions 
is predominant for hydrophilic organic macromolecules (such as acidic polysaccharides) 
compared to hydrophobic organic macromolecules (such as humic acids). However, it 
should be noted that NOM fouling in presence of calcium also results in severe flux 
decline during nanofiltration and tight-ultrafiltration (Seidel and Elimelech, 2002; 
Cho et al., 2000; Hong and Elimelech, 1997). The reason for the less pronounced flux 
decline with SRNOM observed in this study is that the additional resistance of the 
SRNOM fouling layer to permeate flow is relatively much smaller than the hydraulic 
resistance of the RO membrane used in this study. 

It is also noteworthy that, in the case of alginate fouling, the flux declined rapidly in the 
initial stage and, then, declined gradually. On the other hand, in the case of SRNOM 
fouling, the fouling rate increased as fouling progressed (i.e., flux declined more rapidly 
with filtration time). This implies that the SA gel layer was denser and more compact 
than the SRNOM fouling layer, leading to a substantial hydraulic resistance upon gel 
formation. However, this denser and more compact SA fouling layer is less compressible 
than the SRNOM fouling layer that became more compact during filtration and, thus, 
resulting in a higher fouling rate. In addition, the flux decline behavior with the higher 
SRNOM proportion (i.e., SA:eSRNOM = 3:7) was more similar to that for SA fouling 
(i.e., SAe= 20 mg/Leand absence of SRNOM) than that for SRNOM fouling (i.e., 
SRNOM = 20 mg/L and absence of SA). This implies that a small amount of alginate 
(SAe= 6 mg/Leand SRNOM = 14 mg/L) was enough to form alginate gel layer on the 
membrane surface, and the SA molecules were more easily accumulated on the 
membrane surface as compared to SRNOM molecules. 

Figure 7b clearly shows that the efficiency of the cleaning solution (i.e., pH 11 and 
0.5 mM EDTA) increased when the fouling runs were performed with feed waters 
containing a higher proportion SRNOM to SA. The SRNOM-fouled membrane (i.e., in 
the absence of SA) achieved the highest cleaning efficiency of 108 percent, while the 
SA-fouled membrane (i.e., in the absence of SRNOM) had the lowest efficiency of 
44 percent. The combined organic fouling with SA to SRNOM ratios of 3:7 and 7:3 had 
cleaning efficiencies of 102 percent and 64 percent, respectively. These values were 
expected as they were within the range of the cleaning efficiency for the SA-fouled and 
SRNOM-fouled membranes. The high cleaning efficiency of SRNOM-fouled membrane 
was expected as EDTA has been shown to be effective in cleaning NOM-fouled 
membrane (Hong and Elimelech, 1997). A cleaning efficiency of over 100 percent 
suggests that the recovered flux after EDT A cleaning was higher than the flux of the 

1 7  



l-1..1 

IJ 

i . 
I . 
IJj 

� 

� 

� 

original clean membrane, probably due to the presence of a small amount of EDTA on LJ
I 

the membrane surface, making the membrane more hydrophilic (Hong and Elimelech, 
117
LJ1997). 

The difference in the cleaning efficiency of the EDTA cleaning solution for SA-fouled 
and SRNOM-fouled membranes can be attributed to two suppositions: (i) stronger ubinding and bridging of calcium to SA than SRNOM and (ii) the gel-forming nature of 
alginate resulting in a denser and more compact fouling layer compared with SRNOM 
fouling layer. The former, however, is not likely to be valid since a strong chelating ri

LJagent, such as EDT A, can easily remove the complexed calcium from both alginate
calcium and SRNOM-calcium complexes via a strong ligand-exchange reaction. 17Therefore, the latter mechanism may explain this difference. As discussed earlier, in the LJpresence of divalent cations, the alginate gel layer produces more resistance to permeate 
flow than the SRNOM fouling layer, implying that the SA gel layer is much denser and ,-1

Imore compact than the SRNOM fouling layer. Consequently, during EDTA cleaning, ,
LJEDTA molecules diffused more easily (note that cleaning were performed with no 

permeation) into the SRNOM fouling layer, which is less dense and compact than the SA 
fouling layer. Thus, a more rigorous ligand-exchange reaction is more likely to occur 
within the SRNOM fouling layer than within the SA fouling layer and, consequently, this 
has more impact on breaking up the intermolecular bridging of SRNOM induced by 
calcium ions than that of SA. Factors affecting the transport of cleaning agents into the rn 
fouling layer as well as transport of foulants from the fouling layer to the bulk phase will 
be discussed in the following subsections. 1'I I 

Another likely explanation for the difference in cleaning of the SA-fouled and SRNOM
fouled membranes is the variation in the amount of accumulated foulant on the 

rmembrane surface. In the previous results (figure 5), an almost 100 percent cleaning LJ 
efficiency was demonstrated for the SA fouled RO membrane when 2.0 mM EDTA was 
used. This suggests that 0.5 mM EDTA was not enough to react with all the alginate II 
calcium complexes in the gel layer, while this dose was sufficient to react with all the lJ 
SRNOM-calcium complexes in the fouling layer (over 100 percent cleaning efficiency) . 
Thus, the stoichiometry between cleaning agent dose and the amount of foulant on the 
membrane surface must be considered when analyzing the mechanisms of RO membrane D 
cleaning. At the given hydrodynamic conditions (i.e., initial flux and crossflow velocity), 
the larger alginate macromolecules accumulate more effectively on the RO membrane 
surface compared to the smaller SRNOM molecules because of the lower back-diffusion w 
experienced by larger macromolecules. 

3.2 Physical Aspects of Cleaning 

The hydrodynamic conditions in the membrane cell during cleaning runs have an w 
important effect on the cleaning efficiency. The hydrodynamic conditions are 
responsible for the mass transfer of cleaning agents from the bulk cleaning solution to the 
fouling layer and for mass transfer of the reaction products (i.e., free from confinement 
within the fouling layer) from the fouling layer back to the bulk cleaning solution. 
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During membrane cleaning in typical membrane processes, there is a shear flow parallel 
to the membrane surface (crossflow). In addition, a convective flow perpendicular to the 
membrane surface (permeate flow) can also be allowed by applying trans-membrane 
pressure. Removal of the foulants from the fouling layer on the membrane surface to the 
bulk solution is carried out mainly by the crossflow, after the chemical reaction between 
the cleaning agents and the foulants within the fouling layer has weakened the structural 
integrity of the fouling layer. In this section, we investigate the influence of physical 
conditions applied during cleaning, namely crossflow velocity, permeation, cleaning 
time, and temperature, on cleaning efficiency for each cleaning agent. Cleaning 
experiments-following fouling runs carried out under the same conditions (see 
Section 2.5)-were performed at fixed chemical conditions, thus focusing on the physical 
aspects of cleaning. While investigating the influence of a physical factor on 
the efficiency of a cleaning solution, all other factors are kept constant. 

3.2.1  Effect of Cleaning Time 

The influence of cleaning time on cleaning of the alginate-fouled membranes was 
investigated with different cleaning solutions. The flux behaviors during the 
fouling/cleaning runs and the resulting cleaning efficiencies with NaOH (pH 11) and 
EDTA (0.5 mM and pH 11) are shown in figure 8. The influence of cleaning time on 
cleaning efficiency is also compared for different SDS concentrations (i.e., 2 and 10 mM; 
both at pH 11) as shown in figure 9. In all cases, the results are compared for cleaning 
performed for 15 and 60 min. 

(a)1 .0 b · · · · · · · · · · · · · · · · · · · · · · · · ·  
V 

-
-;:!i:_ 

1 00 
� (b

) 

80 
0.5 mM EDTA 

(pH 1 1 .0) 

>< 
::::,

LL 
u
Q)
.!::! 
Ctl 
E...
0 
z 

0.8 

0 .6  

0.4 

0 .2 
D 1 5  min (NaOH) 
o 6 0  min (NaOH) 

>-
(.)
C: 
Q) ·u
:Ew 
0)
C: ·cco
Q) 

60 

40 
I 

20 

NaOH (pH 1 1 .0) 

t> 1 5  min (EDTA) u 
0.0

0 

V 60 min (EDTA) 

5 1 0  1 5  20 25 1 5  60 1 5  60 
Time (hr) Clean ing Time (min)  

F igure 8 .  Variation i n  NaOH and EDTA cleaning efficiencies with respect to clean ing time: 
(a) flux behavior during fou l ing/clean ing experiments and (b) cleaning efficiency. Cleaning
experiments were performed at pH 1 1 .0 fol lowing fou l ing runs carried out at the same cond itions
as those in  figure 3a . Other cleaning cond itions were identical to those in figure 3b except the
clean ing t ime as ind icated in the figure .  
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Figure 9 .  Variation i n  SOS cleaning efficiency with respect to cleaning t ime at d ifferent SOS 
concentrations.  Clean ing experiments were performed at pH 1 1  fol lowing fou l i ng runs carried out 
at the same cond itions as those in  figure 3a. Other cleaning condit ions were identical to those i n  
figure 3b ,  except the cleaning t ime as  ind icated in the figure. 

As shown in Figure 8, for NaOH (pH 11) cleaning, an increase in cleaning time from 
15 to 60 min resulted in negligible difference in cleaning efficiency. This is attributed to 
the limited chemical reaction between NaOH and foulants in the alginate gel layer. In 
other words, a longer contact time did not contribute to enhancing cleaning efficiency 
unless there was a favorable chemical reaction between cleaning agents and foulants in 
the fouling layer to lessen foulant-foulant interaction. Therefore, it is suggested that 
NaOH is not a recommendable cleaning agent for cleaning membrane fouled by organic 
matter in presence of calcium ions. As mentioned earlier, increasing the NaOH 
concentration and, hence, resulting in a pH higher than 12, is not applicable for the most 
polymeric RO membranes. In the case of EDT A cleaning, there was a twofold increase 
in cleaning efficiency when the cleaning time was increased from 15 to 60 min. Contrary 
to Na OH cleaning, EDT A is a favorable cleaning agent in terms of chemical reaction 
since EDT A reacts specifically within the fouling layer through a ligand-exchange 
reaction. Therefore, increasing contact time kinetically enhances chemical reaction 
between EDT A and alginate-calcium complexes in the fouling layer and, thus, results in 
an increase in cleaning efficiency with cleaning time. 

Previous results shown in figure 6 demonstrated that the efficiency of SDS cleaning is 
significantly influenced by SDS concentration in relation to its CMC value, pointing out , ,  
that SDS concentration below the CMC value is the limiting factor for efficient cleaning. 
As shown in figure 9, increasing cleaning time from 15 to 60 min resulted in nearly 
100 percent cleaning efficiency when 10 mM SDS was used. However, 2 mM SDS 
cleaning for 60 min was still ineffective (less than 30 percent in cleaning efficiency) to 
clean the fouled membrane. This observation is closely related to previous results for 
NaOH and EDTA cleaning performed with different cleaning times. Similar to NaOH 
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cleaning, cleaning with 2 mM SDS was, to some extent, limited in terms of chemical 
reaction and, thus, increasing cleaning time did not significantly enhance the cleaning - -, efficiency. However, increasing cleaning time for the 10 mM SDS solution led to an 
almost complete cleaning of the fouled membrane since cleaning with 10 mM SDS was 
favorable in terms of chemical reaction between SDS and the foulants within the fouling 

- 1  layer. Therefore, while considering the chemical aspects of cleaning ( e.g. deciding the 
cleaning agent dose), optimization of cleaning time should be taken in account since 
increasing cleaning time does not always result in a corresponding increase in cleaning 
efficiency. 

- - 7 
3.2.2 Effect of Crossflow Velocity 

The influence of crossflow velocity during cleaning on cleaning efficiency was 
investigated with cleaning solutions containing different doses of EDTA (i.e., 0.5 and 
2.0 mM; both at pH 11 ). The cleaning efficiencies for different crossflow velocities are 
shown in figure 10. It is shown that cleaning efficiency with 0.5 mM EDTA did not 
improve significantly with increasing crossflow velocity, while there was a visible 
increase in cleaning efficiency with 2.0 mM EDTA as crossflow velocity increased. We 
have shown earlier that, for a cleaning agent to be effective, the chemical reaction with 
the foulants has to be favorable before physical interaction (due to crossflow velocity) 
takes place. With 0.5 mM EDTA, the concentration of cleaning agent was not enough to 
produce a favorable chemical reaction with the foulants in the fouling layer within the 
15 min cleaning time. 
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Figure 1 0 .-Variation in EDTA cleaning efficiency with the crossflow velocity during cleaning with 
d ifferent EDTA concentrations. Cleaning experiments were performed at pH 1 1  fol lowing foul ing 

- J' runs carried out at the same cond itions as those in  figure 3a . Other cleaning cond itions were 
identical to those in figure 3b except the crossflow velocity as ind icated in the figure .  

An increase in crossflow velocity which resulted in an increase in the shear rate did not 
enhance the mass transfer of foulants in the fouling layer to the bulk solution because the 
EDTA molecules did not react strongly with the foulants, and the structural integrity was 
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still very much intact. However, with 2.0 mM EDTA, an increase in shear rate enhanced 
the mass transfer of the foulants from the fouling layer to the bulk solution, as 2.0 mM 
EDT A is favorable for a vigorous chemical reaction. This led to an increase in cleaning 
efficiency with increasing crossflow velocity. We conclude that the chemical reaction of 
the cleaning agent with deposited foulants and the associated mass transfer phenomena 
are quite important in membrane cleaning. 

3.2.3 Effect of Temperature 

The results for EDT A cleaning performed at different temperatures are presented in 
figure 11 (note that, in both cases, pure water flux after cleaning was determined at 
20 °C) . Figure 11 clearly shows that the cleaning efficiency of the EDTA cleaning 
solution increased dramatically with increasing cleaning temperature from 20 to 40 °C. 
The increase in temperature during cleaning affected both the diffusion rate of EDT A 
molecules into the fouling layer and the kinetics of chemical reaction. This led to a 
substantial increase in cleaning efficiency at higher temperature by the coupled 
contribution of the enhanced mass transfer and chemical reaction. At a higher 
temperature, the swelling of the alginate gel layer might also contribute to weakening of 
the structural stability of alginate gel layer. 
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Figure 1 1  .-Variation in EDTA clean ing efficiency with respect to clean ing solution temperature . 
Clean ing experiments were performed with 0 .5  mM EDTA solution at pH 1 1  fol lowing fou l ing runs 
carried out at the same conditions as those in  figu re 3a . Other cleaning cond it ions were identical 
to those in figure 3b except the temperature as indicated in the figure .  

3.2.4 Effect of Permeation 

The influence of permeation (perpendicular to the membrane surface) was investigated 
by applying a trans-membrane pressure during EDTA cleaning. Figure 12 shows that the 
efficiency of the EDT A cleaning solution increased in the presence of permeation 
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(i.e., 20 µmis). Permeation resulted in convective transport of EDTA molecules into the 
fouling layer as well as within the fouling layer. In the absence of permeation, the EDTA 
molecules were transferred to the fouling layer by convective-diffusion and then within 
the fouling layer solely by diffusion. Because more EDTA molecules were within the 
fouling layer as a result of permeation, chemical reaction between the EDT A molecules 
and alginate-calcium complexes would become more favorable and, consequently, this 
would result in a higher cleaning efficiency. It may be noted that the enhanced mass 
transfer of the cleaning agent to the fouling layer was compensated, to some extent, by 
the more stable fouling layer formed in the presence of permeation, especially for highly 
compressible fouling layer. 

1 00 .-------------, 
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0.5 mM EDTA (pH 1 1 .0) 

l 80 

a5 60 ·u 

W 40O') 

cc 20Q) 
u 

o ��-�---��� 
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Permeation during cleaning (µm/s) 

Figure 1 2.-Variation in EDTA cleaning efficiency with respect to permeation applied during 
cleaning. Cleaning experiments were performed with 0.5 mM EDTA solution at pH 1 1  following 
the fouling runs carried out at the same conditions as those in figure 3a. Other cleaning 
conditions were identical to those in figure 3b except the permeation as indicated in the figure. 

3.3 Relating Clean ing Efficiency to Measured Adhesion Forces 

Based on the previous results, it has been shown that chemical reaction of each cleaning 
agent with the foulants in the fouling layer plays a critical role in determining the overall 
cleaning efficiency. Determining the intermolecular adhesion forces between foulants in 
the bulk phase and foulants in the fouling layer in the presence or absence of cleaning 
agents enables us to predict the capability of chemical reaction between cleaning agents 
and the foulants. More favorable ( or reactive) cleaning agents result in less 
intermolecular adhesion force between foulants in bulk phase and foulants in the fouling 
layer. 

In this section, the intermolecular adhesion force was first determined in the absence of 
cleaning agents as it served as a baseline and, then, in the presence of cleaning agents. In 
the absence of cleaning agents, the interfacial adhesion force was determined with the 
same solution used as feed water for the fouling runs (i.e., SA = 20 mg/L, Ca2+ = 0.5 mM, 
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total ionic strength = 10 mM, and pH 6.0) .  The interfacial adhesion forces determined in 
the presence of cleaning agents (same solution chemistries as those used in cleaning 
experiments) were compared with the cleaning efficiency determined from cleaning 
experiments at the corresponding cleaning solution as shown in figure 13. 
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Figure 1 3 .-Relationship between intermolecular adhesion forces and cleaning efficiency: 
(a) variation in foulant-foulant adhesion forces as a function of cleaning solution type (the curve 
indicated as "no cleaning agent" was determined in the absence of cleaning solution) and 
(b) variation in cleaning efficiency as a function of cleaning solution type. The test solutions used 
in the interfacial force measurements were the same as those used during fouling runs and also 
contained cleaning solutions as indicated in the figure. Cleaning experiments were carried out for 
60 min following fouling runs performed at the same conditions as those in figure 3a . Other 
cleaning conditions were identical to those in figure 3b. 

Figure 13a shows the intermolecular adhesion forces determined in the presence of the 
different cleaning solutions (i.e., NaOH, 0.5 mM EOTA, and 10 mM SOS, all at pH 11) 
as well as in the absence of cleaning solution. The maximum adhesion force in the 
absence of cleaning solution was about 1.5 mN/m. The addition of SOS to the test 
solution was the most effective, almost eliminating the adhesion force completely. The 
addition of EOTA to the test solution decreased substantially the adhesion force, reducing 
the maximum adhesion force to 0.4 mN/m. In the presence ofNaOH (pH 11), however, a 
significant adhesion force (maximum magnitude of 1.3 mN/m) was still present. It is also 
interesting to note that, with the reduction in adhesion force due to the presence of each 
cleaning solution, the distance from the fouling layer on the membrane surface to the 
point where no adhesion force was observed was reduced correspondingly. The 
reduction in intermolecular adhesion forces with respect to each cleaning solution was 
directly related to the cleaning efficiency as shown in figure 13b. The cleaning 
efficiencies shown in figure 13b were determined from cleaning experiments with each 
cleaning solution at fixed physical cleaning conditions (i.e., cleaning time = 60 min, 
crossflow velocitye= 42.8 cm/s, temperaturee= 20 °C, and no permeation)e. Therefore, the 
differences observed in intermolecular adhesion forces as well as cleaning efficiencies 
were due to the type of cleaning solutions used in both experiments. 
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The results in figure 13 demonstrate a strong relationship between the efficiency of a 
cleaning solution and the residual intermolecular adhesion force in the presence of the 
same cleaning solution. This is because the efficiency of a cleaning solution at fixed 
physical conditions was mainly governed by the chemical reaction of the cleaning agent 
with the foulants in the fouling layer. A more favorable chemical reaction would lead a 
lower foulant-foulant adhesion force and hence higher cleaning efficiency. This 
relationship has also been demonstrated in our recent study for cleaning efficiency of 
humic acid fouled NF membranes and the corresponding intermolecular adhesion forces 
(Li and Elimelech, 2004). Therefore, the selection of a favorable cleaning solution in 
terms of chemical reaction between the cleaning agent and the foulants in the fouling 
layer can be predicted by measuring the intermolecular adhesion force prior to the 
cleaning experiments. Following this prediction, the selected favorable cleaning solution 
can be used for cleaning experiments to determine the optimal physical cleaning 
conditions in terms of both cleaning efficiency and operating cost. 
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4. Conclusion 

In spite of the many efforts to minimize membrane fouling, chemical cleaning is still an 
integral and necessary part of sustaining membrane process operation. Membrane 
cleaning involves both chemical and physical interactions: (i) a chemical reaction 
between the cleaning agent and the foulants in the fouling layer and (ii) mass transfer of 
the cleaning agent from the bulk cleaning solution to the fouling layer and the lessened 
foulants from the fouling layer back to the bulk solution. 

NaOH (pH 11) cleaning is not effective in cleaning organic fouled membranes, whereas 
EDTA and SDS cleaning solutions have been shown to be effective in cleaning organic 
fouled membranes when the chemical and physical interactions are favorable. The 
chemical factors affect the interaction between the cleaning agent and the foulant, and the 
physical factors change the rate of mass transfer of cleaning agent into and from the 
fouling layer. In this study, the chemical factors refer to the influence of cleaning 
solution pH, concentration of cleaning agent, and organic foulant composition, whereas 
the physical factors are the cleaning time, crossflow velocity, temperature, and flux 
permeation of cleaning solution. It should be noted that the physical factors have some 
indirect implications for the chemical interaction between the cleaning agent and the 
foulant, as both chemical and physical interactions are taking place concurrently during 
cleaning. 

The efficiencies of cleaning solutions are dependent on both chemical and physical 
factors. Cleaning efficiencies of EDTA and SDS solutions increased at an elevated pH, 
higher concentration of the cleaning agent, an increase in the hydrophobicity of the 
organic foulant, longer cleaning time, higher crossflow velocity, higher temperature, and 
increased permeation flux. However, the effects of these factors on the cleaning 
efficiency of these solutions varied. For example, solution pH played an important role 
in the cleaning efficiency of EDT A solution but had minimal effect on the cleaning 
efficiency of SDS. The experimental results also suggest that the chemical reaction 
between a cleaning agent and the foulants is likely to be the rate-limiting factor for a 
cleaning solution which is ineffective (e.g. NaOH), and that the mass transfer barrier 
within the fouling layer is likely to be the rate-limiting factor for a cleaning solution 
which is potentially effective ( e.g. EDT A and SDS). In order to effectively clean a 
fouled membrane, both the chemical and physical factors should be involved so as to 
produce favorable conditions to clean the fouled membrane. The results imply that 
membrane cleaning involves the coupled influence of both chemical and physical factors, 
and an interplay between the chemical and physical factors is required to achieve an 
optimal cleaning efficiency. 

The AFM force measurements showed that, in a solution of alginate containing Ca2+, a 
significant adhesion force existed when the CML colloid probe was retracted from the 
fouled membrane. This implies that the Ca2+ ions acted as bridging agents for the 
alginate molecules adsorbed on the CML particle and those on the fouled membrane. In 
other words, the results point out the foulant-foulant interaction in the presence of Ca2+ 
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ions is quite significant. The measured adhesion force correlated well with the observed 
fouling behavior of the organic fouled RO membranes. A remarkable correlation is noted 
between the chemical cleaning efficiencies and the magnitudes of the adhesion force: the 
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relative chemical cleaning efficiencies were inversely related to the relative adhesion 
forces for the same chemical cleaning solutions. It is therefore suggested that AFM can 
also be used as a tool to predict the effectiveness of the chemical reactivity of a cleaning 
agent. The physical cleaning conditions will have to be determined in order to achieve an 
optimal cleaning efficiency. 
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Append ix: Data Record 

Numerical data used to generate the figures in the body of the report are provided on the 
following pages. 
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Figure 3a 

D IW atEr N aO H  (p H  1 1 )  2 m M S O S 0 0 .5 m M0 E D TA 
T in 0e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] J/Jo 

0 .0 0 0  1 .0 0 1  0 .0 0 0  0 . 9 9 9  0 .0 0 0  1 .0 0 0  0 .0 0 0  1 .0 0 0  
0 .0 8 0  0 . 9 9 7  0 .0 7 6  0 . 9 9 9  0 .0 8 0  1 .0 0 0  0 .0 7 6  1 .0 0 0  
0 .1 6 0  1 .0 0 1  0 .1 5 9  0 .9 9 9  0 .1 63  0 .9 9 6  0 .1 60 1 .0 0 0  
0 .2 5 0  0 . 9 9 7  0 .2 4 3  1 .0 0 0  0 .2 4 7  1 .0 0 0  0 .2 4 3  1 .0 0 0  
0 .3 3 0  1 .0 0 1  0 .3 2 6  1 .0 0 0  0 .3 3 0  1 .0 0 0  0 .32 6 1 .0 0 0  
0 .4 1 0  1 .0 0 4  0 .4 0 9  1 .0 0 0  0 .4 1 3  0 .9 9 6  0 .4 0 9  1 .0 0 0  
0 .5 0 0  1 .0 0 4  0 .4 93  1 .0 0 0  0 .4 1 4  0 .9 9 6  0 .4 9 3  1 .0 0 0  
0 .5 8 0  1 .0 0 1  0 .4 93  1 .0 0 0  0 .4 9 6  1 .0 0 4  0 .5 7 6  0 .9 9 9  
0 . 6 6 0  0 . 9 9 7  0 .5 7 6  1 .0 0 0  0 .5 8 0  1 .0 0 0  0 .5 7 7  0 .9 9 9  
0 .7 5 0  1 .0 0 1  0 . 65 9 1 .0 0 0  0 . 6 6 3  1 .0 0 0  0 . 6 5 9  1 .0 0 0  
0 .8 3 0  0 . 9 9 7  0 .7 4 3  1 .0 0 0  0 . 6 6 4  0 .9 9 6  0 .7 4 3  1 .0 0 0  
0 .9 1 0  1 .0 0 1  0 .8 2 6  1 .0 0 0  0 .7 4 6  1 .0 0 0  0 .8 2 6  1 .0 0 0  
0 . 9 1 0  1 .0 0 1  0 .8 2 6  1 .0 0 1  0 .8 3 0  1 .0 0 0  0 .8 2 7  1 .0 0 0  
1 .0 0 0  1 .0 0 1  0 .9 0 9  1 .0 0 1  0 .9 1 3  0 . 9 9 6  0 . 9 0 9  1 .0 0 0  
1 .0 8 0  0 . 9 9 7  0 .9 92 1 .0 0 1  0 .9 9 6  0 . 9 9 6  0 .9 9 3  1 .0 0 0  
1 .1 6 0  0 . 9 1 1  1 .0 7 6  0 . 9 9 7  1 .0 7 9  0 .9 9 6  1 .0 7 6  1 .0 0 0  
1 .1 6 0  0 . 9 0 8  1 .1 5 9  0 .8 8 9  1 .1 6 3  0 .8 8 8  1 .1 5 9  0 .9 0 3  
1 .2 5 0  0 .9 1 5  1 .2 4 3  0 .8 9 6  1 .2 4 6  0 .8 8 8  1 .2 4 3  0 .8 9 9  
1 .3 3 0  0 . 9 1 5  1 .3 2 6  0 .8 8 9  1 .3 3 0  0 .8 8 8  1 .3 2 6  0 .8 9 9  
1 .4 1 0  0 . 9 1 1  1 .4 0 9  0 .8 9 3  1 .4 1 3  0 .8 8 8  1 .4 0 9  0 .8 8 4  
1 .5 0 0  0 . 9 0 4  1 .4 92 0 .8 8 9  1 .4 9 6  0 .8 8 4  1 .4 9 3  0 .8 92  
1 .5 8 0  0 . 9 1 5  1 .5 7 6  0 .8 8 9  1 .5 7 9  0 .8 8 8  1 .5 7 6  0 .8 95  
1 . 6 6 0  0 . 9 0 4  1 . 6 5 9  0 . 8 9 3 1 . 6 6 3  0 .8 8 8  1 . 6 5 9  0 .8 92  
1 .7 5 0  0 . 9 1 1  1 .7 4 2  0 .8 9 3  1 .6 6 3  0 .8 8 8  1 .7 4 3  0 .8 92  
1 .8 3 0  0 . 9 1 1  1 .8 2 6  0 .8 9 3  1 .7 4 6  0 .8 8 8  1 .8 2 6  0 .8 9 9  
1 .9 1 0  0 . 9 1 1  1 .9 0 9  0 .8 8 9  1 .8 2 9  0 .8 8 4  1 . 9 0 9  0 .8 9 9  
2 .0 0 0  0 . 9 1 1  1 .9 92 0 .8 8 9  1 .9 1 3  0 .8 8 8  1 .9 9 3  0 .8 9 9  
2 .0 8 0  0 . 9 0 8  2 .0 7 6  0 .8 8 9  1 .9 9 6  0 .8 8 8  2 .0 7 6  0 .8 8 8  
2 .1 6 0  0 . 9 0 8  2 .1 5 9  0 .8 9 3  2 .0 7 9  0 .8 8 8  2 .1 5 9  0 .8 8 1  
2 .2 5 0  0 . 9 1 1  2 .2 4 2  0 .8 9 3  2 .1 6 3  0 .8 8 8  2 .1 6 0  0 .8 9 9  
2 .3 3 0  0 . 9 1 1  2 .32 6 0 .8 8 9 0 2 .1 6 3  0 .8 8 4  2 .2 4 3  0 .8 9 9  
2 .4 1 0  0 . 9 1 1  2 .4 0 9  0 .8 8 9  2 .2 4 6  0 .8 8 8  2 .3 2 6  0 .8 8 4  
2 .5 0 0  0 . 9 0 8  2 .4 92  0 .8 8 9  2 .3 2 9  0 .8 8 8  2 .4 0 9  0 .8 92  
2 .5 8 0  0 . 9 0 8  2 .5 7 6  0 .8 8 9  2 .4 1 3  0 .8 8 8  2 .4 9 3  0 .8 9 5  

2 . 6 6 0  0 . 9 1 1  2 .6 5 9  0 .8 8 9  2 .4 1 3  0 .8 8 8  2 .5 7 6  0 .8 92  

2 .7 5 0  0 . 9 0 4  2 .7 4 2  0 .8 8 9  2 .4 9 6  0 .8 8 8  2 . 6 5 9  0 .8 92  

2 .8 3 0  0 . 9 1 5  2 .8 2 6  0 .8 8 9  2 .5 7 9  0 .8 8 8  2 .7 4 3  0 .8 9 9  

2 . 9 1 0  0 . 9 0 4  2 .8 2 6  0 .8 8 5  2 .6 6 3  0 .8 8 8  2 .8 2 6  0 .8 9 9  

3 .0 0 0  0 . 9 1 1  2 .9 0 9  0 .8 8 9  2 .6 6 3  0 .8 8 4  2 . 9 0 9  0 .8 9 9  

3 .0 8 0  0 . 9 1 1  2 . 9 9 2  0 .8 8 5  2 .7 4 6  0 .8 8 8  2 . 9 9 3  0 .8 8 8  

3 .1 6 0 0 . 9 1 1  3 .0 7 6  0 .8 8 5  2 .8 2 9  0 .8 8 8  3 .0 7 6  0 .8 8 1  

3 .2 5 0  0 . 9 1 1  3 .0 7 6  0 .8 7 4  2 .9 1 3  0 .8 8 8  3 .1 5 9  0 .8 8 1  

3 .2 5 0  0 .9 0 8  3 .1 5 9  0 .8 7 8  2 . 9 9 6  0 .8 8 8  3 .2 4 3  0 .8 7 0  
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Figure 3a-continued rn
D IW atEr N aO H  (pH 1 1 )  2 m M S D S 0 0 .5 m M0 E D TA 

T.in e [hr] J/Jo T .in  e [hr] J/Jo T.in e [hr] J/Jo T.in e [hr] J/Jo 
3 .3 3 0  0 . 9 0 8  3 .2 4 2  0 .8 7 4  3 .0 7 9  0 .8 8 4  3 .2 4 3  0 .8 6 6  
3 .4 1 0  
3 .5 0 0  

0 . 9 0 8  
0 . 9 0 0  

3 .32 6 
3 .4 0 9  

0 .8 67 
0 .8 56  

3 .1 63 
3 .2 4 6  

0 .8 8 1  
0 .8 7 7  

3 .3 2 6  
3 .4 0 9  

0 .8 6 6  
0 .8 6 3  m

3 .5 8 0  0 . 9 0 0  3 .4 0 9  0 .8 56 3 .3 2 9  0 .8 7 7  3 .4 9 3  0 .8 5 9  
3 .6 6 0  
3 .7 5 0  

0 .8 8 9  
0 .8 8 9  

3 .4 92  
3 .5 7 5  

0 .8 48  
0 .8 44  

3 .4 1 3  
3 .4 9 6  

0 .8 6 9  
0 .8 62  

3 .5 7 6  
3 .5 7 6  

0 .8 4 5  
0 .8 4 1  

'1 ''., )w

3 .8 3 0  0 .8 7 8  3 . 65 9 0 .8 37 3 .5 7 9  0 .8 5 4  3 . 6 5 9 0 .8 4 1  
3 .8 3 0  
3 .9 1 0  

0 .8 7 0  
0 .8 7 0  

3 .7 4 2  
3 .8 2 5  

0 .8 30 
0 .8 15 

3 . 663  
3 .7 4 6  

0 .8 4 7  
0 .8 4 3  

3 .7 4 3  
3 . 8 2 6  

0 .8 3 4  
0 .8 1 9 0

nLJ
4 .0 0 0  0 .8 6 7  3 . 9 0 9  0 .8 0 7  3 .7 4 6  0 .8 3 2  3 .8 2 6 0 0 .8 0 9  
4 .0 8 0  
4 .1 6 0  

0 .8 52  
0 .8 52  

3 . 9 9 2  
4 .0 7 5  

0 .7 96 
0 .7 8 9  

3 .8 2 9  
3 .9 1 3  

0 .8 3 2  
0 .8 2 5  

3 . 9 0 9  
3 . 9 9 2  

0 .8 0 5  
0 .7 9 8  tJ

4 .1 60  0 .8 3 7  4 .0 7 6  0 .7 81  3 .9 9 6  0 .8 1 0  4 .0 7 6 0 0 .7 8 0  
4 .2 5 0  0 .8 3 7  4 .1 5 9  0 .7 78 4 .0 7 9  0 .8 1 0  4 . 1 5 9  0 .7 7 3  
4 .3 3 0  0 .8 3 3  4 .2 4 2  0 .7 67 4 .1 63  0 .7 9 9  4 .2 4 3  0 .7 5 8  
4 .4 1 0  0 .8 1 5  4 .3 2 5  0 .7 56  4 .1 63  0 .7 8 7  4 .3 2 6 0 0 .7 5 5  
4 .5 0 0  
4 .5 8 0  

0 .8 0 3  
0 .7 92  

4 .4 0 9  
4 .4 92  

0 .7 4 4  
0 .7 3 4  

4 .2 4 6  
4 .3 2 9  

0 .7 8 7  
0 .7 7 6  

4 .4 0 9  
4 .4 9 2  

0 .7 3 6  
0 .7 2 6  ill

4 .6 6 0  0 .7 8 5  4 .5 7 5  0 .7 2 4  4 .4 1 3  0 .7 6 5  4 .5 7 6 0 0 .7 1 2  
4 .7 5 0  
4 .8 3 0  

0 .7 6 6  
0 .7 5 5  

4 . 6 5 9  
4 .7 4 2  

0 .7 0 9  
0 .7 02  

4 .4 9 6  
4 .5 7 9  

0 .7 5 4  
0 .7 4 2  

4 . 6 5 9 
4 . 7 4 2  

0 .7 0 0  
0 . 6 9 0  rn

4 .9 1 0  0 .7 4 4  4 .8 2 5  0 . 6 9 0  4 .6 63 0 .7 3 5  4 . 8 2 6  0 . 6 8 1  
5 .0 0 0  0 .7 32  4 .9 0 9  0 . 6 8 2  4 .7 4 6  0 .7 1 9  4 . 9 0 9  0 . 6 6 9  
5 .0 8 0  0 .7 1 8  4 . 9 9 2  0 .6 7 1  4 .8 2 9  0 .7 1 4  4 . 9 9 2  0 . 6 5 7  
5 .1 6 0 0 .7 0 6  5 .0 7 5  0 . 6 6 4  4 .9 9 6  0 .6 9 7  5 . 0 7 6  0 . 6 4 6 17 
5 .2 5 0  0 .6 9 3  5 .1 5 8  0 . 6 5 1  5 .0 7 9  0 . 6 7 6 5 . 1 5 9  0 . 63 9 
5 .3 3 0  0 . 6 8 2  5 .2 4 2  0 .6 4 6  5 .1 62 0 . 6 6 6  5 .2 4 2  0 . 62 6 
5 .4 1 0  
5 .5 0 0  
5 .5 8 0  

0 .6 7 4  
0 . 6 6 8  
0 . 6 5 4  

5 .3 2 5  
5 .4 0 8  
5 .4 92 

0 . 633  
0 . 627  
0 . 622  

5 .2 4 6  
5 .3 2 9  
5 .4 12  

0 .6 5 7  
0 . 6 4 6 0
0 .6 3 7  

5 .3 2 6  
5 .4 0 9  
5 .4 0 9  

0 . 622  
0 .6 0 9  
0 . 6 0 4  

ill
�

5 .6 6 0  0 .6 4 7  5 .5 7 5  0 . 6 1 1  5 .4 9 6  0 .62 8  5 .4 92  0 .5 9 9  
5 .7 5 0  
5 .8 3 0  

0 . 63 8 
0 . 62 6 

5 . 6 5 8  
5 .7 4 2  

0 . 6 05  
0 .5 9 8  

5 .5 7 9  
5 . 662  

0 .6 1 9 0
0 .6 1 1  

5 .5 7 6  
5 .6 5 9  

0 .5 9 4  
0 .5 8 8  

w
5 .9 1 0  0 .6 1 7  5 .8 2 5  0 .5 90  5 .7 4 6  0 .6 0 4  5 .7 4 2  0 .5 8 1  
6 .0 0 0  
6 .0 8 0  

0 .6 1 3  
0 . 6 0 4  

5 . 9 0 8  
5 . 9 9 2  

0 .5 8 3  
0 .5 7 6  

5 .8 2 9  
5 .8 2 9  

0 .5 9 5  
0 .5 8 6 0

5 .8 2 5  
5 . 9 0 9  

0 .5 7 3  
0 .5 6 6  

w
6 .1 6 0 0 .5 9 4  6 .0 7 5  0 .5 7 1  5 .9 12  0 .5 8 8  5 . 9 9 2  0 .5 5 7  
6 .1 60  
6 .2 5 0  

0 .5 8 7  
0 .5 8 7  

6 .1 5 8  
6 .2 4 2  

0 .5 6 4  
0 .5 5 9  

5 .9 9 6  
6 .0 7 9  

0 .5 8 0  
0 .5 7 3  

6 . 1 5 9  
6 .2 4 2  

0 .5 5 3  
0 .5 4 3  

n

w 

6 .3 3 0  0 .5 8 3  6 .3 2 5  0 .5 5 4  6 .1 62 0 .5 63  6 .3 2 6  0 .5 4 0  f7 
6 .4 1 0  0 .5 7 5  6 .4 0 8  0 .5 5 0  6 .2 4 5  0 .5 5 7  6 .4 0 9  0 .5 3 5  ! Iu 
6 .5 8 0  0 .5 7 1  6 .4 9 1  0 .5 4 7  6 .3 2 9  0 .5 5 0  6 .4 92 0 .5 2 8  
6 .6 6 0  0 .5 6 1  6 .5 7 5  0 .5 4 1  6 .4 12  0 .5 4 4  6 .5 7 5  0 .5 2 2  

� 
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Figure 3a-continued 

D IW ater L 
I' T in 0e [hr] J/Jo I J 

J N aO H  
Tin0e I [hr] 

(pH  1 1 )  

j J/Jo 
2 m M S D S  

Tin0e [hr] J/Jo J 
J 0 .5 m M E D TA 

Tin0e J/Jo IJ [hr] 
_J 
-

' 6 .7 5 0  ! 0 .5 5 5  6 . 6 58  I 0 .5 3 6  6 .4 9 6  0 .5 4 0  6 . 6 5 9  0 .5 2 1  
I 

6 .8 3 0  0 .5 4 6  6 .7 4 1  0 .5 3 1  6 .5 7 9  0 .5 3 4  
-

6 .7 4 2  0 .5 1 6  
-I 

6 . 9 1 0  . 
7 .0 0 0  

0 .5 4 5  
0 .5 3 9  

6 .8 2 5  
6 . 9 0 8  

0 .52 1 
0 .5 1 7  

6 . 6 62  
6 .7 4 5  

0 .5 2 8  
0 .5 2 2  

6 .8 2 5  
6 . 9 0 9  

0 .5 1 2  -
0 .5 0 9  

--

7 .0 8 0  0 .5 3 8  6 . 9 9 2  0 .5 1 7  6 .8 2 9  0 .5 1 9  6 . 9 9 2  0 .5 0 4  
7 .1 6 0  0 .5 3 0  6 . 9 9 2  0 .5 1 4  6 . 9 1 2  0 .5 1 5  7 .0 7 5  0 .5 0 4  

I 7 .2 5 0  0 .5 2 6  7 .0 7 5  0 .5 1 1  6 .9 9 5  0 .5 0 9  7 .1 5 9  0 .4 9 9  
' 7 .3 3 0  . 

7 .4 1 0  . 
7 .5 0 0  

0 .5 2 6  
0 .5 2 2  
0 .5 1 9  

7 .1 5 8  
7 .3 2 5  
7 .4 0 8  

0 .5 0 8  
0 .5 0 4  
0 .4 9 8  

7 .0 7 9  
7 .1 62  
7 .2 4 5  

0 .5 0 4  
0 .5 0 3  
0 .4 9 7  

7 .2 4 2  
7 .3 2 5  
7 .4 0 9  

0 .4 9 5  
-

0 .4 8 8  
-

0 .4 8 7  
I 7 .5 8 0  0 .5 1 4  7 .4 9 1  0 .4 9 5  7 .3 2 9  0 .4 9 3  7 .4 92  0 .4 8 4  
I 7 .6 6 0  . 

7 .7 5 0  . 
7 .8 3 0  

0 .5 1 3  
0 .5 0 9  
0 .5 0 7  

7 .5 7 5  
7 .6 5 8  
7 .7 4 1  

0 .4 9 2  
0 .4 9 1  
0 .4 8 9  

7 .4 1 2  
7 .4 9 5  
7 .5 7 9  

0 .4 8 7  
0 .4 8 5  
0 .4 8 2  

7 .5 7 5  
7 . 65 9 
7 .7 4 2  

0 .4 8 3  
--

0 .4 8 0  -
0 . 4  7 7  

I 

7 . 9 1 0  0 .5 0 3  7 .8 2 5  0 .4 8 5  7 . 6 62  0 .4 8 2  7 .8 2 5  0 . 4  7 5  
I 

8 .0 0 0  0 .5 0 3  7 .9 0 8  0 .4 8 3  7 .7 4 5  0 .4 7 8  7 . 9 0 8  0 .4 7 3  
' 8 .0 8 0  0 .4 9 7  7 .9 9 1  0 .4 8 0  7 .8 2 9  0 .4 7 2  7 . 9 9 2  0 .4 6 8  

-
' 8 .1 6 0  0 .4 9 6  8 .0 7 5  0 .4 8 2  7 .9 1 2  0 .4 6 8  8 .0 7 5  0 .4 6 5  

-
8 .2 5 0  I 8 .3 3 0  

0 .4 93  
0 . 4 9 1  

8 .1 5 8  
8 .2 4 1  

l 0 .4 7 7  
0 .4 7 4  

7 .9 9 5  
8 .0 7 9  

0 .4 6 6  
0 .4 6 4  

8 .1 5 8  
8 .2 4 2  

0 .4 65  
0 .4 6 1  

-
I 8 .4 1 0  . 

8 .5 0 0  
0 .4 8 8  
0 .4 8 5  

8 .3 2 4  
8 .4 0 8  

0 .4 7 2  
0 .4 7 0  

8 .1 62  
8 .2 4 5  

0 .4 6 1  
0 .4 5 6  

8 .3 2 5  
8 .4 0 9  

0 .4 60  
-

0 .4 5 6  -' 8 .5 8 0  . 
8 .6 6 0  

0 .4 8 4  
0 .4 8 2  

8 .4 9 1  
8 .5 7 5  

0 .4 6 9  
0 .4 6 6  

8 .32 9 
8 .4 1 2  

0 .4 5 5  
0 .4 5 4  

8 .4 92  
8 .5 7 5  

0 .4 5 6  -
0 .4 5 7  

-
I 8 .7 5 0  0 . 4  7 8  8 .6 5 8  0 .4 6 4  8 .4 9 5  0 .4 52  8 . 6 5 8  0 .4 5 1  
. 

8 .8 3 0  0 .4 7 8  8 .7 4 1  0 .4 6 2  8 . 57 9 0 .4 4 8  8 .7 4 2  0 .4 5 0  
-

' 8 . 9 1 0  0 .4 7 7  
' 

8 .8 2 5  0 .4 6 0  8 . 6 62  0 .4 4 6  8 .8 2 5  0 .4 4 9  
-

9 .0 0 0  I 9 .0 8 0  
0 . 4  7 5  
0 .4 7 1  

8 .8 2 5  
8 . 9 0 8  

0 .4 6 0  
0 .4 5 9  

8 .7 4 5  
8 .8 2 8  

0 .4 4 6  
0 .4 4 3  

8 . 9 0 8  
8 . 9 92  

0 .4 4 6  
0 .4 4 6  

I 9 .1 6 0  0 . 4  7 2  8 .9 9 1  0 .4 6 0  8 . 9 1 2  0 .4 4 2  9 .0 7 5  0 .4 4 4  
I 9 .2 5 0  
I 

0 .4 6 9  9 .0 7 4  0 .4 5 7  8 .9 9 5  0 .4 4 0  9 .1 5 8  0 .4 4 2  -
9 .3 3 0  
9 .4 1 0  c 0 .4 6 6  

0 .4 65  
9 .2 4 1  
9 .3 2 4  

0 .4 5 7  
0 .4 5 1  

9 .0 7 8  
9 .1 62  

0 .4 3 7  
0 .4 3 4  

9 .2 4 1  
9 .3 2 5  

0 .4 4 0  -
0 .4 3 9  

-
9 .5 0 0  0 .4 6 4  9 .4 0 8  0 .4 4 7 9 .2 4 5  0 .4 3 3  9 .3 2 5  0 .4 3 8  

-

9 .5 8 0  0 .4 65  9 .4 9 1  0 .4 4 9  9 .3 2 8  0 .4 3 0  9 .4 9 2  0 .4 3 9  
--

' 9 .6 6 0  0 .4 6 1  9 .5 7 4  0 .4 4 6  9 .4 1 2  0 .4 3 0  9 .4 9 2  0 .4 3 3  
--

I 9 .7 5 0  0 .4 6 1  9 . 6 5 8  0 .4 4 4  9 .4 9 5  0 .4 2 6  9 .5 7 5  0 .4 3 3  
I 9 .8 3 0  0 .4 5 8  9 .7 4 1  0 .4 4 3  9 .5 7 8  0 .4 2 6  9 . 6 5 8  0 .4 3 5  
I 9 .8 3 0  0 .4 5 6  9 .8 2 4  0 .4 4 3  9 . 6 6 2  0 .4 2 1  9 .7 4 2  0 .4 3 3  

9 . 9 1 0  0 .4 5 3  9 . 9 0 8  0 .4 3 9  9 .7 4 5  0 .4 2 3  9 . 9 0 8  0 .4 3 3  
-

' 1 0  .0 0 0  0 .4 5 5  I 9 . 9 9 1  0 .4 3 9  9 .8 2 8  0 .4 2 0  9 . 9 9 2  0 .4 2 9  -I 

1 0  .0 8 0  0 .4 53  1 0  .0 7 4  0 .4 3 9  9 . 9 1 2  0 .4 1 9  1 0  .0 7 5  0 .4 2 7  
--

I 

1 0  .2 5 0  
1...- l 0 .4 52  1 0  .1 5 8  1 0 .4 4 0  

l 
9 .9 9 5  J 0 .4 1 9  l 1 0  .1 5 8  1 0 .4 2 7  _J 

0 

�-, 

,'� 

' ! 

,-7 

' 

,, 
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Figure la-continued � 

D IW ater 
1 0  .3 3 0  0 .4 4 9  

N aO H  

1 0  .2 4 1  

(pH 1 1 )  

0 . 437  
2 m M S D S 0

1 0  .0 93  0 .4 1 9  

0 .5 m M  
1 0  .2 4 1  

E D TA 

0 .4 2 3  
m 
'w

1 0  .4 1 0  0 .4 4 9  1 0  .3 2 4  0 .4 36  1 0  .1 7 6  0 .4 1 9  1 0  .3 2 5  0 .4 2 2  
1 0  .5 0 0  
1 0  .5 8 0  

0 .4 4 8  
0 .4 4 5  

1 0  .4 0 8  
1 0  .4 9 1  

0 . 434  
0 .4 31 

1 0  .2 5 9  
10 .3 4 3  

0 .4 1 9  
0 .4 1 9  

1 0  .4 0 8  
1 0 .4 9 1  

0 .4 2 0  
0 .4 2 0  � 

1 0  . 6 6 0  
1 0  .7 5 0  
1 0  .8 3 0  

0 .4 4 2  
0 .4 4 5  
0 .4 4 0  

1 0  .5 7 4  
1 0  . 6 58  
1 0  .7 4 1  

0 . 430  
0 .4 30 
0 .4 2 8  

1 0  .4 2 6  
10 .5 0 9  
1 0  .5 93  

0 .4 1 9  
0 .4 1 3  
0 .4 1 6  

1 0  .5 7 5  
1 0  .6 5 8  
1 0  .7 4 1  

0 .4 2 2  
0 .4 1 7  
0 .4 1 7  

IT)uJ
1 0  .9 1 0  
1 1 .0 0 0  
1 1 .0 8 0  

0 .4 4 0  
0 .4 3 9  
0 .4 3 7  

1 0  .8 2 4  
1 0  . 9 0 8  
1 0  . 9 9 1  

0 .4 2 6  
0 .4 2 6  
0 .4 24  

1 0  . 67 6 
1 0  .7 5 9  
1 0  .8 4 3  

0 .4 1 6  
0 .4 1 3  
0 .4 1 3  

1 0  .8 2 5  
1 0  . 9 0 8  
1 0  . 9 9 1  

0 .4 1 6  
0 .4 1 6  
0 .4 1 3  

fi 
u

1 1 .1 6 0  
1 1 .2 5 0  

0 .4 3 9  
0 .4 4 0  

1 1 .0 7 4  
1 1 .2 4 1  

0 .4 2 6  
0 .4 2 3  

1 0  .92 6 
1 1 .0 0 9  

0 .4 1 2  
0 .4 1 0  

1 1 .0 7 5  
1 1 .1 5 8  

0 .4 1 2  
0 .4 1 3  n

1 1 .3 3 0  0 .4 3 7  1 1 .3 2 4  0 .4 2 1  1 1 .0 93  0 .4 0 9  1 1 .1 5 8  0 .4 1 2  
1 1 .4 1 0  0 .4 3 6  1 1 .4 0 8  0 .4 2 1  1 1 .1 7 6  0 .4 0 7  1 1 .1 7 3  0 .4 0 9  
1 1 .5 0 0  
1 1 .5 8 0  

0 .4 3 6  
0 .4 3 3  

1 1 .5 7 3  
1 1 0. 6 5 7  

0 .4 20  
0 .4 1 8  

1 1 .2 5 9  
1 1 .3 4 3  

0 .4 0 6  
0 .4 0 4  

1 1 .2 5 6  
1 1 .3 4 0  

0 .4 0 9  
0 .4 0 9  m

1 1 0. 6 6 0  
1 1 .7 5 0  
1 1 .8 3 0  

0 .4 3 3  
0 .4 3 2  
0 .4 2 7  

1 1 .7 4 0  
1 1 .8 2 3  
1 1 0. 9 0 7  

0 .4 1 7  
0 .4 1 6  
0 .4 1 6  

1 1 .4 2 6  
1 1 .5 0 9  
1 1 .5 93  

0 .4 0 4  
0 .4 0 3  
0 .4 0 3  

1 1 .4 2 3  
1 1 .5 0 6  
1 1 .5 9 0  

0 .4 0 6  
0 .4 0 5  
0 .4 0 5  

riLJ
1 1 .9 1 0  
1 2  .0 0 0  
1 2  .0 8 0  

0 .4 2 7  
0 .4 3 0  
0 .4 2 6 0

1 1 .9 9 0  
1 2  .0 7 3  
1 2  .1 5 7  

0 .4 1 4  
0 .4 1 4  
0 .4 1 3 

1 1 .67 6 
1 1 .67 6 
1 1 .8 4 3  

0 .4 0 0  
0 .4 0 0  
0 .3 9 8  

1 1 .6 7 3  
1 1 .7 5 6  
1 1 .8 4 0  

0 .4 0 4  
0 .4 0 5  
0 .4 0 2  

[7 
u

1 2  .1 6 0  
1 2  .2 5 0  
1 2  .3 3 0  

0 .4 2 4  
0 .4 2 4  
0 .4 2 6 0

1 2  .2 4 0  
1 2  .3 2 3  
1 2  .3 2 4  

0 .4 13  
0 .4 1 1  
0 .4 0 8  

1 1 .8 4 3  
1 2  .0 0 9  
1 2  .0 93  

0 .3 9 8  
0 .3 9 8  
0 .3 9 7  

1 1 .9 2 3  
1 2  .0 0 6  
1 2  .0 8 9  

0 .4 0 4  
0 .4 0 2  
0 .4 0 1  

f'
1-J

1 2  .4 1 0  0 .4 2 4  1 2  .4 0 6  0 .4 1 1  1 2  .1 7 6  0 .3 9 3  1 2  .1 7 3  0 .3 9 9  
1 2  .5 0 0  
1 2  .5 8 0  

0 .4 2 3  
0 .4 2 1  

1 2 .4 9 0  
1 2  .5 7 3  

0 .4 0 8  
0 .4 0 8  

1 2  .2 5 9  
1 2  .3 4 3  

0 .3 9 3  
0 .3 9 3  

1 2  .2 5 6  
1 2  .3 3 9  

0 .3 9 8  
0 .4 0 1  LJ 

1 2  . 6 6 0  0 .4 2 1  1 2  . 65 6 0 .4 0 7  1 2  .4 2 6  0 .3 9 1  1 2  .4 2 3  0 .3 9 6  
1 2  .7 5 0  
1 2  .8 3 0  

0 .4 2 1  
0 .4 2 0  

1 2  .7 4 0  
1 2  .8 2 3  

0 .4 0 7  
0 .4 0 8  

1 2  .5 0 9  
1 2  .5 93  

0 .3 9 1  
0 .3 9 0  

1 2  .5 0 6  
1 2  .5 8 9  

0 .3 9 6  
0 .3 9 6  

w
1 2 .9 1 0  0 .4 1 8  1 2  .9 0 7  0 .4 05  1 2 .67 6 0 .3 9 1  1 2  .6 7 3  0 .3 9 5  
1 3  .0 0 0  
1 3  .0 8 0  

0 .4 1 7  
0 .4 1 7  

1 2  . 9 9 0  
1 3  .0 7 3  

0 .4 0 4  
0 .4 05  

1 2  .7 5 9  
1 2  .8 4 2  

0 .3 9 1  
0 .3 8 9  

1 2  .7 5 6  
1 2  .8 3 9  

0 .3 9 5  
0 .3 9 4  

w
1 3  .1 6 0  
1 3  .2 5 0  
1 3  .3 3 0  

0 .4 1 7  
0 .4 1 7  
0 .4 1 6  

1 3  .1 5 6  
1 3  .2 4 0  
1 3  .3 2 3  

0 .4 03 
0 .4 03 
0 .4 0 1  

1 2  .92 6 
13 .0 0 9  
1 3  .0 92  

0 .3 8 9 0
0 .3 8 8  
0 .3 8 9  

1 2  . 92 3 
1 2  . 92 3 
1 3  .0 0 6  

0 .3 9 4  
0 .3 9 4  
0 .3 9 4  

UJ 
1 3  .4 1 0  0 .4 1 6  1 3  .4 0 6  0 .4 0 1  1 3  .1 7 6  0 .3 8 8  1 3  .0 8 9 0 0 .3 9 1  

1 3  .5 0 0  
1 3  .5 0 0  

0 .4 1 4  
0 .4 1 4  

1 3  .4 9 0  
1 3  .5 7 3  

0 .4 0 1  
0 .4 0 0  

1 3  .2 5 9  
1 3  .3 4 2  

0 .3 8 6  
0 .3 8 6  

1 3 .1 7 3  
1 3  .2 5 6  

0 .3 9 0  
0 .3 9 0  

w 
1 3  .5 8 0  
1 3  .6 60  

0 .4 1 4  
0 .4 1 3  

1 3  .6 5 6  
1 3  .7 4 0  

0 .4 0 0  
0 .3 9 8  

1 3  .4 2 6  
1 3 .5 0 9  

0 .3 8 5  
0 .3 8 5  

1 3  .3 3 9  
1 3  .4 2 3  

0 .3 9 0  
0 .3 8 8  n 

1 3  .8 1 0  
1 3  .8 9 0  

0 .4 1 4  
0 .4 1 1  

1 3  .8 2 3  
1 3  .9 0 6  

0 .3 97 
0 .3 97 

13 .5 92 
1 3  . 67 6 

0 .3 8 5  
0 .3 8 4  

1 3  .5 0 6  
1 3 .5 8 9  

0 .3 8 8  
0 .3 8 5  

u 

w 
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Figure 3a-continued 

D IW ater N aO H  (pH 1 1 )  2 m M S D S  0 .5 m 0M E D TA 
1 3  . 9 8 0  0 .4 1 0  1 3  . 9 9 0  0 .3 9 5  1 3  .7 5 9  0 .3 8 2  1 3 . 6 7 3 0 .3 8 7  

,7 
1 4  .0 6 0  
1 4  .1 4 0  

0 .4 1 1  
0 .4 1 0  

1 4  .0 7 3  
1 4  .1 5 6  

0 .3 9 5  
0 .3 9 5  

1 3  .8 4 2  
1 3 . 92 6 

0 .3 8 2  
0 .3 8 2  

1 3  .7 5 6  
1 3  .8 4 0  

0 .3 8 5  
0 .3 8 2  

1 4  .2 3 0  0 .4 0 8  1 4  .2 4 0  0 .3 9 5  1 4  .0 0 9  0 .3 7 8  1 3  . 92 3 0 .3 8 5  
1 4  .3 1 0  0 .4 1 0  1 4  .3 2 3  0 .3 9 4  1 4 0.0 92  0 .3 7 9  1 4  .0 0 6  0 .3 8 2  
1 4  .3 9 0  0 .4 0 7  1 4  .3 2 3  0 .3 9 4  1 4  .1 7 5 0 .3 7 9  1 4  .0 8 9  0 .3 8 4  
1 4  .4 8 0  0 .4 0 8  1 4  .4 0 6  0 .3 92  1 4  .2 5 9  0 .3 7 6  1 4  .1 7 3  0 .3 8 2  

r-7 
1 4  .5 6 0  0 .4 0 7  1 4  .4 8 9  0 .3 92  1 4  .3 4 2  0 .3 7 6  1 4  .2 5 6  0 .3 8 1  
1 4  . 6 4 0  0 .4 0 6  1 4  .5 7 3  0 .3 92  1 4  .4 2 5  0 .3 7 8  1 4  .3 3 9  0 .3 8 1  
1 4  .7 3 0  0 .4 0 6  1 4  . 6 56  0 .3 9 1  1 4  .5 0 9  0 .3 7 5  1 4  .4 2 3  0 .3 7 9  
1 4  .8 1 0  0 .4 0 7  1 4  .7 3 9  0 .3 92  1 4  .5 92  0 .3 7 3  1 4  .5 0 6  0 .3 7 9  
1 4  .8 9 0  0 .4 0 4  1 4  .8 2 3  0 .3 92  1 4 0. 67 5 0 .3 7 5  1 4  .5 8 9  0 .3 7 8  
1 4  . 9 8 0  0 .4 0 3  1 4  .9 0 6  0 .3 92  1 4  .7 5 9  0 .3 7 5  1 4  . 6 7 3  0 .3 7 9  
1 5  .0 6 0  0 .4 0 3  1 4  .9 8 9  0 .3 9 1  1 4  .8 4 2  0 .3 7 5  1 4  .7 5 6  0 .3 7 8  
1 5  .1 4 0  0 .4 0 3  1 5  .0 7 3  0 .3 9 1  1 4  . 9 2 5  0 .3 7 5  1 4  .8 3 9  0 .3 7 7  
1 5  .2 3 0  0 .4 0 1  1 5  .1 5 6  0 .3 8 9  1 5  .0 0 9  0 .3 7 5  1 4  . 9 2 3  0 .3 7 7  
1 5  .2 3 0  0 .4 0 3  1 5  .2 3 9  0 .3 9 1  1 5 .0 92  0 .3 7 5  1 5  .0 0 6  0 .3 7 5  
1 5  .3 1 0  0 .4 0 3  1 5  .3 2 3  0 .3 8 9  1 5  .1 7 5  0 .3 7 5  1 5  .0 8 9  0 .3 7 7  
1 5  .3 9 0  0 .4 0 0  1 5  .4 0 6  0 .3 8 9  1 5  .2 5 9  0 .3 7 5  1 5  . 1  7 2  0 .3 7 4  
1 5  .4 8 0  0 .4 0 1  1 5  .4 8 9  0 .3 8 8  1 5  .2 5 9  0 .3 7 3  1 5  .3 3 9  0 .3 7 5  
1 5  .5 6 0  0 .3 9 8  1 5  .5 7 3  0 .3 8 5  1 5  .3 4 2  0 .3 7 3  1 5 .4 2 2  0 .3 7 5  
1 5  . 6 4 0  0 .3 9 8  1 5  . 65 6 0 .3 8 6  1 5  .4 2 5  0 .3 7 3  1 5  .5 0 6  0 .3 7 4  
1 5  .7 3 0  0 .3 9 7  1 5  .7 3 9  0 .3 8 5  1 5  .5 0 9  0 .3 7 3  1 5  .5 8 9  0 .3 7 4  
1 5  .8 1 0  0 .3 9 8  1 5  .8 2 3  0 .3 8 5  1 5  .5 92  0 .3 7 3  1 5  . 6 7 2  0 .3 7 2  
1 5  .8 9 0  0 .3 9 8  1 5  .9 0 6  0 .3 8 3  1 5  . 6 7 5  0 .3 7 3  1 5 .7 5 6  0 .3 7 1  
1 5  . 9 8 0  0 .3 9 4  1 5  . 9 8 9  0 .3 8 3  1 5  .7 5 9  0 .3 7 2  1 5  . 8 3 9  0 .3 7 1  
1 6 . o 6 0  0 .3 9 7  1 6  .0 7 3  0 .3 8 3  1 5  .8 4 2  0 .3 6 9  1 5  . 9 22  0 .3 7 1  
1 6  .1 4 0  0 .3 9 5  1 6  .1 5 6  0 .3 8 2  1 5  . 9 2 5  0 .3 6 9  1 6  .0 0 6  0 .3 7 1  
1 6  .2 3 0  0 .3 9 4  1 6  .2 3 9  0 .3 8 2  1 6  .0 0 9  0 .3 6 9  1 6  .0 8 9  0 .3 7 0  
1 6  .3 1 0  0 .3 9 5  1 6 .32 3  0 .3 8 2  1 6  . 0  9 2  0 .3 6 9  1 6  .1 7 2  0 .3 7 0  

L '  
1 6  .3 9 0  0 .3 9 4  1 6  .4 0 6  0 .3 8 1  1 6  .1 7 5  0 .3 6 9  1 6  .2 5 6  0 .3 6 8  

\-- I 1 6  .4 8 0  0 .3 92  16  .4 8 9  0 .3 8 1  1 6  .2 5 8  0 .3 6 9  1 6  .3 3 9  0 .3 67  
16  .5 6 0  0 .3 9 1  1 6  . 6 5 6  0 .3 8 1  1 6  .3 4 2  0 .3 6 8  1 6  .4 2 2  0 .3 6 7  
1 6  . 6 4  0 0 .3 9 4  1 6  .7 3 9  0 .3 7 8  1 6  .4 2 5  0 .3 6 6  1 6  .5 0 6  0 .3 67  
16  .7 3 0  0 .3 9 1  1 6  .8 2 3  0 .3 7 9  1 6 .5 0 8  0 .3 6 8  1 6  .5 0 6  0 .3 6 7  

1 6  .8 1 0  0 .3 9 1  1 6  .9 0 6  0 .3 7 8  1 6  .5 92  0 .3 6 6  1 6  .5 8 9  0 .3 65  
,_ _) 

1 6  .8 9 0  0 .3 92  16  . 9 8  9 0 .3 7 8  1 6  . 6 7  5 0 .3 6 6  1 6 . 6 7 2  0 .3 6 7  

1 6  . 9 8 0  0 .3 92  1 7 .0 7 3  0 .3 7 6  1 6  .7 5 8  0 .3 6 5  1 6 .7 5 6  0 .3 6 7  

1 7  .0 6 0  0 .3 8 9  1 7 .1 5 6  0 .3 7 8  1 6  .8 4 2  0 .3 6 3  1 6  .8 3 9  0 .3 65  

1 7 .1 4 0  0 .3 8 9  1 7 .2 3 9  0 .3 7 8  1 6  . 9 2 5  0 .3 6 3  1 6 . 9 22  0 .3 65  

1 7  .2 3 0  0 .3 8 9  1 7 .3 2 3  0 .3 7 6  1 7 .0 0 8  0 .3 6 3  1 7 .0 8 9  0 .3 62 

17 .3 1 0  0 .3 8 8  1 7 .4 0 6  0 .3 7 6  1 7 .0 0 9  0 .3 6 3  1 7  .1  7 2  0 .3 62  

1 7 .3 9 0  0 .3 8 9  1 7 0.4 8 9  0 .3 7 3  1 7 0.0 92  0 .3 62  1 7  .2 5 5  0 .3 6 4  

1 7 .4 8 0  0 .3 8 8  1 7 .5 7 3  0 .3 7 3  1 7 0.1 7 5  0 .3 6 3  1 7  .3 3 9  0 .3 62  

LJ 
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Figure la-continued � 

D IW ater N aO H  (pH 1 1 )  2 m M S O S 0 0 .5 m M0 E D TA 
1 7  .5 6 0  0 .3 8 6  1 7 . 6 5 6  0 .3 73 1 7 .2 5 8  0 .3 62  1 7  .4 2 2  0 .3 6 1  
17  .7 3 0  0 .3 8 4  1 7  .7 3 9  0 . 373  1 7  .3 4 2  0 .3 6 3  1 7  .5 0 5  0 .3 6 1  
1 7  .8 1 0  
1 7  .8 9 0  

0 .3 8 6  
0 .3 8 5  

1 7  .8 2 3  
1 7  . 9 0 6  

0 .3 7 2  
0 .3 7 2  

1 7 .5 0 8  
1 7  .5 92  

0 .3 62  
0 .3 63  

17  .5 8 9  
1 7  .6 7 2  

0 .3 62  
0 .3 6 1  rn

1 7  . 9 8 0  0 .3 8 4  1 7 . 9 8 9  0 .3 70  1 7 .6 7 5  0 .3 62  1 7  .7 5 5  0 .3 6 1  
1 8  .0 6 0  
1 8 .1 4 0  

0 .3 8 4  
0 .3 8 4  

1 8 .0 7 2  
1 8  .1 5 6  

0 .3 7 0  
0 .3 6 9  

1 7  .7 5 8  
1 7  .8 4 1  

0 .3 62  
0 .3 6 0  

1 7  .8 3 9  
1 7  . 9 2 2  

0 .3 5 8  
0 .3 5 8  rn

1 8  .2 3 0  0 .3 8 4  1 8  .1 5 6  0 .3 7 0  1 7 . 925  0 .3 62  18  .0 0 5  0 .3 5 8  
1 8  .3 1 0  0 .3 8 5  1 8  .3 2 2  0 .3 6 9  1 8  .0 0 8  0 .3 6 0  1 8  .0 8 9 0 0 .3 5 8  
1 8  .3 9 0  0 .3 8 2  1 8  .4 0 6  0 .3 7 0  1 8  .0 9 1  0 .3 5 9  1 8  .1 7 2  0 .3 5 7  

'c__j 

1 8  .4 8 0  0 .3 8 2  1 8  .4 8 9  0 .3 6 9  1 8  .1 7 5  0 .3 5 9  1 8  .1 7 3  0 .3 5 6  
1 8  .5 6 0  0 .3 8 2  1 8  .5 7 2  0 .3 6 9  1 8  .2 5 8  0 .3 5 9  1 8  .2 5 5  0 .3 5 7  
1 8  . 6 4 0  0 .3 8 2  1 8  . 6 5 6  0 .3 68  1 8  .3 4 1  0 .3 5 9  1 8  .3 3 9  0 .3 5 6  u

18  .7 3 0  0 .3 8 1  1 8  .7 3 9  0 .3 68  1 8  .4 2 5  0 .3 5 7  1 8  .4 2 2  0 .3 5 7  
1 8  .8 1 0  
1 8  .8 9 0  

0 .3 8 1  
0 .3 8 1  

1 8  .8 2 2  
1 8  . 9 0 6  

0 .3 68  
0 .3 68  

1 8  .5 0 8  
1 8  .5 9 1  

0 .3 5 6  
0 .3 5 6  

1 8  .5 0 5  
1 8  .5 8 9  

0 .3 5 6  
0 .3 5 6  C

18  . 9 8 0  0 .3 7 9  1 8  . 9 8 9  0 .3 6 6  1 8 .6 7 5  0 .3 5 6  1 8  . 6 7 2  0 .3 5 6  n 
1 9  .0 6 0  
1 9  .1 4 0  

0 .3 7 9  
0 .3 7 8  

1 9  .0 7 2  
1 9  .1 5 6  

0 .3 6 6  
0 .3 6 5  

1 8  .7 5 8  
1 8  .8 4 1  

0 .3 5 6  
0 .3 5 6  

1 8  .7 5 5  
1 8  .8 3 9  

0 .3 5 6  
0 .3 5 4  YL

19  .2 3 0  0 .3 7 9  1 9  .2 3 9  0 .3 6 5  1 8  .92 4 0 .3 5 4  1 8  . 92 2 0 .3 5 4  
1 9  .3 1 0  
1 9  .3 9 0  

0 .3 7 9  
0 .3 7 8  

1 9  .3 2 2  
1 9  .4 0 6  

0 .3 6 5  
0 .3 6 5  

1 9 .0 0 8  
1 9  .0 9 1  

0 .3 5 3  
0 .3 5 3  

1 9  .0 0 5  
1 9  .0 8 8  

0 .3 5 4  
0 .3 5 3  rn

19  .4 8 0  0 .3 7 9  1 9  .4 8 9  0 .3 6 5  1 9  .1 7 4  0 .3 5 0  1 9  .1 7 2  0 .3 5 1  
1 9  .5 60  
19 . 6 4 0  

0 .3 8 1  
0 .3 7 8  

1 9  .5 7 2  
1 9  . 6 5 6  

0 .3 63 
0 .3 63  

1 9  .2 5 8  
1 9  .4 2 5  

0 .3 5 1  
0 .3 5 1  

1 9  .2 5 5  
1 9  .3 3 8  

0 .3 5 3  
0 .3 5 3  D

19  .7 3 0  
19 .8 1 0  
19 .8 9 0  

0 .3 7 6  
0 .3 7 9  
0 .3 7 5  

1 9  .7 3 9  
1 9  .8 2 2  
1 9  .8 2 3  

0 .3 63 
0 .3 63 
0 .3 62  

1 9  .5 0 8  
1 9  .5 9 1  
1 9  . 67  5 

0 .3 5 0  
0 .3 4 8  
0 .3 5 0  

1 9 .4 2 2  
1 9  .5 0 5  
1 9  .5 8 8  

0 .3 5 1  
0 .3 5 1  
0 .3 5 1  

r 
LJ

1 9 .9 8 0  0 .3 7 6  1 9  . 9 0 6  0 .3 6 0  1 9  .7 5 8  0 .3 5 0  1 9  .6 7 2  0 .3 5 3  
2 0  .0 6 0  
20 .5 7 0  

0 .3 7 6  
0 .4 0 7  

2 0  .0 7 2  
2 0  .5 7 2  

0 .3 62 
0 .4 51  

1 9  .8 4 1  
1 9  .92 4 

0 .3 4 8  
0 .3 4 8  

1 9  .7 5 5  
1 9  .8 3 8  

0 .3 5 1  
0 .3 5 1  w

20  .6 5 0  0 .4 0 6  2 0  .6 5 9  0 .4 5 1  2 0  .0 0 8  0 .3 5 0  1 9 .9 2 2  0 .3 5 0  
2 0  .7 3 0  
2 0  .8 2 0  

0 .4 0 8  
0 .4 0 8  

2 0  .7 4 2  
2 0  .8 2 6  

0 .4 5 1  
0 .4 4 6  

2 0  .5 0 8  
2 0  .5 9 1  

0 .4 5 0  
0 .4 4 9  

2 0  .0 0 5  
2 0  .5 0 5  

0 .3 5 1  
0 .5 0 4  

w
2 0  .9 0 0 0 0 .4 0 6  2 0  .9 0 3  0 .4 4 6  2 0  .6 7 4  0 .4 5 0  2 0  .5 8 8  0 .5 0 4  

- -
- -

- -
- -

- -
- -

- -
- -

2 0  .7 5 8  
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Figure 3b 
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Figure 7a � 

SA on]y 
Tin0e [hr] J/Jo 

SA  :S RN O M  

Tin0e [hr] 

= 7 :3 
J/Jo 

SA :S RN O M  

Tin0e [hr] 

= 3 :7 
J/Jo 

S RN O M  on]y 
T in  e [hr] J/Jo m 

0 .0 0 0  1 .0 0 0  0 .0 0 0  1 .0 0 0  0 .0 0 0  1 .0 0 0  0 .0 0 0  1 .0 0 5  
0 .0 0 4  1 .0 0 0  0 .0 7 6  0 . 9 9 6 0 .0 6 7  1 .0 0 0  0 .0 8 0  0 . 9 9 8  
0 .0 8 0  0 . 9 9 6  0 .1 5 9  0 .9 9 6 0 .1 5 0  1 .0 0 0  0 . 1 6 3  1 .0 0 2  
0 .1 63 1 .0 0 0  0 .2 4 3  0 . 9 9 3  0 .2 3 4  0 . 9 9 9  0 . 1 6 4  0 . 9 9 8  
0 .2 4 6  
0 .3 3 0  

1 .0 0 0  
0 . 9 9 3  

0 .3 2 6  
0 .4 0 9  

0 .9 9 6  
0 . 9 9 3  

0 .3 1 7  
0 .4 0 0  

1 .0 0 0  
0 . 9 9 9  

0 .2 4 7  
0 .3 3 0  

1 .0 0 5  
0 . 9 9 8  m 

0 .4 1 3  1 .0 0 0  0 .4 93  0 .9 9 6  0 .4 8 4  1 .0 0 2  0 .4 1 3  1 .0 0 2  
0 .4 9 6  
0 .5 8 0  

0 . 9 9 6  
0 .9 9 6  

0 .5 7 6  
0 . 6 5 9  

0 .9 97  
0 .9 9 6 

0 .4 8 4  
0 .5 6 7  

0 . 9 9 9  
0 . 9 9 9  

0 .4 9 6  
0 .5 8 0  

1 .0 0 2  
1 .0 0 2  rn 

0 . 6 6 3  
0 .7 4 6  
0 .8 3 0  

0 . 9 9 6  
0 .9 9 6  
1 .0 0 0  

0 .7 4 3  
0 .8 2 6  
0 . 9 0 9  

0 .9 9 6  
0 . 9 93 
0 .9 9 6 

0 . 6 50  
0 .7 3 4  
0 .8 1 7  

0 .9 9 5  
0 . 9 9 9  
0 .9 9 5  

0 . 6 6 3  
0 .7 4 6  
0 . 7 4 7  

1 .0 0 2  
0 . 9 9 8  
0 .9 9 8  

r7 u 
0 .9 1 3  0 .9 9 6  0 . 9 1 0  0 . 9 93 0 . 9 0 0  0 . 9 9 9  0 .9 1 3  0 . 9 9 8  
0 .9 9 6  
1 .0 8 0  

0 . 9 9 6  
1 .0 0 0  

0 . 9 9 3  
1 .0 7 6  

0 .9 9 6  
0 .8 7 9  

0 .9 8 4  
1 .0 6 7  

0 . 9 9 9  
0 .8 9 0  

0 .9 9 6  
1 .0 8 0  

0 . 9 9 8  
0 . 9 0 4  

f7
\_j 

1 .1 6 3  0 .8 8 3  1 .1 5 9  0 .8 7 9  1 .1 5 0  0 .8 9 0  1 .0 8 0  0 .9 0 1  
1 .1 63 
1 .2 4 6  

0 .8 8 3  
0 .8 8 4  

1 .2 4 3  
1 .3 2 6  

0 .8 7 6  
0 .8 8 0  

1 .1 5 1  
1 .2 3 3  

0 .8 8 7  
0 .8 8 7  

1 .2 4 6  
1 .3 3 0  

0 . 9 0 1  
0 .9 0 1  

rLJ 

1 .3 3 0  0 .8 8 2  1 .4 0 9  0 .8 8 0  1 .3 1 7  0 .8 9 0  1 .3 3 0  0 .9 0 1  
1 .4 1 3  
1 .4 1 3  

0 .8 8 3  
0 .8 8 3  

1 .4 92 
1 .5 7 6  

0 .8 8 0  
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1 .4 0 0  
1 .4 8 3  

0 .8 9 0  
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1 .4 1 3  
1 .4 9 6  

0 . 9 02  
0 . 9 0 1  ill 

1 .4 9 6  0 .8 8 3  1 .6 5 9  0 .8 7 6  1 .5 6 7  0 .8 9 0  1 .5 8 0  0 . 9 0 1  
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0 .8 8 4  

1 .6 6 0  
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1 . 6 6 3  
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1 .7 4 6  0 .8 8 3  1 .9 0 9  0 .8 7 6  1 .8 1 7  0 .8 9 0  1 .8 3 0  0 . 9 0 2  
1 .8 2 9  0 .8 8 3  1 .9 9 3  0 .8 8 0  1 .9 0 0  0 .8 9 0  1 . 9 1 3  0 . 9 0 2  
1 .9 1 3  0 .8 8 4  2 .0 7 6  0 .8 8 0  1 .9 8 3  0 .8 8 7  1 .9 9 6  0 .9 0 1  
1 . 9 9 6  
1 .9 9 7  

0 .8 8 2  
0 .8 8 3  

2 .1 5 9  
2 .1 5 9  

0 .8 8 0  
0 .8 7 6  

2 .0 6 7  
2 .1 5 0  

0 .8 9 4  
0 .8 9 0  

2 . 0 8 0  
2 .1 6 3  

0 .9 0 1  
0 . 9 0 1  � 

2 .0 7 9  0 .8 8 3  2 .2 4 3  0 .8 7 6  2 .2 3 3  0 .8 9 4  2 .2 4 6  0 .9 0 1  
2 .1 63  
2 .2 4 6  

0 .8 8 3  
0 .8 8 4  

2 .3 2 6  
2 .4 0 9  

0 .8 7 6  
0 .8 7 9  

2 .3 1 7  
2 .4 0 0  

0 .8 9 4  
0 .8 8 7  

2 .3 3 0  
2 .4 1 3  

0 .9 0 2  
0 .9 0 1  w 

2 .3 2 9  0 .8 8 2  2 .4 9 3  0 .8 7 9  2 .4 8 3  0 .8 9 0  2 .4 9 6  0 .9 0 1  
2 .4 1 3  
2 .4 9 6  

0 .8 8 3  
0 .8 8 3  

2 .5 7 6  
2 .6 5 9  

0 .8 7 6  
0 .8 8 0  

2 .5 6 7  
2 . 6 50  

0 .8 8 3  
0 .8 9 0  

2 .5 8 0  
2 . 6 63  

0 . 9 02  
0 .9 0 6  w 

2 .5 7 9  0 .8 8 3  2 .7 4 2  0 .8 8 0  2 .7 3 3  0 .8 9 0  2 .7 4 6  0 .9 0 2  .n 
2 . 6 6 3  0 .8 8 3  2 .7 4 3  0 .8 8 0  2 .8 1 6  0 .8 9 0  2 .8 2 9  0 . 9 02  
2 .7 4 6  0 .8 8 4  2 .8 2 6  0 .8 7 6  2 .8 1 7  0 .8 8 7  2 . 9 1 3  0 . 9 02  
2 .8 2 9  0 .8 8 2  2 .9 0 9  0 .8 7 6  2 .9 0 0  0 .8 8 3  2 . 9 9 6  0 .9 02  
2 . 9 1 3  
2 . 9 9 6  

0 .8 8 3  
0 .8 8 3  

2 . 9 92 
3 .0 7 6  

0 .8 7 6  
0 .8 7 3  

2 . 9 8 3  
3 .0 6 6  

0 .8 8 3  
0 .8 7 2  

3 .0 7 9  
3 .0 8 0  

0 .8 9 5  
0 .8 9 5  

0 
3 .0 7 9  0 .8 6 9  3 .1 5 9  0 .8 7 6  3 .1 5 0  0 .8 7 2  3 .1 6 3  0 .8 9 5  
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Figure 7a-continued 

S A  on]y SA :S RN O M  = 7 :3 
Tm e I [hr]  I J/Jo Tm e I [hr] J/Jo 

SA :S RN O M  = 3 :7 
Tm e I [hr]  J/Jo 

S RN O M  on]y 
Tm e I [hr]  J/Jo 

' 

f�l 
3 .1 6 3 
3 .2 4 6  

0 .8 6 9  
0 .8 5 8  

3 .2 4 2  
3 .2 4 3  

0 .8 8 0  
0 .8 6 9  

3 .2 3 3  
3 .3 1 6  

0 .8 6 5  
0 .8 5 4  

3 .2 4 6  
3 .32 9 

0 .8 9 5  
0 .8 9 5  

3 .3 2 9  0 .8 5 4  3 .3 2 6  0 .8 6 9  3 .4 0 0  0 .8 5 4  3 .4 1 3  0 .8 9 5  
3 .4 1 3  0 .8 4 3  3 .4 0 9  0 .8 6 5  3 .4 8 3  0 .8 5 0  3 .4 9 6  0 .8 9 1  
3 .4 9 6  0 .8 2 8  3 .4 92  0 .8 5 5  3 .5 6 6  0 .8 5 4  3 .4 9 7  0 .8 9 1  -
3 .5 7 9  0 .8 2 5  3 .5 7 6  0 .8 4 7  3 . 64 9 0 .8 4 6  3 .5 7 9  0 .8 9 1  -

r: 
3 .5 8 0  
3 . 6 6 3  

0 .8 2 1  
0 .8 2 1  

3 .6 5 9  
3 .7 4 2  

0 .8 4 0  
0 .8 3 3  

3 .7 3 3  
3 .8 1 6  

0 .8 4 3  
0 .8 3 2  

3 . 6 6 3  
3 .7 4 6  

0 .8 9 1  
0 .8 9 1  

3 .7 4 6  0 .8 0 3  3 .8 2 6  0 .8 2 5  3 .8 1 7  0 .8 32  3 .8 2 9  0 .8 9 1  
3 .8 2 9  0 .7 9 6  3 .9 0 9  0 .8 2 2  3 .8 9 9  0 .8 32  3 .8 3 0  0 .8 9 1  
3 .8 3 0  0 .7 8 5  3 . 9 92  0 .8 1 1  3 .9 8 3  0 .8 32  3 .9 1 3  0 .8 9 1  
3 .9 1 3  0 .7 8 5  4 .0 7 5  0 .8 0 0  4 .0 6 6  0 .8 2 8  3 .9 9 6  0 .8 8 7  
3 .9 9 6  0 .7 7 7  4 .1 5 9  0 .7 9 6  4 .1 4 9  0 .8 2 5  4 .0 7 9  0 .8 8 7  
4 .0 7 9  0 .7 63  4 .2 4 2  0 .7 8 9  4 .1 5 0  0 .8 2 5  4 .0 8 0  0 .8 8 7  
4 .0 8 0  0 .7 52  4 .3 2 5  0 .7 8 2  4 .2 3 3  0 .8 2 5  4 .1 6 3  0 .8 8 7  
4 .1 6 3  0 .7 5 5  4 .4 0 9  0 .7 8 2  4 .3 1 6  0 .8 1 7  4 .2 4 6  0 .8 8 7  
4 .2 4 6  0 .7 4 5  4 .4 0 9  0 .7 6 7  4 .3 9 9  0 .8 1 7  4 .3 2 9  0 .8 8 7  
4 .3 2 9  0 .7 3 4  4 .4 92  0 .7 6 7  4 .4 8 3  0 .8 1 4  4 .4 1 3  0 .8 8 4  

r-- 7 
' 

4 .4 1 3  
4 .4 9 6  

0 .7 2 2  
0 .7 1 0  

4 .5 7 5  
4 .65 9 

0 .7 6 0  
0 .7 5 3  

4 .5 6 6  
4 .5 6 6  

0 .8 0 3  
0 .8 0 3  

4 .4 1 3  
4 .5 7 9  

0 .8 8 0  
0 .8 8 4  

L __ , 4 .5 7 9  0 .7 0 0  4 .7 4 2  0 .7 4 5  4 . 64 9 0 .8 0 6  4 . 6 6 3  0 .8 8 8  

' 4 . 6 6 3  0 . 6 8 9  4 .8 2 5  0 .7 3 1  4 .7 3 3  0 .7 9 9  4 . 6 6 3  0 .8 8 4  
4 .7 4 6  0 . 6 7 7  4 . 9 0 9 0 .7 2 7  4 .8 1 6  0 .7 9 5  4 .7 4 6  0 .8 8 8  
4 .8 2 9  0 .6 6 8  4 .9 92 0 .7 1 9  4 .8 9 9  0 .7 8 8  4 .8 2 9  0 .8 8 8  
4 .9 1 3  0 . 6 5 0  5 .0 7 5  0 .7 1 1  4 .9 8 3  0 .7 8 4  4 .9 1 3  0 .8 8 8  

, _  J 
4 . 9 9 6  
5 .0 7 9  

0 . 6 4 5  
0 . 6 3 6  

5 .1 5 9  
5 .2 4 2  

0 .7 0 3  
0 .6 9 1  

5 .0 6 6  
5 .1 4 9  

0 .7 8 4  
0 .7 8 1  

4 . 9 9 6  
5 .0 7 9  

0 .8 8 4  
0 .8 8 0  

5 .1 62 0 . 6 23  5 .3 2 5  0 . 68 3 5 .2 3 3  0 .7 7 0  5 .1 6 3  0 .8 8 0  

- J 
5 .2 4 6  
5 .3 2 9  

0 . 6 1 5  
0 . 6 0 4  

5 .4 0 9  
5 .4 92  

0 . 6 7 8 
0 .6 6 9  

5 .3 1 6  
5 .3 9 9  

0 .7 6 3  
0 .7 6 6  

5 .1 6 3  
5 .2 4 6  

0 .8 8 8  
0 .8 8 4  

5 .4 1 2  0 .5 93  5 .5 7 5  0 . 65 9 5 .4 8 3  0 .7 5 9  5 .32 9 0 .8 8 8  

L _; 
5 .4 9 6  
5 .5 7 9  

0 .5 8 9  
0 .5 7 8  

5 . 65 9 
5 .7 4 2  

0 . 6 55  
0 . 64 7 

5 .5 6 6  
5 . 6 4 9 

0 .7 4 8  
0 .7 4 8  

5 .4 1 3  
5 .4 9 6  

0 .8 8 0  
0 .8 7 7  

5 . 6 62  0 .5 6 9  5 .8 2 5  0 . 63 9 5 .7 3 3  0 .7 4 1  5 .4 9 6  0 .8 8 0  
5 .7 4 6  0 .5 6 9  5 . 9 0 8  0 . 6 3 1  5 .7 3 3  0 .7 3 7  5 .5 7 9  0 .8 8 0  
5 .8 2 9  0 .5 5 5  5 . 9 9 2  0 .62 4 5 .8 1 6  0 .7 3 7  5 . 6 62  0 .8 8 8  
5 . 9 1 2  0 .5 52  6 .0 7 5  0 .6 1 8  5 .8 9 9  0 .7 3 1  5 .7 4 6  0 .8 8 8  

:___ } 
5 . 9 9 6  
6 .0 7 9  

0 .5 4 3  
0 .5 3 8  

6 . 1 5 8  
6 .2 4 2  

0 . 6 0 9 
0 .6 0 4  

5 . 9 8 3  
6 .0 6 6  

0 .7 2 9  
0 .7 2 2  

5 .8 2 9  
5 .8 2 9  

0 .8 8 8  
0 .8 8 0  

6 .1 62  0 .5 32  6 .3 2 5  0 .5 9 4  6 .1 4 9  0 .7 1 7  5 .9 1 3  0 .8 8 4  
6 .2 4 6  0 .5 2 6  6 .4 0 8  0 .5 9 0  6 .2 3 3  0 .7 1 2  6 .0 7 9  0 .8 8 0  
6 .32 9 0 .5 2 2  6 .4 92  0 .5 8 1  6 .3 1 6  0 .7 0 5  6 .0 7 9  0 .8 8 0  
6 .4 1 2  0 .5 1 8  6 .5 7 5  0 .5 7 6 0 6 .3 9 9  0 .7 0 4  6 .2 4 6  0 .8 8 0  

i _i 
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Figure 7a-continued 

SA on]y SA :S RN O M  = 7 : 3  SA :S RN O M  = 3 :7  S RN O M  on]y 
Tin0e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] J/Jo 

6 .4 9 6  0 .5 1 2  6 . 6 5 8  0 .5 7 3  6 .4 8 3  0 .7 0 2  6 .3 2 9 0 0 .8 8 4  
6 .5 7 9  0 .5 0 6  6 .7 4 2  0 .5 6 7  6 .5 6 6  0 . 6 9 4  6 . 4 1 3  0 .8 8 0  
6 .6 6 2  0 .4 9 9  6 .8 2 5  0 .5 61 6 .6 4 9  0 . 6 9 1  6 . 4 9 6  0 . 8 7 7  \._,__J 

6 .7 4 6  0 .4 9 8  6 . 9 0 8  0 .5 5 7  6 . 7 3 3  0 . 6 9 1  6 .5 7 9 0 0 .8 7 7  
6 .8 2 9  0 .4 9 5  6 . 9 9 2  0 .5 4 8  6 .8 1 6  0 . 6 8 1  6 . 6 6 2  0 .8 7 7  
6 . 9 1 2  0 .4 8 9  7 .0 7 5  0 .5 4 5  6 .8 9 9  0 .6 7 8  6 .7 4 6  0 .8 7 7  :___,__r 

6 .9 9 6  0 .4 8 5  7 .1 5 8  0 .5 4 0  6 . 9 8 2  0 . 6 7 3  6 . 8 2 9  0 .8 7 7  
7 .0 7 9  0 .4 7 9 0 7 .2 4 2  0 .5 3 4  7 .0 6 6  0 . 6 6 7  6 . 9 1 2  0 .8 7 7  
7 .1 62  0 .4 7 6  7 .3 2 5  0 . 532  7 .1 4 9  0 . 6 6 7  6 .9 9 6  0 .8 7 7  
7 .2 4 6  0 .4 7 6 0 7 .4 0 8  0 .5 2 6  7 .2 3 3  0 . 6 6 2  7 . 0 7 9 0 0 .8 7 7  
7 .3 2 9  0 .4 7 0 0 7 .4 92  0 .5 2 0  7 .3 1 6  0 . 6 5 5  7 . 0 7 9  0 .8 7 3  
7 .4 1 2  0 .4 6 5  7 .5 7 5  0 .5 1 4  7 .3 9 9  0 . 6 5 1  7 . 1 62  0 .8 7 7  LJ 

7 .4 9 5  0 .4 6 4  7 . 6 5 8  0 .5 1 3  7 .4 8 3  0 . 6 5 3  7 .2 4 6 0 0 .8 7 3  
7 .5 7 9  0 .4 62  7 .7 4 2  0 .5 0 9  7 .5 6 6  0 . 6 5 3  7 .32 9 0 .8 7 3  
7 . 6 6 2  0 .4 5 9  7 .8 2 5  0 .5 0 4  7 .6 4 9  0 . 6 4 4 7 . 32 9 0 .8 5 8  
7 .7 4 5  0 .4 5 8  7 . 9 0 8  0 .5 0 1  7 .7 32  0 . 6 3 8 7 .4 1 2  0 .8 5 8  
7 .8 2 9  0 .4 5 2  7 . 9 9 1  0 .4 96 7 .8 1 6  0 . 6 3 4 7 . 4 9 6  0 .8 6 1  
7 . 9 1 2  0 .4 4 9  8 .0 7 5  0 .4 93  7 .8 9 9  0 . 6 3 2  7 . 4 9 6  0 .8 6 1  
7 . 9 9 5  0 .4 4 6  8 .1 5 8  0 .4 8 9  7 . 9 8 2  0 . 62 8 7 .5 7 9  0 .8 6 1  
8 .0 7 9  0 .4 4 6  8 .2 4 1  0 .4 8 9  8 .0 6 6  0 . 62 6 7 . 6 6 2  0 .8 7 3  
8 .1 62  0 .4 4 4  8 .3 2 5  0 .4 8 6  8 .1 4 9  0 . 62 3 7 . 7 4 6 0 0 .8 6 9  L' 

8 .2 4 5  0 .4 4 1  8 .4 0 8  0 .4 82  8 .2 3 2  0 . 6 1 8  7 .8 2 9 0 0 .8 6 5  
8 .3 2 9  0 .4 4 2  8 . 4  9 1  0 .4 8 2  8 .3 1 6  0 . 6 1 8  7 . 9 1 2  0 .8 6 5  I � 

8 .4 1 2  0 .4 3 7  8 .5 7 5  0 .4 7 6  8 .3 9 9  0 . 6 1 2  7 . 9 9 6  0 .8 6 5  
8 .4 9 5  0 .4 3 4  8 . 6 5 8  0 .4 7 5  8 .5 6 6  0 . 6 1 0  8 . 0 7 9  0 .8 6 9  
8 .5 7 9  
8 . 6 6 2  

0 .4 3 2  
0 .4 3 2  

8 .7 4 1  
8 .8 2 5  

0 .4 7 2  
0 . 4  7 0  

8 .6 4 9  
8 .7 32  

0 . 6 0 1  
0 .5 9 8  

8 . 1 62  
8 .2 4 5  

0 .8 6 9  
0 .8 6 5  L, 

8 .7 4 5  0 .4 2 9 0 8 . 9 0 8  0 .4 66 8 .8 1 5  0 .5 9 4  8 . 32 9 0 .8 6 5  r-�, 
8 .8 2 8  0 .4 2 9 0 8 . 9 9 1  0 .4 65  8 .8 9 9  0 .5 9 3  8 .4 1 2  0 .8 6 1  
8 . 9 1 2  0 .4 2 5  9 .0 7 4  0 .4 6 3  8 . 9 82  0 .5 9 3  8 . 4 9 5  0 .8 5 4  
8 .9 9 5  0 .4 2 5  9 .1 5 8  0 .4 60  9 .0 65  0 .5 8 8  8 .5 7 9  0 .8 5 0  
9 .0 7 9  0 .4 2 1  9 .2 4 1  0 .4 5 7  9 .1 4 9  0 .5 8 7  8 . 6 6 2  0 .8 6 1  
9 .1 62  0 .4 2 1  9 .3 2 5  0 .4 5 5  9 .2 32  0 .5 8 0  8 . 7 4 5  0 .8 6 1  
9 .2 4 5  0 .4 2 1  9 .4 0 8  0 .4 5 5  9 .3 1 5  0 .5 8 0  8 . 8 2 9  0 .8 5 8  

9 .3 2 8  0 .4 1 8  9 .4 9 1  0 .4 4 9  9 .3 9 9  0 .5 7 9 0 8 . 8 2 9  0 .8 5 8  

9 .4 1 2  0 .4 1 5  9 .5 7 4  0 .4 4 8  9 .4 8 2  0 .5 7 4  8 . 9 1 2  0 .8 6 1  

9 .4 9 5  0 .4 1 4  9 . 6 5 8  0 .4 4 5  9 .5 3 1  0 .5 7 3  8 . 9 9 5  0 .8 6 1  

9 .5 7 8  0 .4 1 2  9 .7 4 2  0 .4 4 3  9 .6 1 5  0 .5 7 1  9 . 0 7 9  0 .8 5 8  

9 .6 62 0 .4 1 1  9 .8 2 4  0 .4 4 3  9 . 6 9 8  0 .5 6 4  9 . 1 62  0 .8 5 8  

9 . 7 4 5  0 .4 1 2  9 .9 0 8  0 .4 4 1  9 .6 9 9  0 .5 6 4  9 .1 62  0 .8 5 4  

9 .8 2 8  0 .4 0 9  9 . 9 9 1  0 .4 3 9  9 .7 8 1  0 .5 6 4  9 .2 4 5  0 .8 5 4  

9 . 9 9 5  0 .4 0 7  1 0  .0 7 4  0 .4 3 6  9 .8 65  0 .5 62  9 .3 2 9  0 .8 5 4  

1 0 0.0 7 8  0 .4 0 2  1 0  .1 5 8  0 .4 3 3  9 .9 4 8  0 .5 6 0  9 .4 1 2  0 .8 4 6  
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Figure 7a-continued 

SA on]y SA :S RN O M  = 7 :3 SA :S RN O M  = 3 :7 S RN O M  on]y 
T in 0e I [hr] J/Jo Tm e [hr] 

-

J/Jo 
' 

Tm e I [hr] J/Jo Tm e [hr] J/Jo 

1 0  .1 62  0 .4 0 2  1 0  .2 4 1  0 .4 3 3  1 0  .0 3 1  0 .5 5 8  9 .4 9 5  0 .8 5 4  
- 7  1 0  .2 4 5  0 .4 0 1  1 0  .3 2 4  0 .4 3 2  1 0 .1 1 5  0 .5 5 7  9 .4 9 6  0 .8 5 4  

1 0  .3 2 8  0 .3 9 9  1 0  .3 8 7  0 .4 2 9  1 0  .1 9 8  0 .5 5 1  9 .5 7 9  0 .8 5 4  
1 0  .4 1 2  0 .3 9 9  1 0 .4 7 0  0 .4 3 1  1 0  .2 8 1  0 .5 5 0  9 . 6 6 2  0 .8 5 0  
1 0 .4 9 5  0 .3 9 7  1 0  .5 53  0 .4 2 8  1 0  .3 6 5  0 .5 5 0  9 .7 4 5  0 .8 4 6  
1 0  .5 7 8  0 .3 9 8  1 0  . 637  0 .4 2 5  1 0  .4 4 8  0 .5 4 6  9 .8 2 9  0 .8 3 9  

-, 1 0  . 6 6 2  
1 0  .7 4 5  

0 .3 9 5  
0 .3 9 5  

1 0 .7 2 0  
1 0  .8 0 3  

0 . 42 6 
0 .4 2 3  

1 0  .5 3 1  
1 0  . 6 1 5  

0 .5 4 4  
0 .5 4 0  

9 . 9 1 2  
9 . 9 9 5  

0 .8 3 9  
0 .8 4 3  

1 0  .8 2 8  0 .3 9 4  1 0  .8 8 7  0 .4 2 2  1 0  . 6 9 8  0 .5 4 1  1 0 .0 7 8  0 .8 4 6  
1 0  . 9 1 2  0 .3 92  1 0  . 9 7 0  0 .4 1 9  1 0  .7 8 1  0 .5 3 9  1 0  .1 62  0 .8 4 3  
1 0  . 9 9 5  0 .3 9 1  1 1 .0 53  0 .4 1 9  1 0  .8 6 4  0 .5 3 7  1 0  .2 4 5  0 .8 4 3  
1 1 .0 7 8  0 .3 8 9  1 1 .1 3 7  0 .4 1 6  1 0  . 9 4 8  0 .5 3 3  1 0  .3 2 8  0 .8 4 3  
1 1 .1 6 1  0 .3 8 8  1 1 .2 2 0  0 .4 1 5  1 1 .0 3 1  0 .5 32  1 0  .4 1 2  0 .8 3 9  
1 1 .2 4 5  0 .3 8 8  1 1 .3 0 3  0 .4 1 3  1 1 .1 1 5  0 .5 2 9  1 0 .4 9 5  0 .8 3 9  
1 1 .3 2 8  0 .3 8 5  1 1 .3 8 7  0 .4 1 2  1 1 .1 9 8  0 .5 2 7  1 0  . 6 62  0 .8 3 9  
1 1 .3 2 9  0 .3 8 8  1 1 .4 7 0  0 .4 1 2  1 1 .2 8 1  0 .5 2 6  1 0  . 6 6 2  0 .8 3 9  
1 1 .4 1 1  0 .3 8 5  1 1 .5 53  0 .4 1 1  1 1 .3 6 4  0 .5 2 1  1 0  .7 4 5  0 .8 3 5  
1 1 .4 9 5  0 .3 8 5  1 1 . 6 3 6  0 .4 1 1  1 1 .4 4 8  0 .5 2 1  1 0  .8 2 8  0 .8 3 9  
1 1 .5 7 8  0 .3 8 4  1 1 .7 2 0  0 .4 0 9  1 1 .5 3 1  0 .5 2 0  1 0  . 9 1 2  0 .8 3 1  
1 1 .6 6 1  0 .3 8 4  1 1 .8 0 3  0 .4 0 8  1 1 .6 1 4  0 .5 1 8  1 0  . 9 9 5  0 .8 3 1  

:__ l 1 1 .7 4 5  0 .3 8 2  1 1 .8 8 7  0 .4 0 5  1 1 .6 9 8  0 .5 1 4  1 1 .0 7 8  0 .8 3 1  

' 1 1 .8 2 8  0 .3 8 2  1 1 . 9 7 0  0 .4 0 5  1 1 .7 8 1  0 .5 1 4  1 1 .1 62  0 .8 2 0  
1 1 0. 9 6 0  0 .3 7 9  1 2  .0 53  0 .4 0 4  1 1 .8 6 4  0 .5 1 6  1 1 .2 4 5  0 .8 2 0  
1 2  .0 4 3  0 .3 7 9  1 2  .1 3 6  0 .4 0 2  1 1 .9 4 8  0 .5 1 1  1 1 .3 2 8  0 .8 2 4  
1 2 .1 2 6  0 .3 7 8  1 2  .2 2 0  0 .4 0 2  1 2  .1 1 4  0 .5 1 0  1 1 .3 2 9  0 .8 3 1  
1 2  .2 1 0  0 .3 7 6  1 2  .3 0 3  0 .3 9 9  1 2  .1 9 8  0 .5 0 5  1 1 .4 7 9  0 .8 3 1  

_) 1 2  .2 9 3  0 .3 7 6  1 2  .3 8 6  0 .3 9 9  1 2  .2 8 1  0 .5 0 6  1 1 .5 62  0 .8 2 8  
1 2  .3 7 6  0 .3 7 6  1 2 .4 7 0  0 .3 9 8  1 2  .3 6 4  0 .5 0 5  1 1 . 6 4 6  0 .8 2 8  
1 2 . 4 6 0  0 .3 7 4  1 2  . 553  0 .3 9 7  1 2  .4 4 8  0 .4 9 9  1 1 .7 2 9  0 .8 2 8  
1 2  .5 4 3  0 .3 7 5  1 2  . 63 6 0 .3 9 7  1 2  .5 3 1  0 .5 0 2  1 1 .8 1 3  0 .8 2 8  
1 2 . 62 6 0 .3 7 5  1 2 .7 2 0  0 .3 9 5  1 2  . 6 1 4  0 .4 9 9  1 1 .8 9 6  0 .8 2 8  
1 2 .7 1 0  0 .3 7 2  1 2  .8 0 3  0 .3 9 4  1 2  . 6 9 8  0 .4 9 6  1 2 . 0 6 2  0 . 8 2 4  
1 2  .7 9 3  0 .3 7 2  1 2  .8 8 6  0 .3 9 2  1 2  .7 8 1  0 .4 9 4  1 2  .0 6 3  0 .8 2 4  
1 2  .8 7 6  0 .3 7 2  1 2 0. 9 7 0  0 .3 9 1  1 2  .8 6 4  0 .4 8 9  1 2  .1 4 6  0 .8 2 4  
1 2  . 9 6 0  0 .3 6 9  1 3  .0 53  0 .3 9 1  1 2  . 9 4 8  0 .4 8 9  1 2  .2 2 9  0 .8 2 4  
1 3  .0 4 3  0 .3 6 9  1 3  .1 3 6  0 .3 8 8  1 3  .0 3 1  0 .4 9 0  1 2  .3 1 2  0 .8 2 4  
1 3  .1 2 6  0 .3 6 9  1 3  .2 2 0  0 .3 8 9  1 3  .1 1 4  0 . 4 8 7  1 2  .3 9 6  0 .8 2 0  
1 3  .2 0 9  0 .3 6 6  1 3  .3 03  0 .3 8 7  1 3 .1 9 8  0 .4 8 4  1 2 .4 7 9  0 .8 2 0  

- J 1 3  .2 9 3  0 .3 6 8  1 3  .3 8 6  0 .3 8 5  1 3  .2 8 1  0 .4 8 4  1 2  .5 62  0 .8 2 0  
1 3  .2 9 3  0 .3 6 6  1 3  .4 6 9  0 .3 8 4  1 3  .3 6 4  0 .4 8 3  1 2  . 6 4 6  0 .8 2 0  
1 3  .3 7 6  0 .3 6 4  1 3  .5 53  0 .3 8 4  1 3  .4 4 8  0 .4 8 4  1 2  .7 2 9  0 . 8 1 3  
1 3  .4 5 9  0 .3 6 6  1 3  .6 3 6  0 .3 7 9  1 3  .5 3 1  0 .4 8 2  1 2  .8 1 2  0 .8 1 3  
1 3  .5 4 3  0 .3 6 4  1 3  .7 1 9  0 .3 8 1  1 3 .6 1 4  0 .4 8 2  1 2  .8 9 6  0 .8 1 3  
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' 
Figure 7a-continued '-" 

SA on]y SA :S RN O M  = 7 :3 SA :S RN O M  = 3 :7 S RN O M  on]y 
Tin0e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] J/Jo T in 0e [hr] J/Jo 

L 

1 3  . 62 6 0 .3 6 4  1 3  .8 0 3  0 .3 8 1  1 3  .6 9 8  0 .4  7 6  1 2  .8 9 6  0 .8 1 3  
1 3  .7 0 9  0 .3 64  1 3  .8 8 6  0 .3 7 9  1 3  .6 9 8  0 .4  7 6  1 2  . 9 7 9  0 .8 0 9 0
1 3  .8 7 6  0 .3 62 13 . 9 6 9  0 .3 7 9  1 3  .7 8 1  0 . 4  7 7  1 3  .0 6 2  0 .8 0 9 0 U--J 

1 3 . 95 9 0 .3 6 1  1 4  .0 5 3  0 .3 7 9  1 3  .8 6 4  0 .4  7 6  1 3  .1 4 6 0 0 .8 0 9 0
1 4  .0 4 3  0 .3 62  14  .1 3 6  0 .3 7 6  1 3 .9 4 8  0 . 4  7 3  1 3  .1 4 6 0 0 .8 0 9 0
1 4  .1 2 6  0 .3 6 1  1 4  .2 1 9  0 .3 7 6  1 4  .1 1 4  0 .4 7 6  1 3  .2 2 9  0 .8 0 9 0 \_� 

1 4  .2 0 9  0 .3 6 1  1 4  .3 0 3  0 .3 7 6  1 4 0.1 9 8  0 .4 7 1  1 3  .3 1 2  0 .8 0 9 0
1 4  .2 9 3  
1 4  .3 7 6  

0 .3 5 9  
0 .3 5 9  

1 4  .3 8 6  
1 4 0.4 6 9 

0 .3 7 2  
0 .3 7 2  

1 4  .2 8 1  
1 4  .3 6 4  

0 .4 6 9  
0 .4 6 7  

1 3  .3 9 5  
1 3  .4 7 9  

0 .8 0 5  
0 .8 0 5  � 

1 4  .4 5 9  0 .3 5 8  1 4  .5 5 3  0 .3 7 2  1 4 0.4 4 7  0 .4 6 9  1 3  .5 6 2  0 .8 0 1  
1 4  .5 4 3  0 .3 5 8  1 4  .6 3 6  0 .3 7 2  1 4  .5 3 1  0 .4 6 6  1 3  . 6 4 6 0 .8 0 1  
1 4 0.62 6 0 .3 5 7  1 4  .7 1 9  0 .3 7 4  1 4  . 6 1 4  0 . 4 6 4  1 3  .7 2 9  0 .7 9 7  
1 4  .7 0 9  0 .3 5 8  1 4  .8 0 3  0 .3 7 2 1 4  .6 9 7  0 .4 62  1 3 0.7 2 9 0 0 .8 0 1  
1 4  .7 9 3  
14  .8 7 6  

0 .3 5 5  
0 .3 5 7  

1 4  .8 8 6  
1 4  .9 6 9  

0 .3 72  
0 .3 72  

1 4  .7 8 1  
1 4  .8 6 4  

0 .4 6 3  
0 .4 5 9  

1 3  .8 1 2  
1 3  .8 9 5  

0 .7 9 4  
0 .7 9 7  

I ' 
L.o 

1 4  . 9 5 9  0 .3 5 4  1 5  .0 5 3  0 .3 7 1  1 4  .9 4 8  0 .4 62  1 3  . 9 7 9  0 .7 9 0  
1 4  .9 6 0  0 .3 5 5  1 5  .1 3 6  0 .3 7 1  1 5  .0 3 1  0 .4 5 9  1 4  . 1 4 5  0 .7 9 4  
1 5  .0 4 3  0 .3 5 5  1 5  .2 1 9  0 .3 68  1 5  .1 1 4  0 .4 5 9  1 4  . 1 4 6 0 0 .7 9 4  
1 5 0.1 2 6  0 .3 5 4  1 5  .3 0 3  0 .3 6 9  1 5  .1 9 7  0 .4 5 9  1 4  .3 1 2  0 .7 9 4  
1 5  .2 0 9  0 .3 5 3  1 5  .3 8 6  0 .3 68  1 5  .1 9 8  0 .4 5 6  1 4  .3 9 5  0 .7 9 4  
15 .2 93  0 .3 5 3  1 5  .4 6 9  0 .3 68  1 5  .2 8 1  0 .4 5 6  1 4 0.4 7 9  0 .7 9 0  
15 .3 7 6  0 .3 5 3  1 5  .5 5 3  0 .3 67  1 5  .3 64  0 . 4 5 5  1 4  .5 6 2  0 .7 8 6  
15 .4 5 9  0 .3 5 1  1 5  .6 3 6  0 .3 65 1 5  .5 3 1  0 .4 5 5  1 4  .5 6 3  0 .7 8 6  
15 .5 4 3  0 .3 5 0  1 5 .7 1 9  0 .3 65  1 5  .6 1 4  0 .4 5 3  1 4  . 6 4 5 0 .7 8 6  

t�_.-J 

1 5 0.62 6 0 .3 4 8  1 5  .8 0 3  0 .3 65  1 5  . 6 9 7  0 .4 5 3  1 4  . 7 2 9 0 0 .7 8 2  
1 5  .7 0 9  0 .3 5 0  1 5  .8 8 6  0 .3 6 4  1 5 .7 8 0  0 .4 4 9 0 1 4  .8 1 2  0 .7 8 6 0
1 5  .7 93  0 .3 5 0  1 5  .9 6 9  0 .3 6 4  1 5  .8 64  0 .4 4 8  1 4  .8 9 5  0 .7 8 2  
1 5  .8 7 6  0 .3 5 0  1 6 .0 5 3  0 .3 6 4  1 5 0.9 4 7  0 .4 4 8  1 4  .8 9 6  0 .7 7 9 0
1 5 0.9 5 9  0 .3 5 0  1 6  .1 3 6  0 .3 63  1 6  .0 3 1  0 .4 4 9  1 4  . 9 7 9 0 0 .7 7 9 0
16  .0 4 2  0 .3 5 0  1 6  .2 1 9  0 .3 6 3  1 6  .1 1 4  0 .4 4 6  1 5  .0 6 2  0 .7 7 9  
1 6  .1 2 6  0 .3 4 7  1 6  .3 0 3  0 .3 60  1 6  .1 9 7  0 .4 4 5  1 5  .1 4 5  0 .7 7 9  
16  .2 0 9  0 .3 4 7  1 6  .3 8 6  0 .3 6 1  1 6  .2 8 1  0 .4 4 5  1 5  .2 2 9 0 0 .7 7 9  
1 6  .2 9 3  0 .3 4 7  1 6 .4 6 9  0 .3 6 0  1 6  .3 6 4  0 .4 4 3  1 5  .3 1 2  0 .7 7 9  
1 6  .3 7 6  0 .3 4 5  1 6 0.5 5 2  0 .3 6 0  1 6 .4 4 7  0 .4 4 3  1 5  .3 9 5  0 .7 7 5  

1 6  .4 5 9  0 .3 4 5  1 6  .6 3 6  0 .3 5 8  1 6  .5 3 1  0 .4 4 2  1 5 .4 7 8  0 .7 7 1  

1 6  .5 4 2  0 .3 4 4  1 6 .7 1 9  0 .3 5 7  1 6  .6 1 4  0 .4 4 3  1 5  .5 6 2  0 .7 7 1  

1 6  . 6 2  6 0 .3 4 2  1 6  .8 0 3  0 .3 5 7  1 6 . 6 97  0 .4 3 7  1 5 0. 6 4 5 0 .7 6 4  

1 6  .7 0 9  0 .3 4 4  1 6  .8 8 6  0 .3 5 7  1 6  .7 8 1  0 . 4 3 7  1 5  .7 2 9 0 0 .7 6 0  

1 6  .7 92  0 .3 4 4  1 6  .9 6 9  0 .3 5 5  1 6  . 8  6 4  0 . 4 3 9  1 5  .8 1 2  0 .7 6 0  

1 6  .8 7 6  0 .3 4 2  1 7  .0 5 3  0 .3 5 5  1 6  . 94  7 0 .4 4 0  1 5  .8 9 5  0 .7 6 4  

1 6  .9 5 9  
1 7 .0 4 2  

0 .3 4 2  
0 .3 4 2  

1 7 .1 3 6  
1 7 .2 1 9  

0 .3 5 4  
0 .3 5 4  

1 7 .0 3 0  
1 7 .1 1 4  

0 .4 3 7  
0 .4 3 5  

1 5  . 9 7 8  
1 6  .0 6 2  

0 .7 6 0  
0 .7 6 4  

u 
1 7 .0 4 3  0 .3 4 1  1 7 .3 0 2  0 .3 5 4  1 7 .1 9 7  0 .4 3 3  1 6  . 1 4 5 0 .7 5 6  
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Figure 7a-continued 

SA on]y SA :S RN O M  = 7 :3 SA :S RN O M  = 3 :7 S RN O M  on]y 
T in 0e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] I J/Jo Tin0e [hr] J/Jo 

r ,  
1 7 .1 2 6 0
1 7 .2 0 9  

0 .3 3 9  
0 .3 4 1  

1 7  .3 8 6  
1 7 .4 6 9  

0 .3 5 4  
0 .3 5 2  

1 7 .2 8 1  
1 7 .3 6 4  

0 .4 3 5  
0 .4 3 3  

1 6  .1 4 6  
1 6  .2 2 8  

0 .7 60  
0 .7 6 0  

1 7  .2 9 2  0 .3 4 1  1 7 .5 52  0 .3 5 2  1 7 .4 4 7  0 .4 3 5  1 6  .3 1 2  0 .7 5 6  

,,,, 
1 7 .4 5 9  
1 7 .5 4 2  

0 .3 3 9  
0 .3 3 9  

1 7 .63 6 
1 7 .7 1 9  

0 .3 5 1  
0 .3 5 1  

1 7 .5 3 0  
1 7 . 6 1 4  

0 .4 3 2  
0 .4 2 9 0

1 6  .3 9 5  
1 6 .4 7 8  

0 .7 52  
0 .7 4 9  

1 7 . 62 6 0 .3 3 8  1 7  .8 02  0 .3 5 0  1 7 .6 9 7  0 .4 3 0  1 6  .5 62  0 .7 6 0  

f'/ 
1 7  .7 0 9  
1 7 .7 9 2  

0 .3 3 8  
0 .3 3 8  

1 7  .8 8 6  
1 7 . 9 6 9  

0 .3 4 8  
0 .3 4 8  

1 7  .7 8 0  
1 7 .8 6 4  

0 .4 2 9 0
0 .4 2 7  

1 6  .5 62  
1 6  .6 4 5  

0 .7 6 0  
0 .7 60  

1 7 .8 7 6 0 0 .3 3 7  1 8  .0 52  0 .3 4 8  1 7 .9 4 7  0 .4 2 9  1 6 .7 2 8  0 .7 5 6  

r '  
1 7  . 9 5 9  0 .3 3 7  1 8  .1 3 6  0 .3 4 8  1 8  .0 3 0  0 .4 2 7  1 6  .8 1 2  0 .7 5 6  
1 8  .0 4 2  0 .3 3 7  1 8  .2 1 9  0 .3 4 7 1 8  .1 1 4  0 .4 2 9 0 1 6  .8 9 5  0 .7 4 9  
1 8  .1 2 5  0 .3 3 7  1 8  .3 0 2  0 .3 4 5  1 8 .1 9 7  0 .4 2 6 0 1 6  . 9 7 8  0 .7 52  

,-·; 
18  .2 0 9  
1 8  .2 9 2  

0 .3 3 5  
0 .3 3 4  

1 8  .3 8 6  
1 8  .4 6 9  

0 .3 4 7 
0 .3 4 5  

1 8  .2 8 0  
1 8  .3 6 3  

0 .4 2 6 0
0 .4 2 5  

1 7 .0 6 1  
1 7 .1 4 5  

0 .7 4 9  
0 .7 4 1  

1 8  .3 7 6 0 .3 3 4  1 8  .5 52  0 .3 4 5  1 8 .4 4 7  0 .4 2 5  1 7 .2 2 8  0 .7 4 1  
1 8  .4 5 9  0 .3 3 4  1 8  . 635  0 .3 4 4  1 8  .5 3 0  0 .4 2 2  1 7  .3 1 2  0 .7 4 1  
1 8  .5 4 2  0 .3 3 4  1 8  .7 1 9  0 .3 4 1  1 8  .6 1 3  0 .4 2 0  1 7 .3 9 5  0 .7 4 1  
1 8  . 62 5 0 .3 3 4  1 8  .8 02  0 .3 4 1  1 8  . 6 9 7  0 .4 2 3  1 7 .4 7 8  0 .7 4 5  
1 8  .7 0 9  0 .3 32  1 8  .8 8 5  0 .3 4 1  1 8  .7 8 0  0 .4 2 2  1 7  .5 6 1  0 .7 4 5  
1 8  .7 0 9  0 .3 3 2  1 8  . 9 6 9  0 .3 4 0  1 8  .8 6 3  0 .4 1 9  1 7 .6 4 5  0 .7 4 1  
1 8 .7 9 2  0 .3 32  1 9 .0 52  0 .3 4 1  1 8  . 9 4  7 0 .4 2 0  1 7 .7 2 8  0 .7 4 1  
1 8  .8 7 5  0 .3 3 1  1 9 .1 3 5  0 .3 4 3  1 9  .0 3 0  0 .4 1 9  1 7 .8 1 1  0 .7 3 4  
1 8  . 9 5 9  0 .3 3 1  1 9  .2 1 9  0 .3 4 1  1 9  .1 1 3  0 .4 1 9  1 7 .8 1 2  0 .7 3 8  
1 9  .0 4 2  0 .3 3 1  1 9  .3 02  0 .3 4 3  1 9  .1 9 7  0 .4 1 4  1 7 . 9 7 8  0 .7 3 4  
1 9  .1 2 5  0 .3 3 1  1 9  .3 8 6  0 .3 4 1  1 9  .2 8 0  0 .4 1 6  1 8  .0 6 1  0 .7 3 0  
1 9  .2 9 2  0 .3 3 0  1 9 .4 6 9  0 .3 4 0  1 9  .3 6 3  0 .4 1 3  1 8  .1 4 5  0 .7 2 6  
1 9  .2 9 3  0 .3 3 0  1 9 .5 52  0 .3 4 0  1 9 .4 4 7  0 .4 1 3  1 8  .1 4 5  0 .7 2 6  
1 9  .3 7 5  0 .3 3 0  1 9 .6 3 6  0 .3 3 8  1 9  .5 3 0  0 .4 1 6  1 8  .2 2 8  0 .7 3 0  
1 9  .4 5 9  0 .3 3 0  1 9 .7 1 9  0 .3 3 8  1 9 .6 1 3  0 .4 1 2  1 8  .3 1 1  0 .7 2 6  
1 9  .5 4 2  0 .3 2 8  1 9  .8 0 2  0 .3 4 0  1 9 .6 9 7  0 .4 1 3  1 8  .3 9 5  0 .7 2 2  
1 9  . 62 5 0 .3 2 8  1 9  .8 8 5  0 .3 4 0  1 9  .7 8 0  0 .4 1 0  1 8  .3 9 5  0 .7 2 6  
1 9  .7 0 9  0 .3 2 7  1 9  .9 6 9  0 .3 3 8  2 0  .4 3 6  1 .0 1 4  1 8  . 4  7 8  0 .7 2 6  
1 9  .8 7 5  0 .3 2 8  2 0  .0 52  0 .3 3 7  2 0  .5 1 3  1 .0 1 1  1 8  .5 6 1  0 .7 2 6  
1 9  . 9 5 8  0 .3 2 7  2 0  .7 32  0 .7 4 9 0 2 0  .5 9 6  1 .0 1 4  1 8  .5 62  0 .7 1 9  

\_ 

2 0  .0 4 2  
2 0  . 6 1 9  

0 .3 2 7  
0 . 62 7 

2 0  .8 1 2  
2 0  .8 95  

0 .7 5 6  
0 .7 5 3  

2 0  . 6 8 0  
2 0  .7 6 3  

1 .0 1 1  
1 .0 0 7  

1 8  . 6 4 4  
1 8  .7 2 8  

0 .7 1 9  
0 .7 1 9  

2 0  . 6 9 8  0 . 6 32  2 0  .9 7 8  0 .7 5 6  - - - - 1 8  .8 1 1  0 .7 1 9  

C 

2 0  .7 8 1  
2 0  .8 6 5  

0 . 6 2 5  
0 . 62 6 

2 1 .0 62 
- -

0 .7 6 0  
- -

- -
- -

- -
- -

1 8  .8 9 5  
1 8  . 9 7 8  

0 .7 1 3  
0 .7 1 3  

2 0  . 9 4 8  0 . 62 6 -- - - - - - - 1 9 .0 6 1 0 0 .7 0 8  
- - - - - - - - - - - - 1 9  . 1 4 5 0 0 .7 0 8  

- - - - - - - - - - - - 1 9  .2 2 8 0 0 .7 0 8  
- - - - -- - - - - - - 1 9  .3 1 1 0 0 .7 0 8  
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Figure 7a-continued 

SA on]y S A  :S RN O M  = 7 :3 SA :S RN O M  = 3 :7 S RN O M  on]y 
Tin0e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] J/Jo 

- -
T in 0e [hr] J/Jo

- - -- - -- - - - 1 9  .3 9 4  0 .7 0 3  
-- - - - - - - - -- -

- -
1 9 .4 7 8  0 .7 0 3  

- - - - - - - -
- -

- - 1 9  .5 62  0 .7 0 1  
- - - - - -- - - -

- -
1 9  .6 4 4  0 .7 0 3  

- - - - - - - - - -
- -
- -

1 9  .7 2 8  0 .6 93  
- - - - - - - -

- -
- - 19  .8 1 1  0 .6 9 3  

- - - - - - - -
- -

1 9  .8 9 4  0 . 6 8 8  
-- - - - - - -
- -
- -

--
- -
- -

1 9 .9 7 8  0 . 6 8 8  
- ---
- -

- -
- -

- - 2 0  .5 5 1  1 .0 2 8  
- - - - 2 0  . 6 3 1 1 .0 2 7  
- - - - - - - - - ---

- -
- -

2 0  .7 1 4  1 .0 2 3  
- - - - - --- - - 2 0  .7 9 7  1 .0 2 6 

- - - - - -- - - - 2 0  .7 9 8  1 .0 2 7  

r �  
Figure 7b LJ 

0 :rgani:: Foul.mt C om pos.:it:bn C lcanng E ffi::.:ency [ %  ] 

S A  on]y 44 .8 
SA :S RN O M  = 7 :3 63 .5 
SA :S RN O M  = 3 :7 1 0 2  .1 

S RN O M  on]y 1 0 8  .3  
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Figure Sa 

15 m ii. 
T in 0e [hr] 

(N' aO H ) 
J/Jo 

600m ii.  
Tin0e [hr] 

(N aO H ) 
J/Jo 

15 m ii. 
Tin0e [hr] 

(E D TA )  
J/Jo 

6 0  m ii. 
T in 0e I [hr] 

(E D TA )  
-

J/Jo 

C 7  
0 .0 0 0  
0 .0 7 6  

1 .0 0 0  
1 .0 0 0  

0 .0 0 0  
0 .0 0 4  

1 .0 0 0  
1 .0 0 0  

0 .0 0 0  
0 .0 0 4  

1 .0 0 0  
1 .0 0 0  

0 .0 0 0  
0 .0 7 6  

1 .0 0 0  
1 .0 0 0  

0 .1 5 9  1 .0 0 0  0 .0 8 0  0 .9 9 6  0 .0 8 0  0 . 9 9 6  0 .1 5 9  0 .9 9 6  

r--, 0 .2 4 3  
0 .3 2 6  

1 .0 0 0  
0 . 9 9 9  

0 .1 6 3  
0 .2 4 6  

1 .0 0 0  
1 .0 0 0  

0 .1 6 3  
0 .2 4 6  

1 .0 0 0  
1 .0 0 0  

0 .2 4 3  
0 .32 6 

0 . 9 9 6  
1 .0 0 0  

0 .4 0 9  0 . 9 9 9  0 .3 3 0  0 .9 9 3  0 .3 3 0  0 . 9 9 3  0 .4 0 9  1 .0 0 0  

,� 0 .4 9 3  
0 .4 9 3  

0 . 9 9 9  
1 .0 0 0  

0 .4 1 3  
0 .4 9 6  

1 .0 0 0  
0 .9 9 6  

0 .4 1 3  
0 .4 9 6  

1 .0 0 0  
0 . 9 9 6  

0 .4 9 3  
0 .5 7 6  

1 .0 0 0  
0 .9 9 6  

0 .5 7 6  1 .0 0 0  0 .5 8 0  0 .9 9 6  0 .5 8 0  0 .9 9 6  0 .5 7 7  0 .9 9 3  

- , 
0 .6 5 9  1 .0 0 0  0 . 6 63  0 .9 9 6  0 .6 63  0 . 9 9 6  0 . 6 5 9  1 .0 0 0  
0 .7 4 3  1 .0 0 0  0 .7 4 6  0 .9 9 6  0 .7 4 6  0 . 9 9 6  0 .7 4 3  0 .9 9 6  
0 .8 2 6  1 .0 0 0  0 .8 3 0  1 .0 0 0  0 .8 3 0  1 .0 0 0  0 .8 2 6  0 .9 9 6  

,------\ 
0 .8 2 6  
0 . 9 0 9  

1 .0 0 1  
1 .0 0 1  

0 .9 1 3  
0 .9 9 6  

0 .9 9 6  
0 .9 9 6  

0 . 9 1 3  
0 .9 9 6  

0 .9 9 6  
0 .9 9 6  

0 . 9 0 9  
0 . 9 9 3  

1 .0 0 0  
1 .0 0 0  

0 . 9 9 2  1 .0 0 1  1 .0 8 0  1 .0 0 0  1 .0 8 0  1 .0 0 0  1 .0 7 6  0 .8 7 1  
1 .0 7 6  0 . 9 9 7  1 .1 63 0 .8 8 3  1 .1 6 3  0 .8 8 3  1 .1 5 9  0 .8 7 8  
1 .1 5 9  0 .8 8 9  1 .1 6 3  0 .8 8 3  1 .1 6 3  0 .8 8 3  1 .1 5 9  0 .8 7 1  
1 .2 4 3  0 .8 9 6  1 .2 4 6  0 .8 8 4  1 .2 4 6  0 .8 8 4  1 .2 4 3  0 .8 7 8  
1 .3 2 6  0 .8 8 9  1 .3 3 0  0 .8 8 2  1 .3 3 0  0 .8 8 2  1 .3 2 6  0 .8 7 1  
1 .4 0 9  0 .8 9 3  1 .4 1 3  0 .8 8 3  1 .4 1 3  0 .8 8 3  1 .4 0 9  0 .8 7 8  
1 .4 92 0 .8 8 9  1 .4 1 3  0 .8 8 3  1 .4 1 3  0 .8 8 3  1 .4 9 3  0 .8 7 1  

' ' 1 .5 7 6  0 .8 8 9  1 .4 9 6  0 .8 8 3  1 .4 9 6  0 .8 8 3  1 .5 7 6  0 .8 7 8  
1 .6 5 9  0 .8 9 3  1 .5 7 9  0 .8 8 3  1 .5 7 9  0 .8 8 3  1 .6 5 9  0 .8 7 4  
1 .7 4 2  0 .8 9 3  1 .6 6 3  0 .8 8 4  1 .6 6 3  0 .8 8 4  1 .7 4 3  0 .8 7 8  

r 7 1 .8 2 6  0 .8 9 3  1 .6 6 3  0 .8 8 2  1 .6 6 3  0 .8 8 2  1 .7 4 3  0 .8 7 4  
1 .9 0 9  0 .8 8 9  1 .7 4 6  0 .8 8 3  1 .7 4 6  0 .8 8 3  1 .8 2 6  0 .8 7 8  
1 .9 92 0 .8 8 9  1 .8 2 9  0 .8 8 3  1 .8 2 9  0 .8 8 3  1 .9 0 9  0 .8 7 8  
2 .0 7 6  0 .8 8 9  1 .9 1 3  0 .8 8 4  1 .9 1 3  0 .8 8 4  1 .9 9 3  0 .8 7 4  
2 .1 5 9  0 .8 9 3  1 .9 9 6  0 .8 8 2  1 .9 9 6  0 .8 8 2  2 .0 7 6  0 .8 7 1  
2 .2 4 2  0 .8 9 3  1 .9 9 7  0 .8 8 3  1 .9 9 7  0 .8 8 3  2 .1 5 9  0 .8 7 8  
2 .3 2 6  0 .8 8 9  2 .0 7 9  0 .8 8 3  2 .0 7 9  0 .8 8 3  2 .2 4 3  0 .8 7 1  
2 .4 0 9  0 .8 8 9  2 .1 63  0 .8 8 3  2 .1 6 3  0 .8 8 3  2 .3 2 6  0 .8 7 8  
2 .4 9 2  0 .8 8 9  2 .2 4 6  0 .8 8 4  2 .2 4 6  0 .8 8 4  2 .4 0 9  0 .8 7 1  
2 .5 7 6  0 .8 8 9  2 .32 9 0 .8 8 2  2 .32 9 0 .8 8 2  2 .4 9 3  0 .8 7 8  

L 
2 .6 5 9  
2 .7 4 2  

0 . 8 8 9  
0 .8 8 9  

2 .4 1 3  
2 .4 9 6  

0 .8 8 3  
0 .8 8 3  

2 .4 1 3  
2 .4 9 6  

0 .8 8 3  
0 .8 8 3  

2 .5 7 6  
2 . 6 5 9  

0 .8 7 1  
0 .8 7 8  

2 .8 2 6  0 . 8 8 9  2 .5 7 9  0 .8 8 3  2 .5 7 9  0 .8 8 3  2 .7 4 3  0 .8 7 4  
2 .8 2 6  0 .8 8 5  2 . 6 63  0 .8 8 3  2 . 6 6 3  0 .8 8 3  2 . 82 6 0 .8 7 8  
2 . 9 0 9  0 .8 8 9  2 .7 4 6  0 .8 8 4  2 .7 4 6  0 .8 8 4  2 . 9 0 9  0 .8 7 4  
2 . 9 9 2  0 . 8 8 5  2 . 82 9 0 .8 8 2  2 .8 2 9  0 .8 8 2  2 .9 9 3  0 .8 7 8  
3 . 0 7 6  0 . 8 8 5  2 . 9 1 3  0 .8 8 3  2 . 9 1 3  0 .8 8 3  3 .0 7 6  0 .8 7 8  
3 .0 7 6  0 .8 7 4  2 .9 9 6  0 .8 8 3  2 .9 9 6  0 .8 8 3  3 .1 5 9  0 .8 7 4  
3 .1 5 9  0 .8 7 8  3 .0 7 9  0 .8 6 9  3 .0 7 9  0 .8 6 9  3 .2 4 3  0 .8 6 7  

I_" _r' 
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Figure Sa-continued 

1 5 0m il  (N aO H ) 6 0 0m :in  (N aO H ) 0 1 5 0m :in  (E D TA ) 0 6 0  m :in (E D TA ) 0
Tin e [hr] J/Jo Tin0e [hr] J/Jo Tin0e [hr] J/Jo T in 0e [hr] J/Jo 

3 .2 4 2  0 .8 7 4  3 .1 6 3  0 .8 6 9  3 .1 63  0 .8 6 9  3 . 3 2 6 0 .8 7 1  
3 .3 2 6  0 .8 6 7  3 .2 4 6  0 .8 58  3 .2 4 6  0 .8 5 8  3 .4 1 0  0 .8 6 3  
3 .4 0 9  0 .8 5 6  3 .3 2 9  0 .8 54  3 .32 9 0 .8 5 4  3 .4 1 1  0 .8 6 0  
3 .4 0 9  0 .8 5 6  3 .4 1 3  0 .8 4 3  3 .4 1 3  0 .8 4 3  3 . 4 9 2  0 .8 5 6  
3 .4 92  0 .8 4 8  3 .4 9 6  0 .8 2 8  3 .4 9 6  0 .8 2 8  3 .5 7 6  0 .8 4 9 0
3 .5 7 5  0 .8 4 4  3 .5 7 9  0 .8 2 5  3 .5 7 9  0 .8 2 5  3 . 6 5 9  0 .8 4 5  
3 .6 5 9  0 .8 3 7  3 .5 8 0  0 .8 2 1  3 .5 8 0  0 .8 2 1  3 . 7 4 2  0 .8 3 8  
3 .7 4 2  0 .8 3 0  3 .6 6 3  0 .8 21  3 . 663  0 .8 2 1  3 . 8 2 6  0 .8 3 1  
3 .8 2 5  0 .8 1 5  3 .7 4 6  0 .8 0 3  3 .7 4 6  0 .8 0 3  3 . 9 0 9 0 .8 2 0  
3 . 9 0 9  0 .8 0 7  3 .8 2 9  0 .7 9 6  3 .8 2 9  0 .7 9 6  3 . 9 92 0 .8 1 3  
3 . 9 9 2  0 .7 9 6  3 .8 3 0  0 .7 8 5 3 .8 3 0  0 .7 8 5  3 . 9 9 3  0 .7 9 8  
4 .0 7 5  0 .7 8 9  3 . 9 1 3  0 .7 85 3 . 9 1 3  0 .7 8 5  4 . 0 7 6 0 0 .8 0 5  
4 .0 7 6  0 .7 8 1  3 . 9 9 6  0 .7 7 7  3 .9 9 6  0 .7 7 7  4 . 1 5 9  0 .7 9 1  
4 .1 5 9  
4 .2 4 2  

0 .7 7 8  
0 .7 6 7  

4 .0 7 9  
4 .0 8 0  

0 .7 63 
0 .7 52 

4 .0 7 9  
4 .0 8 0  

0 .7 6 3  
0 .7 5 2  

4 .2 4 2  
4 . 32 6 

0 .7 8 0  
0 .7 7 3  Li 

4 .3 2 5  0 .7 5 6  4 .1 6 3  0 . 755  4 .1 63  0 .7 5 5  4 .4 0 9  0 .7 5 8  
4 .4 0 9  0 .7 4 4  4 .2 4 6  0 .7 45  4 .2 4 6  0 .7 4 5  4 .4 92  0 .7 4 7 
4 .4 92  0 .7 3 4  4 .32 9 0 .7 3 4  4 .32 9 0 .7 3 4  4 .5 7 6 0 0 .7 3 3  
4 .5 7 5  0 .7 2 4  4 .4 1 3  0 .7 2 2  4 .4 1 3  0 .7 2 2  4 .5 7 6 0 0 .7 2 6  
4 .6 5 9  0 .7 0 9 0 4 .4 9 6  0 .7 1 0  4 .4 9 6  0 .7 1 0  4 . 6 5 9  0 .7 2 6 0
4 .7 4 2  0 .7 0 2  4 .5 7 9  0 .7 0 0  4 .5 7 9  0 .7 0 0  4 . 7 4 2  0 .7 1 5  
4 .8 2 5  0 .6 9 0  4 .6 63  0 .6 8 9  4 .6 63 0 .6 8 9  4 .8 2 6  0 .7 0 4  
4 .9 0 9  0 .6 8 2  4 .7 4 6  0 . 6 7 7  4 .7 4 6  0 . 6 7 7  4 . 9 0 9  0 .6 9 0  
4 . 9 9 2  0 .6 7 1  4 .8 2 9  0 . 668  4 .8 2 9  0 . 6 6 8  4 . 9 9 2  0 . 6 8 2  
5 .0 7 5  0 . 6 6 4  4 . 9 1 3  0 . 6 5 0  4 . 9 1 3  0 . 6 5 0  5 . 0 7 6  0 . 6 7 2  
5 .1 5 8  0 . 65 1 4 . 9 9 6  0 . 6 45  4 .9 9 6  0 . 6 4 5  5 . 1 5 9  0 . 6 6 2  
5 .2 4 2  0 . 64 6 5 .0 7 9  0 . 6 3 6  5 .0 7 9  0 . 6 3 6  5 .2 4 2  0 . 6 5 0  
5 .3 2 5  0 . 6 3 3  5 .1 62  0 . 623  5 .1 62 0 . 62 3 5 .3 2 5  0 .6 4 0  
5 .4 0 8  0 . 62 7 5 .2 4 6  0 . 6 1 5  5 .2 4 6  0 . 6 1 5  5 .4 0 9  0 . 6 3 4  
5 .4 92  0 . 6 22  5 .32 9 0 .6 0 4  5 .32 9 0 . 6 0 4  5 .4 92  0 . 62 5 
5 .5 7 5  0 .6 1 1  5 .4 1 2  0 .5 9 3  5 .4 1 2  0 .5 9 3  5 .5 7 5  0 .6 1 5  
5 . 6 5 8  0 . 6 0 5  5 .4 9 6  0 .5 8 9  5 .4 9 6  0 .5 8 9 0 5 . 6 5 9 0 .6 0 4  
5 .7 4 2  0 .5 9 8  5 .5 7 9  0 .5 7 8  5 .5 7 9  0 .5 7 8  5 . 7 4 2  0 .6 0 1  
5 .8 2 5  0 .5 9 0  5 . 6 62  0 .5 6 9  5 . 6 62  0 .5 6 9  5 . 8 2 5  0 .5 8 7  
5 . 9 0 8  0 .5 8 3  5 .7 4 6  0 .5 6 9  5 .7 4 6  0 .5 6 9  5 . 9 0 9  0 .5 8 4  
5 . 9 9 2  0 .5 7 6  5 .8 2 9  0 .5 55  5 .8 2 9  0 .5 5 5  5 . 9 9 2  0 .5 7 9 0

6 .0 7 5  0 .5 7 1  5 . 9 1 2  0 .5 5 2  5 .9 1 2  0 .5 5 2  6 .0 7 5  0 .5 7 5  

6 .1 5 8  0 .5 6 4  5 . 9 9 6  0 .5 4 3  5 . 9 9 6  0 .5 4 3  6 . 1 5 9  0 .5 6 3  

6 .2 4 2  0 .5 5 9  6 .0 7 9  0 .5 3 8  6 .0 7 9  0 .5 3 8  6 .2 4 2  0 .5 5 9  

6 .3 2 5  0 .5 5 4  6 .1 62  0 .5 3 2  6 .1 62 0 .5 3 2  6 .3 2 5  0 .5 5 5  

6 .4 0 8  0 .5 5 0  6 .2 4 6  0 .5 2 6  6 .2 4 6  0 .5 2 6  6 .4 0 9  0 .5 4 8  

6 .4 9 1  0 .5 4 7 6 .3 2 9 0 .5 2 2  6 .32 9 0 .5 2 2  6 .4 9 2  0 .5 4 5  

6 .5 7 5  0 .5 4 1  6 .4 1 2  0 .5 1 8  6 .4 12  0 .5 1 8  6 .5 7 5  0 .5 3 9  
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Figure Sa-continued 

C 0 

1 5  m ii. ¢'1 aO H 0) 600m n  � aO H ) 0 1 5 0m n  (E D TA )  6 0  m n (E D TA )  
T .in  e [hr] J/Jo T.in e [hr] J/Jo T .in  e [hr] J/Jo T .in  e [hr] J/Jo 

6 .6 5 8  0 .5 3 6  6 .4 9 6  0 .5 1 2  6 .4 9 6  0 .5 1 2  6 .6 5 9  0 .5 32 
r--7 6 .7 4 1  0 .5 3 1  6 .5 7 9  0 .5 0 6  6 .5 7 9  0 .5 0 6  6 .7 4 2  0 .5 2 8  

6 .8 2 5  0 .5 2 1  6 .6 62  0 .4 9 9  6 .6 6 2  0 .4 9 9  6 .8 2 5  0 .5 2 3  

!7 
6 .9 0 8  
6 .9 9 2  

0 .5 1 7  
0 .5 1 7  

6 .7 4 6  
6 .8 2 9  

0 .4 9 8  
0 .4 9 5  

6 .7 4 6  
6 .8 2 9  

0 .4 9 8  
0 .4 9 5  

6 .9 0 9  
6 . 9 9 2  

0 .5 1 9  
0 .5 1 7  

6 . 9 92 0 .5 1 4  6 . 9 12  0 .4 8 9  6 .9 1 2  0 .4 8 9  7 .0 7 5  0 .5 0 9  
7 .0 7 5  0 .5 1 1  6 . 9 9 6  0 .4 8 5  6 .9 9 6  0 .4 8 5  7 .1 5 8  0 .5 0 7  
7 .1 5 8  0 .5 0 8  7 .0 7 9  0 .4 7 9 0 7 .0 7 9  0 .4 7 9 0 7 .2 4 2  0 .5 0 5  
7 .3 2 5  0 .5 0 4  7 .1 62 0 .4 7 6 0 7 .1 62  0 .4 7 6  7 .3 2 5  0 .5 0 0  
7 .4 0 8  0 .4 9 8  7 .2 4 6  0 .4 7 6  7 .2 4 6  0 .4 7 6  7 .4 0 8  0 .4 9 8  

r -1 
7 .4 9 1  0 .4 9 5  7 .32 9 0 .4 7 0  7 .3 2 9  0 .4 7 0  7 .4 92  0 .4 9 4  
7 .5 7 5  0 .4 92  7 .4 1 2  0 .4 6 5  7 .4 1 2  0 .4 6 5  7 .5 7 5  0 .4 8 9  
7 . 6 5 8  0 .4 9 1  7 .4 9 5  0 .4 6 4  7 .4 9 5  0 .4 6 4  7 . 6 5 9  0 .4 8 9  

r ,  
7 .7 4 1  0 .4 8 9  7 .5 7 9  0 .4 62  7 .5 7 9  0 .4 62  7 .7 4 2  0 .4 8 4  
7 .8 2 5  0 .4 8 5  7 . 662  0 .4 5 9  7 . 6 62  0 .4 5 9  7 .8 2 5  0 .4 8 3  
7 . 9 0 8  0 .4 8 3  7 .7 4 5  0 .4 5 8  7 .7 4 5  0 .4 5 8  7 . 9 0 8  0 .4 8 3  

' ') 

7 . 9 9 1  0 .4 8 0  7 .8 2 9  0 .4 5 2  7 .8 2 9  0 .4 52  7 . 9 92  0 .4 7 7  
8 .0 7 5  0 .4 8 2  7 . 9 1 2  0 .4 4 9 0 7 . 9 1 2  0 .4 4 9 0 8 .0 7 5  0 .4 7 5  
8 .1 5 8  0 . 4  7 7  7 . 9 9 5  0 .4 4 6 0 7 .9 9 5  0 .4 4 6  8 .1 5 8  0 .4 7 3  
8 .2 4 1  0 .4 7 4  8 .0 7 9  0 .4 4 6 0 8 .0 7 9  0 .4 4 6  8 .2 4 2  0 .4 7 0  
8 .3 2 4  0 .4 7 2  8 .1 62 0 .4 4 4  8 .1 62  0 .4 4 4  8 .3 2 5  0 .4 67  

r-7 
8 .4 0 8  0 .4 7 0  8 .2 4 5  0 .4 4 1  8 .2 4 5  0 .4 4 1  8 .4 0 8  0 .4 67  
8 .4 9 1  0 .4 6 9  8 .3 2 9  0 .4 4 2  8 .32 9 0 .4 4 2  8 .4 92  0 .4 64  

L J  8 .5 7 5  0 .4 6 6  8 .4 1 2  0 .4 3 7  8 .4 1 2  0 .4 3 6  8 .5 7 5  0 .4 60  
8 . 6 58  0 .4 6 4  8 .4 9 5  0 .4 3 4  8 .4 9 5  0 .4 3 4  8 .6 5 8  0 .4 5 7  

r 7  

8 .7 4 1  0 .4 62  8 .5 7 9  0 .4 3 2  8 .5 7 9  0 .4 32  8 .7 4 1  0 .4 60  
L _! 8 .8 2 5  0 .4 60  8 .6 62 0 .4 3 2  8 . 6 6 2  0 .4 32  8 .8 2 5  0 .4 5 6  

8 .8 2 5  0 .4 6 0  8 .7 4 5  0 .4 2 9 0 8 .7 4 5  0 .4 2 9  8 . 9 0 8  0 .4 5 4  
8 . 9 0 8  0 .4 5 9  8 .8 2 8  0 .4 2 9 0 8 .8 2 8  0 .4 2 9  8 . 9 9 2  0 .4 5 1  

[_ ..I 8 . 9 9 1  0 .4 6 0  8 . 9 1 2  0 .4 2 5  8 . 9 1 2  0 .4 2 5  9 .0 7 5  0 .4 5 0  
9 .0 7 4  0 .4 5 7  8 . 9 9 5  0 .4 2 5  8 .9 9 5  0 .4 2 5  9 .1 5 8  0 .4 4 7  
9 .2 4 1  0 .4 5 7  9 .0 7 9  0 .4 2 1  9 .0 7 9  0 .4 2 1  9 .2 4 2  0 .4 4 8  

l_ .i 9 .3 2 4  0 .4 5 1  9 . 1 62  0 .4 2 1  9 .1 62 0 .4 2 1  9 .3 2 5  0 .4 4 6  
9 .4 0 8  0 .4 4 7  9 .2 4 5  0 .4 2 1  9 .2 4 5  0 .4 2 1  9 .4 0 8  0 .4 4 4  

-� / 

9 .4 9 1  
9 .5 7 4  

0 .4 4 9  
0 .4 4 6  

9 .3 2 8  
9 .4 1 2  

0 .4 1 8  
0 .4 1 5  

9 .3 2 8  
9 .4 1 2  

0 .4 1 8  
0 .4 1 5  

9 .4 92  
9 .5 7 5  

0 .4 4 1  
0 .4 4 0  

9 .6 5 8  0 .4 4 4  9 .4 95 0 .4 1 4  9 .4 9 5  0 .4 1 4  9 .6 5 8  0 .4 3 9  

9 .7 4 1  0 .4 4 3  9 .5 7 8  0 .4 1 2  9 .5 7 8  0 .4 1 2  9 .7 4 1  0 .4 3 7  
L J  9 .8 2 4  0 .4 4 3  9 .6 62 0 .4 1 1  9 . 6 62  0 .4 1 1  9 .8 2 5  0 .4 3 6  

9 .9 0 8  0 .4 3 9  9 .7 4 5  0 .4 1 2  9 .7 4 5  0 .4 1 2  9 . 9 0 8  0 .4 3 4  

9 . 9 9 1  0 .4 3 9  9 .8 2 8  0 .4 0 9  9 .8 2 8  0 .4 0 9  9 .9 9 1  0 .4 3 1  
L 1  1 0  .0 7 4  0 .4 3 9  9 .9 9 5  0 .4 0 7  9 .9 9 5  0 .4 0 7  1 0  .0 7 5  0 .4 3 1  

1 0  .1 5 8  0 .4 4 0  1 0  .0 7 8  0 .4 0 2  1 0  .0 7 8  0 .4 02  1 0  .1 5 8  0 .4 3 1  

u 
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Figure Sa-continued 

1 5 0m il  (N aO H 0) 
Tin0e [hr] J/Jo 

6 0  m ii. 
Tin e [hr] 

(N aO H )  
J/Jo 

1 5  m ii. (E D TA )  
Tin0e [hr] J/Jo 

6 0  m ii. 
T in  e [hr] 

(E D TA )  
J/Jo L 

1 0  .2 4 1  0 .4 3 7  1 0  .1 62  0 .4 0 2  1 0  .1 62  0 .4 0 2  1 0  .2 4 1  0 .4 2 9  
1 0  .3 2 4  0 .4 3 6  1 0  .2 4 5  0 .4 0 1  1 0  .2 4 5  0 .4 0 1  1 0  .3 2 5  0 .4 2 7  
1 0  .4 0 8  0 .4 3 4  1 0  .3 2 8  0 .3 9 9  1 0  .3 2 8  0 .3 9 9  1 0  .4 0 8  0 .4 2 6  '--' 

1 0  .4 9 1  0 .4 3 1  1 0  .4 1 2  0 .3 9 9  1 0  .4 1 2  0 .3 9 9  1 0  .4 9 1  0 .4 2 6  
1 0  .5 7 4  0 .4 3 0  1 0 .4 9 5  0 .3 9 7  1 0  .4 9 5  0 .3 9 7  1 0  .5 7 5  0 .4 2 5  
1 0  . 6 5 8  0 .4 3 0  1 0  .5 7 8  0 .3 9 8  1 0  .5 7 8  0 .3 9 8  1 0  . 6 5 8  0 .4 2 3  ,._ _ __j 

1 0  .7 4 1  0 .4 2 8  1 0  . 6 62  0 .3 9 5  1 0  . 662  0 .3 9 5  1 0  .7 4 1  0 .4 2 2  
1 0  .8 2 4  0 .4 2 6  1 0  .7 4 5  0 .3 9 5  1 0  .7 4 5  0 .3 9 5  1 0  .8 2 5  0 .4 1 9  
1 0  . 9 0 8  0 .4 2 6  1 0  .8 2 8  0 .3 9 4  1 0  .8 2 8  0 .3 9 4  1 0 0. 9 0 8  0 .4 2 0  
1 0  . 9 9 1  0 .4 2 4  1 0  . 9 1 2  0 .3 9 2  1 0  . 9 1 2  0 .3 9 2  1 0  . 9 9 1  0 .4 1 7  

r 1 
1 1 0.0 7 4  0 .4 2 6  1 0  . 9 9 5  0 .3 9 1  1 0  .9 9 5  0 .3 9 1  1 1 0.0 7 4  0 .4 1 7 
1 1 0.2 4 1  0 .4 2 3  1 1 0.0 7 8  0 .3 8 9  1 1 0.0 7 8  0 .3 8 9  1 1  .1 5 8  0 .4 1 6  L-, 

1 1 .32 4  0 .4 2 1  1 1 0.1 6 1  0 .3 8 8  1 1 0.1 6 1  0 .3 8 8  1 1 0.2 4 1  0 .4 1 3  
1 1 0.4 0 8  0 .4 2 1  1 1 0.2 4 5  0 .3 8 8  1 1 .2 4 5  0 .3 8 8  1 1 0.32 4  0 .4 1 5  
1 1 0.5 7 3  0 .4 2 0  1 1 0.3 2 8  0 .3 8 5  1 1 .3 2 8  0 .3 8 5  1 1 0.4 0 8  0 .4 1 3  
1 1 0. 6 5 7  0 .4 1 8  1 1 0.3 2 9  0 .3 8 8  1 1 .32 9  0 .3 8 8  1 1 0.4 9 1  0 .4 1 2  
1 1 0.7 4 0  0 .4 1 7  1 1  .4 1 1  0 .3 8 5  1 1 .4 1 1  0 .3 8 5  1 1 0.5 7 4  0 .4 1 2  
1 1 .8 2 3  0 .4 1 6  1 1 0.4 9 5  0 .3 8 5  1 1 .4 9 5 0 .3 8 5  1 1 0. 6 5 8  0 .4 1 2  
1 1 . 9 0 7  0 .4 1 6  1 1 0.5 7 8  0 .3 8 4  1 1 .5 7 8  0 .3 8 4  1 1 0.7 4 1  0 .4 0 9  
1 1 . 9 9 0  0 .4 1 4  1 1 0.6 6 1  0 .3 8 4  1 1 . 6 6 1  0 .3 8 4  1 1 0.8 2 4  0 .4 0 9  
1 2  .0 7 3  0 .4 1 4  1 1 0.7 4 5  0 .3 8 2  1 1 0.7 4 5  0 .3 8 2  1 1 0.9 0 8  0 .4 0 8  
1 2  .1 5 7  0 .4 1 3  1 1 0.8 2 8  0 .3 8 2  1 1 0.8 2 8  0 .3 8 2  1 1 0.9 9 1  0 .4 0 8  
1 2  .2 4 0  
1 2  .3 2 3  

0 .4 1 3  
0 .4 1 1  

1 1 0. 9 6 0  
1 2  .0 4 3  

0 .3 7 9  
0 .3 7 9  

1 1 0. 9 60  
1 2  .0 4 3  

0 .3 7 9  
0 .3 7 9  

1 2  . 0 7 4  
1 2  .1 5 8  

0 .4 0 8  
0 .4 0 5  L 

1 2  .3 2 4  0 .4 0 8  1 2 0.1 2 6  0 .3 7 8  1 2  .1 2 6  0 .3 7 8  1 2  .2 4 1  0 .4 0 5  
1 2  .4 0 6  0 .4 1 1  1 2  .2 1 0  0 .3 7 6  1 2  .2 1 0  0 .3 7 6  1 2  .3 2 4  0 .4 0 5  
1 2  . 4  9 0  0 .4 0 8  1 2  .2 9 3  0 .3 7 6  1 2  .2 9 3  0 .3 7 6  1 2  .4 0 8  0 .4 0 2  
1 2  .5 7 3  0 .4 0 8  1 2  .3 7 6  0 .3 7 6  1 2  .3 7 6  0 .3 7 6  1 2  .4 9 1  0 .4 0 2  
1 2  . 6 5 6  0 .4 0 7  1 2  . 4  6 0  0 .3 7 4  1 2 .4 60  0 .3 7 4  1 2  .5 7 4  0 .4 0 0  
1 2  .7 4 0  0 .4 0 7  1 2  .5 4 3  0 .3 7 5  1 2  .5 4 3  0 .3 7 5  1 2  . 6 5 8  0 .4 0 0  
1 2  .8 2 3  0 .4 0 8  1 2 0.62 6 0 .3 7 5  1 2 0.62 6 0 .3 7 5  1 2  .7 4 1  0 .3 9 9  
1 2  .9 0 7  0 .4 0 5  1 2 0.7 1 0  0 .3 7 2  1 2 0.7 1 0  0 .3 7 2  1 2  .8 2 4  0 .3 9 7  
1 2  . 9 9 0  0 .4 0 4  1 2  .7 9 3  0 .3 7 2  1 2  .7 93  0 .3 7 2  1 2 0. 9 0 8  0 .3 9 9  
1 3  .0 7 3  0 .4 0 5  1 2  .8 7 6  0 .3 7 2  1 2  .8 7 6  0 .3 7 2  1 2  . 9 9 1  0 .3 9 7  
1 3  .1 5 6  0 .4 0 3  1 2  . 9 6 0  0 .3 6 9  1 2  . 9 6 0  0 .3 6 9  1 3  . 0 7 4 0 .3 9 6  
1 3  .2 4 0  0 .4 0 3  1 3  .0 4 3  0 .3 6 9  1 3  .0 4 3  0 .3 6 9  1 3  . 1 5 8  0 .3 9 4  
1 3  .3 2 3  0 .4 0 1  1 3  .1 2 6  0 .3 6 9  1 3  . 12 6 0 .3 6 9  1 3  .2 4 1  0 .3 9 4  
1 3  .4 0 6  0 .4 0 1  1 3  .2 0 9  0 .3 6 6  1 3  .2 0 9  0 .3 6 6  1 3  .3 2 4  0 .3 9 3  
1 3  .4 9 0  0 .4 0 1  1 3  .2 9 3  0 .3 6 8  1 3  .2 93  0 .3 6 8  1 3  .4 0 8  0 .3 9 3  
1 3  .5 7 3  0 .4 0 0  1 3  .2 9 3  0 .3 6 6  1 3  .2 93  0 .3 6 6  1 3  .5 7 2  0 .3 9 3  
1 3  . 6 5 6  0 .4 0 0  1 3  .3 7 6  0 .3 64 1 3  .3 7 6  0 .3 6 4  1 3  . 6 5 6  0 .3 92  
1 3 .7 4 0  0 .3 9 8  1 3  .4 5 9  0 .3 6 6  1 3  .4 5 9  0 .3 6 6  1 3  .7 3 9  0 .3 92  
1 3  .8 2 3  0 .3 9 7  1 3  .5 4 3  0 .3 64  1 3  .5 4 3  0 .3 6 4  1 3  .8 2 2  0 .3 9 0  
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Figure Sa-continued 

r- 1  

1 5  m n (N aO H ) 6 00m n  (N aO H ) 1 5  m n (E D TA )  6 0  m n (E D TA )  
T in 0e [hr] J/Jo T:in e [hr] J/Jo Tin0e [hr] J/Jo T in 0e [hr] J/Jo 

'l 
1 3  . 9 0 6  
1 3  . 9 9 0  

0 .3 9 7  
0 .3 9 5  

1 3  .62 6 
1 3  .7 0 9  

0 .3 6 4  
0 .3 6 4  

1 3 .62 6 
1 3  .7 0 9  

0 .3 6 4  
0 .3 6 4  

1 3  . 9 0 6 
1 3  . 9 8 9  

0 .3 8 9  
0 .3 90  

1 4  .0 7 3  0 .3 9 5  1 3  .8 7 6  0 .3 62 1 3  .8 7 6  0 .3 62  1 4 .0 7 2  0 .3 8 9  

'l 
1 4  .1 5 6  
1 4  .2 4 0  

0 .3 9 5  
0 .3 9 5  

1 3  . 9 5 9  
1 4  .0 4 3  

0 .3 6 1  
0 .3 62  

1 3  . 9 5 9  
14  .0 4 3  

0 .3 6 1  
0 .3 62  

1 4  .1 5 6  
1 4  .2 3 9  

0 .3 8 6  
0 .3 8 8  

1 4  .3 2 3  0 .3 9 4  1 4  .1 2 6  0 .3 6 1  1 4 .1 2 6  0 .3 6 1  1 4  .32 2  0 .3 8 6  

'7 
1 4  .3 2 3  
1 4  .4 0 6  

0 .3 9 4  
0 .3 92  

1 4  .2 0 9  
1 4  .2 93  

0 .3 6 1  
0 .3 5 9  

1 4  .2 0 9  
1 4  .2 9 3  

0 .3 6 1  
0 .3 5 9  

1 4  .4 0 5  
1 4  .4 8 9  

0 .3 8 6  
0 .3 8 6  

1 4  .4 8 9  0 .3 92  1 4  .3 7 6  0 .3 5 9  1 4  .3 7 6  0 .3 5 9  1 4  .5 7 2  0 .3 8 6  

, 7  
1 4  .5 7 3  
1 4  .6 5 6  

0 .3 92  
0 .3 9 1  

1 4  .4 5 9  
1 4  .5 4 3  

0 .3 5 8  
0 .3 5 8  

1 4  .4 5 9  
1 4  .5 4 3  

0 .3 5 8  
0 .3 5 8  

1 4  . 6 55  
1 4  .7 3 9  

0 .3 8 5  
0 .3 8 5  

1 4  .7 3 9  0 .3 92  1 4  .62 6 0 .3 5 7  1 4  . 62 6 0 .3 5 7  1 4  .8 2 2  0 .3 8 5  

r- ' 1 4  .8 2 3  
1 4  . 9 0 6  

0 .3 92  
0 .3 92  

1 4  .7 0 9  
1 4  .7 93  

0 .3 5 8  
0 .3 5 5  

1 4  .7 0 9  
1 4  .7 9 3  

0 .3 5 8  
0 .3 5 5  

1 4  . 9 0 5  
1 4  . 9 8 9  

0 .3 8 2  
0 .3 8 1  

L J 1 4  . 9 8 9 0 .3 9 1  1 4  .8 7 6  0 .3 5 7  1 4  .8 7 6  0 .3 5 7  1 5 .0 7 2  0 .3 8 3  

r 1  
1 5 .0 7 3  
1 5  .1 5 6  

0 .3 9 1  
0 .3 8 9  

1 4  . 9 5 9  
1 4  . 9 6 0  

0 .3 5 4  
0 .3 5 5  

1 4  . 9 5 9  
1 4  . 9 6 0  

0 .3 5 4  
0 .3 5 5  

1 5  .1 5 5  
1 5  .2 3 9  

0 .3 8 1  
0 .3 8 1  

L J 1 5  .2 3 9  0 .3 9 1  1 5  .0 4 3  0 .3 5 5  1 5  .0 4 3  0 .3 5 5  1 5  .3 2 2  0 .3 7 9  

r, 
1 5  .3 2 3  
1 5  .4 0 6  

0 .3 8 9  
0 .3 8 9  

1 5 .1 2 6  
1 5  .2 0 9  

0 .3 5 4  
0 .3 5 3  

1 5  .1 2 6  
1 5  .2 0 9  

0 .3 5 4  
0 .3 5 3  

1 5 .4 0 5  
1 5  .4 8 9  

0 .3 7 9  
0 .3 7 8  

L j  1 5 .4 8 9  0 .3 8 8  1 5  .2 93  0 .3 5 3  1 5  .2 9 3  0 .3 5 3  1 5  .5 7 2  0 .3 7 8  

r 7  1 5  .5 7 3  
1 5  . 6 5 6  

0 .3 8 5  
0 .3 8 6  

1 5  .3 7 6  
1 5 .4 5 9  

0 .3 5 3  
0 .3 5 1  

1 5  .3 7 6  
1 5  .4 5 9  

0 .3 5 3  
0 .3 5 1  

1 5  . 6 55  
1 5  .7 3 9  

0 .3 7 8  
0 .3 7 8  

\_ j 1 5  .7 3 9  0 .3 8 5  1 5  .5 4 3  0 .3 5 0  1 5  .5 4 3  0 .3 5 0  1 5  .8 2 2  0 .3 7 6  
1 5  .8 2 3  0 .3 8 5  1 5 .62 6 0 .3 4 8  1 5  . 62 6 0 .3 4 8  1 5  . 9 0 5  0 .3 7 6  
1 5  . 9 0 6  0 .3 8 3  1 5  .7 0 9  0 .3 5 0  1 5  .7 0 9  0 .3 5 0  1 5 .9 8 9  0 .3 7 5  

L j 1 5  . 9 8 9  0 .3 8 3  1 5 .7 9 3 0 .3 5 0  1 5 .7 9 3 0 .3 5 0  1 6  .0 7 2  0 .3 7 3  
1 6  .0 7 3  0 .3 8 3  1 5  .8 7 6  0 .3 5 0  1 5  .8 7 6  0 .3 5 0  1 6 .1 5 5  0 .3 7 2  
1 6  .1 5 6  0 .3 8 2  1 5 . 95 9 0 .3 5 0  1 5  . 9 5 9  0 .3 5 0  1 6  .2 3 9  0 .3 7 3  

C a 1 6  .2 3 9  0 .3 8 2  1 6 .0 4 2  0 .3 5 0  1 6 .0 4 2  0 .3 5 0  1 6  .3 2 2  0 .3 7 2  
1 6  .3 2 3  0 .3 8 2  1 6  .1 2 6  0 .3 4 7  1 6  . 12 6 0 .3 4 7  1 6 .4 0 5  0 .3 7 3  

L J  

1 6 .4 0 6  
1 6  .4 8 9  

0 .3 8 1  
0 .3 8 1  

1 6 .2 0 9  
1 6  .2 93  

0 .3 4 7  
0 .3 4 7  

1 6 .2 0 9  
1 6  .2 9 3  

0 .3 4 7  
0 .3 4 7  

1 6 .4 8 8  
1 6  .5 7 2  

0 .3 7 1  
0 .3 7 1  

1 6  .6 5 6  0 .3 8 1  1 6  .3 7 6  0 .3 4 5  1 6  .3 7 6  0 .3 4 5  1 6  . 6 55  0 .3 7 1  

1 6  .7 3 9  0 .3 7 8  1 6 .4 5 9  0 .3 4 5  1 6  .4 5 9  0 .3 4 5  1 6  .7 3 8  0 .3 7 1  
\_ _ _  ) 1 6  .8 2 3  0 .3 7 9  1 6  .5 4 2  0 .3 4 4  1 6  .5 4 2  0 .3 4 4  1 6  .8 2 2  0 .3 7 1  

- 7 
1 6  . 9 0 6  
1 6  . 9 8 9  

0 .3 7 8  
0 .3 7 8  

1 6  .62 6 
1 6 .7 0 9  

0 .3 4 2  
0 .3 4 4  

1 6  . 62 6 
1 6  .7 0 9  

0 .3 4 2  
0 .3 4 4  

1 6 . 9 0 5  
1 6  . 9 8  9 

0 .3 6 8  
0 .3 6 8  

L._ ] 1 7  .0 7 3  0 .3 7 6  1 6  .7 92  0 .3 4 4  1 6  .7 9 2  0 .3 4 4  1 7 .0 7 2  0 .3 6 8  

1 7  .1 5 6  0 .3 7 8  1 6  .8 7 6  0 .3 4 2  1 6  .8 7 6  0 .3 4 2  1 7  .1 5 5  0 .3 6 8  

L_ , 
1 7  .2 3 9  
1 7  .3 2 3  

0 .3 7 8  
0 .3 7 6  

1 6 . 9 5 9  
1 7 .0 4 2  

0 .3 4 2  
0 .3 4 2  

1 6 . 9 5 9  
1 7  .0 4 2  

0 .3 4 2  
0 .3 4 2  

1 7  .2 3 8  
1 7  .3 2 2  

0 .3 6 8  
0 .3 6 9  

1 7  .4 0 6  0 .3 7 6  1 7 .0 4 3  0 .3 4 1  1 7  .0 4 3  0 .3 4 1  1 7  .4 0 5  0 .3 6 7  

u 
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Figure Sa-continued 

w 

1 5  rn .in 
Tin0e [hr] 

(N aO H 0) 
J/Jo 

6 0 0rn n  

Tin0e [hr] 

(N aO H )  
J/Jo 

1 5  rn .:h 

Tin0e [hr] 

(E D TA )  
J/Jo 

6 0  rn .in 
T in 0e [hr] 

(E D TA )  
J/Jo w 

1 7  .4 8 9  0 .3 7 3  1 7  .1 2 6  0 .3 39  1 7 .1 2 6  0 .3 3 9  1 7  .4 8 8  0 .3 6 5  
1 7  .5 7 3  
1 7  .6 5 6  

0 .3 7 3  
0 .3 7 3  

1 7  .2 0 9  
1 7  .2 92  

0 .3 41  
0 .3 41  

1 7  .2 0 9  
1 7  .2 92  

0 .3 4 1  
0 .3 4 1  

1 7  .5 7 2  
1 7  . 6 5 5  

0 .3 6 7  
0 .3 6 7  

.�. 

1 7  .7 3 9  
1 7  .8 2 3  
1 7  .9 0 6  

0 .3 7 3  
0 .3 7 2  
0 .3 7 2  

1 7  .4 5 9  
1 7 .5 4 2  
1 7  .62 6 

0 .3 39  
0 .3 39  
0 .3 3 8  

1 7  .4 5 9  
1 7 .5 4 2  
1 7 0.62 6 

0 .3 3 9  
0 .3 3 9  
0 .3 3 8  

1 7 0.7 3 8  
1 7  .8 2 2  
1 7  .9 0 5  

0 .3 6 5  
0 .3 6 5  
0 .3 6 4  

,rt;
L; 

1 7 .9 8 9  
1 8 0.0 7 2  

0 .3 7 0  
0 .3 7 0  

1 7 0.7 0 9  
1 7  .7 92  

0 .3 3 8  
0 .3 3 8  

1 7  .7 0 9  
1 7 .7 92 

0 .3 3 8  
0 .3 3 8  

1 7 .9 8 8  
1 8 0.0 7 2  

0 .3 6 4  
0 .3 62  

m
I : 

1 8  .1 5 6  0 .3 6 9  1 7  .8 7 6  0 .3 37 17 .8 7 6  0 .3 3 6  1 8  .1 5 5  0 .3 6 4  LJ 

1 8  .1 5 6  0 .3 7 0  1 7  . 9 5 9 0 .3 37 17 . 95 9 0 .3 3 6  1 8  .2 3 8  0 .3 62  
1 8  .3 2 2  
1 8  .4 0 6  

0 .3 6 9  
0 .3 7 0  

1 8  .0 4 2  
1 8  .1 2 5  

0 .3 37 
0 .3 37 

18 .0 4 2  
18 .1 2 5  

0 .3 3 6  
0 .3 3 6  

1 8  .3 2 1  
1 8  .4 0 5  

0 .3 62  
0 .3 6 1  

(7 
u 

1 8  .4 8 9  0 .3 6 9  1 8  .2 0 9  0 .3 35  1 8  .2 0 9  0 .3 3 5  1 8  .4 8 8  0 .3 6 1  
1 8  .5 7 2  
1 8  .6 5 6  

0 .3 6 9  
0 .3 6 8  

1 8  .2 9 2  
1 8  .3 7 6  

0 .3 34 
0 .3 34 

18 .2 92  
18 .3 7 6  

0 .3 3 4  
0 .3 3 4  

1 8  .5 7 1  
1 8  . 6 5 5  

0 .3 6 1  
0 .3 6 1  

fl
LJ 

1 8  .7 3 9  0 .3 6 8  1 8  .4 5 9  0 .3 34 18 .4 5 9  0 .3 3 4  1 8  .7 3 8  0 .3 62  
1 8  .8 2 2  
1 8  . 9 0 6  

0 .3 6 8  
0 .3 6 8  

1 8  .5 4 2  
1 8  . 62 5 

0 .3 34 
0 .3 3 4  

18 .5 4 2  
1 8  .62 5 

0 .3 3 4  
0 .3 3 4  

18  .8 2 1  
1 8  . 9 0 5  

0 .3 5 9  
0 .3 6 1  w 

1 8  . 9 8 9  0 .3 6 6  1 8  .7 0 9  0 .3 32  18  .7 0 9  0 .3 3 2  1 8  . 9 8 8  0 .3 5 9  
1 9  .0 7 2  
1 9  .1 5 6  

0 .3 6 6  
0 .3 6 5  

1 8  .7 0 9  
1 8  .7 9 2  

0 .3 3 2  
0 .3 3 2  

1 8  .7 0 9  
1 8  .7 92  

0 .3 3 2  
0 .3 3 2  

1 9  .0 7 1  
1 9  .1 5 5  

0 .3 6 1  
0 .3 5 9  

m 
w 

1 9  .2 3 9  0 .3 6 5  1 8  .8 7 5  0 .3 31  1 8  .8 7 5  0 .3 3 1  1 9 0.2 3 8  0 .3 5 8  
1 9  .3 2 2  
1 9  .4 0 6  

0 .3 65  
0 .3 6 5  

1 8  .9 5 9  
1 9  .0 4 2  

0 .3 31  
0 .3 31  

1 8  .9 5 9  
1 9 .0 4 2  

0 .3 3 1  
0 .3 3 1  

1 9  .3 2 1  
1 9  .4 0 5  

0 .3 5 8  
0 .3 5 8  

r
G 

1 9  .4 8 9  0 .3 6 5  1 9  .1 2 5  0 .3 31  1 9 .1 2 5  0 .3 3 1  1 9  .4 8 8  0 .3 5 8  
1 9  .5 7 2  
1 9 .6 5 6  

0 .3 6 3  
0 .3 6 3  

1 9  . 2  9 2  
1 9  .2 9 3  

0 .3 30  
0 .3 30  

1 9  .2 92  
19  .2 9 3  

0 .3 3 0  
0 .3 3 0  

1 9  .5 7 1  
1 9 . 6 5 5 

0 .3 5 6  
0 .3 5 6  

' LJ 

1 9  .7 3 9  0 .3 63  1 9  .3 7 5  0 .3 30  19  .3 7 5  0 .3 3 0  1 9  . 7 3 8  0 .3 5 8  
1 9  .8 2 2  
1 9  .8 2 3  

0 .3 6 3  
0 .3 62  

1 9  .4 5 9  
1 9 .5 4 2  

0 .3 30  
0 .3 2 8  

1 9  .4 5 9  
1 9  .5 4 2  

0 .3 3 0  
0 .3 2 8  

1 9  . 8 2 1  
1 9 . 9 0 5  

0 .3 5 6  
0 .3 5 5  

nl'1 

1 9  .9 0 6  0 .3 6 0  1 9  .62 5 0 .3 2 8  1 9  .62 5 0 .3 2 8  1 9  . 9 8 8  0 .3 5 6  
2 0  .0 7 2  
2 0  .5 7 2  

0 .3 62  
0 .4 5 1  

1 9  .7 0 9  
1 9  .8 7 5  

0 .3 2 7  
0 .3 2 8  

1 9  .7 0 9  
1 9  .8 7 5  

0 .3 2 7  
0 .3 2 8  

2 0  .0 7 1  
2 2  .1 8 8  

0 .3 5 5  
0 .8 9 9  � 

2 0  . 65 9 0 .4 5 1  1 9  . 9 5 8  0 .3 2 7  1 9  . 9 5 8  0 .3 2 7  2 2  .2 7 1  0 . 9 0 0  

2 0  .7 4 2  
2 0 0.8 2 6  

0 .4 5 1  
0 .4 4 6  

2 0  .0 4 2  
2 2  .1 1 9  

0 .3 2 7  
0 .4 64  

2 0  .0 4 2  
2 0  . 6 1 9  

0 .3 2 7  
0 . 62 7 

2 2  .3 5 5  
2 2  .4 3 8  

0 .8 9 9  
0 . 9 0 0  w 

2 0  . 9 0 3  
- -
--

0 .4 4 6  
- -
--

2 2  .1 9 8  
2 2  .2 8 1  
2 2  .3 6 5  

0 .4 64 
0 .4 6 3  
0 .4 6 3  

20 . 6 9 8  
2 0  .7 8 1  
2 0  .8 65  

0 .6 3 2  
0 . 6 2 5 
0 . 62 6 

2 2  . 52 1 
- -
- -

0 .8 9 9  
- -
- -

r'l 
w 

- - - - 2 2  .4 4 8  0 .4 61  2 0  .9 4 8  0 .6 2 6 - - - -

Ll 
m 
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Figure Sb 

C ': 

C 1=anng S o .lrt:i::m C 1=anng T.in e [m n ]  C :eanng E ffi::::ency [ %  ] 

N aO H  (pH  1 1 )  
1 5  
6 0  

1 4  .2 
1 5 0.5 

< l  

0 . 5  m M E D TA (p H  1 1 )  
1 5  
60 

4 4  .8 
84 .6  

'I 

'7 
Figure 9 

·- - J C 1=anng S o Jut:bn c :eanng T.in e [m0il l c :eanng E ffi::::ency [ % l 

'7 2 m M S D S  
1 5  .0 1 8  .4 
60 .0 3 0  .6 

� _I 

l 0 0m M 0S D S  
1 5  .0 7 1 0.5 

I) 
600.0 98 .4 

r 7  

L ! 
Figure 1 0  

C 1=anng S o Jut:bn C :ro ssfbw Vebc_:icy- [cm /s ]  c :eanng E ffi::: 0:ency [ %  l 
1 0  .7 43 .8  

L j 

0 .5 m M E D TA (pH 1 1 )  2 1 0.4 4 4  .8  
r· , 4 2  .8 4 5  . 6  

L J  
1 0  .7 7 1 0.6 

2 .0 m M E D TA (p H  1 1 )  2 1 0.4 8 8  . 6  

'7 42  .8 98 .6 

r l 

L J Figure 1 1  

Tern pe:rature [ 'C0] c :eanng E ffi:::: 0:ency [ %  l 

\_ J 2 0  4 4  .8  
4 0  9 4  .0 

L. J 

Figure 1 2  
L .J 

Pe:rrn eat:bn [um /s ] c :eannq E ffi:::: 0:ency [ %  l 
0 4 4  .8 

L J 2 0  6 2  .1 

u 
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r - D 

N aO H  
(nm ) 

(pH 1 1 )  
I 

F/R  tJi N /m )  

I 

D 

0 .5 m M E D TA 
I 

(nm ) F /R  tit N /m )  

I 
D 

l 0 m M 0S D S  
I 

(nm ) F /R  tn N /m )  

I N o  C 1=anilg i S o llti:m 
I 

D (nm ) F /R  tn N  /m ) -
I
L., 

0 .0 5 3  0 .2 4 9  0 .2 6 1  0 . 1 1 9  0 .1 7 9  0 . 9 0 3  0 . 0 2 8  2 .3 0 1  -
0 .1 0 2  
0 .5 3 5  

0 .1 95  
0 .1 5 1  

0 .4 9 1  
0 .8 1 2  

0 . 0 70 
0 . 0 2 3  

0 .2 7 7  
0 .3 3 5  

0 .8 4 9  
0 .7 9 5  

0 .0 5 3  
0 . 0 9 0  

2 .2 3 7  
2 .1 7 0  

-

-
� 

0 . 6 8 1 - 0 . 6 53  
0 .7 9 8  

0 .1 0 0  
0 .0 4 3  

- 0  .0 0 9  

1 .2 2 4  
1 .7 6 4 
2 .2 6 8  

- 0  .0 1 4  
- 0  . 0 4 2  
- 0 0.0 7 1  

0 .0 5 4  
0 .0 7 2  
0 .3 7 0  

0 .7 3 0  
0 . 6 7 4 
0 . 62 7 

0 .0 9 8  
0 . 0 0 7  
0 . 0 7 9  

2 .1 1 2  
2 .0 5 3  
2 .0 0 5  

-

-

,rtl 
w 

0 .8 4 8  
0 . 9 9 3  
1 .0 62 -

- 0  .0 6 4  
- 0  .1 1 6  
- 0  .1 7 0  

2 .8 4 5  
3 .5 8 6  
3 . 9 8 0  

- 0  .0 98  
- 0  . 1 22  
- 0  . 1 5 3  

0 . 6 6 7  
0 .9 6 5  
1 .2 2 3  

0 .5 8 0  
0 .5 3 3  
0 .4 8 4  

0 . 0 7 4  
0 .0 5 2  
0 .0 4 9  

1 . 9 5 0  
1 .9 0 1  
1 .8 4 5  

-

-
-

rf\LJ 
1 .2 2 6  
1 .1 6 0 
1 .3 8 2  

- 0  .2 2 1  
- 0  .2 8 0  
- 0  .32 9 

4 .5 02  
5 .0 0 6  
5 .7 1 1  

- 0  . 1 8 2  
- 0  .2 1 0  
- 0  .2 35  

1 .9 3 9  
1 .9 9 5  
1 .6 9 2  

0 .4 4 9  
0 .4 2 5  
0 .3 8 9  

0 . 0 4 4  
0 . 0 4 9  
0 .0 4 7  

1 .7 9 1  
1 .7 3 3  
1 . 6 7 7  

--

-

-

- (7
LJ 

1 .7 0 0  - 0  .3 7 6  6 .2 6 9  - 0  .2 63  1 .2 2 3  0 .3 5 7  0 . 0 7 1  1 .6 1 4  
-

1 . 9 0 3  
-

2 .5 4 8  
~ 

- 0  .4 2 6  
- 0  .4 6 3  

6 .9 5 6  
7 . 9 3 5  

- 0  .2 8 8  
- 0  .3 0 6  

1 .9 3 9  
1 .9 9 5  

0 .3 1 3  
0 .2 7 3  

0 . 0 9 0  
0 .0 1 4  

1 .5 5 2  
1 .4 8 8  

-
-

C 
3 .0 2 0  

~ 

- 0  .5 0 5  8 . 6 9 4  - 0  .3 3 0  1 .9 3 9  0 .2 3 0  0 .0 2 3  1 .4 2 9  
-

3 .3 5 7  - 3 .7 7 1  -
- 0  .5 5 1  
- 0  .5 9 5  

9 .4 5 4  
1 0  . 6 52  

- 0  .3 5 3  
- 0  .3 67  

1 .9 9 5  
1 .9 3 9  

0 .1 9 5  
0 .1 7 3  

0 . 0 0 9  
0 . 0 9 9  

1 .3 7 7  
1 .3 2 4  

- w 
4 .3 0 1  .--- - 0  . 6 3 5  1 3  .0 7 5  - 0  .3 5 6  1 .9 9 5  0 .1 63 0 .0 6 8  1 .2 7 7  
4 . 6 0 0  ....... 
4 . 9 5 6  -

- 0  . 6 8 2  
- 0  .7 2 8  

2 1 0. 6 5 7  
3 1 0.1 1 6  

- 0  .2 1 5  
- 0  .0 5 6  

1 . 9 3 9  
1 .9 9 5  

0 .1 3 8  
0 .1 1 6  

0 .0 5 8  
0 .0 4 8  

1 .2 2 4  
1 .1 7 1  rn 

5 .4 2 8  - - 0  .7 7 0  3 3  .3 5 6  - 0  .0 4 8  1 .9 3 9  0 .1 0 3  0 .0 4 3  1 .1 1 6  -
5 . 9 7 7  - 6 .7 1 8  ,__ 

- 0  .8 1 0  
- 0  .8 4 4  

3 5  .2 8 6  
3 7  .2 7 0  

- 0  . 0 4 7  
- 0  . 0 4 4  

1 .9 9 5  
1 .9 3 9  

0 .0 8 0  
0 .0 6 8  

0 .0 3 6  
0 .0 4 3  

1 .0 62 
-

1 .0 0 4  
-

C 
7 .3 0 5  

~ 

7 .7 5 7  
~ 

8 .3 8 3  -

- 0  .8 8 2  
- 0  . 92 5 
- 0  . 9 62  

3 9  .0 5 3  
4 0  .7 9 9  
4 2 .6 5 6  

- 0  .0 4 6  
- 0 .0 4 9  
- 0  . 0 4 9  

1 .9 9 5  
3 .0 3 2  
3 .0 2 8  

0 .0 6 3  
0 . 0 5 1  
0 .0 3 0  

0 .0 7 0  
0 . 0 8 8  
0 .0 9 5  

0 .9 3 9  
-

0 .8 7 8  
-

0 .8 2 0  
-

/I 

LJ 

9 .1 62 
,-..-

- 0  .9 9 5  4 5  .0 2 4  - 0  .0 3 9  3 .2 4 3  0 .0 1 6  0 .0 9 0  0 .7 6 5  
9 .7 1 1  .--

1 0  .3 1 7  ....... 

- 1 0.0 3 5  
- 1 0.0 7 3  

4 7  . 6 6 6  
49  .3 9 4  

- 0  . 023  
- 0  .0 2 6  

4 .5 7 8  
5 .7 5 3  

0 .0 0 0  
- 0  .0 2 1  

0 . 0 9 0  
0 .0 7 9  

0 .7 0 9  
0 . 6 5 6  w 

1 0  .9 8 1  - - 1 0.1 0 9  5 1 0.3 2 3  - 0  . 025  1 0  .1 4 8  - 0  .0 5 0  0 .0 6 9  0 . 6 02  -
1 1 0.7 9 9  

~ 

1 2  .7 5 1  
,-..-

1 3  .6 4 5  .--

- 1 0.1 4 1  
- 1 0.1 6 9  
- 1 0.1 9 8  

5 3  .0 8 8  
5 5  .7 8 5  
5 8  .0 9 8  

- 0  . 027  
- 0  .0 10  
- 0  .0 01 

1 5  .0 2 0  
2 0  . 6 12  
2 8  .7 2 5  

- 0  .0 0 5  
0 .0 0 1  
0 .0 0 6  

0 .0 5 2  
0 .0 2 3  
0 .0 5 8  

0 .5 5 1  -
0 .5 0 4  
0 .4 5 3  

w 

1 4  .7 3 1  ,___ 
1 7  .1 4 3  - -

- 1 0.2 2 2  
- 1 0.2 0 6  

59 . 9 1 8  
6 1 0. 9 5 7  

- 0  . 002  
0 .0 0 2  

3 4  .2 0 0  
3 6  .2 9 3  

0 .0 0 0  
0 . 0 0 4  

0 .1 4 7  
0 . 1 9 8  

0 .4 0 3  
0 .3 4 8  

-

w 
32  .3 8 6  

~ 

- 0  .8 0 5  6 4  .0 1 4  0 .0 0 6  3 7  .9 6 8  0 .0 0 1  0 .1 4 6  0 .2 9 0  -
6 0  .6 8 9  ,__ 
6 2  .8 1 3  -

- 0  .0 1 2  
- 0  .0 0 4  

6 5  .4 3 1  
6 7  . 653  

- 0  . 004  
0 .0 0 3  

3 9  .7 2 2  
4 1 0.6 1 6  

0 .0 0 3  
0 . 0 0 4  

0 .1 5 3  
0 .1 4 1  

0 .2 2 7  
0 .1 7 5  w 

6 4 0.6 68  - 0  .0 0 5  6 9  .5 4 6  0 .0 0 4  4 3  .2 5 0  0 .0 0 2  0 .1 4 1  0 .1 1 8  
~ 

6 6  .5 0 3  - - - 0  .0 0 6  7 1 .2 5 6  0 .0 0 0  4 5  .0 8 4  
--

0 .0 0 1  0 .1 6 9  0 .0 6 4  
6 8  .3 2 0  

[_ 7 0  .2 7 1  I 
- 0  .0 0 8  
- 0  .0 0 5  I 

7 3  .2 0 4  
7 5  .1 3 3  I 
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4 7  .1 1 7  
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- 0  .0 3 8  J 

w 
56 

w 

rn 

m 
Figure 1 3a 



--, 

' 7  

Figure 1 3a-continued 

N aO H  (pH 1 1 ) 0 0 .5 m M0E D TA l 0 m M 0S D S  N o  C :eanng S o llt:on 
D (nm ) F /R  ¢11 N /m )  D (nm ) F/R ¢n N /m  ) D (nm ) F/R ¢11 N /m )  D (nm ) F/R ¢11 N /m ) 

7 2  .3 1 8  0 .0 0 0  7 7  .0 62 0 .0 0 6  5 0  .8 0 5  0 .0 0 4  0 . 6 7 4  - 0  .0 8 8 0
;- -\ 

7 4  .1 7 2  - 0  .0 0 1 0 7 8 . 9 5 5  0 .0 0 6 0 5 2  .5 9 9  0 .0 0 1  0 .8 9 7  - 0  .1 3 7 0
7 5  .8 7 4 - 0  .0 0 6 0 8 0  .6 8 3  0 .0 0 2  5 4  .5 3 3  0 .0 0 3  0 .9 6 5  - 0  .1 9 1 0
7 8  .0 1 6  0 .0 0 2 0 82  .3 9 3  - 0  .0 0 3 0 5 6  .4 4 7 0 . 0 0 4  1 .1 0 1  - 0  .2 4 3 0
7 9  .6 2 1  - 0  .0 0 6 0 8 4  . 6 1 5  0 .0 0 8  5 8  . 6 4 0 0 .0 1 4  1 .1 6 9  - 0  .2 9 8 0
8 1 . 6 8 8  0 .0 0 0 0 8 6  .2 8 8  0 .0 0 2  6 0  .0 3 5  0 .0 0 0  1 .0 6 6  - 0  .3 5 7 0

�, 8 3  .5 4 2  - 0  .0 0 1  8 8  .2 5 4  0 .0 0 4  6 1 .8 8 9 0 - 0  .0 0 1 0 1 .2 3 7  - 0  .4 0 8 0
8 5  . 6 0 8  0 .0 0 5  9 0  .0 5 6  0 .0 0 2  6 3  .7 2 3  - 0  .0 0 2 0 1 .3 0 5  - 0 .4 620
8 7  .4 0 6  0 .0 0 3  92 .0 2 2  0 .0 0 5  6 5  .2 9 7  - 0 .0 1 1 0 1 .5 1 0  - 0  .5 1 2 0
8 9  .2 8 0  0 .0 0 3  9 4  .0 4 2  0 .0 0 9  6 7  .5 7 0  0 .0 0 1 0 1 .6 9 9  - 0  .5 630
9 1 .4 2 2  0 .0 1 1  9 5  .7 1 6  0 .0 0 3  6 9  .3 6 4  - 0  .0 0 2 0 1 .8 8 7  - 0  . 6 1 3 0
9 3  .3 5 4  0 .0 1 3  9 7  .4 9 9  0 .0 0 1  7 1 .2 5 8  - 0  .0 0 1 0 2 .2 1 3  - 0  . 6 6 0 0
9 5  .0 9 4  0 .0 0 8  9 9 .1 9 0  - 0  .0 0 5 0 7 3  . 1  7 2  0 .0 0 0 0 2 .7 6 2  - 0  .7 0 0 0

1 7  

9 7  .0 8 3  0 .0 1 2  1 0 1 .2 1 1  - 0  .0 0 1 0 7 5 .0 0 6  - 0 .0 0 1 0 3 .1 9 1  - 0  .7 4 3 0
9 8  .8 4 2  0 .0 0 8  1 0 3  .2 1 4  0 .0 0 3 0 7 7  .1 1 9 0 0 .0 0 6 0 3 .5 0 0  - 0  .7 9 0 0

1 0 0  . 9 6 5  0 .0 1 6  1 0 5  .0 3 3  0 .0 0 2 0 7 8  . 9 7 3  0 .0 0 6 0 3 .6 7 1  - 0  . 8 4 1 0
1 0 2  .7 2 4  0 .0 1 3  1 0 6  . 9 6 3  0 .0 0 3 0 8 0  .8 4 7 0 .0 0 6 0 3 .8 4 2  - 0 .8 920
1 0 4  .7 1 3  0 .0 1 6  1 0 8 .9 4 7  0 .0 0 7 0 8 2  .7 0 1  0 .0 0 5 0 4 .3 0 6  - 0  . 9 3 4 0
1 0 6  .4 7 2  0 .0 1 3  1 1 0  .7 8 5  0 .0 0 6 0 8 4  .5 1 5  0 .0 0 3 0 4 .7 8 6  - 0  . 9 7 60
1 0 8  .3 2 7  0 .0 1 2  1 1 2  .62 3 0 .0 0 4 0 8 6  .5 0 9 0 0 .0 0 7 0 4 . 9 0 6  - 1 .02 90
1 1 0  .2 9 7  0 . 0 1 5  1 1 4  .7 7 1  0 .0 1 3 0 8 8  .2 0 3  0 .0 0 1 0 5 .2 6 6  - 1 .0 7 4 0
1 1 1 . 9 2 1 0 . 0 0 7  1 1 6 .3 5 3  0 .0 0 4 0 8 9  . 9 1  7 - 0  .0 0 3 0 5 .7 6 4  - 1 .1 1 5 0
1 1 3  . 7 3 7  0 .0 0 6  1 1 8  . 1 5 5  0 .0 0 2 0 9 1 0. 9 3 1  0 .0 0 1 0 6 .2 9 6  - 1 .1 5 6 0
1 1 5  . 9 3 8  0 .0 1 5  1 2 0  .0 1 1  0 .0 0 1 0 9 3  .8 6 4  0 .0 0 3 0 6 .7 9 4  - 1 .1 9 7 0
1 1 7  . 6 3 9 0 .0 1 0  1 2 1 .8 67  0 .0 0 1 0 9 5  .7 3 8  0 .0 0 3 0 7 .4 6 4  - 1 .2 3 3 0

---7 
1 1 9  .3 4 0  0 .0 0 5  1 2 3  . 9 7 9 0 .0 0 8 0 9 7  .7 3 2  0 .0 0 6 0 8 .3 5 7  - 1 .2 630
1 2 1 .4 6 4  0 .0 1 3  1 2 5  .6 8 9  0 .0 0 3 0 9 9  . 60 6 0 .0 0 6 0 9 .0 4 3  - 1 .2 9 8 0
1 2 3 .4 5 3  0 .0 1 6  1 2 7  .7 1 0  0 .0 0 7 0 1 0 1 .3 4 0  0 .0 0 2 0 9 .6 1 0  - 1 .3 3 7 0
1 2 5 . 1 7 4  0 .0 1 1  1 2 9  .2 3 7  - 0  .0 0 3 0 1 0 3  .5 7 3  0 .0 1 3 0 1 0  .2 6 2  - 1 .3 7 40
1 2 7  .0 0 9  0 .0 1 0  1 3 1 .2 3 9  0 .0 0 1 0 1 0 5  .3 8 7  0 .0 1 1 0 1 1 .1 7 3  - 1 .4 0 3 0
1 2 8  .8 8 3  0 .0 1 0  1 3 3  .2 4 2  0 .0 0 5 0 1 0 6  . 9 8 1  0 .0 0 3 0 1 2  .1 6 9  - 1 .4 2 9 0
1 3 0  . 6 2 3  0 . 0 0 6  1 3 4  . 9 52  0 . 0 0 0 0 1 0 8  .8 3 5  0 .0 0 2 0 1 3  .0 62  - 1 .4 5 9 0
1 3 2  .8 4 3  0 .0 1 7 1 3 6  . 9 3 6  0 .0 0 3 0 1 1 0 .7 6 9  0 .0 0 4 0 1 4  .3 1 6 0 - 1 .4 7 7 0
1 3 4  . 62 1 0 .0 1 4  1 3 8  .6 0 9  - 0  .0 0 3 0 1 1 2  .7 0 3  0 .0 0 6 0 1 6  .7 2 2  - 1 .4 6 1 0
1 3 6  .2 8 3  0 .0 0 7  1 4 0  .5 3 9  - 0  .0 0 1 0 1 1 4  .4 5 7  0 .0 0 2 0 1 9  .8 1 5  - 1 .4 2 5 0
1 3 8  . 1 5 7  0 .0 0 7  1 4 2  .3 9 5  - 0  .0 0 2 0 1 1 6  .3 3 1  0 .0 0 2 0 3 2  . 9 6 4  - 1 .0 8 7 0
1 4 0  .1 0 8  0 .0 1 0  1 4 4  .1 4 2  - 0  .0 0 6 0 1 1 8  .3 2 4  0 .0 0 5 0 5 4  .1 2 3  - 0  .5 0 8 0
1 4 2  .1 1 7 0 .0 1 4  1 4 6  .1 62 -0 .0 0 1 0 1 2 0  .2 3 8  0 .0 0 7 0 5 7  .8 6 9  - 0  .4 5 2 0
1 4 3  . 9 3 3  0 .0 1 2  1 4 8  .3 1 1  0 .0 0 7 0 1 2 2  . 1  7 2  0 .0 0 8 0 5 9  .5 8 8  - 0  .4 5 7 0
1 4 5  . 9 2 2  0 .0 1 5  1 4 9  . 9 4 8  0 .0 0 0 0 1 2 3  . 9 6 6  0 .0 0 6 0 6 1 .2 5 4  - 0 .4 6 3 0
1 4 7  . 7 1 9  0 . 0 1 3  1 5 2  .0 0 5  0 .0 0 5 0 1 2 5  .8 4 0  0 .0 0 6 0 6 2  . 7 1 5  - 0  . 4  7 50
1 4 9  .4 7 8  0 . 0 1 0  1 5 3  . 6 9 7  0 .0 0 0 0 1 2 7 .7 5 4  0 .0 0 7 0 6 4  .2 6 1  - 0  .4 8 5 0
1 5 1 .2 7 5  0 .0 0 7  1 5 5  .6 4 4  0 .0 0 2 0 1 2 9  .7 0 7  0 .0 1 0 0 65 .8 9 3  - 0 .4 920
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Figure 1 3a-continued m 
N aO H  �H 1 1 )  0 .5 m M0 E D TA l 0 m M 0S D S  N o  C :ean:ing S o l rt::bn f'l 

D (nm ) LJF/R tn N /m ) D (nm ) F/R tn N /m ) D (nm ) F /R  ¢n N /m )  D (nm ) F /R  ¢Tl N /m ) 

1 5 3  .2 6 5  0 .0 1 1  1 5 7  .5 0 1  0 .0 02 1 3 1 0.4 02  0 .0 0 4  6 7  .3 3 6  - 0  .5 0 5  
1 5 4  . 6 3 9  - 0  .0 0 4  1 5 9  .5 0 3  0 .0 05 133 .3 95  0 .0 0 8  6 8  .4 8 7  - 0  .5 2 7  

� 1 5 6  .8 0 1  0 .0 0 4  1 6 1 0.1 5 8  - 0  .0 0 1  1 3 5  .3 6 9  0 .0 1 1  6 9  .5 3 5  - 0  .5 5 2  
1 5 8  .5 4 1  0 .0 0 0  1 6 3 .1 9 7  0 .0 04  137  . 123  0 .0 0 7  7 1 .4 2 5  - 0 .5 5 1  
1 6 0  .4 92  0 .0 0 3  1 6 4  . 92 6 - 0  .0 0 1  1 3 9 0.1 9 6  0 .0 1 3  7 4  .4 6 7  - 0 .5 1 6  11\LJ 1 62 .4 2 3  0 .0 0 4  1 6 6  .7 4 5  - 0  . 0 02  140  .8 1 1  0 .0 0 5  7 9  .5 5 4  - 0  .4 2 0  
1 6 4  .2 5 9  0 .0 0 3  1 6 8 .8 0 2  0 .0 0 3  1 4 2  .7 05  0 .0 0 6  8 5  .1 4 0  - 0  .3 0 8  
1 6 5  . 9 22  - 0  .0 0 3  1 7 0  .6 7 7  0 .0 03 1 4 4  .6 9 8  0 .0 1 0  9 1 0. 9 8 0  - 0  .1 5 9  I)LJ 1 6 8  .0 2 6  0 .0 0 4  1 7 2  .3 5 0  - 0  .0 0 3  1 4  6 .5 52  0 .0 0 9  9 4  .5 2 4  - 0  .1 3 9  
1 6 9  .7 2 7  - 0  .0 0 1  1 7 4  .3 1 6  0 .0 0 0  1 4 8  .4 4 6  0 .0 1 0  9 6 . 6 3 7  - 0  .1 3 2  

n 1 7 1 0.62 1 - 0  .0 0 1  1 7 6  .4 4 7  0 .0 0 8  1 5 0 0.1 60  0 .0 0 5  9 8  . 6 1 3  - 0  .1 2 9  
u 1 7 3  .4 3 7  - 0 .0 0 2  1 7 8  .3 0 3  0 .0 0 7  1 5 2 0.1 7 4  0 .0 0 9  1 0 0  .0 7 3  - 0  .1 4 1  

1 7 5 0.4 6 5  0 .0 0 2  1 8 0  .0 4 9  0 .0 03  154  .0 4 8  0 . 0 0 9  1 0 1 .8 6 1  - 0 .1 4 4  
i l 

1 7 6 0. 9 5 4  - 0 .0 0 9  1 8 1 0.8 8 7  0 .0 02 1 5 5  .7 02  0 .0 0 2  1 0 3  .3 9 0  - 0 .1 5 4  I 

LJ 1 7 9 0.0 9 7  - 0  .0 0 1  1 8 3  .7 8 0  0 .0 0 3  1 5 7  . 8 95  0 .0 1 2  1 0 5  .2 62  -0  .1 5 4  
1 8 0  .8 3 7  - 0  .0 0 5  1 8 5  . 6 55  0 .0 0 3  1 5 9  .5 1 0  0 .0 0 4  1 0 7  .5 8 2  - 0  .1 4 1  
1 8 2  .8 0 7  - 0  .0 0 2  1 8 7  .4 7 4  0 .0 0 1  1 6 1 .4 4 4  0 .0 0 6  1 1 1 .1 2 3  - 0  .0 9 1  rn 1 8 4 0.5 4 7  - 0  .0 0 7  1 8 9  .4 2 2  0 .0 0 3  1 63 .5 7 7  0 . 0 1 4  1 1 2  .4 9 7  - 0  .1 0 6  
1 8 6  .3 8 2  - 0  .0 0 8  1 9 1 0.2 6 0  0 .0 02 1 6 5 .2 9 1  0 .0 0 9  1 1 4  .0 7 8  - 0  .1 1 5  
1 8 8  .1 0 3  - 0  .0 1 2  1 9 3 .0 0 6  - 0  . 001  1 6 6 0. 9 85  0 .0 0 4  1 1 5  .3 8 3  - 0  .1 3 2  rn 1 9 0  .0 7 3  - 0  .0 0 9  1 9 4 0. 9 5 4  0 .0 0 1  1 6 8  .8 3 9  0 .0 0 3  1 1  7 .1 3 6  - 0  .1 3 6  
1 9 1 0.9 4 7  - 0  .0 0 9  1 9 6  .7 3 7  - 0  .0 02  1 7 0  .4 1 4  - 0  .0 0 6  1 2 1 .3 1 2  - 0  .0 6 7  

17 1 9 3 .8 2 1  - 0  .0 0 9  1 9 8  . 6 8 5  0 .0 0 0  1 7 2  .7 2 7  0 .0 0 7  1 2 5  .5 5 7  0 .0 0 5  LJ1 9 5  .4 8 3  - 0  .0 1 6  2 0 0  . 6 5 1  0 .0 0 3  1 7 4  .2 8 1  - 0  . 0 0 2  1 2 7  .3 7 8  0 .0 0 3  
1 9 7  .4 92  - 0  .0 1 2  2 0 2  .3 4 2  - 0  .0 03 1 7 6  .1 7 5  - 0  .0 0 2  1 2 9  .1 4 8  0 .0 0 0  

[7 
1 9 9  .3 8 5  - 0  .0 1 1  2 0 4  .5 4 6  0 .0 0 7  1 7 8  .2 0 9  0 .0 0 3  1 3 1 .0 5 5  0 .0 0 1  
2 0 1 0.0 4 8  - 0  .0 1 7  2 0 6 0.2 7 4  0 .0 0 3  1 7 9 0.8 8 3  - 0  .0 0 3  1 3 3 .0 4 9  0 .0 0 4  
2 0 3  .0 7 5  - 0 .0 1 3  2 0 8  .2 0 3  0 .0 0 5  1 8 1 0.7 3 7  - 0  .0 0 4  1 3 4  .8 8 7  0 .0 0 3  
2 0 5  .0 0 7  - 0 .0 1 1  2 1 0  .0 0 5  0 .0 0 2  1 83  .5 9 1  - 0  .0 0 4  1 3 6  .7 6 0  0 .0 0 3  n 

� 2 0 6  .7 0 8  - 0  .0 1 6  2 1 1 0.7 7 0  - 0  . 001  185  . 605  0 .0 0 0  1 3 8  .4 9 5  - 0  .0 0 1  
2 0 8  .6 7 8  - 0 .0 1 3  2 1 3  .5 3 5  - 0  .0 04 1 8 7  .3 7 9 - 0  .0 0 3  1 4 0  .4 3 7  0 .0 0 1  
2 1 0  .5 1 4  - 0  .0 1 5  2 1 5  .4 8 2  - 0  . 002  1 8 9  .4 7 2  0 .0 0 4  1 4 2  .4 1 3  0 .0 0 4  

� 2 1 2  .3 6 9  - 0  .0 1 5  2 1 7  .4 8 5  0 .0 02  1 9 1 .2 6 6  0 . 0 0 1  1 4 4  .2 0 0  0 .0 0 2  
2 1 4  .1 2 7  - 0  .0 1 9  2 1 9  .0 1 2  - 0  .0 08 1 92 .8 2 1  - 0  .0 0 8  1 4 6  .0 7 3  0 .0 0 2  
2 1 6  .1 9 3  - 0 .0 1 3  2 2 1 0.1 6 1  0 .0 0 0  1 9 4 .7 3 4  - 0  .0 0 7  1 4 8  .1 8 6  0 .0 0 9  CJ 2 1 8  .0 8 7  - 0  .0 1 2  2 2 2  .7 6 1  - 0  . 0 0 8  1 9 6  .5 68  -0  .0 0 8  1 4 9 0. 9 0 5  0 .0 0 4  
2 1 9  .6 7 3  - 0  .0 2 1  2 2 4  .7 2 7  - 0  .0 06  1 9 8 .5 82  -0  .0 0 4  1 5 1 .6 92  0 .0 0 2  
2 2 1 0.6 4 3  - 0  .0 1 8  2 2 6  .7 6 6  - 0  .0 01 2 0 0 0.4 9 6  - 0  .0 0 3  1 5 3  .5 8 2  0 .0 0 2  

� 
2 2 3 0.4 7 8  - 0  .0 1 9  2 2 8  . 6 9 5  0 .0 0 1  2 0 2  .3 90  - 0  .0 0 2  1 5 5  .5 4 0  0 .0 0 5  
2 2 5  .5 2 5  - 0  .0 1 4  2 3 0  .4 9 6  - 0  .0 01 2 0 4  .1 2 4  - 0  .0 0 7  1 5 7  .2 7 6  0 .0 0 0  
2 2 7  .1 6 9  - 0  .0 2 1  2 3 2  .3 1 6  - 0  .0 03 2 0 5  . 9 7 8  - 0  .0 0 7  1 5 9  .2 1 7  0 .0 0 2  w 
2 2 9 .1 9 6  - 0  .0 1 6  2 3 4  .3 7 3  0 .0 0 3  2 0 7  .8 32  -0  .0 0 8  1 6 1 .2 2 8  0 .0 0 7  
2 3 0  .9 9 3  - 0  .0 1 9  2 3 5  .8 6 4  - 0  .0 0 9  2 0 9  . 905  -0  .0 0 2  1 62 . 92 9 0 .0 0 1  

� 
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Figure 1 3a-continued 

N aO H  (pH 1 1 )  0 .5 m M E D TA l 0  m M  S D S  N o  C 12anilg S o ll.ton 

D u:im ) F /R  vn N  /m )  D (nm ) F /R  pi N  /m )  D u:im ) F /R  vn N  /m )  D u:im ) F/R vn N  /m )  

2 3 3  .0 6 0  - 0  .0 1 3  2 3 7  .92 1 - 0  .0 0 3  2 1 1  .4 4 0  - 0  .0 1 2  1 6 4 .6 9 9  - 0  .0 02  

234  .8 7 6 - 0  .0 1 5  2 3 9  . 9 4 2  0 .0 0 1  2 1 3  .5 5 3  - 0  .0 0 5  1 6 6  . 64 0 0 .0 0 0  

2 3 6  .8 0 8  - 0  .0 1 3  2 4 1  . 6 8 9 - 0  .0 0 3  2 1 5  .3 6 7  - 0  .0 0 7  1 6 8 .2 3 8  - 0  .0 0 8  

2 3 8  . 6 0 5  - 0  .0 1 5  2 4 3  .4 3 5  - 0  .0 0 7  2 1  7 .2 0 1  - 0  .0 0 8  1 7 0  .3 6 9  0 .0 0 0  
r-- 1 

2 4 0  . 6 1 3  - 0  .0 1 1  2 4 5  .4 0 1  - 0  .0 0 4  2 1 9  .1 5 5  - 0  .0 0 6  1 7 2  .1 5 6  - 0  .0 0 3  

2 4 2  .2 9 5  - 0  .0 1 7 2 4  7 .2 5 7  - 0  .0 0 4  2 2 1  .0 0 9  - 0  .0 0 6  1 7 4  .1 1 5  0 .0 0 0  

2 4 4  .1 3 1  - 0  .0 1 8  2 4  9 .0 0 4  - 0  .0 0 8  2 2 2  . 6 6 3  - 0  .0 1 3  1 7 5  . 93 6 - 0  .0 02  
1- 7 2 4 6  .2 9 3  - 0  .0 0 9  2 5 0  .7 8 7  - 0  .0 1 1  2 2 4  .4 9 7  - 0  .0 1 4  1 7 7  . 92 9 0 .0 0 2  

2 4 8  .1 6 7  - 0  .0 0 9  2 5 2  .6 8 0  - 0  .0 1 0  2 2 6  .6 1 0  - 0  .0 0 7  1 7 9  . 6 8 2  - 0  .0 02  

250  .0 4 1  - 0  .0 0 9  2 5 4  .5 9 1  - 0  .0 0 9  2 2 8  .4 0 4  - 0  .0 0 9  1 8 1  .5 8 9  - 0  .0 0 1  

2 5 1  . 9 7 3 - 0  .0 0 8  2 5 6  .5 0 2  - 0  .0 0 8  2 3 0  .2 5 8  - 0  .0 1 0  1 8 3  .5 9 9  0 .0 0 3  

2 5 3  .7 8 9  - 0  .0 0 9  2 5 8  .3 4 0  - 0  .0 0 9  2 3 2  .2 1 2  - 0  .0 0 7  1 8 5  .3 5 2  - 0  .0 0 1  

2 5 5  .7 2 1  - 0  .0 0 8  2 60  .0 8 6  - 0  .0 1 3  2 3 4  .2 2 6 - 0  .0 0 3  1 8 7  .4 6 6  0 .0 0 7  

2 5 7  .4 2 2  - 0  .0 1 3  2 62 .1 4 4  - 0  .0 0 8  2 3 5  .9 0 0  - 0  .0 0 9  1 8 9  .0 2 9  - 0  .0 0 3  

2 5 9  .3 9 2  - 0  .0 1 0  2 6 3 .8 1 7  - 0  .0 1 4  2 3 7  .9 1 4  - 0  .0 0 5  1 9 0  .7 4 7  - 0  .0 0 7  

2 6 1  .4 3 9  - 0  .0 0 5  2 6 5 .8 93  -0  .0 0 8  2 3 9  .8 0 7  - 0  .0 0 4  1 9 2 .8 2 6  - 0  .0 0 1  

2 6 3  .3 5 1  - 0  .0 0 4  2 6 7 . 6 5 7  - 0  .0 1 1  2 4 1  .5 2 2  - 0  .0 0 9  1 9 4 . 6 6 5  - 0  .0 02  

2 6 5  .3 7 9  0 .0 0 1  2 6 9  .7 33  -0  .0 0 5  2 4 3  .6 7 5  - 0  .0 0 1  1 9 6 . 6 5 8  0 .0 0 1  

2 6 7  .1 5 7  - 0  .0 0 2  2 7 1  . 6 62  -0  .0 0 3  2 4 5  .4 0 9  - 0  .0 0 5  1 9 8 .5 4 8  0 .0 02  

2 6 9  .1 6 5  0 .0 0 2  2 7 3  .2 63  - 0  .0 1 1  2 4 7  .0 6 4  - 0  .0 1 2  2 0 0  .5 9 3  0 .0 0 7  

2 7 0  .8 2 8  - 0  .0 0 4  2 7 5  .1 1 9  - 0  .0 1 2  2 4 9  .0 3 7  - 0  .0 0 9  2 0 2 .2 4 2  0 .0 0 0  

2 7 2  .8 3 6  0 .0 0 0  2 7 7  .1 2 1  - 0  .0 0 8  2 5 1  .0 1 1  - 0  .0 0 6  2 0 4  .1 6 7  0 .0 02  

2 7 4  .5 7 6  - 0  .0 0 4  2 7 9  . 032  -0  .0 0 7  2 5 3  .0 8 4  0 .0 0 0  2 0 5  .8 1 6  - 0  .0 0 5  

2 7 6  .4 8 8  - 0  .0 0 3  2 8 0  .8 1 5  - 0  .0 1 0  2 5 4  . 9 3 8  0 .0 0 0  2 0 7  .8 7 8 0 .0 0 1  

2 7 8  .4 3 9  - 0  .0 0 1  2 8 2  .7 4 5  - 0  .0 0 8  2 5 6  .5 5 3  - 0  .0 0 8  2 0 9  .8 5 4  0 .0 0 4  

2 8 0  .4 8 6  0 .0 0 4  2 8 4  .5 4 6 - 0  .0 1 0  2 5 8  .3 6 7  - 0  .0 1 0  2 1 1  .8 6 5  0 .0 0 8  

2 8 1  . 9 7 6  - 0  .0 0 7  2 8 6  .4 02  - 0  .0 1 1  2 6 0 .1 6 1  - 0  .0 1 2  2 1 3  .5 1 4  0 .0 0 1  

2 8 3  .9 8 4  - 0  .0 0 3  2 8 8  .2 7 7  - 0  .0 1 1  2 6 1 . 9 9 5  - 0  .0 1 3  2 1 5  .2 5 0  - 0  .0 0 3  

2 8 6  .2 2 3  0 .0 0 8  2 9 0 .2 4 3  - 0  .0 0 8  2 6 4 .1 6 8  - 0  .0 0 4  2 1 7  .1 9 1  - 0  .0 0 1  

2 8 7  .7 3 2  - 0  .0 0 3  2 92 .2 2 7  - 0  .0 0 5  2 6 5 .8 62  - 0  .0 1 0  2 1 9  .1 1 6  0 .0 0 0  

2 8 9  .7 0 2  0 .0 0 0  2 9 3  . 9 7 3  - 0  .0 0 8  2 6 7 .8 9 6  - 0  .0 0 5  2 2 0  . 9 3 7  - 0  .0 0 1  

2 9 1  . 6 3 4  0 . 0 0 2  2 9 5 .92 1 - 0  .0 0 6  2 6 9  . 6 5 0  - 0  .0 0 9  2 2 2  . 9 9 9  0 .0 0 4  

2 9 3  .3 7 4 - 0  .0 0 3  2 9 7  . 6 6 8  - 0  .0 1 0  2 7 1  .8 4 3  0 .0 0 1  2 2 4  .5 8 0  - 0  .0 0 4  

2 9 5  .5 5 5  0 .0 0 7  2 9 9  .5 0 6  - 0  .0 1 1  2 7 3  .3 7 8  - 0  .0 0 9  2 2 6  .4 7 0  - 0  .0 0 4  

2 9 7  .1 2 2  - 0  .0 0 3  3 0 1  .3 0 7  - 0  .0 1 3  2 7 5  .4 9 1  - 0  .0 0 2  2 2 8  . 6 5 2  0 .0 0 5  

2 9 8  . 9 9 6  - 0  .0 0 3  3 0 3  .2 1 8  - 0  .0 1 2  2 7 7  .3 8 5  - 0  .0 0 1  2 3 0  .3 3 6  0 .0 0 0  

3 0 0  .8 3 1  - 0  .0 0 4  3 0 5  .2 2 0  - 0  .0 0 8  2 7 9 .0 3 9  - 0  .0 0 8  2 3 2  .2 0 9  0 .0 0 0  

3 0 2  .8 7 8  0 .0 0 2  3 0 7  .0 7 7  - 0  .0 0 9  2 8 1  .2 1 2  0 .0 0 1  2 3 4  .0 4 7  - 0  .0 0 1  
IL . J  

3 0 4  .8 8 7  0 .0 0 6  3 0 9  .3 9 0  0 .0 0 4  2 8 2  .8 8 7  - 0  .0 0 5  2 3 5  .7 8 3  - 0  .0 0 6  

3 0 6  .5 3 0  - 0  .0 0 1  3 1 0  .8 8 1  - 0  .0 0 7  2 8 4  .7 4 1  - 0  .0 0 6  2 3 7  .8 7 9  0 .0 0 1  

3 0 8  .5 1 9  0 .0 0 2  3 1 2  .62 7 - 0  .0 1 1  2 8 6  . 6 5 4  - 0  .0 0 4  2 3 9  .6 4 9  - 0  .0 0 2  

3 1 0  .2 4 0  - 0  .0 0 3  3 1 4  .7 0 3  - 0  .0 0 5  2 8 8  . 4  6 8  - 0  .0 0 6  2 4 1  .2 8 1  - 0  .0 0 9  

3 1 2  .2 4 8  0 .0 0 2  3 1 6  . 6 3 2  - 0  .0 0 3  2 9 0  .4 4 2  - 0  .0 0 3  2 4 3  .2 2 3  - 0  .0 0 7  

{_ _) 
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Figure 1 3a-continued L, 

N aO H  (pH 1 1 )  0 .5 m 0M0 E D TA l 0 0m M 0S D S  N o  C l2anng S o llt:bn 
D (nm ) F /R  ¢n N  /m )  D (nm ) F/R ¢Il N  /m )  D (nm ) F /R  ¢n N  /m ) D (nm ) F /R  ¢n N /m } 

3 1 4  .1 9 9  0 .0 0 4  3 1 8  .3 9 7  - 0 .0 0 7 0 2 9 1 .9 7 7  - 0 0.0 1 3 0 2 4 5  .0 7 8  - 0  .0 0 8 0
3 1 6  .1 6 9  0 .0 0 7  3 2 0  .2 7 1  - 0  .0 0 7 0 2 9 3 . 950  - 0  .0 1 0 0 2 4 7  .0 7 2  - 0  .0 0 4 0
3 1 8  .1 0 1  0 .0 0 8  3 2 2 0.1 4 6 0 - 0  .0 0 7 0 2 9 5 .8 8 4  - 0 0.0 0 9 0 2 4 8  .8 9 3  - 0  .0 0 6 0
3 1 9  . 9 3 6  
3 2 1 0.5 4 1  
3 2 3  .5 3 1  

0 .0 0 7  
- 0  .0 0 1 0
0 .0 0 3 0

3 2 4  .1 4 8  
32 6 .0 7 8  
3 2 8  .0 0 7  

- 0 .0 0 3 0
- 0  .0 0 1 0
0 .0 010

2 9 7 .9 1 8  
2 9 9  .7 3 2  
3 0 1 0.4 8 6 

- 0  .0 0 4 0
- 0 .0 0 6 0
- 0 .0 0 9 0

2 5 0  .6 1 1  
2 5 2  .5 3 6  
2 5 4  .3 7 4  

- 0 .0 1 1 0
- 0  .0 0 9 0
- 0  .0 1 0 0

,- ,' ' 

L_ 
3 2 5  .6 1 6  
3 2 7  .4 52  

0 .0 0 9 0
0 .0 0 8 0

3 2 9 . 9 5 4  
3 3 1 0.8 6 5  

0 . 0030
0 .0 0 40

3 0 3  .5 7 9 
3 0 5  .2 7 4  

- 0  .0 0 3 0
- 0  .0 0 8 0

2 5 6  .3 1 6  
2 5 8  .2 4 0  

- 0  .0 0 8 0
- 0  .0 0 7 0

\-i 

32 9 .0 5 7  0 .0 0 0 0 333  .7 2 2  0 . 0 030 3 0 7  .2 4 7 - 0  .0 0 5 0 2 6 0 .0 6 1  - 0  .0 0 8 0 L__c 

3 3 1 0.0 8 4  0 .0 0 4 0 335 .3 4 0  - 0  .0 0 4 0 3 0 8  .9 6 1  - 0  .0 1 0 0 2 6 1 .9 3 4  - 0  .0 0 8 0
3320.9 3 9  0 .0 0 4 0 3 3 7  .4 3 4  0 . 0 0 2 0 3 1 0  .8 3 5  - 0  .0 1 0 0 2 6 3 .8 9 3  - 0  .0 0 6 0
3 3 4  .8 3 2  0 .0 0 4 0 3 3 9  .1 9 9  - 0  .0 0 1 0 3 1 2  .7 2 9  - 0  .0 0 9 0 2 65 .6 8 0  - 0  .0 0 8 0
3 3 6  .6 8 7  0 .0 0 4 0 3 4 1 0.0 1 9 0 - 0  .0 030 3 1 4  .7 8 3  - 0  .0 0 4 0 2 6 7 .3 9 8  - 0 .0 1 3 0
3 3 8 0.8 4 9 0 0 .0 1 2 0 342  . 9 6 6  0 .0 0 0 0 3 1 6  .2 7 7  - 0  .0 1 5 0 2 6 9  .2 3 7  - 0  .0 1 4 0

r -

3 4 0  .5 5 0  0 .0 0 7 0 3 4 5  .0 6 0  0 .0 0 6 0 3 1 8  . 67 0 0 .0 0 0 0 2 7 1 0.1 2 7  - 0  .0 1 3 0
)L, 

3 4 2  .3 8 6  0 .0 0 6 0 3 4 6  .8 9 8  0 .0 0 5 0 3 2 0  .2 65  - 0  .0 0 8 0 2 7 3  .3 9 5  - 0  .0 0 2 0
3 4 4  .2 0 2  0 .0 0 4 0 3 4 8  .7 7 3  0 .0 0 5 0 3 2 2  .0 5 9  - 0 .0 1 1 0 2 7 5  .0 7 9 0 - 0  .0 0 7 0
3 4 6  .0 9 6  0 .0 0 5 0 3 5 0  .4 6 4  0 .0 0 0 0 3 2 3  .8 7 3  - 0  .0 1 2 0 2 7 7 0.1 7 5  - 0  .0 0 1 0
3 4  7 .9 3 1  0 .0 0 4 0 3 5 2  .3 5 7  0 .0 0 0 0 3 2 5  .9 6 6  - 0  .0 0 6 0 2 7 8  .8 0 8  - 0  .0 0 8 0
3 4  9 .5 9 4  - 0  .0 0 3 0 3 5 4  .5 7 9 0 0 .0 1 1 0 3 2 7  .8 60  - 0  .0 0 5 0 2 8 0  .6 4 6  - 0  .0 0 9 0
3 5 1 0. 92 9 0 .0 1 1 0 3 5 6  .3 62  0 .0 0 8 0 3 2 9  .6 7 4  - 0  .0 0 7 0 2 8 2  .6 9 1  - 0  .0 0 4 0
3 5 3 0.4 7 6  0 .0 0 2 0 3 5 8  .1 6 3  0 .0 0 6 0 3 3 1  .4 8 8  - 0  .0 0 9 0 2 8 4 0.4 9 5  - 0  .0 0 6 0
3 5 5  .5 4 3  0 .0 0 7 0 3 6 0  .1 4 7 0 .0 0 9 0 3 3 3  .3 0 2  - 0  .0 1 1 0 2 8 6  .3 6 8  - 0  .0 0 6 0
3 5 7  .5 5 1  0 .0 1 1 0 3 6 1 0.8 7 6 0 0 .0 0 5 0 3 3 5  .0 3 6  - 0  .0 1 5 0 2 8 8  .3 2 7  - 0  .0 0 3 0
3 5 9  .2 3 3  0 .0 0 6 0 3 6 3  .7 1 4  0 .0 040 3 3 6  .8 1 0  - 0  .0 1 8 0 2 9 0  .0 7 9 0 - 0  .0 0 7 0
3 6 1 0.0 6 8  0 .0 0 4 0 3 6 5 0.4 7 9  0 .0 0 0 0 3 3 9  .1 2 3  - 0  .0 0 5 0 2 92 .1 2 4  - 0  .0 020
3 6 2  .8 6 6  0 .0 0 2 0 3 6 7  .5 1 8  0 .0 0 5 0 3 4 1 0.0 5 7  - 0  .0 0 3 0 2 9 4 .0 6 6  0 .0 0 0 0
3 6 4  . 9 8 9  0 .0 1 0 0 3 6 9  .1 9 1  - 0  .0 010 3 4 2  .7 5 1  - 0  .0 0 8 0 2 9 5  .8 0 1  - 0  .0 0 4 0
3 6 7  .0 1 7 0 .0 1 4 0 3 7 1 0.1 5 7  0 .0 020 3 4 4  .7 65  -0  .0 0 4 0 2 9 7  .4 8 5  - 0  .0 1 0 0
3 6 8 0. 6 22  0 .0 0 6 0 372  . 9 2 2  - 0  .0 010 3 4 6 0.6 1 9  - 0  .0 0 5 0 2 9 9  .8 9 1  0 .0 0 6 0
370  .4 9 6  0 .0 0 6 0 3 7 4  .9 4 2  0 .0 0 3 0 3 4 8  .1 5 3  - 0  .0 1 5 0 3 0 1 0.4 8 9 0 - 0  .0 020
3 7 2  .4 8 5  0 .0 1 0 0 3 7 6  .8 9 0  0 .0 0 5 0 3 5 0  .0 2 7  - 0  .0 1 5 0 3 0 3  .5 5 1  0 .0 0 3 0
3 7 4  .3 0 2  0 .0 0 8 0 3 7 8  . 6 5 5  0 .0 020 3 5 2  .2 4 0  - 0  .0 0 5 0 3 0 5  .1 1 4  - 0  .0 0 6 0
3 7 6  .2 1 4  0 .0 0 9 0 3 8 0  .6 9 4  0 .0 0 7 0 3 5 3  .8 7 5 - 0  .0 1 2 0 3 0 7  .1 2 4  - 0  .0 020

3 7 8  .1 4 6  0 .0 1 1 0 3 8 2  .5 3 2  0 .0 0 6 0 3 5 5  .8 6 8  - 0  .0 0 8 0 3 0 9  .3 4 1  0 .0 0 9 0

3 7 9  . 9 0 5  0 .0 0 7 0 3 8 4  .3 1 5  0 .0 030 3 5 7  .8 02  - 0  .0 0 6 0 3 1 1 0.0 4 2  0 .0 0 3 0

3 8 1 0.8 3 6  0 .0 0 9 0 3 8 6  .0 6 1  - 0  .0 0 1 0 3 5 9  .67 6 - 0  .0 0 6 0 3 1 2  .7 7 7  - 0  .0 0 1 0

3 8 3  .7 4 9 0 0 .0 1 0 0 3 8 8  .0 0 9  0 .0 0 20 3 6 1 0.5 1 0  - 0  .0 0 8 0 3 1 4  .5 8 2  - 0  .0 0 3 0

3 8 5  . 6 4 2  0 .0 1 1 0 390  .0 1 2  0 .0 0 6 0 3 63 .4 8 4  - 0  .0 0 5 0 3 1 6  .6 4 4  0 .0 0 3 0

3 8 7  .4 0 1  0 .0 0 7 0 3 9 1 0.8 4 9 0 0 .0 040 3 65 .3 3 8  - 0  .0 0 5 0 3 1 8  .5 8 5  0 .0 0 5 0

3 8 9  .4 2 8  0 .0 1 2 0 393  . 633  0 .0 0 20 3 6 7  .2 3 1  - 0  .0 0 5 0 3 2 0  .3 2 1  0 .0 0 1 0

3 9 1 0.0 3 3  0 .0 0 4 0 395  .6 9 0  0 .0 0 7 0 3 6 9  .3 4 5  0 .0 0 3 0 3 2 2  .1 5 9  0 .0 0 0 0

3 9 3  .0 8 0  0 .0 0 9 0 3 9 7  .4 3 6  0 .0 0 3 0 3 7 1 0.0 1 9  - 0  .0 0 3 0 3 2 3  . 9 9 8  - 0  .0 020
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Figure 1 3a-continued 

N aO H  (pH 1 1 )  0 .5 m M E D TA l 0  m M  S D S  N o  C :ean.ng S o  1.1 ti::m 

D (nm ) F /R  qn N  /m ) D (nm ) F /R  ¢n N  /m ) D (nm ) F /R  qn N  /m ) D (nm ) F/R  qn N  /m ) 

3 9 4  .7 62  0 .0 0 3  3 9 9  .2 3 8  0 .0 0 1  3 7  3 .2 32  0 .0 0 7  3 2 5  .9 3 9  0 .0 0 0  

3 9 6  .7 1 3  0 .0 0 6  4 0 1  .2 4 0  0 .0 0 5  3 7 4  . 9 0 6  0 .0 0 1  3 2 7  .8 4 7 0 .0 0 1  

3 9 8  .4 1 4  0 .0 0 0  4 0 3  .1 5 1  0 .0 0 6  3 7 6 .92 0 0 .0 0 5  3 2 9 . 6 3 4  - 0  .0 0 1  

4 0 0  .3 6 5  0 .0 0 3  4 0 4  .8 4 3  0 .0 0 1  3 7 8  .8 9 4  0 .0 0 8  3 3 1  .5 5 8  0 .0 0 0  
r�1 

4 0 2  .4 8 9  0 .0 1 0  4 0 6  . 955  0 .0 0 8  3 8 0  . 92 7 0 .0 1 3  3 3 3  .5 6 8  0 .0 0 4  

4 0 4  .0 3 6  0 .0 0 0  4 0 8  .62 9 0 .0 0 2  3 8 2  .5 62 0 .0 0 5  3 3 5  . 6 8 2  0 .0 1 2  

4 0 6  .0 8 3  0 .0 0 6  4 1 0  .5 0 3  0 .0 0 2  3 8 4  . 6 1 5  0 .0 1 1  3 3 7  .2 4 5  0 . 002  

4 0 7  .7 8 4  0 .0 0 0  4 1 2  .32 3 0 .0 0 0  3 8 6  .5 0 9  0 .0 1 1  3 3 9  .0 8 4  0 .0 0 1  

4 0 9  .6 5 8  0 .0 0 0  4 1 4  .3 4 3  0 .0 0 5  3 8 8  .3 4 3  0 .0 1 0  3 4 0  . 9 0 5  0 .0 0 0  

4 1 1  .4 9 4  - 0  .0 0 1  4 1 6  .1 4 5  0 .0 0 2  3 9 0  .2 7 7  0 .0 1 2  3 4 3  .0 8 8  0 .0 0 9  

4 1 3  .2 5 3  - 0  .0 0 4  4 1 8  .12 9 0 .0 0 6  3 9 2  .2 1 0  0 .0 1 4  3 4 4  .7 0 3  0 .0 0 1  

4 1 5  .4 1 5  0 .0 0 4  4 1 9  .8 7 5  0 .0 0 2  3 9 4  .1 2 4  0 .0 1 5  3 4 6 .7 9 9  0 .0 0 8  

4 1  7 .1 5 4  0 .0 0 0  4 2 1  . 9 5 1  0 .0 0 8  3 9 5  .8 9 8  0 .0 1 2  3 4 8  .7 4 1  0 .0 1 0  

4 1 9  .0 2 8  0 .0 0 0  4 2 3  . 6 9 8  0 .0 0 4  3 9 7  . 9 92  0 .0 1 9  3 5 0  .3 2 1  0 .0 0 1  

4 2 0  .8 2 6  - 0  .0 02  4 2 5  .60 9 0 .0 0 5  3 9 9  .7 0 6  0 .0 1 4  3 5 2  .3 32  0 .0 0 5  

4 2 2  .8 3 4  0 .0 0 2  4 2 7  .4 1 0  0 .0 0 3  4 0 1  .4 2 0  0 .0 0 9  3 5 4  .1 5 3  0 .0 0 4  

4 2 4  .4 3 9  - 0  .0 0 6  4 2  9 .3 5 8  0 .0 0 5  4 0 3  .4 1 4  0 .0 1 3  3 5 6  .1 8 1  0 .0 0 8  

4 2 6  .4 4 8  - 0  .0 02  4 3 1  .1 2 3  0 .0 0 2  4 0 5  .2 8 8  0 .0 1 3  3 5 8  .0 1 9  0 .0 0 7  

4 2 8  .3 7 9 0 .0 0 0  4 32 .8 1 4  - 0  .0 0 4  4 0 7  .2 6 1  0 .0 1 6  3 5 9  .8 0 6  0 .0 0 5  

4 3 0  .1 7 6  - 0  .0 0 3  4 3 4  .92 6 0 .0 0 4  4 0 9  .0 1 5  0 .0 1 2  3 6 1  . 9 0 2  0 .0 1 1  

4 3 1  .7 4 3  - 0  .0 12  4 3 6 . 9 4 7  0 .0 0 8  4 1 1  .4 0 8  0 .0 2 8  3 6 3  . 6 7 2  0 .0 0 8  

4 3 3  .7 9 0  - 0  .0 0 7  4 3 8  .5 8 4  0 .0 0 1  4 1 2  . 9 03  0 .0 1 6  3 6 5  .5 7 9  0 .0 0 9  

4 3 5  .5 3 0  - 0 .0 1 1  4 4 0 .4 7 7  0 .0 0 2  4 1 4  .7 5 7  0 .0 1 6  3 6 7  .4 1 8  0 .0 0 8  

4 3 7  .4  6 1  - 0  .0 0 9  4 4 2  .2 9 6  0 .0 0 0  4 1 6  .5 5 1  0 .0 1 3  3 6 9  .4 6 3  0 .0 1 3  

4 3 9  .4 8 9  - 0  .0 0 4  4 4 4  .3 90  0 .0 0 6  4 1 8  .3 8 5  0 .0 1 2  3 7 1  . 1 4 7  0 .0 0 7  

4 4 1  .4 0 1  - 0  .0 0 3  4 4 6  .0 6 4  0 .0 0 0  4 2 0  .3 7 8  0 .0 1 6  3 7 3  .0 7 1  0 .0 0 9  

4 4 3  .1 0 2  - 0  .0 0 8  4 4 8  .0 3 0  0 .0 0 3  4 2 2  .0 5 3  0 .0 1 0  3 7 4  . 9 6 1  0 .0 0 9  

4 4 4  .9 9 6  - 0  .0 0 8  4 4 9  .9 4 1  0 .0 0 4  4 2 3  . 9 6 7  0 .0 1 1  3 7 6  . 6 7 9 0 .0 0 5  

4 4 6  . 9 8 5  - 0  .0 0 4  4 5 1  .7 97  0 .0 0 4  4 2 5  .8 0 1  0 .0 1 0  3 7 8  .7 2 4  0 .0 1 0  

4 4 8  . 62 8 - 0  .0 1 1  4 5 3  .4 7 0  - 0  .0 0 2  4 2 7  .7 1 4  0 .0 1 1  3 8 0  . 4 7 7  0 .0 0 6  

4 5 0  .7 5 2  - 0  .0 0 4  4 5 5  .4 9 1  0 .0 0 2  4 2  9 .3 0 9  0 .0 0 2  3 8 2  .3 5 0  0 .0 0 6  

4 5 2  .4 3 4  - 0  .0 0 9  4 5 7  .4 5 7  0 .0 0 5  4 3 1  .3 8 2  0 .0 0 8  3 8 4  .3 9 4  0 .0 1 1  
'L __  I 4 5 4  .2 7 0  - 0  .0 1 1  4 5 9  .0 9 4  - 0  .0 0 2  4 3 3  .1 1 6  0 .0 0 4  3 8 6  .0 6 1  0 .0 0 5  

4 5  6 .1 8 2  - 0  .0 0 9  4 60 . 9 1 3  - 0  .0 0 4  4 3 5  .2 1 0  0 .0 1 1  3 8 8  . 1 92  0 .0 1 3  

4 5 7  . 9 2 2  - 0  .0 1 3  4 6 2  . 934  0 .0 0 1  4 3 7  .3 0 3  0 .0 1 7  3 8 9  . 9 7 9 0 .0 1 0  

4 5 9  .9 6 9  - 0  .0 0 8  4 6 4 .8 4 5  0 .0 0 2  4 3 8  .8 3 8  0 .0 0 7  3 9 1  .7 4 8  0 .0 0 7  

4 6 1  .8 4 3  - 0  .0 0 8  4 6 7 .1 03  0 .0 1 3  4 4 0  . 6 72  0 .0 0 6  3 9 3  . 6 3 8  0 .0 0 8  

4 6 3 .5 6 3  - 0  .0 1 3  4 6 8  .5 9 4  0 .0 0 2  4 4 2  .2 2 6  - 0  .0 0 4  3 9 5  .5 4 6  0 .0 0 9  

4 6 5 .3 0 2  - 0  .0 1 7 4 7 0 .4 8 7  0 .0 0 2  4 4 4  .3 8 0  0 .0 0 5  3 9 7  .2 8 1  0 .0 0 4  

4 6 7 .0 8 0  - 0  .0 2 0  4 7 2  .3 8 0  0 .0 0 3  4 4 6  .1 1 4  0 .0 0 1  3 9 9  .0 5 1  0 .0 0 1  

4 6 9  .2 2 3  - 0  .0 1 2  4 7 4  .0 90  -0  .0 0 2  4 4 7  . 9 4 8  - 0  .0 0 1  4 0 1  . 1 1 3  0 .0 0 7  

4 7 1  .2 7 0  - 0  .0 0 7  4 7 6 .0 5 6  0 .0 0 1  4 5 0  .0 6 1  0 .0 0 7  4 0 2  .7 9 7  0 .0 0 1  

4 7 3  .0 1 0  - 0  .0 1 1  4 7 7  . 9 67  0 .0 0 2  4 5 1  .8 3 5  0 .0 0 4  4 0 4  .7 2 1  0 .0 0 3  
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Figure 1 3a-continued 

N aO H  (pH 1 1 )  0 . 5  m M E D TA l 0 0m M 0S D S  N o  C .12anng S o Juti:m 
D (nm ) F/R 6n N  /m )  D (nm ) F/R 6n N  /m )  D (nm ) F/R 6n N  /m )  D (nm ) F/R 6n N  /m ) 

4 7 4 0. 9 4 1 - 0  .0 0 9  4 7 9  .7 6 8  0 .0 0 0  4 5 3  .8 0 9  0 .0 0 7  4 0 6  . 6 6 3  0 .0 0 5  
4 7 6 .7 7 7  - 0  .0 1 0  4 8 1 0.7 7 0  0 . 0 0 3  4 5 5  . 6 8 3  0 .0 0 7  4 0 8  .2 7 8  - 0  .0 0 3  
4 7 8 0. 6 5 1  - 0  .0 1 0  4 8 3  .5 7 2  0 .0 0 1  4 5 7  .4 1 7  0 .0 0 2  4 1 0  .2 1 9  - 0  .0 0 1  
4 8 0  .3 52  - 0  .0 1 5  4 8 5  .2 4 5  - 0  . 0 05  4 5 9  .1 7 1  - 0  .0 0 1  4 1 2  .1 9 5  0 .0 0 2  
4 82  .0 7 3  - 0  .0 2 0  4 8 7  .1 3 8  - 0  . 0 04  4 6 1 .5 6 4  0 .0 1 4  4 1 3  . 9 4 8  - 0  .0 0 2  
4 8 4  .0 62 - 0  .0 1 6  4 8 9  .0 8 6  - 0  . 0 0 2  4 62 .9 1 9  - 0  .0 0 1  4 1 5  .8 9 0  0 .0 0 0  
4 8 6  .2 0 5  - 0  .0 0 8  4 9 0  . 9 0 5  - 0  . 0 0 4  4 6 4 . 9 7 2  0 . 0 0 4  4 1  7 . 6 9 4  - 0  .0 0 2  
4 8 8  .1 7 5  - 0  .0 0 5  4 9 3 0.0 3 6  0 . 0 0 4  4 6 6  .8 2 6  0 . 0 0 4  4 1 9  .7 3 9  0 .0 0 3  
4 8 9  .7 9 9  - 0  .0 1 3  4 9 4  . 6 7 3  - 0  .0 03  4 6 8  .4 4 1  - 0  .0 0 4  4 2 1 0.4 7 4  - 0  .0 0 1  c_J 

4 9 1 0. 6 7 3  - 0  .0 1 3  4 9 6  .5 65  - 0  . 0 02  4 7 0  .5 1 4  0 .0 0 2  4 2 3  .3 3 0  - 0 .0 0 1  
4 9 3  . 6 8 2  - 0  .0 0 9  4 9 8  . 62 3 0 .0 0 3  4 7 2  .1 8 9  - 0  .0 0 4  4 2 5  .2 8 9  0 .0 0 1  
4 9 5  .7 0 9  - 0  .0 0 4  5 0 0  .2 2 3  - 0  .0 0 5  4 7 4  .2 02  0 .0 0 0  4 2 6  . 9 5 5  - 0  .0 0 5  L J  

4 9 7 .7 1 8  0 .0 0 0  5 0 1 0. 9 8 8  - 0  .0 0 8  4 7 5 0.7 5 7  - 0  .0 1 0  4 2 9  .1 0 3  0 .0 0 3  
4 9 9  .5 1 5  - 0  .0 0 3  5 0 3  . 9 3 5  - 0  .0 0 6  4 7 7 0. 9 3 0  - 0  .0 0 1  4 3 0  .8 5 6  0 .0 0 0  
5 0 1 0.3 7 0  - 0  .0 0 3  5 0 5  . 9 5 6  - 0  .0 02  4 7 9 0.7 4 4  - 0  .0 0 3  4 3 2  .5 0 5  - 0  .0 0 7  
5 0 3  .3 9 7  0 .0 0 1  507  .7 3 9  - 0  .0 0 5  4 8 1 0.3 9 8  - 0  .0 0 9  4 3 4  .5 3 3  - 0  .0 0 3  
5 0 5  .1 5 6  - 0  .0 0 2  5 0 9  .6 8 7  - 0  . 002  4 8 3  .4 32  - 0  .0 0 4  4 3 6  .4 4 0  - 0  .0 0 2  
5 0 6  . 9 5 3  - 0  .0 0 4  5 1 1 0.3 9 7  - 0  .0 0 7  4 8 5  .1 4 6 - 0  .0 0 9  4 3 8  .1 2 4  - 0  .0 0 7  
5 0 8  .6 9 3  - 0  .0 0 8  5 1 3  .2 3 5  -0  .0 0 8  4 8 7  .1 4 0  - 0  .0 0 6  4 4 0  .2 3 7  0 .0 0 0  
5 1 0  .8 3 6  0 .0 0 0  5 1 5  .2 0 1  - 0  .0 0 6  4 8 8  . 9 7 4  - 0  .0 0 7  4 4 1 0. 9 0 4  - 0  .0 0 6  
5 1 2  .5 3 7  - 0  .0 0 5  5 1  7 .1 4 8  - 0  . 0 03  4 9 0 . 9 0 7  - 0  .0 0 5  4 4 3  . 9 1 4  - 0  .0 0 2  
5 1 4  .6 9 9  0 .0 0 3  518  .8 9 5  - 0  .0 0 7  4 92 .7 2 1  - 0  .0 0 7  4 4 5  .7 7 0  - 0  .0 0 3  
5 1 6  .4 5 8  0 .0 0 0  5 2 0  . 9 52  - 0  .0 02 4 9 4 .4 1 6  - 0  .0 1 2  4 4 7 0. 62 6 - 0  .0 0 3  
5 1 8  .3 5 1  0 .0 0 0  5 2 2 0.6 8 0  - 0  .0 0 6  4 9 6  .5 2 9  - 0  .0 0 5  4 4 9  . 6 8 8  0 .0 0 2  
5 2 0  .0 1 4  - 0  .0 0 6  5 2 4  .5 7 3  - 0  .0 0 6  4 9 8 .5 4 3  - 0  .0 0 1  4 5 1 0.5 4 3  0 .0 0 2  
5 2 2  .1 3 7  0 .0 0 1  52 6 .4 2 9  - 0  .0 0 6  5 0 0  .3 5 7  - 0  .0 0 3  4 5 3  .2 2 7  - 0  .0 0 4  
5 2 4  .0 6 9  0 .0 0 3  5 2 8  .2 4 9  - 0  .0 0 8  5 0 2  .0 3 1  - 0  .0 0 9  4 5 4  .8 5 9  - 0 0.0 1 1  
52 6 .1 1 6  0 .0 0 8  5 3 0  .2 52  - 0  .0 0 4  5 0 4  .0 0 5  - 0  .0 0 6  4 5 7  .0 5 9  - 0  .0 0 1  
5 2 7  . 6 6 3  - 0  .0 0 1  5 3 2  .1 2 6  - 0  .0 0 4  5 0 6  .2 5 8  0 .0 0 6  4 5 8  .7 6 0  - 0  .0 0 7  
5 2 9 0.7 1 0  0 .0 0 4  5 3 4  .0 92  - 0  .0 0 1  5 0 7  .8 1 2  - 0  .0 0 4  4 6 0 .8 3 9  0 .0 0 0  
5 3 1  .4 1 1  - 0  .0 0 1  5 3 5  .8 0 2  - 0 .0 0 6  5 0 9  .62 6 - 0  .0 0 6  4 62 .5 2 3  - 0  .0 0 6  
5 3 3  .3 62  0 .0 0 1  5 3 7  .5 3 0  - 0  .0 10  5 1 1 0.4 4 0  - 0  .0 0 7  4 6 4  .3 4 4  - 0  .0 0 8  
535  .3 5 1  0 .0 0 4  5 3 9  .5 8 7  - 0  .0 05  5 1 3  .2 1 4  - 0  .0 1 0  4 6 6  .3 8 9  - 0  .0 0 3  
5 3 7  .4 3 7  0 .0 1 1  5 4 1 0.3 8 9  - 0  .0 0 7  5 1 5  .3 6 8  - 0  .0 0 2  4 6 8  .1 2 4  - 0  .0 0 7  
5 3 9  .3 1 1  0 .0 1 1  5 4 3  .3 3 6  - 0 . 0 0 5  5 1  7 .2 2 2  - 0  .0 0 3  4 7 0  .0 4 9  - 0  .0 0 5  
5 4 0  . 8 9 7  0 .0 0 2  5 4 5  .3 02  - 0  .0 02  5 1 9  .1 1 5  - 0  .0 0 2  4 7 1  .8 5 3  - 0  .0 0 7  
5 4 3  .1 5 5  0 .0 1 4  5 4  7 .0 8 5  - 0  .0 05  5 2 0  .8 7 0  - 0  .0 0 6  4 7 3  .8 2 9  - 0  .0 0 4  
5 4 4  .8 9 4  0 .0 1 0  5 4  9 .0 1 5  - 0  . 0 0 3  5 2 2  . 9 23  0 .0 0 0  4 7 5  .5 6 4  - 0  .0 0 8  
5 4 6 .5 3 8  0 .0 0 3  5 5 0  . 9 0 8  - 0  .0 03  5 2 4 0. 6 9 7  - 0  .0 0 3  4 7 7  .4 3 7  - 0  .0 0 8  
5 4 8  .62 3 0 .0 0 9  5 5 2 0. 92 8 0 .0 0 2  5 2 6 0.5 1 1  - 0  .0 0 5  4 7 9 0.3 62  - 0  .0 0 7  
5 5 0  .2 0 9  0 .0 0 0  5 5 4  .7 1 1  - 0  . 0 0 1  5 2 8  .4 0 5  - 0  .0 0 4  4 8 1 0.2 3 5  - 0  .0 0 7  
5 5 2  .3 1 4  0 .0 0 7  5 5 6  .5 1 3  - 0  .0 03  5 3 0  .0 3 9  - 0  .0 1 2  4 8 3  .1 2 5  - 0  .0 0 7  
5 5 3  . 9 5 7  0 .0 0 0  558  .2 5 9  -0  .0 0 7  5 3 2  .3 1 2  0 .0 0 0  4 8 5  .2 7 3 0 .0 0 2  
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Figure 1 3a-continued 

N aO H  (pH 1 1 )  0 .5 m  M E D TA l 0  m M  S D S  N o  C :ean.ilg S o lltim 

D (nm ) F /R  ¢n N /m )  D (nm ) F/R ¢n N /m )  D (nm ) F /R  ¢n N  /m )  D (nm ) F/R ¢n N  /m )  

5 5 6  .0 0 4  0 .0 0 6  5 6 0  .3 7 1  0 .0 0 0  5 3 4  .1 2 6  - 0  .0 0 1  4 8 6  .9 5 6  - 0  .0 0 4  

5 5 7  .7 8 2  0 .0 0 3  5 62 .2 0 9  - 0  .0 0 1  5 3 6  .0 0 0  - 0  .0 0 1  4 8 8  .5 8 9 - 0  .0 1 1  

5 5 9  .5 2 2  - 0  .0 0 1  5 6 4  .0 1 1  - 0  .0 0 3  5 3 7  . 9 3 4  0 .0 0 0  4 9 0 . 6 8 5  - 0  .0 0 5  

5 6 1  . 62 6 0 . 0 0 6  5 6 6  .0 3 2  0 .0 0 1  5 3 9  . 6 0 8  - 0  .0 0 6  4 9 2 .4 3 8  - 0  .0 0 8  

5 6 3  .5 9 6  0 .0 0 8  5 6 7  .7 0 5  - 0  .0 0 5  5 4 1  . 6 2 2  - 0  .0 0 1  4 9 4 .4 8 2  - 0  .0 0 3  

5 6 5  .4 1 3  0 .0 0 7  5 6 9  .7 2 6  0 .0 0 0  5 4 3  .4 7 6  - 0  .0 0 2  4 9 6 .5 4 4  0 .0 0 3  

5 6 7  .2 1 0  0 . 0 0 4  5 7 1  . 6 3 7  0 .0 0 1  5 4 5  .5 2 9  0 .0 0 3  4 9 8 .2 4 5  - 0  .0 0 3  

5 6 9  .2 3 7  0 . 0 0 9  5 7 3  . 6 5 7  0 .0 0 5  5 4  7 .2 2 4  - 0  .0 0 2  4 9 9 . 9 6 4  - 0  .0 0 7  

5 7 1  .1 3 1  0 .0 1 0  5 7 5  .3 3 1  - 0  .0 0 1  5 4  9 .2 1 7 0 .0 0 2  5 0 1  . 9 5 7  - 0  .0 0 4  

5 7 2  .7 1 6  0 .0 0 1  5 7 7  .4 9 8  0 .0 0 8  5 5 1  .1 9 1  0 .0 0 5  5 0 3  .7 9 5  - 0  .0 0 5  
,- - 7 

5 7 4  .7 6 3  0 . 0 0 6  5 7 9  .1 3 5  0 .0 0 1  5 5 2  .8 6 5  - 0  .0 0 1  5 0 5  . 6 8 5  - 0  .0 0 4  

5 7 6  .8 2 9  0 . 0 1 2  5 8 0  . 9 7 3  0 .0 0 0  5 5 4  . 9 1 9  0 .0 0 4  5 0 7  .4 5 5  - 0  .0 0 7  

5 7 8  .5 8 8  0 .0 0 8  5 8 3  .1 0 3  0 .0 0 8  5 5 6  .7 7 3  0 .0 0 3  5 0 9  .3 2 8  - 0  .0 0 7  

5 8 0  .3 4 7 0 . 0 0 5  5 8 4  .8 1 3  0 .0 0 3  5 5 8  .3 8 7  - 0  .0 0 4  5 1 1  .1 4 9  - 0  .0 0 9  

5 8 2  .2 2 1  0 .0 0 5  5 8 6  .5 9 6  0 .0 0 0  5 6 0  .4 6 1 0 .0 0 1  5 1 3  .4 5 2  0 .0 0 4  

5 8 4  .3 2 5  0 .0 1 2  5 8 8  .5 8 0  0 .0 0 3  5 62 .4 9 4  0 .0 0 6  5 1 4  . 9 3 0  - 0  .0 0 8  

5 8 6  .1 0 3  0 . 0 0 9  5 9 0  .4 7 3  0 .0 0 4  5 6 3 . 92 9 - 0  .0 0 7  5 1 7  .0 7 7  0 .0 0 0  

5 8 7  .8 6 2  0 .0 0 6  5 92 . 1 4 7  - 0  .0 0 2  5 6 6  .0 8 2  0 .0 0 1  5 1 8  .8 1 3  - 0  .0 0 4  

5 8 9 .7 1 7  0 .0 0 5  5 9 4  .0 2 1  - 0  .0 0 2  5 6 7  .8 3 6  - 0  .0 0 2  5 2 0  .5 3 1  - 0  .0 0 9  

5 9 1  . 6 6 8  0 .0 0 7  5 9 6  .0 7 8  0 .0 0 3  5 6 9  . 6 7 0  - 0  .0 0 3  5 2 2  .5 5 9  - 0  .0 0 4  

5 9 3  .5 2 3  0 .0 0 7  5 9 7  .8 0 7  - 0  .0 0 1  5 7 1  .8 4 3  0 .0 0 6  5 2 4  .4 8 3  - 0  .0 0 3  

5 9 5  .4 9 3  0 .0 1 0  6 0 0  .0 8 3  0 .0 1 1  5 7 3  .4 5 8  - 0  .0 0 2  5 2 6 .2 1 8  - 0  .0 0 7  

5 9 7  .3 4 8  0 . 0 0 9  6 0 1  .8 1 1  0 .0 0 7  5 7 5  .4 9 2  0 .0 0 3  5 2 8  . 1 4 3  - 0  .0 0 5  
I � 5 9 8  . 9 7 2  0 . 0 0 1  6 0 3  .6 4 9  0 .0 0 5  5 7 7  .2 8 6  0 .0 0 0  5 3 0  . 1  7 1  - 0  .0 0 1  

6 0 0  . 9 9 9  0 .0 0 6  6 0 5  .5 9 7  0 .0 0 8  5 7 9  .2 7 9  0 .0 0 4  5 3 2  .0 2 6  - 0  .0 0 1  

6 0 2  .7 7 8  0 .0 0 3  6 0 7  .2 7 0  0 .0 0 2  5 8 1  .0 1 3  0 .0 0 0  5 3 3  . 9 8 5  0 .0 0 1  

6 0 4  .5 9 4  0 .0 0 1  6 0 9  .2 9 1  0 .0 0 6  5 8 3  .1 4 7 0 .0 0 7  5 3 5  . 6 8 6  - 0  .0 0 4  

6 0 6 . 6 9 8  0 .0 0 8  6 1 1  .0 7 4  0 .0 0 3  5 8 4  . 6 4 1  - 0  .0 0 4  5 3 7  .4 0 4  - 0  .0 0 9  

6 0 8  .5 3 4  0 . 0 0 7  6 1 2  .7 1 1  - 0  .0 0 4  5 8 6  . 6 1 5  - 0  .0 0 1  5 3 9  .3 8 0  - 0  .0 0 5  

6 1 0  .5 2 3  0 .0 1 1  6 1 4  .8 6 0  0 .0 0 4  5 8 8  .32 9 - 0  .0 0 6  5 4 1  .3 3 9  - 0  .0 0 3  

6 1 2  .4 3 6  0 .0 1 2  6 1 6  . 60 6 0 .0 0 1  5 9 0  .3 4 3  - 0  .0 0 2  5 4 3  .2 9 8  0 .0 0 0  

6 1 4  .2 1 4  0 . 0 0 9  6 1 8  .4 4 4  0 .0 0 0  5 9 2  .5 5 6  0 .0 0 9  5 4 4  . 9 1 3  - 0  .0 0 8  
L _I 6 1 6  .1 2 6  0 .0 1 0  6 2 0  .5 5 6  0 .0 0 7  5 9 3  .8 9 1  - 0  .0 0 8  5 4 7  .0 0 9  - 0  .0 0 1  

6 1 8  .0 0 0  0 .0 1 0  622  .3 4 0  0 .0 0 4  5 9 6  .0 2 4  0 .0 0 0  5 4 8  . 9 6 8  0 .0 0 1  

6 1 9  .8 9 3  0 .0 1 1  6 2 4  .3 4 2  0 .0 0 8  5 9 7  .9 7 8  0 .0 0 3  5 5 1  .0 3 0  0 .0 0 7  

62 1 . 7 2 9  0 .0 1 0  62 6 .0 52  0 .0 0 3  6 0 0  . 1 9 1  0 .0 1 3  5 5 2  .8 1 7  0 .0 0 4  

62 3 .4 6 8 0 . 0 0 6  62 7 .8 5 3  0 .0 0 1  6 0 1  .7 6 6  0 .0 0 4  5 5 4  .4 8 4  - 0  .0 0 2  

62 5 .4 5 8  0 .0 0 9  6 2 9  .92 9 0 .0 0 7  6 0 3  . 6 8 0  0 .0 0 5  5 5 6  .5 6 3  0 .0 0 4  
'L 

6 2 7  .3 1 3  0 .0 0 8  6 3 1  .4 7 4  - 0  .0 0 3  6 0 5  .4 5 4  0 .0 0 2  5 5 8  .4 1 9  0 .0 0 3  

62 9 .2 4 4  0 .0 1 0  6 3 3  .4 5 9  0 .0 0 0  6 0 7  .2 2 8  - 0  .0 0 1  5 6 0  .4 9 8  0 .0 1 0  

6 3 0  . 8 3 0  0 . 0 0 1  6 3 5  .4 0 6  0 .0 0 2  6 0 9  .0 0 2  - 0  .0 0 4  5 62 .0 7 8  0 .0 0 1  

6 3 2  .8 3 8  0 .0 0 6  6 3 7  .2 9 9  0 .0 0 3  6 1 1  .0 3 5  0 .0 0 1  5 6 4  .2 6 1  0 .0 1 0  

6 3 4  . 6 9 3  0 .0 0 5  6 3 9  .0 0 9  - 0  .0 0 2  6 1 3  .0 6 9  0 .0 0 6  5 6 5  . 9 7 9 0 .0 0 5  

L_ _I 
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Figure 1 3a-continued 

N aO H  (pH 1 1 )  0 .5 m 0M E D TA l 0 0m M 0S D S  N o  C l;anilg S o llton 
D tim ) F /R  ¢n N /m )  D t}m ) F/R ¢n N  /m )  D t}m ) F /R  ¢n N  /m )  D t}m ) F /R  ¢n N  /m ) 

6 3 6  .5 8 7  0 .0 0 5  6 4 1 0.2 3 1  0 .0 0 9  6 1 5 0.0 2 3  0 .0 0 8  5 6 8  .0 5 8  0 .0 1 2  
6 3 8  .4 6 1  0 .0 0 5  6 4 3  . 0  6 9  0 .0 07  616  .7 9 7  0 .0 0 5  5 6 9  .7 0 8  0 .0 0 5  
6 4 0  .3 92  0 .0 0 7  6 4 4  .7 9 7  0 .0 03  618  .5 7 1  0 .0 0 2  5 7 1 0.5 1 2  0 .0 0 3  
6 4 2  .1 1 2  0 .0 0 3  6 4 6  .7 0 8  0 . 0 04  620  .3 2 5  - 0  .0 0 2  5 7 3  .4 8 8  0 .0 0 6  
6 4 3  .8 7 1  - 0  .0 0 1  6 4 8  . 6 92  0 .0 07  622  .0 3 9  - 0  .0 0 6  5 7 5  .3 6 1  0 .0 0 6  
6 4 5  .6 4 9  - 0 .0 0 4  6 5 0  .4 2 0  0 . 003  6 2 4  .1 53  0 .0 0 1  5 7 7  .3 5 4  0 . 0 0 9  ,!__j 

6 4 7 0.9 0 7  0 .0 0 8  6 5 2  .2 4 0  0 .0 0 1  62 6 .1 8 6  0 .0 0 6  5 7 9  .1 4 1  0 .0 0 7  
r I 

64 9 . 62 8 0 .0 0 3  6 5 4  . 2  9 7  0 .0 07  6 2 8  .0 60  0 .0 0 6  5 8 1 0.0 4 8  0 .0 0 8  
6 5 1 0.5 4 0  0 .0 0 4  6 5 5  . 9 8 9 0 .0 0 1  6 3 0  .1 53  0 .0 1 2  5 8 2  .7 3 2  0 .0 0 2  L _j  

6 5 3  .2 6 1  0 .0 0 0  6 5 8  .0 8 3  0 .0 08  6 3 1 0.5 68  -0  .0 0 2  5 8 4  .8 2 8  0 .0 0 9  
r 1 

6 5 5  .0 9 6  - 0  .0 0 1  6 5 9 0.7 2 0  0 .0 0 1  6 3 3  .5 82  0 .0 0 3  5 8 6  .7 8 7  0 .0 1 1  
6 5 7  .2 0 1  0 .0 0 5  6 6 1 0.6 6 7  0 .0 03 6 350.4 7 6  0 .0 0 3  5 8 8  .4 5 4  0 .0 0 5  
6 5 8  . 9 5 9 0 .0 0 2  6 6 3  .7 6 1  0 .0 10  6 3 7  .4 0 9  0 .0 0 5  5 9 0 0.4 6 4  0 .0 0 9  
6 6 0  .7 9 5  0 .0 0 1  6 6 5  .3 62  0 .0 02 6 3 9  .3 63  0 .0 0 7  5 9 2  .2 1 7 0 . 0 0 5  
6 6 2  .6 1 1  - 0  .0 0 1  6 6 7  .52 8 0 .0 10  6 4 1 0.3 97  0 .0 1 2  5 9 4  .1 0 7  0 .0 0 6  
6 6 4  .3 7 0  - 0  .0 0 4  6 6 9  .3 6 6  0 .0 0 9  6 4 3  .0 1 1  0 .0 0 4  5 9 6  .2 0 3  0 .0 1 3  
6 6 6  .2 2 5  - 0  .0 0 5  6 7 1 0.2 0 4  0 .0 08  644  .7 4 5  0 .0 0 0  5 9 7  .7 1 5  0 .0 0 2  
6 6 8  .1 7 6  - 0  .0 0 3  6 7 3 0.1 1 5  0 .0 0 9  6 4 6  .7 5 9  0 .0 0 4  5 9 9  .7 7 7  0 .0 0 7  
6 7 0  .2 9 9  0 .0 0 5  6 7  4 .8 8 0  0 .0 0 6  6 4 8  .7 3 3  0 .0 0 7  6 0 1 0.7 5 3  0 .0 1 0  
6 7 2 0.0 0 1  0 .0 0 0  6 7 6  .8 6 4  0 .0 0 9  6 5 0  .4 67  0 .0 0 3  6 0 3  .7 4 6  0 .0 1 4  
6 7 3  .8 5 5  - 0  .0 0 1  6 7 8  .5 7 4  0 .0 0 4  6 5 2  .2 4 1  0 .0 0 0  6 0 5  .4 6 4  0 .0 0 9  
6 7 5  .6 9 1  - 0  .0 0 2  6 8 0  .3 9 4  0 .0 03  654  .2 1 5  0 .0 0 3  6 0 7  .3 8 9 0 .0 1 1  
6 7 7  .3 7 3 - 0  .0 0 8  6 8 2 0.4 7 0  0 .0 0 9  6 55  .8 6 9  - 0  .0 0 4  6 0 9  .2 62  0 .0 1 1  
6 7 9  .3 62  - 0  .0 0 4  6 8 4  .1 6 1  0 .0 03  6 570. 9 02  0 .0 0 1  6 1 1 0.2 3 8  0 .0 1 4  'LJ 

6 8 1 0.0 6 3  - 0  .0 1 0  6 8 6  .2 7 4  0 .0 1 0  6 5 9  . 6 1 7  - 0  .0 0 4  6 1 2  . 9 3 9  0 .0 0 9  
6 8 3  .1 8 7  - 0  .0 0 2  6 8 8  .0 9 3  0 .0 0 9  6 6 1 0.6 1 0  0 .0 0 0  6 1 4  .7 7 7  0 .0 0 8  
6 8 5  .0 2 3  - 0  .0 0 3  6 8 9  .7 8 5  0 .0 03  6 6 3  .5 0 4  0 .0 0 1  6 1 6  .7 8 8  0 . 0 1 2  
6 8 6  .7 62  -0  .0 0 7  6 9 1 0.7 6 9  0 .0 0 7  6 6 5 0.6 7 7  0 .0 1 0  6 1 8  .4 3 7  0 . 0 0 5  
6 8 8  . 6 5 5  - 0  .0 0 7  6 9 3  .5 8 9  0 .0 0 5  6 6 7  .3 72  0 .0 0 4  6 2 0 0.3 7 9  0 . 0 0 7  
6 9 0  .6 0 6  - 0 .0 0 4  6 9 5  .4 0 8  0 .0 03  669  .3 05  0 .0 0 6  6 2 2  .1 8 3  0 . 0 0 5  
6 9 2  .4 0 3  - 0  .0 0 7  6 9 7  .3 5 6 0 .0 0 6  6 7 0  .8 2 0  - 0  .0 0 5  6 2 4 0.1 9 3  0 .0 0 9  
6 9 4 0.1 62  -0  .0 1 0  6 9 8  . 95 6 -0  .0 03 672 .8 3 4  - 0  .0 0 1  62 6 .1 1 8  0 .0 1 1  
6 9 5 0. 92 1 - 0 .0 1 4  7 0 0  . 9 4 1 0 .0 0 1  6 7 4  .7 67  0 .0 0 1  6 2 7  .8 8 8  0 .0 0 7  
6 9 8  .2 3 7  0 .0 0 0  7 0 2  .8 5 2  0 .0 0 2  6 7  6 .8 0 1  0 .0 0 6  62 9 .6 7 4  0 .0 0 5  

6 9 9  .8 2 3  - 0  .0 0 9  7 0 4  .5 9 8  - 0  .0 02 6 7 8  .4 95  0 .0 0 1  6 3 1 0.5 4 7  0 .0 0 5  

7 0 1 0. 6 5 8  - 0  .0 1 0  7 0 6 0.4 7 3  - 0  .0 02 6 8 0  .8 4 8  0 .0 1 5  6 3 3  .5 5 8  0 .0 0 9  

7 0 3  .3 9 8  - 0  .0 1 4  7 0 8  .5 4 8  0 .0 0 4  6 8 2  .4 22  0 .0 0 6  6 3 5  .1 9 0  0 .0 0 2  

7 0 5  .3 6 8  - 0 .0 1 1  7 1 0  .4 0 4  0 .0 0 4  6 8 4  .3 1 6  0 .0 0 7  6 3 7  .2 3 5  0 .0 0 7  

7 0 7  .1 0 7  - 0  .0 1 5  7 1 2  .3 7 0  0 .0 0 6  6 8 6 .1 7 0  0 .0 0 6  6 3 9  .0 9 0  0 .0 0 6  

7 0 9  .2 7 0  - 0  .0 0 7  7 1 4  .1 3 5  0 .0 0 3  6 8 7  . 9 8 4  0 .0 0 4  6 4 0  .8 9 5  0 .0 0 4  

7 1 1 0.0 0 9  - 0 0.0 1 1  7 1 5  .9 1 8  0 .0 0 0  68 9 .6 5 9  - 0  .0 0 2  6 4 2 0.9 0 5  0 .0 0 8  

7 1 2  . 9 4 1  - 0  .0 0 9  7 1 7  .7 0 1  - 0 .0 02 6 9 1 0.4 7 3  - 0  .0 0 4  6 4 4 0.6 7 5  0 .0 0 5  

7 1 4  .7 9 6  - 0  .0 1 0  7 1 9  .5 3 9  - 0  .0 0 4  6 9 3  .4 4 6  - 0  .0 0 1  6 4 6 0.4 62  0 .0 0 2  

64 



~, 

L_ J 

1J 

' ' L __ _1 

I ,,, 

, l  

Figure 1 3a-continued 

N aO H  (pH 1 1 )  0 .5 m  M E D TA l 0  m M  S D S  N o  C :!3anilg S o  Jutbn 

D (nm ) F /R  ¢n N  /m )  D (nm ) F /R  ¢n N  /m )  D (nm ) F /R  ¢n N  /m )  D (nm ) F/R ¢n N  /m )  

:·'1 
7 1 6  .4 2 0  

7 1 8  . 6 0 1  

- 0  .0 1 7 

- 0  .0 0 8  

7 2 1  .3 4 1  

7 2 3  .4 1 6  

- 0  .0 0 6  

0 .0 0 0  

6 9 5  .2 4 0  

6 9 7  .4 1 4  

- 0  .0 0 3  

0 .0 0 6  

6 4 8  .4 0 3  

6 5 0  .2 0 8  

0 .0 0 4  

0 .0 0 2  

7 2 0  .3 0 2  - 0  .0 1 3  7 2 5  .2 5 4  - 0  .0 0 1  6 9 8  .8 4 8 - 0  .0 0 7  6 5 2  .0 9 8  0 .0 0 3  

7 2 2  .3 6 8  - 0  .0 0 7  7 2 7  .2 3 8  0 .0 0 3  7 0 0  . 8 0 2  - 0  .0 0 5  6 5 3  . 9 0 2  0 .0 0 1  
,�7, 

7 2 4  .1 2 7  - 0  .0 1 1  7 2 9  .0 0 3  - 0  .0 0 1  7 0 2  .8 5 6  0 .0 0 1  6 5 5  .7 92  0 .0 0 1  

7 2 5  .7 9 0  - 0  .0 1 7 7 3 0  .7 1 3  - 0  .0 0 6  7 0 4  .5 9 0  - 0  .0 0 4  6 5 7  .6 1 3  0 .0 0 0  

7 2 7  . 8 7 5  - 0  .0 1 1  7 3 2  .4 7 8  - 0  .0 0 9  7 0 6  .5 8 3  0 .0 0 0  6 5 9  .5 2 0  0 .0 0 1  

7 2 9  .8 0 7  - 0  .0 0 9  7 3 4  .6 8 1  0 .0 0 1  7 0 8  .2 3 8  - 0  .0 0 7  6 6 1  .3 9 3  0 .0 0 1  

7 3 1  .5 6 6  - 0  .0 1 2  7 3 6  .6 1 1  0 .0 0 3  7 1 0  .0 5 2  - 0  .0 0 8  6 6 3  .4 2 1  0 .0 0 5  

7 3 3  . 6 5 1  - 0  .0 0 6  7 3 8  .4 3 0  0 .0 0 1  7 1 2  .1 6 5  - 0  .0 0 1  6 6 5  .1 2 2  0 .0 0 0  

7 3 5  .3 5 2  - 0  .0 1 1  7 4 0  .1 4 0  - 0  .0 0 4  7 1 3  .8 1 9  - 0  .0 0 8  6 6 6  . 9 6 0  - 0  .0 0 1  

7 3 7  .2 6 4  - 0  .0 1 0  7 4 1  .8 8 7  - 0  .0 0 8  7 1 5  . 6 9 3  - 0  .0 0 8  6 6 8  .8 3 3  - 0  .0 0 1  

1 ·7 
7 3 9  .1 3 9  

7 4 0  . 9 1 6  

- 0  .0 1 0  

- 0  .0 1 3  

7 4 3  .6 8 8  

7 4 5  . 9 6 5  

- 0  .0 1 0  

0 .0 0 2  

7 1 7  .5 2 7  

7 1 9  .2 62  

- 0  .0 0 9  

- 0  .0 1 3  

6 7 0  .8 0 9  

6 7 2  . 6 6 5  

0 .0 0 2  

0 .0 0 1  

7 4 3  .0 0 2  - 0  .0 0 7  7 4  7 .5 1 0  - 0  .0 0 8  7 2 1  .8 5 4  0 .0 0 8  6 7  4 .5 0 4  0 .0 0 0  

7 4 4  .8 3 7  - 0  .0 0 8  7 4 9  .3 6 7  - 0  .0 0 8  7 2 3  .3 4 9  - 0  .0 0 3  6 7 6  .3 7 6  0 .0 0 0  

7 4 6  .7 1 1  - 0  .0 0 8  7 5 1  .2 0 5  - 0  .0 0 9  7 2 5  .1 4 3  - 0  .0 0 5  6 7 8  .2 4 9 0 .0 0 0  

7 4 8  .7 0 1  - 0  .0 0 4  7 5 3  .2 2 5  - 0  .0 0 5  7 2 7  .1 5 6  - 0  .0 0 1  6 8 0  .2 6 0  0 .0 0 4  

7 5 0  . 6 1 3  - 0  .0 0 3  7 5 4  . 9 9 0  - 0  .0 0 8  7 2 8  .8 1 1  - 0  .0 0 8  6 8 2  .0 9 8  0 .0 0 3  

7 5 2  .5 2 5  - 0  .0 0 2  7 5 6  . 95 6 - 0  .0 0 5  7 3 0  .5 8 5  - 0  .0 1 1  6 8 3  .8 3 4  - 0  .0 0 1  

7 5 4  .3 6 1  - 0  .0 0 3  7 5 8  .7 7 6  - 0  .0 0 7  7 3 2  .8 9 7  0 .0 0 2  6 8 5  . 62 1 - 0  .0 0 3  

7 5 6  .3 5 0  0 .0 0 0  7 6 0  .8 5 1  - 0  .0 0 1  7 3 4  .5 5 2  - 0  .0 0 4  6 8 7  .6 6 5  0 .0 0 2  

7 5 8  .3 4 0  0 .0 0 4  7 62 .5 6 1  - 0  .0 0 6  7 3 6  .5 2 6  - 0  .0 0 1  6 8 9  .4 0 1  - 0  .0 0 2  

7 6 0  .1 5 6  0 .0 0 2  7 6 4 .4 3 6  - 0  .0 0 6  7 3 8  .4 1 9  - 0  .0 0 1  6 9 1  .4 1 1  0 .0 0 2  

7 62 .1 2 6  0 .0 0 5  7 6 6  .2 0 1  - 0  .0 0 9  7 4 0  .1 9 3  - 0  .0 0 4  6 9 3  .3 5 3  0 .0 0 4  

7 6 3 . 9 6 2  0 .0 0 4  7 6 8 .1 4 8  - 0  .0 0 7  7 4 1  . 8 6 8  - 0  .0 1 0  6 9 5  .0 5 4  - 0  .0 0 2  

7 6 5 .7 2 0  0 .0 0 0  7 6 9  . 9 5 0  - 0  .0 0 9  7 4 4  .0 6 1  0 .0 0 0  6 9 6 .9 6 1  - 0  .0 0 1  

7 6 7  . 6 7 1 0 . 0 0 3  7 7 2  .0 2 5  - 0  .0 0 3  7 4 5  .8 7 5 - 0  .0 0 2  6 9 8  . 62 8 - 0  .0 0 7  

7 6 9  .5 8 4  0 .0 0 4  7 7 3  .7 5 3  - 0  .0 0 7  7 4 7  . 6 8 9  - 0  .0 0 4  7 0 0  . 6 7 2  - 0  .0 0 2  

7 7 1  . 6 8 8  0 .0 1 1  7 7 5  .62 8 - 0  .0 0 7  7 4 9  .4 6 3 - 0  .0 0 7  7 0 2  .2 1 9  - 0  .0 1 2  

7 7 3  .3 1 2  0 .0 0 3  7 7 7  . 6 3 0  - 0  .0 0 4  7 5 1  .4 7 7  - 0  .0 0 3  7 0 4  . 1  7 8  - 0  .0 0 9  

7 7  5 .2 4 4  0 .0 0 5  7 7 9  .5 6 0  - 0  .0 0 2  7 5 3  .5 9 0  0 .0 0 5  7 0 6  .2 0 5  - 0  .0 0 4  

7 7 7  .3 1 0  0 .0 1 1  7 8 1  .5 4 4  0 .0 0 1  7 5 5  .2 2 4  - 0  .0 0 3  7 0 8  .1 3 0  - 0  .0 0 3  

7 7 9  .2 0 3  0 .0 1 1  7 8 3  .2 3 6  - 0  .0 0 4  7 5 7  . 1  7 8  0 .0 0 0  7 0 9  .8 4 8  - 0  .0 0 8  

7 8 1  .0 2 0  0 . 0 1 0  7 8 5  .2 5 6  0 .0 0 0  7 5 8  . 9 5 2  - 0  .0 0 3  7 1 1  . 6 3 5  - 0  .0 1 0  

7 8 2  .7 0 2  0 .0 0 4  7 8 7  . 1 8  6 0 .0 0 2  7 6 0  .7 0 6  - 0  .0 0 7  7 1 3  .4 9 1  - 0  .0 1 1  

7 8 4  .8 8 3  0 .0 1 3  7 8 9  . 1 3 3  0 .0 0 4  7 62 .5 8 0  - 0  .0 0 7  7 1 5  .5 7 0  - 0  .0 0 5  

7 8 6  .7 7 6  0 . 0 1 4  7 9 0  .7 3 4  - 0  .0 0 4  7 6 4 .5 5 4  - 0  .0 0 4  7 1 7  .4 4 3  - 0  .0 0 5  

7 8 8  .5 5 4  0 .0 1 1  7 92 .4 0 7  - 0  .0 1 0  7 6 6  .5 2 8  - 0  .0 0 1  7 1 9  .3 8 4  - 0  .0 0 3  

7 9 0  .5 2 4  0 .0 1 4  7 9 4  .3 9 1  - 0  .0 0 7  7 6 8 .3 2 2  - 0  .0 0 3  7 2 1  .1 7 1  - 0  .0 0 5  

7 9 2 .3 9 8  0 .0 1 4  7 9 6  .3 3 9  - 0  .0 0 5  7 7 0  .2 3 5  - 0  .0 0 2  7 2 2  . 9 7 5  - 0  .0 0 7  

7 9 4  .2 3 4  0 .0 1 2  7 9 8  .3 0 5  - 0  .0 0 2  7 7 2  .0 1 0  - 0  .0 0 5  7 2 4  .7 2 8  - 0  .0 1 1  

7 9 5  . 9 3 5  0 .0 0 7  8 0 0  .2 7 1  0 .0 0 1  7 7 4  .0 8 3  0 .0 0 1  7 2 6  .5 6 6  - 0  .0 1 2  
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Figure 1 3a-continued 

N aO H  (pH 1 1 )  0 .5 m 0M0 E D TA l O 0m M 0S D S 0 N o  C .eanng S o l rt:i::m 
D (nm ) F/R  ¢n N  /m ) D (nm ) F/R ¢n N /m )  D (nm ) F /R  ¢n N  /m ) D (nm ) F /R  ¢n N /m )  

7 9 8 .0 2 0  0 . 0 1 4  8 0 2  .1 2 7  0 .0 00 7 7 5  . 638  -0  .0 0 9 0 7 2 8  .6 1 1  - 0  .0 0 7 0
7 9 9  .8 9 4  0 .0 1 4  8 0 4  .2 2 1  0 .0 07 7 7 7 0.9 3 1  0 .0 0 4 0 7 3 0  .3 4 7 - 0 .0 1 1 0
8 0 1 0.4 8 0  0 .0 0 5  8 0 5  . 9 1 2  0 .0 02 7 7 9  .5 4 5  - 0  .0 0 4 0 7 3 2  .4 0 9 0 - 0  .0 0 5 0
8 0 3  .3 5 4  
8 0 5  .2 6 7  
8 0 6  .8 9 1  

0 .0 0 5  
0 .0 0 6  

- 0  .0 0 1 0

8 0 7  . 6 4 1 
8 0 9  . 6 2 5  
8 1 1 0.3 9 0  

- 0  .0 0 3 0
0 .0 000

- 0  .0 030

7 8 1 0.3 9 9  
7 8 3  .4 52  
784  .9 4 7  

- 0  .0 0 4 0
0 .0 0 1 0

- 0  .0 1 0 0

7 3 4  . 1  7 8  
7 3 5  . 9 6 5  
7 3 7  .9 7 6  

- 0  .0 0 8 0
- 0 .0 1 1 0
- 0 .0 0 7 0

rl 
I 
C _ J 

8 0 8  .9 9 5  
8 1 0  . 92 7 

0 .0 0 5 0
0 .0 0 7 0

8 1 3  .3 3 7  
8 1 5  .2 1 2  

- 0  .0 0 1 0
- 0  .0 0 1 0

7 8 7  .2 60  
7 8 9  .2 93  

0 . 0 0 3 0
0 .0 0 8 0

7 3 9  . 9 1 7  
7 4 1 0.6 7 0  

- 0  .0 0 5 0
- 0  .0 0 9 0

r - , 
I : 

8 1 2  .8 9 7  0 .0 1 0 0 8 1 7  .1 5 9  0 . 0020 7 9 0 . 908  0 .0 0 0 0 7 4 3 0.6 1 1  - 0  .0 0 7 0 L. J 

8 1 4  .7 7 1  0 .0 1 0 0 8 1 9  .0 1 6  0 .0 010 7 92 .8 2 2  0 .0 0 1 0 7 4 5  .5 8 8  - 0  .0 0 4 0
8 1 6  .5 6 8  0 .0 0 8 0 8 2 0  .8 9 0  0 .0 010 7 9 4  .8 3 5  0 .0 0 5 0 7 4 7  .2 3 7  - 0  .0 1 0 0

- - - - 8 2 2  .7 2 8 0 0 .0 000 7 9 6  .7 4 9  0 .0 0 6 0 7 4 9  .1 2 7  - 0  .0 1 0 0
- - - - 8 2 4  .7 8 5  0 .0 060 7 9 8 .7 4 3  0 .0 1 0 0 7 5 1 .4 9 8  0 .0 0 5 0
-- - - 8 2 6  . 6 7 8  0 .0 060 800  .4 1 7 0 .0 0 4 0 7 5 3  .0 7 9 0 - 0 .0 0 4 0
- - - - 8 2 8  .5 5 3  0 .0 0 6 0 8 0 2  .3 3 1  0 .0 0 5 0 7 5 5  .2 1 0  0 .0 0 4 0
- - - - 8 3 0  .2 6 3  0 .0 010 804  .3 8 4  0 .0 1 1 0 7 5 6 .7 9 0  - 0  .0 0 5 0
-- - - 8 3 2  .2 2 8  0 .0 040 8 0 6  .0 3 9  0 .0 0 4 0 7 5 8 0. 6 6 3  - 0  .0 0 5 0
-- -- 834  .1 0 3  0 .0 040 808  .0 1 2  0 .0 0 7 0 - - - -
- - - - - - - - 8 0 9  .8 2 6  0 .0 0 5 0 - - - -
- - - - - - - - 8 1 1 .7 60  0 .0 0 7  - - - -
- - - - - - - - 8 1 3  .6 1 4  0 .0 0 6  - - - -
--
--
- -

- -
--
- -

- -
- -
- -

- -
- -
- -

8 1 5  .5 4 8  
8 1 7  .2 2 2  
8 1 9  . 1  7 6  

0 .0 0 8  
0 .0 0 2  
0 .0 0 4  

- -
- -
- -

- -
- -
- -

n 
LJ 

! 
lJ 

Figure 1 3b 

C .eanng S o lltbn c .eanng E £6::::ency [ %  J 
N aO H  (pH 1 1 )  1 5  .5 

0 .5 m M  E D TA (pH 1 1 )  8 4  . 6  Ii------tl___jl 1 0  m M S O S  (pH 1 1 )  9 8  .4 
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