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ABSTRACT  

Parametric pumping represents a new development in 

separation science. It has attracted considerable atten-

tion both because of its novelty and because it permits 

continuous operation in small equipment with very high 

separation factors. The basic principle of parametric 

pumping is to utilize the coupling of periodic changes in 

equilibrium conditions caused by periodic changes in some 

intensive variables (temperature, pH, electric field, etc.), 

and periodic changes in flow direction to separate the 

components of fluid which flows past a solid adsorbent. 

Applications of parametric pumping involving the separation 

of valuable materials such as proteins would be very at-

tractive and profitable to investigate. 

Many proteins are often processed batchwise. Para-

metric pumping offers the possibility of continuous pro-

cessing, thereby tending to minimize both processing time 

and degradation. The overall objective of this research 

is to determine the feasibility of operating a semi-con-

tinuous pH-parametric pump for protein separation. The 

model system used is hemoglobin-albumin on sephadex ion 

exchange. It is hoped that the results of this work would 

be general enough to be invaluable in the separation of 

binary or multi-protein mixtures, and will provide neces-

sary technical information for the design of full-scale 

parametric pumps with a sound engineering and economic basis. 
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SCOPE  

The name "parametric pumping" was applied to the sep-

aration process in 1966 by the inventor of the batch pump, 

the late R. H, Wilhelm of Princeton University. Since the 

time of that invention, many experimental and theoretical 

extensions have been done on separation by thermal and 

heatless (or pressure cycling) parametric pumping. They 

include Wilhelm et, al. (1966, 1968), Jenczewski and Meyors 

(1968, 1970), Wilhelm and Sweed (1968), Pigford et. al. 

(1968), Horn and Lin (1969), Rolke and Wilhelm (1969), Aris 

(1968), Gregory and Sweed (1970, 1971, 1972), Turnock and 

Kadlec (1971), Butts et. al. (1972), Kowler and Kadlec (1972), 

Shendelman and Michell (1972), Weaver and Hamrin (1974), and 

Chen et. al. (1971, 1972, 1973, 1974a, 1974b, 1974c,1975, 1976) 

Comprehensive reviews of the subject have been made by Sweed 

(1971), Wankat (1974), and Chen (1976). However, much less 

studies have been done on the pH-parametric pumping. Sab-

adell and Sweed (1970) used pH changes to remove eand Na 

from H20. Shaffer and Hamrin (1975) studied trypsin re-

moval from i°4-chymotrypsin-trypsin mixtures by affinity chro- 

• matography and parametric pumping. In this work a semi-

continuous pH-parametric pump for separating proteins will 

be experimentally investigated. The pump considered here 

has a center feed between an enriching column and stripping 

column, and is operated batchwise during upflow and con-

tinuous during downflow. 
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Techniques commonly used for the separation of proteins 

include: gel filtration, affinity chromatography, ion exchange 

chromatography, etc. The proposed semi-continuous pH-par-

ametric pumping has several advantages over the conventional 

separation methods. 

1) Many proteins are often processed batchwise. Par-

ametric pumping offers the possibility of continuous 

processing, thereby tending to minimize both process-

ing time and degradation. 

2) No regeneration chemicals are needed for the con-

tinuous process, and no regenerant can contaminate 

the product. 

3) The continuous process can be achieved with very 

high separation factors, and the components removed 

can be concentrated to any desired practical level 

by setting the flow rate of the product stream con-

taining these components at the required value. 

4) Control problems for the continuous process may 

be simpler compared to those for competing batch 

processes. 

2 



CONCLUSIONS AND RECOMMENDATIONS  

Semi-continuous pH-parametric pumping for separating 

hemoglobin and albumin was experimentally investigated. A 

sephadex ion exchange was used as an adsorbent. The feed 

is introduced between the enriching and stripping columns. 

The pump is operated batchwise during upflow and continuous 

during downflow. It has been shown that the pump has the 

capibility for separating protein mixtures. 

It is recommended to try different ion exchanges and 

to extend the process to a true continuous one, that is 

with feed and product removal during both up and down flow. 

Also, the effect of the buffer's ionic strength on the sep-

aration should be studied or investigated. 

3 



EXPERIMENTAL 

A. EQUIPMENT  

The experimental apparatus used in this research is 

shown in figure 1. The equipment consists of two jacketed 

Pharmacia chromatographic columns (1.6 X 40 cm.) packed 

with a sephadex gel. The top column can be considered the 

stripping section, while the bottom is the enriching section. 

Feed is introduced between the enriching and stripping sec-

tions. Constant temperature of the column is maintained 

by the use of a Brinkrnann Instrument unit. It circulates 

cooling water at 281° K, which prevents the proteins from 

denaturing. The reciprocating pumping of the reservoirs 

and the introduction of the feed into the system was accom-

plished by the use of two infusion-withdrawal syringe pumps, 

which were manufactured by Harvard Apparatus. The reservoir 

pumps are fitted with two 50-cm glass syringes and the 

feed pump is fitted with one. The fluid is pumped through 

the system using capillary tubing (0.1 cm. id, 0.18 cm. od). 

To insure perfect mixing, small magnetic stirrers were em-

ployed in both reservoir syringes. 

The change of pH was accomplished by the use of two 

dialysis cells. The particular cells used were made by 

Bio-Rad and were the bio-fiber 50 beaker model. The fibers 
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are made of cellulose and have a total surface area of 
2 

900 cm. The nominal molecular weight cut off for this 

model is 5,000. The jacket volume is 100 cm. A buffer 

is circulated in the jacket part of the dialysis call, 

while the solution which wishes to change its pH is passed 

through the fibers. The buffer employed is a mixture of 

monobasic sodium phosphate and dibasic sodium phosphate. 

For the low pH reservoir (pH=6.0), the proportion is 87.7% 

monobasic sodium phosphate and 12.3% dibasic sodium phos-

phate. For the high pH reservoir (pH=8.0), the proportion 

is 5.3% monobasic sodium phosphate and 94.75 dibasic sodium 

phosphate (Colowick & Kaplin, 1955). The concentration 
3 

strength of both buffers is 0.1 M. A 2,000 cm, reservoir 

is used for the circulation of fresh buffer through each 

dialysis cell. A Bio-Rad peristaltic pump is used to cir-

culate the buffer at 0.33 cm. per second. To eliminate 

stagnation of the buffer, magnetic stirrers are placed in 

the bottom of the dialysis cells. 

Top and bottom product samples are collected with Gil-

mont micrometric capillary valves. These valves are used 

both to regulate and to impose a small back pressure on the 

flow of the fluid in the system. The samples are measured 

on a Beckmann DU spectrophotometer. A minimum of 2.6 cm? 

is needed for analysis. 

Prior to each run, all the air is removed from the 
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connecting tubing. This is done by filling all the lines 

with feed solution. Low pH feed is used for the tubing 

leading to and from the enriching section, while high pH 

feed is used for the lines leading to and from the stripping 

section. 

The specific packing used is SP-sephadex (0-50). Prep-

aration of the packing has been standardized in order to 

produce similar starting conditions for the runs. Initially, 

the packing was allowed to expand in 40 cm. of low pH buffer. 

After 24 hours, 10 cm. of the top liquid was decanted off 

and replaced with 100 cm. of low pH feed. After another 24 

hours, 100 cm. of the liquid phase was decanted off, leaving 

the gel ready to be poured into the column. The pouring of 

the packing into the column has to be done in a careful man-

ner. The technique employed is to pour the gel slowly down 

a glass rod, allowing the packing to settle without trap-

ping any air. The remaining air in the tubing leading into 

the connectors of the column is blown out by compressing 

the packing slightly, replacing the air with some of the 

fluid phase. Then the column is sealed and the run is ready 

to start. 

6 
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B. f,'EASUREMENT  

In order to determine the concentrations of the sam-

ples, three calibration curves must be prepared. Hemoglo-

bin will absorb light at a wavelength of 403 mu and 280 mu, 

while albumin will absorb light only at 280 mu. A wave-

length of 403 mu is in the visible spectrum, while 280 mu 

is in the ultra-violet range. For the hemoglobin, twenty 

known concentrations ranging from a weight percent of 0.001 

to a weight percent of 0.010 in equal increments are measured 

at both wavelengths. Three sets of data points are made up 

for pH's of 6.0, 7.0, and 8.0. Initially, the four cells 

that are to be used for the measurements are filled with 

deionized water in order to calibrate them for any differences 

in transmission that they may have. The readings of the 

samples are then divided by this correction factor and mul-

tiplied by one hundred in order to get the actual trans-

mission of the sample. When the readings for the samples 

are made, the first cell is the reference and is filled with 

the corresponding pH buffer as of the sample. The buffer 

is 0.05M and is of the same type that is actually used in 

the experiment. The remaining three cells are filled with 

the samples, and the readings are recorded in percent trans-

mission. The absorbance is found by the simple relationship 

that it is equal to the common log of one hundred divided 

by the transmission A Log(100/T). Now absorbance is plotted 
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against percent concentration on linear coordinates. A 

linear regression is performed on each set of data points, 

and the best straight line that passes through the origin 

is drawn. For 403 mu the slope,R, at pF=6.0 is 59.82, at 

pH=7.0 and at pH=8.0=53.88. This calibration 

curve is depicted in figure 2. As the pH decreases the 

slope increases. For 280 mu 2 at pH=6.0 is 16.49, at pH=7.0 
a=17.40, and at pH=8.0 X=l4.95. This calibration curve is 

shown in figure 3. At this wavelength, a maximum at a cer-

tain pH seems to occur. A rough working plot of slope verus 

pH is done at both frequencies (figures 5 & 6). Although 

these plots will not give exact slopes at a particular pH, 

they will give one within the accuracy of the spectropho-

tometer readings. 

The albumin calibration curve at 280 mu (figure 4) is 

done in a similar fashion with the exception that the con-

centration range is increased because of the less sensi-

tivy of the absorbance of albumin. There are twenty-two 

points ranging from a percent concentration of 0.005 to 

0.100. The corresponding slopes for pH's of 6.0, 7.0, 

and 8.0 are 5.054, 5,013, and 4.995 respectively. The slopes 

seem to be relatively constant, indicating that pH has little 

affect on the readings of the samples. An average slope of 

5.021 will be used in the calculations. 

9 



The samples for the runs are measured in the follow-

ing manner. The first cell will contain the reference. 

For the top product, the reference will be the low pH buf-

fer and for the bottom product it will be the high pH buf-

fer. The remaining three cells will contain the samples. 

Readings will be taken at both 403 mu and 280 mu. The same 

procedure as before is used to calculate the absorbance of 

both the samples and the feed. Each sample is tested for 

pH and the approphate slopes, which are obtained from figures 

5 and 6, is used in the following calculations. For hemo-

globin, the procedure for calculating the concentration is 

straight forward. The absorbance of the sample is divided 

by the slope of the calibration curve at 403 mu. The feed 

absorbance is also divided by its slope to determine the 

feed concentration. To normalize the results the concen-

tration of the sample is divided by the concentration of 

the feed. 

Since the concentrations that are used in the exper-

iment are dilute, advantage can be taken of the additive 

property of absorbances for two components at a certain 

frequency in order to calculate the concentration of al-

bumin. First the contribution of hemoglobin is found by 

multipling the concentration of hemoglobin, which was al-

ready found at 403 mu, by the corresponding slope of the 

calibration curve at 280 mu. This will give the absorbance 

10 



that is contributed by the hemoglobin. This value is sub-

tracted from the total absorbance at 280 mu, and this will 

give the contribution due to albumin. This value is then 

divided by the slope of the albumin calibration curve, which 

finally leads to the concentration of albumin. The same 

procedure is followed for the feed reading and the sample 

is normalized as before. 

11 



FIGURE 2 

CALIBRATION CURVE 

(HEMOGLOBIN-403 mu) 
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FIGURE 3 

CALIBRATION CURVE 

(HEMOGLOBIN-280 mu) 
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FIGURE 4 

CALIBRATION CURVE 

(ALBUMIN- 280 mu) 

14 



FIGURE 5 

SLOPE VS- PH 

(HEMOGLOBIN- 403 mu) 
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FIGURE 6 

SLOPE VS• PH 

(HEMOGLOBIN - 280 mu) 
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RESULTS AND DISCUSSION  

Seven runs were carried out on the system, four were 

binaries and three were ternaries. Tables 4 and 5 lists 

the experimental conditions for all the batch and semi-

continuous runs. Tables 6-10 contain the experimental data 

and results, and the final table, number 11, contains the 

separation factors for the runs. Comprising the binary runs 

were three batch operations and one of the semi-continuous mode 

done on the albumin-water system. The batch operation is a 

slight modification of figure 1. The exceptions are that 

it was performed with a single column and there is no feed 

or productremoval. Initially, 15 cm? of feed solution was 

put in the top syringe and 5 cm. was put in the bottom sy-

ringe. The run started with a downward half-cycle and pro-

ceeded with its reciprocating motion for the required amount 

of cycles. The semi-continuous mode is one where the feed 

and the product removal is done on only one of the half-

cycles. Run A4 was performed with a single column and both 

feed introduction and product removal was done on the down-

ward half-cycle. 

The batch runs indicate that there is very little dif-

ference in the concentrations at the top and bottom of the 

column. This can be expected because the column is operated 

between pH reservoirs of 6.0 and 8.0, and the isoelectric 

point of albumin is 4.9. The isoelectric point is the particular 

17 



pH that a protein exhibits a net charge of zero. Above 

this point the protein will exhibit a net negative charge 

and below this point the net charge would be positive. The 

sephadex packing is negative and hence the albumin will be 

repelled, allowing it to flow through the column with little 

resistance. The concentration of albumin at the top of the 

column seems to be slightly higher than that of the bottom. 

This slight difference can be contributed to the fact that 

the pH of the top is 6.0 versus 8.0 at the bottom. At a 

pH of 6.0, albumin is a little bit less negative than at 

8.0, and this difference will cause a slight attraction 

towards the top, The lower concentrations for run A3 is 

due to the added number of cycles. Ten cycles are not 

enough for the system to reach steady state, Eventually 

at steady state, the ratio of the concentrations in the 

reservoirs to that of the feed will approach unity. The 

results of the batch runs are listed in table 6. 

The semi-continuous binary run for albumin seems to 

follow the batch results. Initially, there is a transient 

period with a lot of scattering and then both the top and 

bottom product concentrations approach unity. Figure 7 is 

a plot of sample concentration divided by feed concentration 

versus cycles (Yns Ai,p VS., n) for run A4. Another plot for 

run A4 is separation factor versus cycles and this is shown 

in figure 14. Separation factor is defined as the concentration 

18 



of the bottom product divided by the concentration for 

the top product. 

The three ternary runs consist of two done with the 

single column, similar to run A4, and the last run performed 

with the double column, run T3. The experimental condi-

tions for runs Tl and T2 where similar with the exception 

that in run T2, 0.05M NaCl was added to both the feed and 

the packing. Salt was added to try to break up the attra-

tion albumin and hemoglobin would have for each other due 

to opposite charges. The results indicated that the salt 

had little or no effect and this can be seen by the simi-

larity between figures 8 and 10. For the bottom hemoglobin 

product, both curves show an initial peak followed by a 

steady decline and then a leveling out to a value of a 

little bit under the feed. The top products seem to ex-

hibit an initial transient period and then the concentra-

tions level off. The separation factor for the hemoglobin 

for both runs is about 1.2. The plots for the separation 

factor versus cycles are also similar, The curves can be 

compared to the characteristic shape of the bottom products, 

an initial peak followed by a decline and levelin,7; off. 

Mese plots are dopictua in figures 15 and 1. 

The plots for the albumin, figures 9 and 11, have a 

great deal of scattering in them, but the general trend 

seems to agree with the binary results. Eventually after 
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an initial transient period the concentration at the top 

and the bottom of the column will level off to unity. The 

scattering in the curves can be contributed to two main 

factors. The first is the sensitivity of the albumin cal-

ibration curve compared with the hemoglobin calibration 

curve. Albumin is much less sensitive to ultra-violet 

light than hemoglobin. Through the manipulations that 

have to be performed to get a final albumin concentration, 

any error or fluation in the initial reading would lead 

into a considerable difference in the final results. It 

is recommended that further study should be made in albumin 

measuring technique. The second factor is that the semi-

continuous runs were performed on two separate days, with 

a stoppage in operation between days. This stoppage can 

be seen in the sharp rise in the concentration of the 

albumin. Some of these points were eliminated from the 

graphs for this reason. The concentration rise is due to 

the mass transfer of the albumin. Since albumin and the 

packing have the same charge, the albumin wants to escape 

from the packing and go into the reservoirs. 

For runs A4, Tl, and T2 the top product was combined 

for each three consecutive cycles. The products were com-

bined in order to get enough sample for measurement. The 

concentration for these samples were reported for the mid-

dle cycle. 
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The final run performed on the system was T3, which 

used the apparatus pictured in figure 1. By using stripping 

and enriching sections with feed introduced between sections, 

the separation was vastly improved. The hemoglobin can now 

be trapped in the bottom or enriching section, while the 

top or stripping section can be relatively free of hemoglo-

bin. Figure 12 helps point out these results, by showing 

the concentrations of the top and bottom products for hem-

oglobin. Figure 13 is a plot for albumin and follows the 

preceding albumin results. The scattering can also be 

explained by the two preceding reasons. Separation factor 

versus cycles has been plotted in figure 17. The final 

separation factor is around 4 which is far superior to runs 

T1 and T2 which had separation factors around 1.2. A final 

plot, figure 18, is a comparison of the top hemoglobin pro-

ducts for runs H14(Falcon, 1976), Ti, and T3. The plot ex-

cmlifies two points. The first is the superiority of the 

double column over the single one. The second is the low-

ering of the efficiency of the column by the attraction 

between the hemoglobin and albumin. Runs El4 and Ti were 

performed under the same conditions except for the fact 

that Ti had the additional protein albumin. Even with this 

lowering of the efficiency, the double column produced a 

low concentration of hemoglobin in the top or stripping 

section. 
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No attempt at optimizing the process was tried in 

this thesis. The primary objective was to show the fu-

ture for pH-parametric pumping. The results from run T3 

are good enough to indicate the viability of pH-parametric 

pumping as a separation process for human or natural pro-

teins. 

22 



FIGURE 7 (RUN A4) 

CONCENTRATION TRANSIENT 

(ALBUMIN) 
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FIGURE 8 (RUN T1) 

CONCENTRATION TRANSIENT 

(HEMOGLOBIN) 
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FIGURE 9 (RUN T1) 

CONCENTRATION TRANSIENT 

(ALBUMIN) 
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FIGURE 10 (RUN T2) 

CONCENTRATION TRANSIENT 

(HEMOGLOBIN) 
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FIGURE 11 cRUN T2) 

CONCENTRATION TRANSIENT 

(ALBUMIN) 
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FIGURE 12 (RUN T3) 

CONCENTRATION TRANSIENT 

(HEMOGLOBIN) 
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FIGURE 13 (RUN T3) 

CONCENTRATION TRANSIENT 

(ALBUMIN) 
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FIGURE 14 (RUN A4) 
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SEPARATION FACTOR VS. CYCLES 



FIGURE 15 (RUN T1) 

31 

SEPARATION FACTOR VS• CYCLES 



FIGURE 16 (RUN T2) 

32 

SEPARATION FACTOR VS• CYCLES 



FIGURE 17 (RUN T3) 
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SEPARATION FACTOR VS CYCLES 



FIGURE 18 
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HEMOGLOBIN TOP PRODUCTS 



NOTATION  

A - Absorbance 

n - number of cycles 

S .F . - Separation Factor 

T - Transmission 

Y - Concentration 

YOg '" Hemoglobin concentration of the sample 

YOF - Hemoglobin concentration of the feed 

Albumin concentration of the sample 

- Albumin concentration of the feed 

- Slope 

35 
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CABLE 1: CALIBRATION  =NE - HEMOGLCBM 403mu 

(PH=6.0) (PH=7.0) (PH=9.0) 
MrC1TTRATION ABSO'IBA,\CE ABSORBAICE ABSOR3A1C7,  

0.001 0.047 0.091 0.056 

0.002 0.090 0.1C1 0.076 

0.003 0.161 0.162 0.107 

0.004 0.227 0.217 0.-62 

0.005 0.276 0.261 0.502 

0.006 0.342 0.303 0.326 

0.007 0.409 0.410 0.428 

0.008 0.465 0.467 0.440 

C.009 0.538 0.479 0.561 

0.010 0.590 0.573 0.578 

0.011 0.652 0.640 0.572 

0.012 0.730 0.629 0.629 

0.013 0.783 0.699 0.697 

0.014 0.830 0.907 0.728 

0.015 0.893 0.348 0.949 

0.016 0.955 0.955 0.827 

0.017 1.051 0.951 0.914 

0.018 1.086 1.032 0.996 

0.019 1.125 1.076 0.991 

0.020 1.208 1.076 1.046 

A= 59.82C (PH=6.0) 

A.::::56.12C (PH=7.0) 

A= 53.88C (PH=8.0) 
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TABLE  2: CALIBRATION  CURVEL- HEMOGLOBIN  280mu 

(811=6.0) (PH=7.0) (PH=0.0) 
CONC7.NTRAII0h ABSORDALICE AB3ORBAPCE ABOUANCT3 

0.001 0.021 0.028 

0.002 0.030 0.034 0.052 

0.003 0.052 0.071 0.082 

0.004 0.077 0.048 0.085 

0.005 0.093 0.099 0.116 

0.006 0.107 0.114 0.114 

0.007 0.120 0.126 0.1 5 

0.008 0.128 0.144 0.118 

0.009 0.137 0.164 

n.010 0.162 0.156 0.139 

0.011 0.192 0.212 0.153 

0.012 0.193 0.207 0.203 

0.013 0.''13 0.214 

0.014 0.24A 0.240 0.207 

0.015 0.245 0.278 0.239 

0.016 0.:268 0.222 

0.017 0.283 0.285 0.228 

0.018 0.313 0.261 

0.019 0.305 0.282 

0.020 0.322 0.335 0.286 

A:=716.49C (PH 6.0) 

A=17.400 (PH=7.0) 

A=14.950 (P11=8.0) 
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TABLE  3: CALIBRATION' CURVE ALBUT4L  280mu 

(PH=6.0) (PH=7.0) (PH=8.0) 
CONCENTRATIOU AB6'01BAt\TC7, _ABS0aBANC: A3S0A\-,C'; 

0.005 0.028 0.011 0.004 

0.008 0.032 0.036 0.008 

0.011 0.038 0.042 0.029 

0.014 0.068 0.049 0.047 

0.017 0.072 0.052 0.062 

0.020 0.109 0.080 0.073 

0.025 0.138 0.135 0.122 

0.030 0.149 0.154 0.146 

0.035 0.178 0.178 0.178 

0.040 0.204 0.206 0.184  

0.045 0.224 0.221 0.277 

0.050 0.257 0.246 O. 244  

0.055 0. 280 0.283 0.235 

0.060 0.295 0.321 0.289 

0.065 0.323 0.351 0.298 

0.070 0.353 0.354 0.354 

0.075 0.373 0.373 0.363 

0.080 0.389 0.410 0.93 

0.085 0.434 0.424 0.441 

0.090 0.450 0.441 0.481 

0.095 0.491 0.478 0.502 

0.100 0.520 0.498 0. 493 

A=5.0540 (PH=6.0) 
A=5.0130 (PH.7.7.0) 

A=4.9950 (PH:-.8.0) 

Average Slopez;5.021 
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TABLE 4: EXPERIMENTAL MNDITIONS FOR BATCH RUES 

Packinrr Height 

Al - 9.6 Cm. 
A2 - 10.1 Cm. 
A3 11.3 Cm. 

Displacement 

10 Cm? for all runs 

Dead Volumn 

• 5 Cm.3 for all runs 

Flow Rate for Sringe Reservoirs - 

0.00833 Cm?/Sec. 

High PH  Buffer 

PH-8.0 (.05M) for all runs 

Low PH Buffer 

PH-6.0 (.05M) for all runs 

Initial Reservoir Concentration 

.05% Albumin for all runs 

Initial PH of Packinz 

Al - 6.0 
A2 - 8.0 
A3 - 6.0 

'Iumber of  az2les for the Run 

Al - 10 
A2 - 10 
A3 - 17 
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TABLE 5: EXPERIMEVTAL CW:DITIOES FOR SE4I-COTINUOUS RUNS 

Type  of Run 

A4,- binary for Albumin, performed with single column 

T1 - ternary performed with single column 

T2 - ternary with .0514:1qaC1 added to feed and packing 
performed with single column 

T3 - ternary performed with double column with feed 
between columns 

Packing Height • 

A4 - 9.4 Cm. 
Tl - 9.1 Cm. 
T2 - 8.3 Cm. 
T3 - 8.6 Cm. (bottom)', 8.5 Cm. (top) 

Displacement 

12 Cm1.3 for all runs 

Dead column 

, 5 (,,m.3 for all runs 

Flow Rate for SyEinge Reservoirs 

0.00833 Cra/Sec. 

Flow Rate for  Feed 

0.00283 Cm?/Sec. for A4,T1,T2 

0.00417 Cm/Sec. for T3 

High pH Buffer 

PH-8.0 (.10M) for all runs 

Low PH Buffer 

PH-6.0 (.10M) for all runs 

Feed Concentration 

A4 - .01% Albumin (High PH) 
Ti - .01% Albumin, .01% Hemoglobin (High PH) 
T2 - .01% Albumin, .01% Hemoglobin, .05Mia,C1 (high PH) 
T3 - .01% albumin, .01% hemoglobin (Low PH) 
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TABLE 5 — Continued 

Initial PH of Packinz, 

6.0 for all runs 

umber of Cycles for the tun 

21 for all runs 
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TABLE 6: BACH RUNb L61,A2,AL 

(280) (280) ALBUMI, fn SEPAQATIOI\ 
RUN SATIPLB TRAASMISSIOV AT3OR.3,-1.  CB COITCB-TRATIOL  frIF FACTOR 

RE 40.9 0.388 0.07728 1.61 

Al RT 37.2 0.429 0.08544 1.78 0.90 

FEED 57.4 0.241 0.04800 ---- 

RB 37.2 0.429 0.08544 1.65 

A2 RT 35.6 0.449 0.08942 1.73 0.96 

FEED 54.9 0.260 0.05178 ---- 

RB 44.9 0.348 0.06931 1.35 

A3 RT 41.7 0.380 0.07568 1.47 0.92 

FEED 55.2 0.258 0.05138 ---- 
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TABLE 7: RUN A4 

AMOUNT CM 3  (280) (280) ALBUMIN fleiS  
SAMPLE COLIECII) PH m A.I.JEIS3I011 ABSO2BACC: 01\Ca.TRATIOF  'YAP 

1B 2.6 7.25 62.2 0.206 0.04103 2.78 

1T 1.1 

2B 2.7 7.40 64.4 0.191 0.03804 2.58 

2T 1.0 6.05 66.4 0.178 0.03545 2.41 

3B 2.7 7.65 72.6 0.139 0.02768 1.88 

3T 1.0 ---- 

4B 2.8 7.80 71.4 0.147 0.02923 1.99 

4? 1.2 ---- 

5B 2.7 7.80 67.5 0.170 0.03386 2.30 

5T 0.9 6.00 75.6 0.122 0.02430 1.64 

6B 2.9 7.85 69.2 0.160 0.03187 2.16 

6T 1.1 

7B 2.9 7.90 60.3 0.220 0.04382 2.97 

7T 1.1 

8B 2.9 7.95 77.7 0.110 0.02191 1.49 

8T 1.0 6.05 75.7 0.121 0.02410 1.64 

9B 2.9 8.00 69.7 0.157 0.03127 2.12 

9T 1.1 

10B 2.7 7.90 66.5 0.177 0.03525 2.39 

10T 1.6 

11B 2.8 8.00 72.5 0.140 0.02788 1.89 

11T 0.8 6.10 61.9 0.208 0.04143 2.81 

12B 2.8 7.95 66.4 0.178 0.03545 2.41 

12T 0.9 

13B 2.7 7.90 68.4 0.165 0.03286 2.23 

13T 1.2 
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TABLE 7 Continued 

AMOUNT CM )3  280) (280) i IBUMIN YAS 
SAPPLE COLLECTED PH  T:LALSMIS:;ION  AB3023A,C3 CONC:NTRATIOI:  YAP 

14B 3.0 8.00 66.5 0.177 0.03525 2.39 

14T 1.0 6.05 71.2 0.148 0.02948 2.00 

15B 2.8 8.00 74.0 0.131 0.02609 1.77 

15T 1.0 

16B 5.0 7.95 72.1 0.142 0.02828 1.92 

16T 1.0 ---- 

17B 3.0 8.00 76.7 0.115 0.02290 1.55 

17T 1.1 6.10 64.5 0.190 0.03784 2.57 

183 3.0 8.00 73.1 0.136 0.02709 1.84 

18T 0.9 ---- 

19B 2.6 8.00 77.1 0.113 0.02251 1.53 

19T 0.7 

20B 2.9 8.00 78.3 0.106 0.02111 1.43 

20T 2.3 6.15 67.6 0.170 0.03386 2.30 

21B 3.2 8.00 82.7 0.082 0.01633 1.11 

21T 1.1 ---- 

RB 7.90 81.0 0.092 0.01832 1.24 

RT 6.10 64.2 0.192 0.03824 2.59 

PEED 8.00 84.4 0.074 0.01474 ---- 
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TABLE 8:  RUN T1 

SAULE  
AMOUNT(C11)3 
COLLECTED PH 

(403) 
TRAL31118,1101,1  

(280) 
T2Ai,i3H1o3 0 

(403) 
OSOTIBAITCE 

lB 3.0 6.95 52.7 58.4 0.278 
1T 1.0 

2B 3.3 7.20 26.1 51.8 0.583 
2T 0.9 6.05 41.5 48.6 0.382 

3B 3.0 7.30 15.8 45.7 0.801 
3T 1.1 

43 3.0 7.55 14.1 41.1 0.851 

4T 1.0 

513 3.2 7.70 16.2 41.8 0.790 

ST 0.8 6.00 39.8 63.6 0.400 

6B 2.9 7.80 20.4 46.8 0.690 

6T 1.3 

7B 3.0 7.80 23.9 49.7 0.622 

7T 1.1 

8B 2.8 7.90 25.4 53.0 0.596 
8T 1.3 6.10 34.2 66.9 0.466 

9B 3.0 7.90 27.0 43.8 0.568 
9T 0.9 ---- 

10B 3.0 7.95 30.4 53.1 0.517 

10T 1.0 

11B 3.0 7.95 32.8 56.8 0.484 

11T 1.0 6.10 39.8 59.4  0.400 

12B 3.1 7.90 32.5 35.4 0.499 

12T 1.1 

13B 2.9 8.00 32.3 34.6 0.491 

13T 1.0 
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TABLE 8 - Continued 

SNIPLE 
i:OliNT(CM)3 
CO=CTCD PH 

(403) 
TRANSLTISSICI: 

(280) 
!'1 1".  

(403) 
ABSO-ng,CE 

14B 3.0 7.95 34.7 42.3 0.460 

14T 1.1 6.10 36.7 54.5 0.435 

15B 3.0 7.90 37.6 49.4 0.424 

15T 1.0 

16B 3.0 7.95 57.3 47.0 0.428 

16T 1.0 

17B 3.0 8.10 36.3 54.4 0.440 

17T 1.2 6.15 39.4 58.7 0.405 

18B 3.1 8.00 37.1 54.2 0.430 

18T 1.1 

19B 3.1 7.95 37,1 61.0 0.450 

19T 1.0 

20B 3.0 8.00 56.9 57.1 0.433 

20T 1.4 6.10 40.1 63.1 0.397 

21B 3.1 7.95 37.9 63,6 0.421 

21T 0.9 

RB --- 7.95 37.6 61.7 0.424 

2T 6.15 35.4 62.6 0.451 

FEED 8.00 32.3 60.8 0.491 
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TABLE 8 - Continued 

JAMPLE  
(280) 

ABd0R3ANCE  
HEMOGLOBIN(280) 
CGIBUTI01,4  

ALBUMIE(280) 
COLTRI3UTIO1  rH403 A.14290  

1B 0.235 0.086 0.149 56.23 17.36 

1T 

2B 0.285 0.180 0.105 55.62 17.14 

2T 0.313 0.106 0.207 59.45 16.55 

3B 0.340 0.245 0.095 55.37 16.95 

3T 

4B 0.386 0.254 0.132 54.78 16.35 

4T 

5B 0.379 0.231 0.148 54.45 15.93 

5T 0.197 0.110 0.087 59.82 16.49 

6B 0.330 0.199 0.131 54.25 15.63 

6T 

7B 0.504 0.179 0.125 54.25 15.63 

7T 

8B 0.276 0.169 0.107 54.05 15.29 

8T 0.174 0.131 0.043 59.15 16,60 

9B 0.311 0.161 0.150 54.05 15.29 

9T 

10B 0.275 0.145 0.130 53.96 15.12 

10T 

11B 0.246 0.136 0.110 53.96 15.12 

11T 0.226 0.112 0.114 59.15 16.60 

12B 0.451 0.138 0.313 54.05 15.29 

12T 

13B 0.460 0.136 0.324 53.88 14.95 

13T 
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TABLE 8 - Continued 

SAMPLE 
280) 

ABSORBANCE  
HEMOGLOBIN(280) 

COhTRIBUTION  
ALBUMIN(280) 
CaTRIBUTION itH403  Rii280 

14B 0.373 0.129 0.244 53.96 15.12 

14T 0.264 0.122 0.142 59.15 16.60 

15B 0.306 0.120 0.186 54.05 15.29 

15T 

16B 0.328 0.12.0 0.208 53.96 15.12. 

16T 

17B 0.265 0.122 0.143 53.88 14.95 

17T 0.232 0.115 0.117 58.88 16.95 

18B' 0.266 0.119 0.147 53.88 14.95 

18T 

19B 0.214 0.121 0.093 53.96 15.12 

19T 

20B 0.243 0.120 0.123 53.38 14.95 
20T 0.200 0.111 0.089 59.15 16.60 

21B 0.197 0.118 0.079 - 53.96 15.12 

21T 

RB 0.210 0.119 0.091 53.96 15.12 

RT 0.203 0.128 0.075 58.88 16.65 

FEED 0.216 0.136 0.080 53.88 14.95 
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TABLE 8 - Continued 

3Aiii'LE 
HEYOGLCBIU 
CO,CZ&TRATION 

YK 
YHF  

ALBUMIN 
CCI,CE,TRATION  

Yes 
fiv 

1B 0.00494 0.54 0.02968 1.86 

1T 

2B 0.01048 1.15 0.02091 1.31 

2T 0.00643 0.71 0.04123 2.59 

33 0.01447 1.59 0.01892 1.19 

3T 

4B 0.01553 1.70 0.02629 1.65 

4T 

53 0.01451 1.59 0.02948 1.85 

5T 0.00669 0.73 0.01733 1.09 

6B 0.01272 1.40 0.02609 1.64 

6T 

7B 0.01147 1.='6 0.02490 1.56 

7T 

8B 0.01103 1.21 0.02131 1.34 

8T 0.00788 0.86 0.00856 0.54 

93 0.01051 1.15 0.02987 1.83 

9T 

10B 0.00958 1.05 0.02589 1.63 

10T 

11B 0.00897 0.98 0.02191 1.38 

11T 0.00676 0.74 0.02270 1.42 

123 0.00903 0.99 0.06234 3.91 

12T 

13B 0.00908 1.00 0.06453 4.05 

13T 
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TABLE 8 - Continued 

arriFLI-  
H:MOGLOBI 
CONCENTRATICC 

Yris 
YsilF  

ALB= 
COtC3PTPtATIn 

.Y7) 
YAF 

14B 0.00852 0.94 0.04860 3.05 

14T 0.00735 0.81 0.02828 1.78 

15B 0.00784 0.86 0.03704 2.33 

15T 

16B 0.00793 0.87 0.04143 2.60 

16T 

17B 0.00817 0.90 0.02848 1.79 

17T 0.00688 0.76 0.02330 1.46 

18B 0.00798 0.88 0.02928 1.84 

18T 

19B 0.00797 0.87 0.01852 1.16 

19T 

20B 0.00804 0.99 0.02450 1.54 

20T 0.00671 0.74 0.01773 1.11 

213 0.00780 0.86 0.01573 0.99 

21T 

RB 0.00786 0.86 0.01812 1.14 

RT 0.00766 0.84 0.01494 0.94 

FEED 0.00911 0.01593 ---- 
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TABLE 9: RUC. T2 

SAMPLE 
A' OM T( CM)3 
COLL3,'TED PH 

(403) 
TRALar,IjSICI; 

(280) 
TR NI3I0 

(403) 
LBSOR,AF.C3 

1B 3.0 7.15 40.2 38.2 0.395 

1T 1.0 

2B 3.1 7.25 32.5 33.2 0.488 

2T 1.0 6.30 37.3 50.4 0.428 

3B 3.0 7.40 %1.2 35.3 0.673 

3T 0.9 ---- 

43 3.0 7.55 20.6 34.0 0.687 

4T 1.4 ____ 

5B 3.0 7.75 21.8 36.1 0.662 

ST 0.9 6.40 42.7 45.5 0.369 

6B 2.8 7.80 26.7 33.3 0.573 

6T 1.0 ---- 

73 2.9 7.85 28.4 40.3 0.546 

7T 1.0 ---- 

8B 2.8 7.90 31.0 41.3 0.509 

8T 1.0 6.35 38.4 60.6 0.415 

93 3.0 8.00 31.2 45.2 0.505 

9T 1.1 

10B 2.9 8.00 30.5 46.7 0.516 

10T 1.9 

11B 3.1 7.90 35.2 35.1 0.454 

11T 1.0 6.55 33.4 43.8 0.476 

12B 2.9 7.95 35.5 33.0 0.450 

12T 0.9 

13B 2.9 8.00 38.3 38.6 0.417 

13T 1.0 
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TABLE 9 -  Continued  

S/ 
AMOUNT(Ch) 
COLLECTED  

7 
-I  

PH 
403) 

TRAMJNIS3I011  
t 280 

TRA-SMIS3I0.1;  
(403) 

ABSOXBAL, CE  

14B 2.8 8.00 37.7 40.3 0.424 

14T 0.9 6.25 40.3 51.3 0.394 

153 3.1 8.10 38.8 43.2 0.411 

15T 1.1 

163 3.0 7.95 38.6 44.1 0.414 

16T 1.1 

17B 3.1 8.00 38.8 45.3 0.411 

17T 0.9 6.25 43.6 55.2 0.360 

18B 3.0 8.10 40.8 50.4 0.390 

18T 1.0 

19B 3.1 8.00 39.5 r6.5 0.403 

19T 1.5 

20B 3.0 8.00 59.1- 49.7 0.405 

20T 1.0 6.10 42.5 56.5 0.371 

21B 3.0 7.95 41.3 52.2 0.385 

21T 0.8 

RB 7.90 38.1 50.7 0.419 

RT --- 6.10 36.1 54.0 0.443 

FEED --- 8.00 33.6 64.6 0.473 
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TAaL2 9 - Continued 

3g7PLF  
290) 

AB.8023TiC  
HEMOGLOH, (`?80) 
COL  TlIbUTIO1 

ALBU=( 290) 
-,'uiTfl- BUTIOTIr 4.119  RH290  

1B 0.418 0.122 0.:96 55.75 17.23 

1T 

PB 0.418 0.150 0.268 55.50 17.05 

2T 0.298 0.123 0.175 58.22 16.80 

33 0.452 0.:'04 0.248 55.14 16.73 

3T 

4B 0.469 0.205 0.264 54.72 16.35 

4T 

5B 0.442 0.192 0.250 54.7:5 15.78 

5T 0.342 0.108 0.234 57.87 16.90 

OB 0.478 0.165 0.313 54.25 15.63 

6T 

7B 0.395 0.151 0.244 54.15 14.96 

7T 

8B 0.384 0.144 0.240 54.05 15.29 

8T 0.218 0.120 0.098 58.05 16.85 

9B 0.345 0.140 0.205 53.88 14.95 

9T 

10B 0.330 0.143 0.187 53.88 14.95 
10T 

11B 0.454 0.128 0.326 54.05 15.29 
11T 0.359 0.142 0.217 57.36 17.05 

12B 0.482 0.126 0.356 53.96 15.12 

12T 

13B 0.414 0.116 0.298 53.98 14.95 

13T 
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TABLE  9 - Continued 

SAIIPI: 
(280) 

AB03A10E  
HE10GLOBIU(290) 
CObTqILU1I0h  

ALBUMIN(290) 
COITRI3UTIOF H403  RH290  

14B 0.395 0.118 0.277 53.88 14.95 

14T 0.290 0.113 0.177 58.43 16.75 

15B 0.365 0.114 0.251 53.89 14.95 

15T 

16B 0.355 0.116 0.239 53.96 15.12 

16T 

17B 0.344 0.114 0.230 53.88 14.95 

17T 0.258 0.103 0.155 59.43 16.75 

18B 0.-98 0.100 0.198 93.98 14.95 

18T 

19B 0.333 0.108 0.225 53.38 14.95 

19T 

20B 0.312 0.112 0.200 53.89 14.95 

20T 0.248 0.114 0.134 59.15 16.60 

21B 0.282 0.108 0.174 53.96 15.12 

21T 

RB 0.295 0.118 0.177 54.05 15.29 

RT 0.267 0.124 0.143 59.15 16.60 

FEED 0.190 0.132 0.058 53.89 14.95 
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TABLE 9 -  Continued 

SAMPL7. 
ILTOGLOBIn 
CONCENTRATION  

'.Ns 
THF 

ALBUMIN 
CONCELITEATIOli 

Yas 
YAF  

1B 0.00709 0.81 0.05595 5.10 

1T 

2B 0.00879 1.00 0.05338 4.62 

2T 0.00735 0.84 0.03485 3.02 

3B 0.01221 1.39 0.04939 4.28 

3T 

4B 0.01254 1.43 0.05258 4.55 

4T 

5B 0.01218 1.38 0.04979 4.31 

5T 0.00638 0.73 0.04660 4.03 

6B 0.01056 1.20 0.06234 5.40 

6T 

7B 0.01008 1.15 0.04860 4.21 

7T 

8B 0.00942 1.07 0.04780 4.14 

8T 0.00715 0.81 0.01952 1.69 

9B 0.00937 1.07 0.04083 3.53 

9T 

10B 0.00958 1.09 0.03724 3.22 

10T 

11B 0.00840 0.95 0.06493 5.62 

11T 0.00830 0.94 0.04322 3.74 

12B 0.00834 0.95 0.07090 6.14 

12T 

13B 0.00774 0.84 0.05935 5.14 

13T 
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TABLE  9 - Continued 

3A:1in: 
HEMOGLOBIN 

CONCH, T ..-,  AT ION  
Yrts. 
Yl4F  

ALBUMIN 
CON CEN T.?  AT ION  

7As 

IAF  

14B 0.00787 0.89 0.05517 4.78 

14T 0.00674 0.77 0.03525 3.05 

15B 0.00763 0.87 0.04999 4.33 

15T 

16B 0.00767 0.87 0.04760 4.12 

16T 

17B 0.00763 0.87 0.04581 3.97 

17T 0.00616 0.70 0.03087 2.67 

18B 0.00668 0.76 0.03943 3.41 

18T 

19B 0.00724 0.82 0.04491 3.88 

19T ---- 

20B 0.00748 0.85 0.07983 3.45 

20T 0.00685 0.79 0.02669 2.31 

21B 0.00713 0.81 0.03465 5.00 

21T 

RB 0.00775 0.89 0.03525 3.05 

RT 0.00749 0.85 0.02848 2.47 

FEED 0.00880 0.01155 

59 





TABLE 10  - Continued  

SAY.PLE 
AMOUNT CM 3 
COLL-CTED PH 

(403) 
TRANSIIIS3ICN  

(280) 
TRZNSMIO„:ION  

403) 
ABSGREPC3  

14B 3.0 7.60 36.5 48.6 0.437 

14T 3.0 6.00 77.3 64.7 0.112 

15B 3.0 7.':,0 38.0 54.1 0.420 

15T 3.0 6.00 82.3 69.6 0.085 

16B 2.8 7.50 43.4 60.9 0.362 

16T 3.0 6.00 80.3 73.0 0.095 

17B 5.0 7.50 47.1 66.8 0.327 

17T 3.1 6.00 80.2 69.3 0.096 

18B  2.9 7.45 42.1 61.6 0.376 

18T 3.1 6.00 82.6 70.3 0.083 

19B 3.1 7.50 42.4 66.7 0.373 

19T 3.1 6.00 81.0 69.5 0.092 

20B 3.1 7.45 45.7 68.0 0.340 

20T 3.2 6.00 81.3 72.6 0.090 

21B 2.9 7.40 43.1 66.8 0.366 

21T 3.1 6.00 77.9 73.4 0.109 

RB 7.40 47.7 79.4 0.321 

RT 6.00 80.2 71.5 0.096 

FEED --- 6.00 29.5 62.4 0.530 
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TABLE 10 - Continued 

SF 
280) 

AESOZBAN CE 
HETI° GLO BIN ( 280) 

COI\ TRI BUT  ION 
ALBUME ( 290) 
COI. TRISH 1 ION 

,, 
(i.H403 a H  280  

1B O. 270 0.121 0.149 55,62 17.14 

1T 0.238 0.115 0.123 59.82 16.49 

2B 0.139 0.079 0.060 56.13 17.29 

2T 0.213 0.115 0.098 59.82 16.49 

3B 0.259 0.164 0.095 55.62 17.14 

3T 0.174 0.096 0.078 59.82 16.49 

4B 0.214 0.161 0,053 55.62 17.14 

4T 0.163 0.071 0.092 59.82 16.49 

53 0,264 0.155 0.109 55.25 16.85 

5T 0.152 0.066 0.096 59.82 16.49 

63 0.304 0.142 0.162 55.14 16.73 

6T 0.134 0.069 0.065 59.82 16.49 

7B 0,218 0.130 0.088 54.90 16.48 

7T 0.172 0.048 0.124 59.82 16. 49 

83 0,213 0.127 0.086 54.56 16.08 

8T 0.138 0.051 0.087 59,82 16.49 

93 0.197 0.112 0.085 54.79 16.35 

9T 0.158 0.053 0.105 59.82 16.49 

10B 0.180 0.108 0.072 54.90 16.48 

10T 0.147 0.036 0.111 59.82 16.49 

113 0.363 0.114 0.249 54.67 16.22 

11T 0.206 0.029 0.177 59.82 16.49 

1273 0.356 0.122 0.234 54.67 16.22 

12T 0.176 0.032 0.144 59.45 16.55 

133 0.361 0.132 0.229 54.90 16.48 

13T C.167 0.034 0.133 59.82 16.49 
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TABLE  10 -  Continued 

S ',12LE 
280) 

AB3ORI3A1,CE 
HEMOaL03a C 280) 
C0M7IBTOK 

ALEUMIN(280) 
 TiIBI  2J1403  211280  

143 0.313 0.130 0.183 54.67 16.29  

14T 0.189 0.031 0.158 59.82 16.49 

15B 0.267 0.126 0.141 54.90 16.48 

15T 0.157 0.023 0.134 59.92 16.49 

16E 0.-15 0.109 0.106 54.90 16.48 

16T 0.137 0.026 0.111 59.82 16.49 

17B 0.175 0.098 0.077 54.90 16.48 

17T 0.159 0.026 0.133 59.82 16.49 

1813 0.210 0.114 0.096 55.00 16.60 

18T 0.153 0.023 0.130 59.82 16.49 

1913 0.176 0.112 0.064 54.90 16.48 

19T 0.158 0.025 0.133 59.82 16.49 

20B 0.168 0.102 0.066 55.00 16.60 

20T 0.139 0.025 0.114 59.82 16.49 

21B 0.175 0.111 0.064 55.14 16.73 

21T 0.134 0.030 0.104 59.82 16.49 

RE 0.100 0.097 0.003 55.14 16.73 

RT 0.146 0.026 0.120 59.82 16.49 

FEED 0.205 0.146 0.059 59.82 16.49 
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TABLE 10 - Continued 

SAYLPLE 
HEMOGLOBIN 
COEC.1-NTRATIOP 

YHS 
YO  

AL BILTIIIu 
C0LICEY,TRATIOL 

Y As 

YAP  

1B 0.00708 0.80 0.02968 2.53 

1T 0.00695 0.78 0.02450 2.09 

2B 0.00457 0.52 0.01195 1.02 

2T 0.00699 0.79 0.01952 1.66 

3B 0.00956 1.08 0.01852 1.61 

3T 0.00580 G.65 0.01553 1.32 

4B 0.00942 1.06 0.01056 0.90 

4T 0.00433 0.49 0.01852 1.56 

5B 0.00919 1.04 0.02171 1.85 

5T 0.00400 0.45 0.01713 1.46 

6B 0.00847 0.96 0.03226 2.75 

6T 0.00420 0.47 0.01295 1.10 

7B 0.00791 0.89 0.01753 1.49 

7T 0.00289 0.33 0.02470 2.10 

8B 0.00788 0.89 0.01713 1.46 

8T 0.00311 0.35 0.01733 1.47 

9B 0.00683 0.77 0.01693 1.44 

9T 0.00321 0.36 0.02091 1.78 

10B 0.00656 0.74 0.01434 1.22 

10T 0.00216 0.24 0.02211 1.88 

11B 0.00704 0.79 0.04959 4.22 

11T 0.00176 0.20 0.03525 3.00 

12B 0.00750 0.85 0.04660 3.97 

12T 0.00192 0.22 0.02868 2.44 

13B 0.00798 0.90 0.04561 3.88 

13T 0.00209 0.24 0.02649 2.25 

64 



TABLE 10 -  Continued 

SIMPLE 
HEI:OGLOBIN 
CONCENTRATION 

Yi-is 
YFiF 

ALBUMIN 
CONCENTRATION 

YAs 
YAP 

14B 0.00799 0.90 0.03645 3.10 

14T 0.00187 0.21 0.03147 2.68 

15B 0.00765 0.86 0.02808 2.39 

15T 0.00142 0.16 0.02669 2.27 

16B 0.00659 0.74 0.02111 1.80 

16T 0.00159 0.18 0.02211 1.88 

17B 0.00596 0.67 0.01534 1.31 

17T 0.00160 0.18 0.02649 2.25 

18B 0.00684 0.77 0.01912 1.63 

18T 0.00139 0.16 0.02589 2.20 

19B 0.00679 0.77 0.01275 1.09 

19T 0.00154 0.17 0.02649 2.25 

20B 0.00618 0.70 0.01314 1.12 

20T 0.00150 0.17 0.0270 1.93 

21B 0.00664 0.75 0.01275 1.09 

21T 0.00182 0.21 0.02071 1.76 

RB 0.00582 0.66 0.00060 0.05 

RT 0.00160 0.18 0.02390 2.03 

FEED 0.00886 0.01175 
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TABLE 11: SEPki.ATIOY FACTORS 

(n7CL_2; 
A4 

(Alb.)  
Ti 

(Hem.)  
Tl 

(Alb.)  
T2 

jHem.)  
T2 

(Alb.)  
23 

(Hen.) 
T3 

(Alb.)  

1 ---- 1.02 1.21 

2 1.07 1.62 0.51 1.20 1.53 0.65 0.61 

3 1.65 1.22 

4 ---- ---- ---- 2.18 0.58 

5 1.39 2.18 1.70 1.91 1.07 2.30 1.27 

6 ---- ---- 2.17 2.49 

7 2.74 0.71 

8 0.91 1.41 2.48 1.32 2.45 2.53 0.99 

o J 2.13 0.81 

10 ---- 3.04 0.65 

11 0.67 1.32 0.97 1.01 1.50 4.00 1.41 

12 3.91 1.62 

13 3.82 1.72 

14 1.20 1.16 1.71 1.17 1.57 4.97 1.16 

15 ---- 5.39 1.05 

16 4.14 0.95 

17 0.60 1.18 1. 23 1.24 1.48 3.72 0.59 

18 4.92 0.74  

19 4.41 0.43 

')0 0.62 1.19 1.39 1.09 1.49 4.12 0.58 

21 3.65 0.62 

R 0.49 1.02 1.21 1.03 1.24 3.64 0.03 
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