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ABSTRACT

This report discusses the research and results of

the study done to characterize total organic halide (TOX)

distributions by apparent molecular weight (AMW) of combined

effluents from a mill employing the Kraft pulp process. AMW

distributions of TOX and total organic carbon (TOC) are

examined at five locations within an aerated stabilization

basin (ASB). An effort is made to explain experimental

methods used for separation into AMW ranges and analysis for

the described parameters. TOX and TOC results are tabulized

and discussed. Degradation pathways of chlorinated organic

compounds are examined using data from three sample sets.

Analyses of the data for TOX and TOC are included and

implications from this data discussed. Improvements for

further analysis of future samples are incorporated in this

report.
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INTRODUCTION

There is growing concern over environmental quality

and protection. This increased awareness has led to

requirements for industry to explore methods to decrease the

amount of toxic substances released into the environment.

Often the quality of industrial wastewaters produced is not

an adjustable variable and the wastewater requires

treatment. An important objective of treating industrial

wastewater is to lower the toxicity to an acceptable level

while keeping the cost of production within competitive

ranges. Economical optimization of treatment includes

analysis of the wastewater to determine quantities of toxic

compounds before, during, and after treatment. Once these

analysis are completed, the data can be interpreted and more

efficient treatment techniques or modifications to present

systems can be determined.

This research focuses on the apparent molecular

weight(AMW) distribution of total organic halide(TOX) and

total organic carbon(TOC) in an aerated stabilization basin

treating paper and pulp wastewater derived from a mill using

the Kraft process. The wastewater is presently treated in

an aerated stabilization basin(ASB). Figure 1 is a

schematic of the basin layout. The ASB system consists of

three separate reactors, all of which include aeration to

achieve mixing and provide oxygen for biological treatment.

1
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Water samples were taken before and after the ASB

and at three locations within the ASB as shown in figure 1.

Each sample was a weekly composite and three sets of

composites were examined. The composite samples were taken

during each of three consecutive weeks, beginning June 9,

1986.

The purpose of this study was to determine the TOX

distribution in the different AMW fractions throughout the

ASB. An attempt was made to determine which mechanisms were

involved in removing organo-chlorine or modifying the

characteristics of the AMW distribution of chlorinated

organic compounds. Recommendations for future work are

discussed.



LITERATURE REVIEW

The paper and pulp industry currently uses two major

pulping process schemes. These include the Kraft (sulfate)

process and the sulfite process (1). In the pulping

process, lignin is removed to improve paper making qualities

of the wood fibers (1). This research investigated

wastewater from a mill employing the Kraft process.

Presently, the Kraft process is the most common method for

treating pulp (1).

The Kraft process entails treating the wood with an

alkaline liquor containing sodium hydroxide and sodium

sulfide (1).	 At 160 to 180 0 C, this liquor promotes

cleavage of ether bonds in the lignin causing the lignin to

hydrolyze (1).	 Lignin removal in this stage of treatment

can be in excess of 90% (1). The remaining lignin as well

as fractions of carbohydrates and extractives are removed in

bleaching stages which require the use of

chlorine-containing bleaching agents (1,2).

The multistage bleaching process consists of several

separate exposures to various forms of chlorine separated by

treatments with alkali (1). For softwood Kraft pulps,

typical treatment steps include chlorine (C1')	 alkali

(E1), hypochlorite (H), chlorine dioxide (D l ), alkali

(E2), and chlorine dioxide (D 2 ) (1,2).	 It is estimated

that the bleaching process dissolves approximately 60 to 70

4
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kg of organic material per ton of pulp (1,3).	 About 70

percent of this removal is accomplished in the first two

stages of bleaching (2).

When the various forms of chlorine are used as

bleaching agents, chlorinated organic material will be

present in the effluents (1,4). Organo-chlorine compounds

present will depend on the type of wood used and the degree

of treatment obtained (4).

Organically bound chlorine is found in a broad range

of compounds. Recently, there has been much emphasis on

identifying the various chlorinated organic compounds formed

during the bleaching process. Although in excess of 80

chlorinated compounds have been identified, the majority of

the compounds remain unknown (4,5). Complete individual

compound identification is costly and time consuming.

Ultrafiltration is a valid technique for characterizing

effluents by fractionation. Research has concentrated on

fractionating the effluent streams from the individual

bleaching stages (1,2,3,4,6).

Ultrafiltration is the efficient, selective

rejection of solutes by convective solvent flow through an

anisotropic ("skinned") membrane (6). Amicon filters of the

UM series have been used by several laboratories for the

fractionation of paper and pulp wastewater into AMW ranges

(2,3, 5,7).

Ultrafiltration has been employed in the removal of

the inorganic chloride fraction of the total chlorine (4).
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This is accomplished by passing the inorganic fraction and a

smaller molecular size fraction of organo-chlorine compounds

through a membrane with apparent molecular weight cutoff of

1000 (4). Separation of the inorganic chlorine from the

filtrate was accomplished with a resin of the XAD type (4).

This method of analysis was determined valid since 93

percent of the organically bound chlorine had an apparent

molecular weight over 1000, and any loss on the XAD would be

insignificant (4).

Several laboratories have used OF for fractionating

effluents from individual wastestreams in the bleaching

sequence (1,3,8). Membranes with AMW cutoffs in the range

of 500 to 30,000 were chosen to divide the chlorinated

organics into fractions (7,8). When separating AMW's,

diafiltration or washing of the sample to assure complete

passage of the desired fractions was practiced (3,8). This

technique entails pulling the retentate down, leaving

several ml in the OF cell, followed by adding high purity

distilled (or equivalent) water and continuing processing.

This process is repeated several times to wash out any

remaining smaller molecules (3,4,8).

Total organic chlorine content has been determined

using several techniques. These include gas

chromatography/mass spectrometry, gas chromatography with

halogen specific detectors, neutron activation analysis,

spectroscopy with a plasma emission source, and

pyrolysis/microcoulometry (2,3,4,5.8,9,10,11). The
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pyrolysis/microcoulometry method can be accomplished with

the Xertex-Dohrmann DX-20 total organic halide (TOX)

analyzer. The DX-20 measures only the total molar amount of

organically bound halogen and tells nothing of the nature of

the organic matter to which halogens are bound, nor anything

about the individual halogens (10,12).

Results and observations from previous

investigations point out several considerations in the

analysis of bleaching effluents for total organic chlorine

compounds. These include concerns in the areas of sample

stability and preservation, sample processing, and

analytical interferences.

Sample stability is dependent on temperature and pH

(4).	 Total organic chlorine values may decrease 10 percent

when stored at 5 ° C in a two day period , and more at
higher temperatures (4).	 The samples become more stable

when they reach this lower value. C-stage liquors are very

sensitive to pH and TOX will decrease significantly if the

pH is increased (4).

The Swedish Forest Products Research Laboratory

suggests that preservation of the samples be accomplished by

freezing immediately upon sampling (4). Thawing followed by

one week stability time is recommended to improve

reproducibility and better describe possible environmental

impacts of the effluents (4).

Sample processing should include repetitive washing

to improve recovery of desired AMW fraction (4).	 TOX
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analysis should be run with a dilution that will keep the

analyzer in the mid operating range and allow a minimum of

25 ml to be adsorbed, in order that volumetric errors are

minimized (12).

Interferences can occur from the large quantity of

inorganic chlorine present (4,8). Inorganic chlorine must

be separated from organically bound chlorine before before

determination. This requires removal of the inorganic

fraction with the use of an Amicon membrane followed by

separation with XAD resins which separate inorganic chlorine

from low molecular weight organo-chlorine compounds (4,8).

The inorganic chlorine is washed off the resin with a

nitrate wash solution. An 0.08 M sodium nitrate solution is

used to wash inorganic chloride from the GAC columns with

the organics already adsorbed (12,13). Three ml of this

solution is sufficient to remove any inorganic chloride

remaining from industrial effluents (13).

Removals of approximately 30 percent of chlorinated

organic compounds from bleaching effluents is achieved in

aerated lagoons (14). Data suggests an Enso-Fenox system

consisting of a anaerobic fluidized bed reactor, followed by

an aerobic biological filter, can achieve a higher degree of

removal of phenolic compounds from bleaching effluents

(14,15). This system is capable of biodegrading

chlorophenols, compounds which are persistent under aerobic

conditions (16).



EXPERIMENTAL METHOD

Sample Collection 

Sample collection was performed by personnel from

the analytical laboratory monitoring the ASB at the mill.

Over three consecutive weeks, one week composite samples

were collected. Five sampling locations were chosen to

enable accurate characterization of the TOX throughout the

treatment process. The samples were taken from the influent

before the ASB, the approximate mid points of the three

reactors, and the effluent after the settling zone. (see

figure 1).

Samples were collected in amber 250 ml glass sample

bottles and sealed with teflon septa caps. The bottles were

filled so as to minimize head space avoiding the loss of any

volatile organo-chlorine compounds. Labels with the

sampling location and dates were attached. Immediately

after sampling, the bottles were stored with commercial Blue

ice and shipped, via air freight, to the University of

Arizona Environmental Engineering laboratory for analysis.

Sample Preservation and Storage 

Upon receipt of each set of weekly composites, it

became necessary to store the bottles until they could be

processed and analyzed. Acidification and refrigeration

were utilized as the preservation method. Upon breaking the

seal on the bottles, a 3 ml sample was withdrawn and stored

9
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at 4 0 C in sealed serum vials for subsequent analysis for

PDX. The pH of the remaining sample was lowered below pH

2.0 using 2 ml of concentrated sulfuric acid. The bottles

were then refrigerated at 4 0 C until analysis.

The storage technique described above was later

modified based on a comparison between results obtained the

University of Arizona versus the Mill laboratory. Results

from both laboratories appear in table 1.

Through a cooperative effort between the two

laboratories, a new storage procedure was defined.

Acidification was found to alter the composition of the

wastewater, and thus was deleted. Neutralization of the

acidified samples was not adequate as problems arose during

ultrafiltration and in consistency of results. The samples

received had all been acidified and were not acceptable for

this research. Three new sets of composite samples from the

same time series were shipped to Arizona from the Mill

laboratory.

The new preservation procedure included filtering

the 250 ml aliquots through a Whatman GF/C filter before

refrigeration at 4 ° C. This filtration step accomplishes
efficient removal of living biomass that could degrade the

sample. Refrigeration was used to slow the metabolism of

any biomass that passed through the GF/C filter.



Table 1. Parallel Analysis Between Laboratory 1 and
Laboratory 2

EEL *	 Lab 2	 #	 Sample
TOX(mg/1) **	 TOX(mg/1)*** % Differ
_

1	 Eff 500	 1.68	 0.40

1.90

2	 Eff 1000	 5.38	 8.25

3.92

3	 Eff 500	 2.78	 1.24

	

2.93	 2.49

4	 Eff 1000	 5.78	 3.55

4.01

31.5

11.7

34.8

34.6

*	 Environmental Engineering Laboratory, University of
Arizona.
** Samples GF/C filtered, Acidified < pH 2, UF at 40 psi.
*** Samples not GF/C filtered, No acidification, UF at 30
psi.

11
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In storing water samples for any duration of time,

stability of the compounds present was a concern. The

samples received were stored longer than the fifteen days

recommended in the standard procedure. Stability tests were

established to determine the length of storage time

possible, and what changes, if any, were occurring relative

to organo-chlorine compounds.

Preliminary analysis of the stability data suggests

that the storage time should be limited to fifteen days.

Over fifteen days there was a 7 percent decrease in total

TOX. There was minimum change in total TOX after the

initial fifteen days , however, changes in the TOX

distribution of the AMW fractions were observed. Data

reflecting these trends are presented in table 2. The new

set of composite samples were separated into apparent

molecular weight fractions within fifteen days from the date

of receipt; however, there was approximately 2 to 2 1/2

months between sample collection and sample fractionation.

Ultra-filtration Procedure 

Each of the previously filtered (GE/C) samples was

processed into six fractions using an Amicon stirred cell

(200 ml capacity). Amicon's YM series of hydrophilic

membranes were the basic type of membrane utilized due to

nonspecific protein binding and resistance to common

biochemical solvent properties.(6) The six fractions were

separated into the ranges shown in table 3 using the

indicated membranes.



Table 2. Single Sample Stability Data *
-

TOX (ugh) 
Date

AMW fraction	 9/9	 9/23	 10/7	 11/3	 11/5
—

TOTAL	 56,810 52,833	 NA	 53,700	 NA

< 30,000	 NA	 45,010 48,130	 NA	 NA

< 10,000	 NA	 36,010 38,945	 NA	 NA

< 5,000	 NA	 31,320 31,898	 NA	 37,720

< 1,000	 NA	 10,490	 8,557	 NA	 NA

< 500	 NA	 8,350	 6.561	 NA	 7,550

* All data was derived from the same batch sample of
influent.

13
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Table 3.	 Apparent Molecular Weight Fraction and
Corresponding Ultrafiltration Membranes Used For Separation

-

Discrete
AMW fraction

—
Membranes

*

used to calculate AMW fraction

>	 30,000 TOTAL - YM30 (AMW 30,000)

10,000-30,000 YM30 - YM10 (AMW 10,000)

5,000-10,000 YM10 - YM5 (AMW 5,000)

1,000-5,000 YM5 - YM2 (AMW 1,000)

500-1,000 YM2 - YCO5 (AMW 500)

< 500 YCO5

* Total TOX is determined from samples which are GF/C
filtered only.
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Before	 initial use, each membrane went through a

"conditioning" procedure. This consisted of soaking the

membrane in distilled water for one hour, changing the water

every fifteen minutes. The membranes are placed face down

in the distilled water to allow hydration of the membrane.

Once a membrane is hydrated, soaking of membranes is not

necessary provided they are kept saturated. If membranes

dry out, they are discarded. After conditioning, the UF

membrane was installed in the stirred cell with the membrane

side face up.

After installation of a membrane, a sample was

processed. A 45 ml volume of sample was measured with a 50

ml graduated cylinder. The cell is assembled and placed on

a magnetic stir plate. The stirring is adjusted so the

vortex is approximately one-third the depth of retentate.

The speed of the stirring is adjusted to maintain the

one-third depth as the permeate is removed.

Nitrogen gas is utilized to drive the filtrate

through the membrane. The operating pressure for each UF

run is 35 p.s.i.g. Upon application of the pressure, the

time was noted and recorded.

The first 5 ml of filtrate was collected in a 10 ml

graduated cylinder and discarded. It is determined that

this aliquot contains distilled water which was trapped in

the membrane and hence was diluted. Passing the 5 ml also

allows flushing of the teflon tube between the stirred cell

and the collection tubes.
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The next 20 ml of filtrate was collected in acid

washed test tubes, cleaned with chromic acid and thoroughly

rinsed. During the collection, the teflon tube from the OF

cell was placed in a test tube. To prevent contamination,

the test tube was sealed with Parafilm during filtration.

After collection of 20 ml, the pressure in the cell

was released and the UF tube removed. And the time was

noted and recorded. Each test tube was labeled and sealed

with Parafilm. The permeate was refrigerated at 4 0 C

until analysis for TOX and TOC.

The flux time was calculated from the recorded times

and checked against normal flux times. Any significant

change in flux time indicates membrane related problems.

When flux rates deviated from acceptable values by more than

five percent, these runs are repeated.

Problems with flux rate occurred when the

neutralized samples were processed by ultrafiltration. The

time required to produce the desired amount of permeate

increased dramatically for the lower molecular weight cut

off membranes. The YCO5 membrane consistently clogged

before the first 5 ml of permeate passed. This became a

limiting factor in the recovery of the acidified samples.

In between each cycle of use, the membranes were

washed by soaking them in a 10 molar sodium chloride

solution for two hours. After the NaC1 soak the membrane

was rinsed with ample distilled water to assure complete

removal of NaCl. After rinsing, the membranes were
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refrigerated in a ten percent ethanol solution.

Provided no flux problems arise or dehydration of

the membranes occur, the membranes were reused ten times.

Before reuse of a membrane, a sixty minute soak in distilled

water followed by thorough rinsing with distilled water was

considered to be sufficient conditioning.

Purgeable Organic Halide Procedure 

PDX determinations indicate the fraction of overall

TOX that is volatile and subject to removal by

volatilization pathways in the treatment system. Analysis

of the paper and pulp wastewater presented several problems

and led to the discontinuation of this procedure.

The standard PDX method of injecting 10 ml of sample

into the sparger unit on the DX-20 created difficulties.

The sample demonstrated a "foaming" phenomenon, causing

sample to enter the pyrolysis section and inlet tube of the

analyzer. This necessitated the complete reconditioning of

the Dohrmann DX-20.

Diluting the sample ten to one solved the foaming

problem. Using this the PDX measurements were accomplished

and appear in table 4. Although the measurements could be

obtained, the introduction of sample into the sparger caused

the analyzer to become extremely unstable. With low



Table 4. Purgeable Organic Halide (PDX) vs Chloroform

Week	 Sample	 PDX (ug/l)	 Chloroform (ug/l)

1	 Influent	 2,140	 2,440

1	 Effluent	 0	 0

2	 Influent	 2,120	 2,570

2	 Effluent	 0	 0

3	 Influent	 1,250	 3,280

3	 Effluent	 0	 0

* Chloroform is equivalent to 89% organic chlorine

18
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quantities of purgeable compounds found, PDX measurements

were discontinued.

Total Organic Halide Procedure 

The TOX parameter was measured using a Dohrmann

DX-20 Total Organic Halide analyzer. The procedure is

similar to the EPA method 506 with some modifications.

Deviations from the EPA method and specifics of the

procedure utilized are discussed below.

Analysis for TOX using the DX-20 involved two steps.

The first step was the adsorption of the organo-chlorine

compounds onto Calgon Filtrasorb-400 granular activated

carbon (GAC) 100/200 mesh. This GAC is provided by Dohrmann

and is selected for its halogenated compound adsorption

capabilities as well as its high purity (free from halogen).

The second step is the combustion of compounds adsorbed onto

the GAC to determine the TOX content.

The adsorption of organo-chlorine compounds was

accomplished using the adsorption module provided with the

DX-20. This unit used high purity carbon dioxide (99.995%)

and operated at 20 p.s.i. The nitrate wash channel

(explained below) operated at 5 p.s.i.

Glass mini-columns were packed with the GAC in

accordance with EPA method 506. It was important to be

consistent in the packing process to insure small deviations

in blank values and adsorption times. Blank values were

calculated from four columns and then applied to as many as

twenty four other columns. Low mass loadings result in low



20

readouts and are significantly affected by these

deviations.

The sample channels used in adsorption were cleaned

before introduction of each prepared sample and after every

adsorption run. Several milliliters of methanol were used

to rinse the channel followed by two complete flushings.

These cleaning steps have been found adequate for avoiding

cross contamination, as indicated by consistent blank

adsorptions.

GAC columns were installed on the sample channels

making sure the appropriate washers are in place. Before

introducing the sample, 5 ml of distilled water was passed

through the columns. This helped reduce "channeling" during

initial sample contact and prevented low recoveries.

The samples required preprocessing prior to

adsorption. The first step was to prepare the required

dilution. The DX-20 performed better when the direct

readout values were in the range of 5.00 to 50.00

micrograms. Dilutions have been determined to maintain

analyzer readings within this range. The dilutions employed

were 1:100, 1:50, and 1:20 for AMW fractions >1,000, 500 to

1,000, and <500 ranges respectively.

A one hundred milliliter volume of the diluted

sample was introduced into a sample channel. To each sample

was added 0.5 ml of 0.5 M sodium sulfite and 0.5 ml of

concentrated nitric acid. The samples were then mixed and

introduced for adsorption. Fifty milliliters was allowed to
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pass through each column set. The columns were then removed

_
and washed with 2 ml of 5000 ppm NO

3 solution.	 The

columns then proceeded to the second stage where they were

pyrolyzed in the analyzer module.

A completely stabilized DX-20 TOX analyzer is used

to burn the GAC for determination of the mass of organic

halogen adsorbed. Before combustion of any GAC, several

steps were carried out on a daily basis.

First the analyzer was run through a cycle without

any GAC being introduced. After the ten minute cycle, a

zero or slightly negative reading of approximately -0.01 to

-0.04 should have been obtained. This verified stability of

the analyzer and indicated the machine was ready to

operate.

The second daily procedure consisted of injecting a

known mass of 2,4,6-trichlorophenol(TCP) onto a combusted

piece of cerafelt, the fiberglass packing used in the GAC

minicolumns, in a cool and clean boat. A separate standard

boat was utilized for this purpose. The standard was made

by dissolving 185.4 milligrams of TCP in methanol. A ten

microliter injection of standard was used for the recovery

check. A 100 percent recovery would have resulted in a

readout of 10.00. Typical recoveries ranged from 95 to 97

percent. Lower recoveries indicated a need for

maintenance.

Finally, before sample analysis, a blank GAC column

was burned. The blank column was derived from processing of
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5 ml of distilled water followed by a 2 ml nitrate wash.

The carbon was combusted, aiding in the stabilization of the

analyzer and providing an operational check. If no problems

occurred the machine was ready for normal operation.

Individual carbon columns were burned in order from

bottom to top. The readouts were recorded and mass

concentrations of TOX were calculated using the equation:

TOX(ug/1)=((((T + B) - 2BL) X DF) X (1000/VOL))

Where

TOX = total organic halide in micrograms per liter

T = readout value for the top column

B = readout value for the bottom column

BL = average value for a blank column

DF = dilution factor used in sample preparation

VOL = volume of sample passed through GAC column in

ml

Duplicate TOX analysis values for each fraction were run and

compared to ensure accuracy of the measurement. Coefficient

of variations (CV) 's, were used to measure the dispersion of

the values obtained. The CV is the ratio of the standard

deviation to the mean. Those duplicates with a CV of less

than ten percent were acceptable.

If an excess organic loading occurred, TOX compounds

may have broke through and not been recovered. This

necessitated the need for serial adsorption columns. The

recommended check for complete capture of TOX suggests a

less than ten percent loading of TOX on the bottom column.
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This criteria was met in all AMW fractions except the 500

and sometimes the 1000. Increasing and decreasing the

dilutions did not solve this problem. It was apparent that

a larger percentage of the lower molecular weight compounds

were less sorbable. Kinetics of adsorption for these

compounds were slower than the contact time the adsorption

module allowed, resulting in passage of greater than 10

percent through the top column.

Investigation into the problem of exceeding the ten

percent ratio revealed this potential problem to be

insignificant. A <500 AMW permeate was adsorbed onto three

GAC columns in series to determine the amount of TOX passed

through the double column setup. Four samples were run and

resulted in an average of 3.5 percent of total TOX captured

on the third column. Since running a three column

adsorption step increases the time of analysis, a decision

was made to continue the two column procedure. Another

possible technique for solving this problem is discussed in

the recommendations for future research section.

UF Membrane Rejection Coefficient Determination 

Ultrafiltration membranes exhibited rejection

properties which are demonstrated by the data in table 5.

These data were derived from fractionation using membranes

with AMW's of 500, 1,000 and 5000. Each membrane was

evaluated and characterized according to a membrane

rejection coefficient. Determination of the rejection

coefficients allowed a correction factor to be determined
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which was applied to the data obtained, yielding corrected

values. The method for determining the rejection

coefficients is presented below.

Membrane rejection properties were defined using a

diafiltration procedure. The UF cells were operated in the

same manner as a normal ultrafiltration, extracting the 20

ml required. After the initial 20 ml of permeate was

collected, the cell was opened and 20 ml of distilled water

added. Twenty milliliters was again extracted and collected

in a separate vial. This process of dilution and extraction

was repeated four times until a total of 80 ml of permeate

had been collected in the second vial.

TOX analysis was run on the individual vials. The

TOX values from the first 20 ml was added to the TOX values

from the next 80 ml. The total was normalized to 20 ml and

divided by 38.75 ml (the actual volume of sample passed

through the membrane) .	 The result was the mass in

micrograms in one milliliter. Multiplying by 1000 gave C o

in micrograms per liter.

Correction factors were determined by dividing C o

by C 20 . Correction values are listed by membrane in table

6.	 All data was corrected by multiplying the obtained

results by the correction factors.



Table 5. Ultrafiltration Rejection Data By Membrane

Filtrate Fraction
TOX	 (ug/l)

*	 YCO5 YM2 YM5 YM10 YM30

5 ml to 10 ml 5650 7250 27750 38390 49960

10 ml to 15 ml 6345 7545 30160 NA NA

15 ml to 20 ml 6935 NA 34043 NA NA

20 ml to 25 ml 7313 8901 35640 39500 46300

25 ml to 30 ml 8340 11870 35130 NA NA

30 ml to 35 ml 11125 13395 44120 NA NA

* The 0 ml to 5 ml fraction is absent due to the discarding
of the first 5 ml of filtrate.

NA: data not available

25
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Total Organic Carbon Procedure 

Total organic carbon (TOC) analysis was accomplished

using a Dohrmann DC-80 Total Organic Carbon analyzer. The

DC-80 was calibrated on a daily basis to assure accuracy.

All samples evaluated for TOX were evaluated for TOC.

Sample preparation for TOC analysis was done at room

temperature and included two steps. First the pH of the

samples were adjusted below 2 with two drops of phosphoric

acid.	 The second step was stripping CO 2 by sparging

nitrogen through the sample for two minutes. Acidification

of the sample increases the stripping efficiency for CO 2 .

The two drops of phosphoric acid is enough to prevent any

significant increase in pH as the CO 2 is stripped,

allowing complete removal. The sample was then ready for

injection.

The mid-level channel was used on the DC-80. Two

hundred microliters of prepared sample was injected into the

analyzer and direct readouts recorded. All samples were

run in triplicate as reported.
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Table 6:	 Correction Factors for Ultrafiltration Membranes

UF membrane AMW cutoff Correction factor

YM30 30,000 1.00

YM10 10,000 1.00

YM5 5,000 1.08

YM2 1,000 1.28

YCO5 500 1.65



RESULTS AND DISCUSSION

After developement of the standard procedure for the

examination of paper and pulp wastewater, all data was

tabulized for interpretation. The following sections

include the tabulated data, illustrations of the data, and

discussions concerning the importance and implications of

this data.

Total Organic Halide 

The TOX method employed in this study proved to be a

valid and efficient technique. The dilutions used for the

three sets of samples maintained the DX-20 within the

desired range. Keeping the direct readouts within the range

of 5.00 to 50.00 micrograms assured accuracy and provided

rapid restabilization times for the instrument. This

allowed the analysis of up to 24 individual GAC columns

enabling completion of one entire sample series per day.

The AMW distribution of TOX data at each sampling

point for the first weekly composite set of samples is shown

in table 7. These data demonstrate that the total TOX of

the effluent was only 7.6 percent lower than the influent

TOX. The discrete AMW fractions showed decreases ranging

from 26.5 percent to 62.9 percent for <5000 and <500 AMW

fractions respectively. Figure 2 illustrates trends of the

molecular

28



Table 7. Week-1 Distribution of TOX Within Discrete
AMW Fractions

TOX	 (ug/l)
Sampling Location

AMW fraction
—

1 2 3 4 5

>	 30,000 2,510 4140 8380 7487 8590

10,000-30,000 4630 3721 913 6580 2220

5,000-10,000 3324 1352 4285 780 2346

1,000-5,000 6866 5233 5681 6189 5592

500-1,000 5755 4879 5258 4856 5787

<	 500 5815 4036 3993 3320 2175

29
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weight fractions of TOX values at the various sampling

locations.

The molecular weight ranges above 5,000 demonstrated

"wave" like patterns through the lagoon while the molecular

fractions below 5000 decreased consistently. This "wave"

may be attributable to the stability of the higher molecular

weight organo-chlorine compounds and the variability of the

influent. The stability of high molecular weight

organo-chlorine compounds has been discussed in the

literature (1). Biosorption is the removal mechanism of the

large molecular size compounds. Biosorption is very rapidly

achieved in the first reactor. The different influent

concentrations resulted in different degrees of adsorption

causing inconsistent TOX values. The "wave" pattern is a

direct result of these differences. The variations of the

influent are functions of the quantity and quality of

product the mill is producing.
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Week-2 TOX data is presented in table 8. Total TOX

differences of 67.5 percent are observed. The AMW fraction

above 30,000 was reduced by 96 percent. The AMW fractions

below 30,000 showed decreases of 50 to 55 percent. This

trend indicates an equal removal for all molecular weight

fractions below 30,000 AMW and significantly larger removals

of TOX compounds greater than 30,000 AMW. More confidence

that this trend reflects the actual performance of the basin

would be possible had the influent concentrations and flow

been consistent. Data on the variations of mill operations

was not available.

A graphical representation of the results from the

second weekly composite is shown in figure 3. This graph

illustrates a consistent decrease through the ASB. Up to

75.4 percent of the total removal occurs in the first

section on the basin. This trend does not have the "wave"

trend of the first week. This could be the result of the

mill operation remaining at a consistent state long enough

for the ASB to approach some degree of steady state TOX

distribution.



Table 8. Week 2 Distribution of TOX Within Discrete
AMW Fractions

-

AMW fraction
—

TOX 	(ugh)
Sampling Location

1 2 3 4 5

>	 30,000 20370 3990 3000 490 860

10,000-30,000 10830 7300 7170 3960 5453

5,000-10,000 4227 2735 1236 2860 1645

1,000-5,000 9462 6386 7049 5722 4731

500-1,000 8735 6611 5843 4697 3676

<	 500 6277 2458 2552 1871 3095

33
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Table 9 summarizes data obtained for week 3. This

data is more in accordance with expectations. Although

quantitative results may not be demonstrated, qualitative

trends are shown. The data shows a larger decrease in the

lower molecular weight chlorinated compounds over the larger

ones. Compounds greater than an AMW of 10,000 show

approximate decrease of 12.5 percent while lower AMW

compounds decrease by 21 to 35 percent. This difference in

removal might be explained by the kinetic rate of microbial

dehalogenation and utilization of the smaller chlorinated

molecules exceeding the kinetics of dehalogenation or

splitting of the larger molecules. Reactor experiments with

chlorinated compounds separated by AMW being biologically

degraded under anaerobic conditions could verify this.

Molecular weight fractionation into ranges below the reactor

AMW would provide insight into molecular cleavage as well as

dehalogenat ion.

Figure 4 is a graphical representation of week-3 TOX

data. This graph illustrates the "wave" trend observed for

Week-1. This pattern of high molecular weight TOX

concentrations through the ASB is indicative of stability of

these compounds as indicated above. The greater stability

of the larger molecules tends to preserve the "waves"

through the length of the ASB. This pattern is again

indicative of variations in influent TOX concentrations.



Table 9. Week-3 Distribution of PDX Within Discrete
AMW Fractions

AMW fraction
—

TOX	 (ug/1)
Sampling Location

1 2 3 4 5

>	 30,000 12090 7736 8610 8250 10425

10,000-30,000 5580 5650 8380 3560 8936

5,000-10,000 3267 5709 921 7597 740

1,000-5,000 7423 6728 9802 6561 5842

500-1,000 7675 7342 8131 7842 6859

<	 500 6405 4831 3927 3320 4168

36
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Analysis of the weekly data obtained for TOX

indicates that the sampling schedule was inadequate to allow

proper determination of TOX removal properties of the ASB

studied. Manipulation of data and cross sample analysis

yielded more representative insights into the basin

performance.

Results from the three weekly composites were

averaged and appear in table 10. This effort was undertaken

to dampen the effects of varying influent TOX concentrations

and flow quantities. Figure 5 is a graph of the averaged

cumulative TOX data. Presenting the data in this manner

delineates an average trend of removal.

The graph of averaged data indicate that the "wave"

trends have disappeared.	 The removal through the ASB

follows a more consistent pattern. Although the third

sampling location indicates a slight increase in

concentration of the majority of AMW fractions, a steady

decrease appears to be prevalent.

Assuming that averaged data better represents the

basin performance, there are several statements that can be

made about the ASB. First, it is noticed that most of the

removal of all fractions occurs between the influent and

first sampling point in the ASB. Close to 100 percent of

the total removal for AMW fractions over 10000 occur in this

section of the basin. Seventy to eighty percent of the

total removal for AMW fractions below 1,000 occur while only

15 to 20 percent removal was observed for the range between



5,000 .newpage

Table 10. 3-Week Average Distribution of TOX Within
Discrete AMW Fractions with Coefficients of
Variation

TOX	 (ug/l)
Sampling Location

AMW fraction 1 2 3 4 5

>	 30,000 11657 5259 6663 5409 6625

C.V.	 % 76.7 40.9 47.6 79.1 76.6

10,000-30,000 7013 5557 5488 4700 5536

C.V.	 % 47.6 32.2 73.0 34.9 60.7

5,000-10,000 3606 3265 2147 3746 1577

C.V.	 % 14.9 68.2 86.5 93.3 51.1

1,000-5,000 7917 6116 7511 6157 5388

C.V.	 % 17.3 12.8 27.9 6.8 10.8

500-1,000 7388 6277 6411 5798 5441

C.V.	 % 20.4 20.2 23.7 30.6 29.8

< 500 6166 3775 3491 2837 3146

C.V.	 % 5.0 32.0 23.3 29.5 31.7

39
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Table 11. 3-Week Average AMW TOX Removal Percentages By
Location

% of Total Removal 
Sampling Location 

AMW fraction	 Total %	 2	 3 to 5

>	 30,000 43 127 -27

10,000-30,000 21 98.6 1.4

5,000-10,000 56 16.8 83.2

1,000-5,000 32 71.0 29.0

500-1,000 26 57.1 42.9

< 500 49 79.2 20.8
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and 10,000. Table 11 summarizes removals by AMW fractions

found for each sampling location.

Trends of reduction in AMW concentrations of TOX are

illustrated in figure 6. Several patterns of removal are

depicted in this diagram. Variations of the influent are

"masking" the actual removal trends. The trends shown would

be more accurately defining the basin had the influent been

constant in concentrations and flow quantities. Achievement

of steady state conditions would provide a more refined

qualitative analysis.

Another attempt at determining removal of TOX

fractions in the basin was accomplished by comparing week 1

influent to week 2 effluent and week 2 influent to week 3

effluent. This analysis was undertaken because the

hydraulic retention time of the basin is estimated to be 6.5

days, and the composite samples were taken over a 1 week

period. Since the lag between sampling and the hydraulic

retention time are similar (7 days to 6.5 days), this

analysis should have some validity.

The data for comparison of the influents and lagged

effluents are presented in table 12. Removal calculations

were based on total removal as well as removals by AMW

fraction. Figures 7 and 8 graphically illustrate the

behavior of each AMW fraction.

The removals for total TOX are 33 and 38 percent for

week 1 to 2 and week 2 to 3, respectively. This is in close

agreement with the 37 percent total removal obtained for the
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3 week average. The removal percentages for the individual

fractions did not correlate as well with the data from the

averaged data. With the exception of the 10,000 to 30,000

AMW fraction for week 1 to 2, there are consistent trends of

removal for all fractions.



Table 12.	 Influent and Effluent comparison data *

45

Week 1	 Week 2 Week 2	 Week 3
AMW Fraction	 Infl	 Effl	 % Rem	 Infl	 Effl % Rem
—

TOTAL	 28900	 19460	 33 59900	 36970 38

> 30,000	 2510	 860	 66 20370	 10425 49

10,000-30,000	 4630	 5453	 -18 10830	 8936 17

5,000-10,000	 3324	 1645	 51 4227	 740 82

1,000-5,000	 6866	 4731	 31 9462	 5842 38

500-1,000	 5755	 3676	 36 8735	 6859 21

< 500	 5815	 3095	 47 6277	 4168 34

* all data in mg/L
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Total Organic Carbon 

Total organic carbon (TOC) was measured for

determining the ratios of TOX to TOC distribution in the

basin. These ratios can be used to determine if processes

such dehalogenation are occurring, or if preferential

removal of non-chlorinated organic compounds occurs. The

following discussion focuses on the results of the TOC

analysis.

Interpretation of the TOC data for the three one-

week samples for determination of ASB performance in TOC

removal was clouded by the same problems as the TOX data.

TOC data reflected influent variations. Figures 9, 10, and

11, show the "wave" patterns occurring in TOC

concentrations. Opposite trends of the individual AMW

fractions of TOC increasing and decreasing between sampling

locations are illustrated in each of the graphs.

Data obtained from the analytical laboratory

monitoring the ASB at the Mill have indicated consistent

removal efficiencies of greater than 90 percent for BOD. If

the three composite samples are valid indicators of TOC

removal in the ASB, this would indicate only a small portion

of the total TOC is available for biodegradation. While the

BOD removal appears efficient, it does not reflect the

ability of the basin to remove organic compounds.

When the data is averaged, the curves exhibit less

of a "wave". These average curves appear in figure 12.
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The TOC removal calculated from the averaged data is only 24

percent. Removals range from 72 to negative 63 % for AMW

fractions <500 and 10,000 to 30,000 respectively. TOC

removals are summarized in table 13.

As with the TOX data the comparison of the influents

from one week to the effluents of the next week showed

similar trends. Analysis of ratios of TOX to TOC were

examined using both approaches.

TOX/TOC Ratio 

Ratios of TOX/TOC, as calculated from the averaged

weekly data, are portrayed in figure 13. 'The results do not

suggest any consistent trends in progressing from influent

to effluent sampling locations. Several observations are

made with regard to the general trends exhibited by each AMW

fraction.

Ratios of TOX/TOC for the AMW fraction of greater

than 30,000 do not demonstrate any significant changes

between the second sampling point and the effluent. This

pattern suggests that compounds in this AMW range are

stable. Biosorption of the >30,000 AMW range is achieved

quickly. Steady state concentrations within this AMW range

are achieved by the first sampling point.

Within the apparent molecular weight range of 10,000

to 30,000, significant reductions in TOX /TOC ratio were

observed between influent and the first sampling point. The

ratio was reduced approximately 50 percent between these two

sampling points. Values of the TOX/TOC .newpage
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Table 13. 3-Week Average Removal of TOC Between Influent
and Effluent

AMW Fraction	 Removal %

TOTAL	 24

> 30,000	 25

10,000-30,000	 -63

5,000-10,000	 17

1,000-5,000	 -35

500-1,000	 39

< 500	 72
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ratio vary within 10 percent in the remainder of the system.

This initial rapid decrease in the ratio is ostensibly due

to biosorption, as previously discussed. This range

exhibited a higher ratio than the >30,000 range in the

influent and approximately the same ratio as the >30,000

range by the first sampling point.

The changes in TOX/TOC ratios for the 5,000 to

10,000 range showed different trends than those indicated

above. The ratio increases between the influent and

sampling point 1. Further increase is observed from

sampling point 1 to 2. Biologically-mediated removal of

non-halogenated organic compounds from this AMW range is

possibly more rapid than biosorption or molecular cleavage.

After point 2, the ratio decreases, possibly due to

depletion of non-chlorinated organic molecules in this

range. Biosorption and molecular cleavage of the remaining

chlorinated molecules causes the TOX/TOC ratio to decrease

at later sampling locations.

After initially decreasing, the TOX/TOC ratio for

the AMW range of 1,000 to 5,000 increased through the third

sampling location then sharply decreased. The same

explanation as suggested above applies to this range. This

lower AMW range typically contains more organic material

(based on TOC) than the higher ranges. The lag in the time

for decrease in TOX to TOC reflects the longer time required

for biosorption and molecular cleavage as opposed to

non-chlorinated compound degradation.
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Removal trends in the AMW range between 500 and

1,000 show another pattern. Ratios of the TOX/TOC in this

range indicate a relatively consistent increase after a

sharp initial decrease. The sharp reduction in TOX to TOC

is possibly due to the contribution of organic molecules to

this AMW range from cleavage of larger molecules from the

higher AMW fractions. The continued increase indicates the

kinetics for carbon utilization exceeds the halogen removal

kinetics.

The graph illustrates a steady increase in the

TOX/TOC ratio for the <500 AMW range to a steady state

value. Benthal feedback of organic compounds at sampling

point 4 is a possible cause of the decrease in the ratio.

This is confirmed by an increase in the average TOC

concentration in this AMW range at this location. The

TOX/TOC ratio rebounds to steady state value by sample point

5 due to the rapid biological utilization of this additional

carbon.

An interesting observation in the trends of all AMW

ranges ratio data is the near equal final TOX/TOC value.

This indicates that the density of chlorines on the

individual molecules could be the controlling mechanism for

the biological utilization of these compounds. Degradation

of the complex mixture of chlorinated organic compounds into

mixtures of more uniform makeup with similar molecular



58

Table 14. Influent/Effluent Comparison of TOX/TOC Ratios
For Discrete AMW Fractions

AMW Fraction
Weekl to Week2 Week2 to Week3

Infl	 Effl Infl	 Effl

>	 30,000 .06 .02 .24 .24

10,000-30,000 .31 .16 .63 .27

5,000-10,000 .16 .41 .36 .05

1,000-5,000 .60 .13 .18 .15

500-1,000 1.15 .11 .41 .22

< 500 .06 .18 .07 .25
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building blocks could be the cause of TOX/TOC trends.

Further investigation including gas-chromatography analysis

would be required to determine the validity of this.

When the comparison between the influents and

effluents of the adjacent weeks is made, similar trends are

observed as when averaged data is used.	 The data is

presented in table 14.	 IF the theory of chlorine density

being the controlling mechanism holds true, it would appear

removal completion was accomplished on the influent from

week 1. Week 2 was approximately 1.7 times more

concentrated than week 1 and the TOX/TOC ratios or the week

3 effluent indicate complete removal of several AMW

fractions may not have been reached.



CONCLUSIONS 

The study covered in this report investigated the

TOX distribution through an aerated stabilization basin

(ASB). The method derived included fractionation of each

sample into apparent molecular weight divisions with

ultrafiltration. This technique proved to be a good choice

for separation. Correction factors helped increase the

accuracy of respective membranes.

Erratic trends caused by the variations of the TOX

concentrations in the influent could be dampened by

scheduling the sampling to account of the hydraulic lag.

The averaging of data and the comparison of influents from

one week to effluents of the next yielded similar results.

Results of a qualitative analysis on the averaged data from

the three weekly composite samples lead to several

observations.

The relative percent of each AMW fraction to the

total TOX compounds showed very small change between

influent and effluent. It is not known how the AMW

distributions of the TOX present in the ASB at the beginning

of sampling had influenced this trend. The comparison of

influents to corresponding effluents indicated an increase

in the percentage of total TOX of compounds with apparent

molecular weight cutoffs greater than 10,000. The smaller

AMW ranges showed random changes. The two comparisons
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showed one AMW range to increase through the lagoon in one

sample and decrease in the next. It was determined the two

comparisons did not form an adequate data base for

characterizing the general trend of changes in percentages

of total TOX of the AMW ranges.

The ASB produced reductions of total TOX between 30

and 40 percent with 84 percent of the removal occurring

between the influent and the first sampling point. The 100

percent removal of TOX >10,000 AMW range in this section of

the basin might be due to rapid cleavage of larger molecules

into smaller molecules belonging to lower AMW range groups.

Physical settling of the biomass which adsorbed TOX

compounds into the benthal deposits may also account for a

percentage of this decrease.

There were patterns of preferential utilization of

AMW fractions in the ASB as illustrated in figure 5. The

percentages of the total removals accomplished for

individual AMW ranges at sampling points in the basin

indicated utilization of the molecules with low molecular

size before the larger size molecules.

TOX data trends between the fourth sampling point

and the effluent indicate possible benthal feedback of

certain chlorinated compounds to be occurring in the last

section of the ASB. This process can not be confirmed by

interpretation of this data. These trends could be caused by

the contributions of varying TOX quantities from the

portions of flow that has not reached the effluent due to



62

hydraulic lag times. The averaged data decreases these

indications. Analyzing core samples from the benthal zone

will determine if feedback is present.

The TOX/TOC ratios give further insight into the

processes of the ASE. The TOX/TOC ratios for all AMW

fractions approached a value between .15 and .20. This

suggests chlorine density of the molecules as well as

molecular size were controlling factors in biological

utilization of these organo-chlorine compounds.

Microorganisms in the ASB utilize the

non-chlorinated organic compounds preferentially over

chlorinated organic compounds, causing an increase in the

TOX/TOC ratio. In the lower molecular weight ranges, the

utilization rate of compounds with lower chlorine density

exceeds the utilization rate of the more dense

chloro-organic molecules causing the increase in TOX/TOC

ratios. When the concentration of non-chlorinated organic

compounds becomes limited and the AMW fractions have reached

the final TOX/TOC ratio, utilization of the organo-chlorine

compounds will continue. Due to variations in TOX

composition of influent and possible benthal feedback

interferences, quantification of the kinetic rates for any

compound utilization proved impossible.

Consistent increases in TOC concentration appeared

in two sections of the ASB for different AMW ranges. TOC

values indicate a benthal release of organic compounds with

a molecular weight below 500 between the second and third
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reactors. Since there was a decrease in TOX at this point,

It was determined that for AMW <500 benthal feedback

contributed non-halogenated organic compounds to the

wastewater.

The TOC data also suggests benthal feedback was

occurring between the third reactor and sampling point 5.

All AMW ranges above 500 exhibit feedback occurring between

the final two sampling points. Cross analysis of TOX and

TOC data indicate that chlorinated compounds were

consistently released from the benthal zone. TOX/TOC ratios

confirmed this.

The data used to interpret benthal feedback indicate

dehalogenation is occurring in the benthal zone. Feedback

of non-chlorinated organic carbon is assumed to indicate

removal of halogen in the anaerobic environment. The

dehalogenation is more complete in the lower AMW ranges,

however, data suggests some removal of halogen in the higher

AMW ranges is also occurring.
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The final conclusion concerns the performance of

the ASB in removal of TOX from different strength influents.

The percent of total TOX removed was about 32.6 percent for

the first influent/effluent comparisons and 38.3 percent for

the second. The second comparison had a influent total TOX

concentration twice as high as the first indicating a

slightly higher percentage removal was obtained when the

influent TOX concentration was higher. There were too few

data points to firmly establish this trend in removal.
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RECOMMENDATIONS FOR FUTURE WORK

This preliminary study of the ASB TOX distribution

has demonstrated the need for several changes in the

research techniques. Included are recommendations for

changes in the sampling as well as analytical methods.

Although these changes would require added time and effort,

instituting them will enable more precise interpretation of

data and enhance the understanding of TOX removals and

reactions in the ASB.

Before any additional sampling episodes are

undertaken, the hydraulics of the ASB need to be defined.

Dye tests of other tracer tests available should be

performed. The sampling can then be lagged to reflect the

hydraulic lag times between sampling points. This would

enable more accurate correlations between data points from

the five sampling locations.

The next change suggested regards the sample

preservation technique.	 Several methods have been

recommended in the literature. Refrigeration at 4
0 C has

been used in other researchers methods (	 ). The work

reviewed in the literature was examining waste streams from

individual stages in the bleaching process and the initial

loss of TOX was not seen as interfering with the research at

hand. This research is dealing with the wastewater in the
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final treatment stage before discharge into receiving water

so the values desired would be the spontaneous TOX

concentrations in the ASB and upon discharge. Therefore the

author recommends freezing the samples at the time of

collection. Studies have shown freezing to preserve the TOX

concentrations at their initial levels longer than

refrigeration (c). The length of time between sampling and

analysis exceeds the recommended storage time, emphasizing

the need for freezing.

There are two recommended modifications to the

ultrafiltration procedure. The first concerns the

calibration of the UF membranes. The second concerns the

choice of one of the membranes.

Each 500, 1000, and 5,000 AMW membrane should be

calibrated. The calibration procedure should be done as

described in this report. Since each membrane has different

rejection properties, the membranes should be calibrated on

their initial use. Calibration should also be performed for

each sample set. This will provide more accurate correction

of the data.
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Regarding the choice of the YM2 membrane, Dr. Georg

E. Carlberg of the Center For Industrial Research in Oslo,

Norway, has informed the EEL that this membrane contains

halogenated organic compounds and should not be used for

receiving waters. It is recommended that the following test

be run to determine if there is any potential interference

from TOX leaching from the membrane.

Ultrafiltration runs outlined in the standard

procedure using high quality distilled water can confirm or

disprove this statement. If TOX is found to be leaching

from the YM2 then use of the UM2 is recommended. Minimum

contributions of organic halide would not be critical.

The first recommendation made for modification to

the TOX procedure concerns the removal of the inorganic

chloride fraction from the GAC columns after adsorption have

risen. The procedure used 2 ml of 5000 ppm NO3- wash

solution for removing this fraction. This is adequate for

removing the inorganic chloride from many natural waters and

domestic wastewaters. However, due to the high

concentration of inorganic chloride in Kraft pulp

wastewater, the following test is proposed to determine the

quantity of nitrate wash needed for complete removal.

In order to alleviate the problem with consistently

exceeding the 10 % TOX ratio for bottom column to total for

the 500 AMW range, the following adjustment can be made.

Lowering the operating pressure in the adsorption columns

will increase the contact time. This can compensate for the
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lower adsorption kinetic rates for low AMW compounds.

Optimization of dilution and pressure should be

investigated, however, Modifications of this type should be

checked with the EPA so as not to be in violation of

standard methods.

Sample of Kraft pulp wastewater should be processed

and adsorbed as described in the standard procedure. The

recommended AMW for this test is 500 to allow a larger part

of the TOX to include inorganic chloride. Four sets of GAC

columns should be adsorbed and then washed with different

amounts of wash solution. Quantities of solution should

include 0, 1, 2,and 3 ml.

This should be repeated with nitrate washings

increasing volumes in 1 ml increments until consistent TOX

readings are obtained. The amount of nitrate wash solution

required to achieve consistent TOX readings should be

incorporated into the procedure as the standard amount to be

used.

Future work is planned to study dehalogenation in

the benthal deposits. Research on toxicity of both AMW

fractions as well as resin acids is forth coming.
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AERATED STABILIZATIO1 BASHI STUDY
TOR DATA El NICIOGRA1S PER LITS1
VES1 1	 TOTAL an 300000 in 100001V IV( 50000 ava 10000 IV( 5001 III
=POSITS

IlF	 1 29620 28900 26940 26390 21480 21760 17172 11436 10314 11570 5465 5815
2 28180 25840 22040 19699 12826 6164

DELTAS 2510 4630 1324 6866 5755 5815

CV .04 .03 .oe .10 .15 .09

91	 1 23920 23360 20401 19221 15500 15500 14148 14148 9664 6915 4211 4036
2 22030 11040 15500 14148 8166 3861

DELTAS 4140 3721 1352 5233 4879 4036

CT .03 .09 .00 .00 .12 .06

12	 1 29500 28510 20060 20130 19217 19217 14623 14932 9702 925 1 3953 3993
2 27520 20200 19217 15241 8800 4033

DELTAS 8380 913 4285 5681 5258 3993

CV .05 .00 .00 .03 .07 .01

9 3	 1 28420 29210 22147 21724 15500 15144 14947 14364 8077 8175 4030 3320
2 30000 21300 14787 13781 8274 2640

------- --
DELTAS 7487 6580 780 6189 4856 3320

CV . 04 .03 .03 .06 .02 .29

EFF	 1 27200 26710 18120 18120 15720 15900 13370 13554 8128 7962 2303 2175
2 26220 18120 16080 13738 7795 2046

DELTAS 8590 2220 2346 5592 5787 2175

CV .03 .00 .02 .02 .03 .oa
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MATED STIBILIZATIO1 DISII STUDY
?VI DATA Ill /URI:GRAM PER LIM
V2	 TOM	 30000 !IV tvg 10000 EV in 5000 rt avg	 1000 111, tvg 	 50081Y(
C010061T11

11F	 1 59900 59900 39580 39530 21800 MOO 25358 24473 15149 15011 6188 6217
2 59900 39480 29600 23587 14814 6366

DIMS 20370 10830 4227 9462 8735 6217

CV .00 .03 .04 .05 .01 .02

Ri	 1 29390 29390 25640 25490 19060 18190 15876 15455 9050 9069 2369 2458
2 29390 25340 17320 15034 9088 2547

DILTIS 3900 1300 2135 6386 6611 2468

CT .00 .01 .07 .00 .05

R2	 1 26850 26850 24020 23850 16820 16680 16006 15444 8444 8395 2927 2552
2 26850 23660 16540 14882 8346 2116

MIMS 3000 7170 1236 7049 5843 2552

CV .00 .01 .01 .05 .01 .2 1

R3	 1 19500 19500 20040 19110 14100 15150 12485 12290 6643 6568 1942 1871
2 19600 18180 15900 12096 6493 1600

DBMS 490 3960 2860 5722 4697 1871

CV .00 .07 .07 .02 .02 .05

RFF	 1 19460 19460 18200 18600 13260 13147 11189 11502 7923 6771 2944 3095
2 19460 19000 13034 11815 5619 3241

DfLTIS 860 5453 1645 4731 3676 3095

CV .00 .03 .01 .04 .24 .07
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WIND STABILIZATIOI BASS STUDY
TOI DATA II IICICGRANS PEI LITER
VEER 3	 TOTAL air 300008V avg 100008V avg 50001V an 10008V avg 5008 avg
COKPOSITE

IIF 	1 45150 42440 30350 30350 24140 24710 21535 21503 14157 14080 6271 5405
39120 30340 24800 21470 14003 6534

-----

DELTAS 12090 5580 3267 7421 7575 6405
-----

CT .09 .00 .00 .00 .01 .03

11	 1 37996 1/1 28950 30250 24250 24610 17779 18031 12032 12173 5346 4831
2 1/1 31560 24950 20023 12314 4316
-

DELTAS 1/1 5550 5709 6728 7342 4831
----

CV 11/1 .05 .02 .os .02 .15

12	 1 34740 39770 30600 31160 23500 22780 19807 21859 12454 12058 3116 3927
2 44800 31720 21960 23911 11661 4138

DELTAS 8510 8380 92 1 9802 8131 3927

CT .18 .03 .05 .13 .05 .08

83 	1 31440 37130 28880 28880 26000 25320 19397 17723 10463 11152 3950 3320
2 35820 28880 24640 15049 11840 2614

DELTAS 8250 3550 1597 6551 1842 3320

CT .05 .00 .04 .13 .09 .27

1FF	 1 35520 36970 24720 26546 17000 11510 18575 15670 11392 11027 5029 4158
2 38420 28371 182E0 15153 10562 3307

-----

DELTAS 10425 8935 740 5842 5859 4158

CV .06 .10 .05 .14 .05 .29
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AERATED STABILMATICI RASII TOC DAT1 II ELLIMAN PR LIM
V1	 TOTAL avg 30000W avg 10000W avg 5000W avg 1000W avg 500 avg
MITOSIS

IV	 I	 192.80 191 145.40 147 132.10 132 112.00 lii	 96. 33 100 95.40 95
2	169.40 148.30 133.60 ill. 56 96.20 i 97.76
3	191.90 147.00 129. 70 110.61 100.22 99. 69

NLTAS	44.47 15.10 20.34 11.46 5.00 95.00

CV	 .01 .01 .01 .01 .03 .04
Ri	 1	142.20 143 125.60 122 85. 31 85 82.26 62	46.68 46 32.21 33

2	146.00 121.80 44.75 76.80 45.34 33.66
3	141.70 117,20 64. 36 86.46 45.66 IL 70

IGLUS	 21.77 36.71 2.65 36.55 12.77 32.86
-----

CV	 .02 .03 .01 .04 .01 .02
12	 1	 136.70 137 111.00 110 81.00 81 76.15 79	45.86 46 21.63 22

2	 137. 30 110. 50 Ii. 86 79. 20 45.77 21. 33
3	137.60 108.60 80.78 79.20 46.62 21.66

WAS	 27. 23 21 82 2. TI 32.16 24.54 21. 54

CV	 .00 .01 .01 .01 .01 .01
R3	 i	141.50 142 96.95 100 79.54 78 68.90 68	3865 39 121. 94 22

2	 142. 30 99.01 17.02 67.05 X 64 119. 96 1

3	 141.30 100.70 77.34 67.46 39.37 121.03

IELTAS	42.14 21.56 10.20 26.64 16.96 22.00

CV	 .00 .01 .02 .01 .01 5.51
DI	 i	 168.60 163 121.30 120 99.55 99 69.03 70	40.16 41 34.16 34

2	168. 70 118.30 96.69 10.47 40.69 33.27
3	160.90 120.90 99.55 70.93 40.99 33.93

rans 	43.23 20.90 29.12 29.33 7.03 33.19

CT	 .01 .01 .01 .01 .00 .01
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ANAM STABILIZATICI Ball TOC DATA II RILLINANS PER LIM
NN 2	 TOTAL
ONT6178

avg 30000 * aTi MOO N avg 5000 * avg 1000 W avg 500 11	 avg

IV	 1	 289.00 279 190.80 194 18130 177 169.45 165 113.75 114 88.31 92
2 	213.40 195.30 179. 10 162.76 115.24 95.09
3 21110 193.20 170.10 153.99 112.66 93.65

NLTAS	 84. 40 17.07 11.68 51.49 21.54 92. 35

CV	 .03 .02 .03 .02 .01 .08
Ri	 1	 237.00 217 174.40 1 64 145.80 140 128.41 123 85. 80 83 39.09 33

2 	206.40 162.20 139.50 120.95 79.24 25.36
3 	207.70 154.40 13120 120.53 82. 69 30.16

N .TAS 	5303 24.0? 1130 40.72 49.84 32.74

CV	 .05 .116 .08 .04 .04 .17
Il2	 1 	225.30 225 176.40 172 142.34 141 125.60 126 54.49 65 3209 28

2	 213. 10 176.40 139.21 127.30 66.09 26.71
3 	239.30 162.20 Ha 78 124.20 5295 26.42

M.!AS	 5157 30.89 15.08 61.19 36.10 25.41

C1 	.05 .05 BON .01 .02 .11
R3	 1	 174.60 175 134.90 1 26 81.21 81 68.74 71 44.26 42 36.00 32

2 	175.90 127.90 80.86 79. 12 43. 10 28. 86
3 	114.50 113.80 80.25 6586 39.65 30.61

WAS	 49.57 44. 74 9.55 28.90 10.52 31.62

CV	 .00 .09 .01 .10 .06 .12
NY	 1	 164. 80 168 129.40 126 91.49 91 86. 62 87 49. 82 50 H. 81 17

2 	165.40 122.50 85.41 i 97. 8? a 51.24 16. 19
3 	172.90 1E5.20 8339 89.12 5000 15.59

DELTAS	 42.00 34.70 4.00 36. 65 33.49 16.56

CV	 .03 .03 .0? .09 .02 .10
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ARM STIBILIZITIO1 8A1$11 TOC DATA 11 1I1LIGRANS PE LIM
Vat 3
CCIPC6ITS

TOTAL vg 30000W avg 10000 X vg 5000 NI Avg MOO W VI KO 1 VI

11F	 1 210.90 206 155.30 164 139.50 138 130.14 128 108. 16 106 13. 10 72
2 203.90 164.40 137.50 128.79 105.09 70.29
3 20290 153.20 138.0000 125. 71 111.23 71.12

DELTAS 41. 00 2663 10.12 19.39 38.66 71.50

CT .02 .01 .01 .02 .03 .02
Ri	 1 192.50 196 144.80 144 114. 10 HO 84.89 65 77. 51 74 28. 78 30

2 200.30 144.60 108.20 84.72 12.63 30.15
3 194.40 143. 90 10100 55.72 72, 82 31.11

ISMS 51.30 34.33 24.99 10.17 44.13 30.21

CV .02 .00 .03 .01 .04 .05
12	 1 166.70 167 126.10 124 101.90 102 96.89 73 94.90 62 28.81 29

2 169.50 111.50 101.30 92.01 1 96.78 1 30.92
3 165.40 125.30 102.90 92.97 93.36 2681

11LTLS 43.57 21.60 29.03 11.00 33.15 28.55

CV .01 .04 .01 .35 .64 .07
13	 1 150.00 149 117.10 116 84.32 87 69.65 68 64.32 63 39.07 36

2 14600 112.00 87.39 55. 22 59.45 38.64
3 151.70 117.60 89.89 59.47 65.19 31.23

1SLTAS 33.57 2131 19.09 693 28.87 36. 31

CV .02 .03 .03 .04 .05 .12
Ell	 i i19.30 179 137.40 136 104.20 103 87.16 87 49.02 48 16.17 17

2 118.10 134.40 100. 30 EA 67 47. 10 16.83
3 179. 60 135.60 104.90 M. 89 4800 11.66

I1 .TAS 43.01 33.00 15.23 3185 31.16 16.89

CT .00 .01 .02 .02 .02 .04
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maw STABILIZITIOI Rani TOC TO 101 RATIOS I(ig/1)/(2111))
ign 1 TOTAL 30000 W 10000 N 5000 Pi 1000 N 500 Pi
=POSITS

IV .06 .31 .16 .60 1.15 .06
li . 19 .10 .51 .14 .38 .12
12 .31 .03 1.61 .17 .21 .19
23 .18 .31 .0e .21 .29 .15
BF, .20 .11 .08 .19 .82 .06

VIZ 2 TOTAL 30000 li 10000 N 5000 N ROO PI 500 N
=POSITS

IF .24 .63 .36 .18 .41 .07
21 .07 .30 .17 .16 .13 .08
22 .06 .23 .06 .12 .16 .09
23 .01 .09 .30 .20 .45 ,os
VP .02 .16 .41 .13 .11 .18

FRI 3 TOTAL MOO N 10000 N 5000 W 1000 W 500 W
CCROSITE

IN .29 .21 .32 .38 .21 .09
Ri .15 .16 .23 .62 .1? .16
22 .20 .39 .03 .89 .25 .14
23 .25 .13 .40 1.33 .29 .09
FF? .24 .27 .05 .15 .22 .25
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LELTA TOI YAMS AVERAGED CRER TRE TAB Vill PERIOD
SAME SERIES 1

TOTAL 	30000	 10000	 5000	 1030	 500

IIF	 2510	 4630	 3324	 6866	 5755	 5815
20370	 10830	 4227	 9462	 8735	 6277
12090	 5580	 3267	 7423	 7675	 6405

IYG	 11657	 7013	 3606	 7917	 7388	 6166

Ri	 4140	 3721	 1362	 5233	 4879	 4036
3900	 7300	 2735	 6386	 6611	 2458
7736	 5650	 5709	 6728	 1342	 4831

AVG	 5259	 5557	 3265	 611 6	 6277	 3775

R2	 8380	 913	 4285	 5681	 5258	 3993
3000	 1170	 1236	 7069	 5843	 2552
8610	 8380	 921	 980e	 8131	 3927

AVG	 6883	 5488	 2147	 7511	 6411	 3491

R3	 7487	 6580	 780	 6189	 4856	 3320
490	 3960	 2860	 5722	 4697 	1 871

8250	 3560	 7597	 6561	 7842	 3320

AVG	 5409	 4700	 3746	 6157	 5798	 2837

EPP	 8590	 2220	 2346	 5592	 5767	 2175
860	 5453	 1645	 4731	 3676	 3095

10425	 8936	 740	 5842	 6859	 4168

AVG	 6625	 5536	 1577	 5388	 5441	 3146
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TOC VALUES AVERAGED OVER THE THREE WEEK PERIOD
SAMPLE SERIES 1

TOTAL 30000 10000 5000 1000 500

INF 191 147 132 103 77 59
279 194 177 153 89 56
206 164 138 118 85 43

AVG 225 168 149 125 84 53

R1 143 122 85 76 36 20
217 164 140 114 65 20
196 144 110 79 sa 18

AVG 185 143 112 90 53 19

R2 137 110 81 73 36 13
225 172 126 128 50 17
167 124 102 87 74 17

AVG 176 135 103 % 53 16

R3 142 100 78 63 30 74
175 126 81 66 33 19
149 116 87 63 31 38

AVG 155 114 82 64 31 44

EFF 163 120 99 65 26 25
168 125 87 84 39 10
179 136 103 80 38 10

AVG 170 127 96 76 34 15
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TOX/TOC VALUES AVERAGED OVER THE THREE WEEK PERIOD
SIV4P1..E SERIES 1

TOTAL	 30000 	10000	 5000	 1000	 500

INF	 .060	 .310	 .160	 .600	 1.150	 .060

	

.240	 .630	 .360	 .180	 .410	 .070

	

.290	 .210	 .320	 .380	 .210	 .090

AVG	 .197	 .383	 .280	 .387	 .590	 .073

R1	 .190	 .100	 .510	 .140	 .380	 .120
. 070	 .300	 .170	 .160	 .130	 .080
. 150	 .160	 .230	 .620	 .170	 .160

AVG	 .137	 .187	 .303	 .307	 .227	 .120

.310	 .030	 1.810	 .170	 .210	 .190

. 060	 .230	 .080	 .120	 .160	 .090

. 200	 .390	 .030	 .890	 .250	 .140

AVG	 .190	 .217	 .640	 .393	 .207	 .140

R3	 .180	 .310	 .080	 .210	 .290	 .150
.010	 .090	 .300	 .200	 .450	 .060
. 250	 .130	 .400	 1.330	 .290	 .090

AVG	 .147	 .177	 .260	 .580	 .343	 .100

EFF	 .200	 .110	 .080	 .190	 .820	 .060
. 020	 .160	 .410	 .130	 .110	 .180
. 240	 .270	 .050	 .150	 .220	 .250

AVG	 .153	 .180	 .180	 .157	 .383	 .163
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