279
NG I

e, &I FC

EFFECTS OF WATER SOURCE, SUSPENDED SOLIDS, AND
ACCLIMATION ON BIOTRANSFORMATIQON OF
2,4-DICHLORCOPHENOXY ACETIC ACID IN

AQUATIC SYSTEMS
THESIS

Presented to the Graduate Council of the
North Texas State University in Partial

Fulfillment of the Regquirements

For the Degree of

MASTER OF SCIENCE

By

Christopher K. Moses
Denton, Texas

August, 1985




TABLE OF CONTENTS

Page

LIST OF TABLES. . « © v v v v v v v v v m e e e e e v

LIST OF ILLUSTRATIONS . v 4+ v 4 v 2 v v 4 v 0 o v o o . .vii
Chapter

I. INTRODUCTION . . . v v v v v v v s v e e uw 1

II. MATERIALS AND METHODS. . . v v v v v o o« o + . 16

III. RESULTS AND DISCUSSION . &+ & v v v v o o « o . 33

IV. CONCLUSIONS. + 4 « « v v 4 v v 4 o v o v o o . 133

APPENDIX I. . & & v « v « v o o 4 o 4 w e v v v e w v . 136

BIBLIOGRAPHY. . . . . . . +.. v v v v v v w v v v o o . 170

iii




Table

II.

ITY.
Iv.

V.

VI.

VII.

VIIT,

IX.

XI.

XIi.

LIST OF TABLES

Toxicity of 2,4-D Acid Formulation to Organisms.

Chemical Structure and Physical Parameters of
2,4"‘D . . - . - . . . . - . . . - . -

-

Analytical Methods for Water Quality Parameters.

Analytical Methods for Sediment Parameters

Percent Recoveries of 2,4-D from the Mississippi

Red, and Trinity River Waters . . . . . .

Results of Water Chemistry Analysis for

Mississippi, Red, and Trinity River Waters,

Sediment Characteristics of Mississippi, Red,
and Trinity Rivers. . . . . « . « .+ + . .

Results of the Biotransformation Studies of
2,4-D in the Red River. . . . . . .« « .

Significance of the Lines of Best Fit for

Biotransformation Studies of the Red River.

Statistical Comparisons of Biotransformation
Rates of Sterile Control Systems and
Non-Sterile Test Systems. . . . . . . . .

Statistical Comparisons of Biotransformation
Rates of 2,4-D in Red River Systems Con-
taining Non-Sterile Water with and
without Solids. . . . . . « .« « v « + + .

Biotransformation Rates of 2,4-D in Systems Con-
taining Non-Sterile Water and Sterile Sclids,

and in Systems Containing Sterile Water and

Non-Sterile Solids in the Red River
Experiments . . . . « 4 4 4 4 v e 4 4 e

iv

Page

13
18
19

35
37
39
44

58

60

62

64




Table

XIIT.

XIV.
XV,

XVI.

XVII.

XVIII.

XIX.

XX,

XXT.

XXII,

LIST OF TABLES--Continued

Statistical Comparisons of Biotransformation
Rates of 2,4~D in Red River Systems Contain-
ing Non-Sterile Solids and/or Non-Sterile
Water with the Systems Containing Sterile
Water or Sterile Solids . . . . . + « + » . .

Results of Biotransformation Studies of 2,4-D
in the Trinity River. . . « + + + +» « 2 o 2

Significance of Lines of Best Fit for Bio-
transformation Studies of the Trinity River .

Statistical Comparisons of Biotransformation
Rates of Sterile Control Systems and Non-
Sterile Test Systems in the Trinity River . .

Statistical Comparisons of Biotransformation
Rates of 2,4-D in Trinity River Systems
Containing Non-Sterile Water with and
without Solids. . . . . .« . . . .

Biotransformation Rates of 2,4~-D in Systems Con-
taining Non-Sterile Water and Sterile Solids,
and in Systems Containing Sterile Water and
Non-Sterile Solids of the Trinity River
Experiments . . . « « « « 4+ « ¢ s+ e e 4

Statistical Comparisons of Biotransformation
Rates of 2,4~D in Trinity River Systems Con-
taining Non-Sterile Solids and/or Non-Sterile
Water with Systems Containing Either Sterile
Water or Sterile Solids . . . « + + « « &« & .

Results of Biotransformation Studies of 2,4-D
in the Mississippi River. . . . . « « « + + &

Significance of Lines of Best Fit for Biotrans-
formation Studies of the Mississippi River,

Statistical Comparisons of Biotransformation
Rates of Sterile Control Systems and Non-
Sterile Test Systems in the Mississippi
RIVEYr + . v o v v o o o« o« o « o «

L] . - * »

Page

65

69

79

80

82

83

89

91

96

98




Table

XXITIT.

XXIV.

XXV.

XXVT.

XXVIT,

XXVIIT.

XXIX.

XXX.

LIST QF TABLES--Continued

Statistical Comparisons of Biotransformation
Rates of 2,4-D in Mississippi River Systems
Containing Non-Sterile Solids and/or Non-
Sterile Water with Systems Containing
Either Sterile Water or Sterile Solids.

Statistical Comparisons of Biotransformation
Rates of 2,4-D in Systems Containing Non-
Sterile Water Only, Between Mississippi,
Red, and Trinity Rivers . . . . . . . . . .

Statistical Comparisons of Biotransformation
Rates of 2,4-D in Systems Containing Non-
Sterile Water and Non-Sterile Sclids,
Between Mississippi, Red, and Trinity
-

Results of Biotransformation Studies Dealing
with Acclimation. . . . . . . . . . . .

Statistical Comparisons of Biotransformation
Rates Before and After Acclimation. . . .

Statistical Comparisons of Biotransformation
Rates of 2,4-D in Mississippi, Red, and
Trinity River Acclimated Systems., . . . . .

Results from Preliminary Algal Bioassay

Without Solids. . . . . . . . . .

Results from Preliminary Algal Bioassay With
Solids. v v v v v w e e e e e e e e e e

vi

Page

. 100

106

107

109

120

121
130

131



LIST OF ILLUSTRATIONS

Figure Page

1. Experimental Matrix of the Biotransformation
Studies &« v v v v e e e e e e e e e e e e e e e e 21

2. Experimental Maxtrix of the Preliminary Algay
BilOASSAY. « « o o o s o = o+ o o o o o o v 0w

3. Loss of 2,4-D Through Time in the Systems Con-
taining Non-Sterile Red River Water Only in
the First Red River Experiment. . . . . . . . . . . 46

4, Loss of 2,4-D Through Time in the Systems Con-
taining Non-Sterile Red River Water Only in
the Third Red River Experiment. . e+ + « « s+ .« . 48

5. Loss of 2,4-D Through Time in the Systems Con-
taining Non-Sterile Red River Water Only in
the Fourth Red River Experiment . . . . e +« + » « 50

6. Loss of 2,4-D Through Time in the Systems Con-
taining Non-Sterile Red River Water and Non-
Sterile Solids in the First Red River Experiment., . 52

7. Loss of 2,4-D Through Time in the Systems Con-
taining Non-Sterile Red River Water and Non-
Sterile Solids in the Third Red River Experiment. . 54

8. Loss of 2,4-D Through Time in the Systems Contain-
ing Non-Sterile Red River Water and Non-Sterile
Solids in the Fourth Red River Experiment . . . . . 56

9. Loss of 2,4-D Through Time in the Systems Contain-
ing Non-Sterile Trinity River Water Only in the
First Trinity River Experiment. . . Y A

10, Loss of 2,4-D Through Time in the Systems Contain-
: ing Non-Sterile Trinity River Water Only in the
Second Trinity River Experiment . . . . . « . . . . 12

11. Loss of 2,4-D Through Time in the Systems Contain-
ing Non-Sterile Trinity River Water and Non-
Sterile Solids in the First Trinity River
Experiment. . . ¢ . + + + o « o o o o e e e . . 14

vii




Figure

12.

13.

14.

15,

16.

17.

18.

19,

20.

21.

LIST OF ILLUSTRATIONS-~«~Continued

Loss of 2,4-D Through Time in the Systems Containing
Non-Sterile Trinity River Water and Non-Sterile
Solids in the Second Trinity River Experiment . .

Loss of 2,4~D Through Time in the Trinity River
Systems Which Initially Contained Non-Sterile
Water and Sterile Solids. . . . . . . . .+ . . .

Loss of 2,4-D Through Time in the Trinity River
Systems Which Initially Contained Sterile
Water and Non-Sterile Solids. . .« + + &+ & & o .

Loss of 2,4-D Through Time in the Mississippi River
Systems Containing Non-Sterile Water Only . . . .

Loss of 2,4-D Through Time in the Mississippi River
Systems Containing Non-Sterile Water and
Solids. . . . . . e e e e e e e e e e e e e e

Loss of 2,4-D Through Time in the Mississippl River
Systems Initially Containing Sterile Water and
Non—sterile SOlidS . . . . » . . » - . - . . . . .

Loss of 2,4-D Through Time in the Mississippi River
Systems Initially Containing Non-Sterile Water
and Sterile Sclids. . . . . . « + ¢ 4 4 4 e e . .

Loss of 2,4~D Through Time in the Acclimated Red
River Systems Containing Water Only . . . . . . .

Loss of 2,4-D Through Time in the Acclimated Red
River Systems Containing Water and Solids . .

Loss of 2,4-D Through Time in the Acclimated
Trinity River Systems Containing Water Only . . .

Loss of 2,4-D Through Time in the Acclimated

Trinity River Systems Containing Water and
SOLidS. « 4« 4w vt e e e e e e e e e e e e e e

viii

Page

76

84

86

92

94

101

103

110

112

114

116



CHAPTER I
INTRODUCTION

In recent years there has been a great deal of
scientific interest in processes that affect the fate of
organic chemicals in the environment. One main reason for
this increased interest is due to greater environmental
concern over accidental or purposeful release of these
chemicals into the environment by man. A major environ-
mental concern is the increased use of pesticides over the
last few years. In the thirty years prior to 1978 the use
of pesticides has increased by a factor of forty (Ridgeway
et al., 1978). Recently the use of herbicides has been
increasing, but that of insecticides has stabilized
(Willis, 1983). Detectable amounts of organic pesticides
can be found in many areas of the biosphere. For toxic
organic chemicals to be used safely, researchers must have
a clear understanding of the fate and persistence of these
chemicals when they are released into the environment.

This ﬁndexstanding Qill also allow the development of.new
products that, when properly used, will not produce adverée
effects to man or the environment (Weber, 1972). According
to the Toxic Substance Control Act (TSCA) any new or

expanded-use chemical that might be released into the




environment must be tested‘for environmental hazard.

Environmental hazard,‘according to Lee and Jones
(1980), consists of two factors: the environmental
toxicology of a chemical and the chemistry-fate of the
chemical. The toxicity of a chemical is a function of its
dose (concentration and duration of an exposure to an
organism), whereas fate relates to the transport and
disposition of the chemical in ccmpartments of the
environment (Staples et al., 1983). The fate processes
therefore control the dose of the chemical acting on
organisms in the environment. My research dealt princi-
pally with fate. Scme of the fate‘proceSSes acting on a
chemical could be scrption, volatilization, hydrolysis,
bicdegradation, biotransformation, and photolysis.

My research focused on one aspect of the fate of one of
the world's most widely used herbicides, 2,4-dichlorophe-
noxyacetic acid (2,4-D) (Watson, 1977). The fate process
investigated was bictransformation and how biotransfor-
mation of 2,4-D in aquatic systems is affected by suspended
solids, source of water, and acclimation.

The reasons 2,4-D was chosen for this work are.

1. 2,4-D is widely used in agriculture (Schwartz,
1967),
2. A great deal of literature exists regarding the
fate of 2,4-D in soils (Altom and Stritzke, 1973:

Watson et al., 1973; Norris and Greiner, 1967:




Audus, 1949, 1951, 1952, 1964);

3. There is relatively little information on the fate
of the compound in aquatic systems (Nesbitt and
Watson, 1980a,b; Steen et al., 1980; C.A.S.T.,
1975);

4. 2,4-D belongs to a widely used class of pesti-
cides, the chlorinated hydrocarbons;.

5. 2,4-D has been found as a contaminant of water
supplies (Schwartz, 1%67);

6. Microbial degradation is the primary pathway for
the degradation of 2,4-D in the environment
(C.A.5.T., 1975);

7. Sorption tc solids may affect the bicavailability
of 2,4-D (Scott and Weber, 1967);

8. 2,4-D is a registered aquatic herbicide (Weed
Science Society of America Herbicide Handbook,
1983);

9. 2,4-D is used in and around aquatic systems to
control noxious weeds.

The U.S. Department of Agriculture has used 2,4~D to
control weeds along river banks (Nesbitt and Watson,
1980a).' Some uses cf 2,4-D in aquatic systems have been to
control water hyacinth, pond weed, and cattails (C.A.S.T.,
1975). The main reasons for such widespread usage of 2,4-D
~are that it does not concentrate in the food chain, it does

not persist from year to year, and it is much less toxic to




animals than it is to plants (C.A.S.T., 1975) (Table I).

Even though 2,4-D has been widely studied, its mode of
action is not wholly understood. It is known that this
systemic herbicide causes plants to undergo abnormal growth
response; 2,4-D alsc affects respiration, food reserves and
cell division in the plant (Weed Science Society of America
Herbicide Handbook, 1983).

If a compound, in an aguatic system, is associated with
a solid, then it is no longer in solution. Staples et al.
(1983) hypothesized that for a compound to exert toxicity
(to be bicavailable) to water column organisms, it must be
in the dissoclved fraction of the system. Other researchers
have presented data to support this hypothesis. TLee and
Mariani (1977) showed that toxic chemicals in sediments are
not available to act on aquatic organisms. It is suggested
that these chemicals, while associated with the sediments,
are not available because they are bound to the particulate
matter of the sediments.

The potential of a chemical to sorb can be expressed by
the adsorptioﬁ éoefficient (Kp) which is the ratio of chem-
ical sorbed to chemical in solution. The Kp is generally a
function of the properties of a chemical aﬁd the sorbing
material (Lyman, 1982). Therefore, depending on the chemi-
cal structure, sorption may be one of the most important
fate processes acting on a chemical (Baughman and Lassiter,

1978). The volatilization, photolysis, hydrolysis,




TABLE I

TOXICITY OF 2,4-D ACID FORMULATION TO ORGANISMS

Organism LD (mg/kg) LC50 (mg/1)
Rat 375
Dog 100
Guinea Pig 469
Chicken 541
Pigeon 668
Mule Deer 400-800
Bluegill 1000 (7 days)
Catfish . 2000 (7 days)
Rainbow Trout 21.9 (48 hr)
Fathead Minnow : 14-75 (48 hr)

Values taken from Way (1969).




biotransformation, and biodegradation of a chemical can be
influenced by sorption of the chemical (Lyman, 1982).
Bicavailability of a chemical may also be reduced by the
interactions of the chemical with the abiotic and biotic
solids in an aquatic system (Staples et al., 1983).

In aquatic systems, sources of sediments are diverse
and include wastes from municipal, industrial, and
agricultural sources, soil erosion, and decomposition of
plants and animals within a water body (Weber, 1972).
Suspended solids from municipal wastes are primarily
organic substances and minerals. The input to aguatic
systems from municipal waste is over 3.6 billion kilograms
of suspended solids yearly (Weber, 1972). Manufacturing
waste comes from four primary industries, paper, organic
chenmicals, petroleum and steel, and amount to over 8.1
billion kilograms of suspended solids added yearly to our
waterways (Weber, 1972). However, the greatest volume of
suspended solids comes from soil erosion. Soil erosion
accounts for over 700 times the suspended solids introduced
into agquatic systems as does sewage dispbsal (Weber, 1972).
Suspended solids normally consist of sand, silt, and clays
with thin films of organics and inorganics as well as
metallic oxides attached to these particles. Microbial
growth is often associated with these solids (Weber, 1972).

suspended solids may affect the rate of biotransfor—

mation of a compound. As stated earlier, sorption of a




compound to solids can affect the rate of biotransformation
(staples et al., 1983). Evans et . al. (1973) showed that
biodegradation of urea in river water increased under
periods of high sediment loading. Nesbitt and Watson
(1980a,b) correlated increased rates of degradation of

2. 4-D with increased sediment loading in two Australian
rivers. Simsiman and Chesters (1975) showed that the rate
of biodegradation of endothall increased with suspended
solids. Lee and Ryan (1979) investigated the effects of
sediments on first-order biodegradation kinetics of
p-chlorophenol, trichlorophenol, chlorobenzene, and
trichlorophenoxy acetic acid. For these compounds the
addition of 50 gm/l of sediments to estuary water enhanced
the disappearance of the compounds. The first-order
half-life of p-chlerophenol without sediments was reported
as 20 days, with sediments the half-life was found to be 3
days. The half-lives of the other compounds were
decreased, by addition of sediments, as follows:
trichorophenol 90 days to 23 days; chlorcbhenzene 150 days
to 75 days: and trichlorophenoxy acetic acid 1400 days to
.95 days. Steen et al. (1980) showed that the degradation
rate of chloropropham and di-n-butyl could be reduced by an
increase in the amount of suspended solids. It was
suggested that sorption to the solids rendered these
compounds biologically unavailable (steen et al., 1980).

Adsorption of some herbicides, such as diquat and CIPC, by




soill particles may also reduce their rhytotoxicity because
the herbicide is held near the surface of a soil particle
rendering the herbicide less available to plants (Harris
and Warren, 1963).

As the literature suggests, suspended solids can either
increase, decrease, or not affect the rate of degradation
or transformation of an organic compound in aquatic sys-
tems . Due to sorption, the bicavailability of a compound
may be reduced. Adsorption is due to the interaction of
the absorbent and the absorbate (Bailey and White, 1964).

The rate of degxadation may increase for pafticular
chemicals as a result of increased nutrients being released
from the suspended solids to the water, increased microbial
numbers contributed to the system from the suspended
solids, or due to the suspended solids providing an
interface for microbial-chemical interactions. The
susceptibility of an organic compound to be biotransformed
is controlled by the structure of the chemical_and by
environmental factors (Boethling and Alexander, 1979). For
a herbicide to be biodegraded and/or biotransformed cértain-
criteria must be met (Kearney et al., 1%66).

1. The environment must be suitable for the microbes
capable of transforming and/or degrading the
compound.

2. The chemical must exist in the environment in a

useable form for the microbes.




3. The compound must be available to the organisms.

4. The chemical must be capable of inducing the
organisms to produce the necessary enzymes to
breakdown the compound.

5, The environment must be suitable for the microbial
population to grow and for the enzymes pfoduced to
function.

The inactivation/transformation of 2,4-D by soil
microbes is well documented in the literature (Altom and
Stritzke, 1973; Watson et al., 1973; Norris and Greiner,
1967: Schwartz, 1967; Aly and Faust, 1964; Audus, 1949,
1951, 1952, 1964; Klingman, 1964; Bollen, 1961; Bell, 1957;
Rogoff and Reid, 1956; Walker and Newman, 1956; Evans and
Smith, 1954; Jensen and Petersen, 1952; Newman and Walker,
1652; Akamine, 1951; Newman and Thomas, 1949; Brown and
Mitchell, 1948; Derose and Newman, 1948). The inacti-
vation/transformation of 2,4-D by microbes in aquatic
systems has also been reported (Nesbitt and Watson,
1980a,b; Steen et al., 1980; Watson, 1977; C.A.8.T., 1975;
Schultz, 1973; ﬁemmet and Faust, 1968; Demarco et al.,
1967; Schwartz, 1967; Aly and Faust, 1964). The inacti-
vation of 2,4-D has been attributed primarily to microbes
(Nesbitt and Watson, 1980a,b; Watson et al., 1973;

" C.A.S.T., 1975; Jensen and Petersen 1952; Audus, 1949,
1951). Schultz (1973) found that there are at least eleven

species of bacteria and two actinomycetes capable of
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degrading 2,4-D, Torstensson et al. (1975) alsc isolated
species of bacteria and fungi capable of degrading 2,4-D as
a sole carbon source.

There exist in the literature some controversy over the
uptake of 2,4-D by bacteria. Wedemeyer (1966) sugygests
that there is a two step process in the uptake of the
compound. The first step is sorption of 2,4-D to the cell
wall of the bacteria followed‘by passiveudiffusion of the
herbicide into the cytoplasm of the cell. Schwartz (1967),
on the other hand, reported no sorption of 2,4-D to the
cells of bacteria. If 2,4-D does sorb to the cell walls of
microbes, then one would expect to find the compound éorbed
to the microbes attached to suspended solids in an aguatic
system. This could mean that the rate of transformation of
2,4-D might increase with the addition of suspended solids.
The suspended solids may act as centers for microbial
transformation of the compound.

The pathway of biodegradation of 2,4-D has also been
studied extensively. Audus (1952) proposed the first step
in this breakdown to be hydrolysis of the acetic acid side
chain yielding a glycollic acid and a phenol. Evans and
Smith (1954), Evans and Moss (1957), and Evans et al.
(1961) proposed the first step in the breakdown of 2,4-D to
be 6-hydroxy-2,4-dichlorophenoxyacetate followed by
3,5-dichlorocatechol and chloromuconic acid. Bell (1960)

proposed 2,4-dichlorophencol as a metabolite of 2,4-D.




Tiedje et al. (1969) showed the degradation of 2,4-D, using

Arthrobacter sp., to be characterized by cleavage of the

~ether linkage yielding 2,4-dichlorophenol and most likely
glycollic acid. The glycollic acid is then converted to
alpha-alanine. The 2,4-dichlorophencl is then oxidized
forming 3,5-dichlorocatechol. The 3,5-dichlorocatechol is
then further broken-down by oxidation.

One factor that may affect biotransformation rate of a
compound is acclimation. In aguatic systems where the
microbes have not recently been exposed to 2,4-D, the
transformation rate of the compound may be less than in a
system in which the microbes have recently been exposed to
the compound. The Literature contains references to lag
phases in the degradation of 2,4-D (Nesbitt and Watson,
1980a; Norris and Greiner, 1967; Robson, 1966). During the
lag phase the loss of compound is not significantly
different from zero, the concentration of compound is
relatively constant. This lag phase usually occurs when
the organisms are initially exposed to a compound. The
presence of lag bhases may be an indicator of acclimation
taking place prior to the compound actually being broken
déwn. Other researchers have shown higher rates of
microbial degradation of 2,4-D using acclimated cultures or
in situations of redose than were shown in situations where
the microbes have not previously been exposed to the

compound (Nesbitt and Watson, 1980b; Watson, 1977; Newman
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and Walker, 1952; Audus, 1949, 1951; Newman and Thomas,
1949). Spain and Van Veld (1983) found that preexposure to
2,4-D enhanced the disappearance of the herbicide. In
biodegradation experxriments using water previocusly exposed
to 2,4-D from the Escambia River, they reported less than
5% of the initial 2,4-D remaining after 40 hours. 1In
non—ﬁreexposed river water over 80% of the herbicide
remained after 100 hours. Spain and Van Veld (1983) also
reported similar results for p-nitrophenol (PNP). 1In
non-preexposed systems 70% of the compound remained after
120 hours. In preexposed systems about 10% of the PENP
remained after 70 hours. The adaption of organisms to PNP
reportly lasted seven weeks after initial exposure. Robson
(1966) reported a lag phase when 2,4-D was introduced in
low concentrations (0.5 mg/l) but not when the chemical was
added in higher concentrations (5.0 mg/l) to water.

Nesbitt and Watson (1980a) reported a lag phase of 6 to 12
days for the degradation of 2,4-D, in river water systems.
The length of the lag phase was said to depend on environ-

mental conditions.

Chemical Parameters and Reported Half-Lives
The structure and some cof the physical properties of
2,4-dichlorophenoxyacetic acid are shown in Table II. The
values in this table came from literature sources including

the Weed Science Society of America Herbicide Handbook




TABLE II

CHEMICAL STRUCTURE AND PHYSICAL PARAMETERS OF 2,4-D

13

Chemical Structure

OCH,COOCH
O
Ci
Molecular Feormula . . . . . . .C8H6C1203*
Molecular Weight. . . . . . . .221.0
Melting Point . . . . . . . . .135 to 1382C (Technical),
140 to 141°C (Pure)
Vapor Pressure. . . . . . . . .0.4 mm Hg at 160°C
Solubility Water., . . . . . . .900 mg/l at 25°¢
600 mg/1 (Audus 1976)
PKa . . . . . .« . « .+ . . .2.73 (Nelson and Faust 1969)
Koec . . . . . . . .+ . . . .330 (Neely and Mackay 1981)
Kow . . . . . . + . . . . . . .645 (Chiou et al, 1977)

11000 (Neely and Mackay 1981)

*Unless otherwise noted values are from the Weed Science
Society of American Herbicide Handbook (1983).
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(1983).

The reported half-life, or persistence, of 2,4-D in the
literature varies greatly. Aly and Faust (1964) reported
that 2,4-D remained in lake muds for up to 65 days, 35 days
if the lake had previously been treated with the herbicide.
They also reported 2,4-D persistance in the water column to
be 120 days. C.A.S5.T. (1975) reported the half-life of
2,4-D in soil to be 1-2 weeks. Séhwartz (1967) reported
that very little biocdegradation of 2,4-D occurred in a
non-sterile dilute salts media. He found that after 175
days only 11-23 % of the compound had been biodegraded.
Klingman (1964) reported the persistance éf 2,4-D in soils
to be only 7 dafs, while Akamine (1951) reported the
persistance of the compound in soils to be 98 days.

Nesbitt and Watson (1980a) found the half-life of 2,4-D, in
river wate;s to range from 10 to 50 days.

The goals of this research were as follows:

1. Determine some of the possible effects suspended
solids have on the biotransformation rate of the
herbicide 2,4-D; |

2. Generate environmentally realistic biotransfor-
mation rate coefficients for 2,4-D. Thié inveolves
using realistic concentrations of the chemical and
also using realistic concentrations of suspended

solids from the same socurce as the river water:;




3. Determine if acclimation has an effect on the
apparent biotransformation rate of 2,4-D;
4. Determine the effect that suspended solids have on

the toxicity of the herbicide to Selenastrum

capricornutum.

The following hypotheses were investigated in this

work.

Hl:Addition of suspended solids of 500 mg/l above back-
ground suspended solids concentration have no effect on the

apparent biotransformation rate of 2,4-D in river waters.

H2:The source of water and suspended solids has no effect

on the apparent biotransformation rate of 2,4-D.

H3:The apparent biotransformation rate coefficient of 2,4-D

is best described by first-order kinetics.

H4:The organisms introduced from the suspended solids do

not affect the apparent biotransformation rate of 2,4-D.

H5:The rate of biotransformation of 2,4-D is not affected
by whether or not the system has previously been exposed to

the herbicide.

H6: The toxicity of 2,4-D to Selenastrum capricornutum is

not affected by the source or amount of suspended solids in

the systemn.,

15



CHAFTER II
MATERIALS AND METHODS

All biotransformation studies of 2,4-D that were
conducted for this thesis used natural occurring waters and
sediments. The waters and sediments are from three
sources. The first source is the Trinity River in Dallas
county, Texas. The second source of water and sediments is
the Red River in Grayson county, Texas. The third source
is the Mississippi River in Shelby county, Tennessee. The
three rivers were chosen because of their proximity to
industries and their importance as receiving systems of
municipal, industrial, and agricultural wastes. The
Mississippi River receives all of these wastes on a daily
basis. The Red River, at the site chosen, does ndt have a
great deal of industrial waste added to the upstream
waters. The Trinity River, on the other hand, does have
extensive agricultural runoff and a little industrial
wastes added to its upstream waters.

Frﬁm these threé sites, water was collected in acidu
washed 20-liter nalgene containers and trénsported to the.
laboratory. Sediments, from the three sites, were removed
from the upper 2 cm of the river beds and placed in 1-liter

nalgene containers. The sediments, prior to use, were

16
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sieved through a 277-um sieve to promote uniformity.
Sediments and water that were not-to be used immediatly
were stored at 4°cC.

To help account for variations in the biotransformation
studies between the river systems, water quality and
sediment chemistry parameters were quantified. Analytical
methods for water quality can be found in Table III and
methods for the sediment properties are in Table IV. Some
of the water quality data for the Mississippi River were
obtained from the STORET (USEPA, 1984) data base.

The biotransformation rates for 2,4-D were found using
a shake-flask design with an initial concentration of
approximately 2 mg/l of 2,4-D. This concentration is an
environmentally realistic concentration since it is well
within the concentration recommended on the labels of the
aguatic licensed formulation. The disappearance of 2,4-D
was followed for at least two half-lives. The vessels used
were 250-ml screw-top Erlenmeyer flasks. Screw-top flasks
were used to aid in maintaining sterility of the controls.
Each flask initiélly contained 200 ml of one of the river
-waters with the appropriate amount of solids added, either
0 mg/1l or 500 mg/l. The biotransformation tests were per-
formed in the dark to prevent any photodegradation of the
herbicide. Significant photodegradation of 2,4-D ester has
been reported in the literature under laboratory conditions

(Hansen and Buchholt, 1952; Crosby and Tutass, 1966; Bell,
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ANALYTICAL METHODS FOR WATER QUALITY PARAMETERS

Parameter Method Reference*
Ammonia Specific Ion Probe 417E
Calcium Flame Atomia Absorption 303A
Dissolved Oxygen YSI Model 54A Meter 208A.2.C
Iron Flame Atomic Absorption 303a
Nitrate Specific Ion Probe 418B
Orthophosphate Ascorbic Acid 424F
pH Markson pH Meter 423.2
Sodium Flame Atomic Absorption 303A
Temperature YSI Mcdel 54A Meter 212
Total Phosphate Persulfate Digestion/ 424CsF

Ascorbic Acid

*Al]l references from Standard Methods (1980).
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ANALYTICAL METHODS FOR SEDIMENT PARAMETERS

Parameter

Method

Reference

Ammonia

Loss on Ignition

Nitrate

Particle Size

Specific Ion Probe
. 0

Heating to 550°C

Specific Ion Probe

Hydrometric Analysis

Standard Methods
4178, 1980

Standard Methods
209G, 1980

Standard Methods
418B, 1980

Black et al., 1965
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1956; Aly and Faust, 1964). Aly and Faust (1964) reported
2,4-D acid as the breakdown product of the ester and that
the acid did not undergo any further breakdown. Performing
these experiments in the dark is probably not necessary
since the acid and not an ester is being used. The shake
flasks were maintained at room temperature and shaken on a
rotary shaker at 100 revolutions per minute (RPM). One
hundred RPM was sufficient agitation to keep most of the
sclids in suspension and to maintain dissolved oxygen
concentrations in the flasks above 4 mg/l. There were four
replicates of each treatment.

To account for any“losses of the compound by other than
biological means, autoclaved controls, also in replicates
of four, were maintained with the test flasks. The com-
plete experimental matrix is shown in Figure 1. For each
river system, the matrix consisted of the following:

Four flasks containing river water with no additional

s0lids(T1~-T4).

Four flasks containing river water and 500 mg/l

additional solids (T5001~T5004).

Four flasks containing sterile river water and 500

mg/l non-sterile solids {NSS1~NSSs4).

Four flasks containing non-sterile river water and 500

ng/l sterile solids (SS1-SS4).
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Fig. l--Experimental matrix of the biotransformation
studies. '
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Four flasks containing sterile river water only

(Cl-C4}).

‘Four flasks containing sterile river water and 500

ng/l sterile solids (C5001-C5004).

On day zero and then periodically throughout each experi-
ment, samples were removed from each of the flasks for
2,4-D analysis. Samples were also removed from each flask
on day zero and periodically throughout the experiments for
estimates of bacteria in the systems.

The effects of the suspended solids concentration on
the rate of biotransformation of 2,4-D were determined by
comparing the biotransformation rates of the herbicide in
the presence of 0 mg/l (T) and 500 mg/l (T500) additional
solids for each of the three sources of sediments and
water. A concentration of 500 mg of solids per liter of
river water was chosen because the suspended solids in
natural waters typically range from 10 mg/l to 10,000 mg/l
(Wetzel, 1975). . The suspended solids concentration was
chosgn closer to the lower end of the typical suspended
| solids'concentration range to represent more closely the’
majority of river systems. Aalso, if significant differ-
ences are shown with 500 mg/l1 of additional suspended
solids, then that would indicate that small changes in the

suspended solids loading of a river will alter the
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biotransformation rates of hazardous chemical signifi-
cantly.

The effect of the sediment microbes on biotransfor-
mation rates of 2,4-D was analyzed by comparing rates of
biotransformation in shake-flasks containing non-sterile
water and non-sterile solids (T500) with rates found in
flasks containing non-sterile water and sterile solids
(88). A comparison of biotransformation rates in the
flasks that contain non-sterile waﬁer and sterile solids
{SS) with rates of flasks containing sterile water and
non-sterile solids (NSS) may indicate the fraction of
transformation of the compound that the water or sediment
microbes contribute to the total biotransformation of the
herbicide.

Nesbitt and Watson (1980a,b) reported a correlation
between the nutrients of suspended solids and the rate of
degradation of 2,4-D in river water. They also showed a
correlation between organic matter in the system and
biotransformation of the compound. Keeping this in mind,
correlations between organic matter, nutrients, and the
rate of biotransformation of 2,4-D were analyzed using the
Statistical Analysis System (SAS) releasé 82.4.

To investigate the possibility of higher biotransfor-
mation rates in situations of acclimation redosing
experiments were performed using Red and Trinity river

waters and solids. Redosing was not performed on the
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Mississippi River samples because the raﬁe of bictransfor-
mation in the Mississippi was initially fast, very little
lag was seen and according to STORET (1984), the
Mississippi, at the sampling site, has a background level
of the herbicide present. Due to lack of sensitivity, of
the analytical method used to quantify the herbicide, these
background concentrations were not seen. The redosing
procedure consisted of decanting the liguid from a test
flask into four sterile 50-ml centrifuge tubes. The liquid
was then centrifuged for 15 minutes in a International
model HN (International Equipment Company) centrifuge on
high (1600 RFM). The pellet was then resuspended in 200 ml
of sterile river water that had been dosed with approxi-
mately 2 mg/l of 2,4-D. The resuspension was accoﬁplished
by adding approximatly 20 ml of the water to each of the
centrifuge tubes and vortexing each tube for 1 minute on a
Thermolyne Maxi-Mix. The liquid was then decanted back
into the original Erlenmeyer flask and 20 ml of fresh,
dosed sterile water was again added to each centrifuge tube
and vortexed. After this liquid was added to the original
flask, additional sterile dosed water was added to make a
total volume of 200 ml.

The number of bacteria in the flasks of the before
mentioned experiments were estimated by standard pour
plates using 0.1% plate count agar (Difco) and 1% agar

(Difco). The pour plates were incubated for 120 hours at




ZOOC and then counted using a Quebec Colony counter. Flate
counts were performed on all flasks including the auto-
claved controls. The presence of microbes in the controls
indicated contamination and voided any data collected frbm
that control since the last plate count where no contami-

nation was observed.

Analytical Protocol for 2,4-D

Analytical procedures for 2,4-D were modified from
methods described by Nesbitt and Watson (1980a,b) and
Hammarstrand (1979). On the day of analysis, 3 ml of water
were removed from each flask. To this aliquot, 4 ml of
reagent-grade methanol and 1 ml of concentrated hydro-
chloric acid were added. The mixtures were then incubated
at 6OOC (iZOC) in a water bath for 18 hours. This proce-
dure resulted in the formation of the methyl ester of the
2,4-D acid (Hammarstrand, 1979). The methyl ester was then
extracted from the aliguot into 3 ml of pesticide-grade
n-hexane, by vortexing the sample vial containing the
derived 2,4-D for 5 minutes on a Thermolyne Maxi-Mix. The
concentration of the methyl ester in the hexane was thén
analyzed via gas llquld chromatography (GLC) using a 50 cm,
2-mm i.d. column containing GP 5% DEGS~PS5 on 100/120 4
Supelcorport. The carrier gas was a mixture of argon with
10% methane. The gas chromatograph used was a Tracor 560

equipped with an electron capture detector (ECD). A
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Hewlett-Packard integrater was used to quantify the methyl
ester of the 2,4-D. External standards were used during
analysis to insure accuracy of results.

The reagents used in this analysis were obtained from
several sources. 2,4-D acid (99.68%) was obtained from the
Quality Assurance section of USEPA, Research Triangle Park,
North Carolina. From Unioen Carbide, 99% or purer 2,4-D
methyl ester was obtained. Reagent-grade methanol,
pesticide»gradé n-hexane and reagent-grade concentrated
hydrochloric acid were purchased from the Fisher Scientific
Company .

The following quality control procedures were followed
during analyses of the herbicide concentration: (a)
extraction efficiencies were determined at the same concen-
tration level as the samples; (b) at five or six sample
intervals, standards of known concentration were injected;

and (c¢) procedure blanks were injected for each analysis.

Preliminary Algal Biocassay Test

To test the effect of suspended solids on toxicity and

bioavailability of 2,4-D to Selenastrum capricornutum, a
lmodified algal assay bottle test was performed. The test
used was a modification of the test as described by Miller
et al. (1978). This experiment consisted of inoculating
sterile 1-liter Erlenmeyer flasks containing 200 ml of

sterile Trinity River and varying concentrations of 2,4-D
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with Selenastrum capricornutum yielding an initial algal

concentration of approximatly 1000 cells per ml of river
water. The concentrations of 2,4-D used were 0 mg/l, 4
mg/l, 7 mg/l, 12 mg/1, and 20 mg/l. Six flasks contained
each of the above concentrations. Sterile Trinity River
solids were added to three of each of the before mentioned
six flasks. Enough sediment was added to yield a fiﬁal
concentration of 500 mg/l. These are the same sediments
and the same concentration as used in the biotransformation
test. The complete experimental design can be seen in
Figure 2. The flasks were incubated at room temperature
and illuminated at 300 foot-candles. The flasks were
shaken at.least once a day for 8 days. On the eighth day
the number of algal cells per milliliter were aetermined by
microscopic examination using a hemacytometer. Concen-
trations of algal cells in the flasks with sediment were
compared with concentrations of cells in the flask
containing sediments using an analysis of covariance

procedure (SAS 82.4).

Analysis of Data
‘The reaction order (zero, first or second) was deter-
mined by plotting the pefcent of the 2,4-D remaining, the
natural log of the percent remaining, and the reciprocal of
the percent remaining versus time. If the reaction oxder

is zero-order, then the plot of the percent of 2,4-D




29

Fig. 2--Experimental matrix of the preliminary algal
bicassay.
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remaining versus time will result in a linear plot. If the
reaction order is first-order, then the plot of the natural
log of the percent remaining versus time will be linear,
and if thg reaction rate is second-order, then the plot of
the reciprocal of the percent remaining versus time will be
linear (Williams et al., 1978). The regression coeffi-
cients for each of these plots was determined using the
regression procedure of SAS (82.4).

If the reaction order is determined to be zero-order
then the rate coefficient (ko) is equal to the slope of the
line of best fit of the percent of the compound remaining
versus time multiplied by negative one. If the reaction
order is determined to be first-order, then the rate coef-
ficient (kl) is equal to the slope of the line of best fit
of the log of the percent of compound remaining versus time
multiplied by negative one. If the rate is determined to
be second-order, then the rate coeff1c1ent (k ) is deter-
mined by the eguation k ?%T where k is the first-order
rate coefficient and [B] is the biomass of microbes as
estimated by plafe counts (CFU/ml) (Paris et al, 1981).

If the rate of loss of the compound in the sterile
controls is sxgnlflcantly different than zero, it is
necessary to subtract the rate of loss in the sterile
control flasks (C or C500) from the test flasks (T or T500)

to account for losses of the chemical as a result of

photolysis, volatilization, sorption, and/or other physical
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and chemical processes that may be occurring. A comparison
of slopes was used to determine if any of the various
experimental systems significantly differ from each other
in their apparent biotransformation rate coefficients (zZar,
1974). These comparisons were accomplished using the

analysis of covariance procedure of SAS (82.4).




CHAPTER III

RESULTS AND DISCUSSION

The results found during this research are presented

under seven major topic areas:

1.

Results of the analytical method used to quantify
the herbicide 2,4-dichlorophenoxyacetic acid;
Characterization of the waters and sediments used
in this research;

Results of the biotransformation tests for the Red
River, the Trinity River, and the Mississippi
River waters and waters plus selids;

Results of the biotransformation tests designed to
determine the effect of acclimation on the rate of
biotransformation of the herbicide in the three
river systems ;

Comparison of experimentally determined biotrans-
formation rates with biotransformation rates found
in the literature;

Development of predictive models to prédict the
biotransformation rate of 2,4-D in aguatic
systems ;

Results of the preliminary aléal bioassay test

used to determine both the toxicity of the 2,4-D

33
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to Selenastrum capricornutum and to determine if

the addition of solids reduces the toxicity of the
herbicide to the alga.
Analytical Method to Determine the Concentration
of 2,4-D

The method used to determine the concentration of the
2,4~D for this research is not the most sensitive avail-
able. This method is, however, more than adequate for the
concentrations used in this study. Percent recovery
experiments yielded an overall recovery efficiency of 76%
for the three river systems. The actual percent Yecoveries
for the various waters can be seen in Table V. As can be
easily recognized from this table, the method yielded
consistent percent recoveries for thg three river waters.

This method yielded minimum detectable levels for 2,4-D
of 0.1 mg/l. Below this concentration, the resulting 2,4-D
peak could not be reliably resolved from the base line of
the GLC. Sinceﬂéhe initial dose of the herbicide into the
test systems was approx1matly 2 mg/l thls minimum detect—
able limit was more than acceptable since this sensitivity
allowed for the biotransformation of the compound to be
followed for over two half-lives.

This method, even though it requires 18-20 hours

between sampling and analysis for derivativation to be
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PERCENT RECOVERIES OF 2,4-D FROM THE MISSISSIPPT

RED, AND TRINITY RIVER

WATERS

Standard
River Percent Recovered Mean Deviation
Mississippi 71 78 77 75.3 3.8
Red 80 75 73 76 3.7
Trinity 84 72 77

77.7 6.0
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accomplished, takes less than 10 ﬁinutes of personnel fime
for complete analysis. This tipe estimate includes sam-

pling, derivatizing, extraction, and quantification. The
low labor intensiveness of this method allows for a Jgreat

number of samples to be analyzed by a single technician.

Water and Sediment Chemistry

The water chemistry for the Red River, the Trinity
River, and the Missiséippi River can be found in Table VI.
As can be seen from this water chemistry data, the three
rivers are by no means identical. The pH of the three
waters is similar with that of the Red being slightly more
basic than the pH of the other two waters. The alkalinity
of the Red and the Mississippi river waters is almost
identicalrand the alkalinity of the Trinity River water is
somewhat lower. The hardness of the Red River.water is
very low, yet the hardness in the other two river waters is
moderate to hard. 1In examining the data collected concern-
ing phosphates,Anitrates, and ammonia for the three waters,
a ranking of nutrient concentrations in the waters is-
sﬁggested. This ranking would place the Red River with
lowest nutrient concentration and the Trinity with the
highest nutrients. The nutrient concentration of the
Missis#ippi falls between the other two waters and could be

considered as moderate. Suspended solids content in the
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Red and the Trinity river waters is shown to be similar,
with the background suspended solids in the Mississippi
River to be three to five times greater. Carbon analysis
of the three waters shows similarities in the concentration
of total carbon and a highex concentration of organic
carbon for the Mississippi River water. These water
quality data may suggest a possibility of higher rates of
biotransfofmation in the Trinity River waters than in the
other two systems because of increased nutrients of the
Trinity. This possibility is in agreement with the
correlations shown by Nesbitt and Watson (1980a,b).

In viewing the sediment characteristics (Table VII) of
the three systems, the particle size data, nutrient data,
and the percent volatile matter should be noted. The
particle size data show that the Red River has tﬁe most
sand, ovef 86%, followed by the Mississippi, with over 62%,
and then the Trinity with only 42% sand. Sand is inert and
should not affect the bivavailability of the compound. The
clay and silt fractions of the sediments may affect the
| bioavailability of a compound as a resuiﬁ of sorption. The
Trinity River sediments contain élmost 40% clay and over
20% silt. The Mississippi sediments contain less then 18%
clay and 20% silt. The silt and clay content of the Red

River sediments are 0 and 14%, respectively. This particle




TABLE VII

SEDIMENT CHARACTERISTICS OF THE MISSISSIPPI ,

RED, AND TRINITY RIVERS
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Mississippi Red Trinity
Parameter River River River
pH ' 7.0 7.3 6.7
% Sand 62.4 86.4 41.8
% 5ilt 19.8 0 21,2
$ Clay 17.8 13.6 37.0
CFU/gr 5.2x10° 1.9x107 1.6x10"
Cation Exchange NA 41 427.2
{(meq/100 gr)
Nitrogen G.0632 G.0529 0.198
(mg NH, N/gr wet wt)
Total Phosphate 3.7 0.88 6.01
(PO P/gr wet wt)
Volatile Matter 60533 + 932 5456 + 196

(mg/kg)

5429 + 191

NA = Not available.




size data indicates that if any of the sediments are going
to affect the bicavailability of the 2,4-D, it should be
the sediments of the Trinity River.

In considering the nutrient content of the sediments,
as indicated by nitrate and total phosphate concentrations,
the Trinity River has greater than an order of magnitude
higher concentration than the Red River sediments. The
sediments of the Mississippi River fall between the sedi-~
ments of the Red and the Trinity in nutrient concentratioen.
This ranking of the nutrient concentrations of the
sediments is of the same order as the ranking of the
nutrient concentration of the waters. This similarity in
the rankings of the nutrients in the water and sediment
compartments of the three river systems is expected since
the nutrient content of the sediments is in most cases
dictated by the nutrients in the overlying water.

Sediments act as a sink for nutrients.

The volatile matter data of the three sediments indi-
cate that the Trlnlty and the Red rlver sediments have
almost the same volatile matter (5, 400 ng/kg), and the
Mississippi River has over an order of magnitude greater
volatile matter (60,000 ng/kg). The volatile mattermcan be
used as an indicator of the carbon content of the sedi-

ments. These data would suggest that the Mississippi River
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sediments contain more carbon than the other two sediments,
This increased carbon content may increase the amount of
2,4-D that is sorbed to the sediments, therefore affecting

the biotransformation rate of the compound .

Biotransformation Tests

Results of selected biotransformation tests are dis-
cussed below. The following results will indicate the
effects that the source of water (Red River, Trinity River;.
or Mississippi River) has on the biotransformation first-
order rate coefficient. Also includea in this section are
effects that the presence or absence of additional solids
has on biotransformation of 2,4-D. The zero-order and the
second-order rate coefficient are also included in this
section and are discused below. The regression coeffic-
ients for the various rate'coefficients and the calculated
first-order half-lives are also presented. For the
twenty-six non-sterile studies conducted, the first-order
rate coefficients showed a better regression coefficient
than the second-order rate coefficient‘fourteen times. A
réte coefficient is termed "better" if its regression
coefficient is 0.0l units greater than the regression
coefficient of the the ctﬁer rate coefficients. The
second-order rate coefficients are better than the first-

order coefficients only cne time. Surprising is the fact
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that in twelve cases the zero—ordér rate coefficients have
a better regression coefficient than the first-order coef-
ficients. The first-order coefficients are better than the
zero-order coefficients seven times. To aid in deciding
whether zero, first, or second order kinetics should be
used to describe the disappearance of the herbicide a
comparisons of the coefficients of variation of the
experimental rate coefficients was performed. The rate
coefficients (zero, first, and second) for each of the
non-sterile experiment were used to determine a coefficient
of variation for the biotransformation rate of 2.4-D for
each of the three kinetic orders. These 24 experiments
included all three river systems, experiments with and
without additional solids, and experiments using both
acclimated an non-acclimated organisms. The order which
yields the lowest coefficient of variation should best
describe the disappearance of the compound since its rate
coefficients had the least variation over all of the
experiments conducted. This analysis resulted in similar
results between zero and first order kinetics with second-
order kinetics a distant third. The coefficients of
variation for the various reaction orders are 80.1, 82, and
97 for zero-order, first-order and second-order ~

respectively. From these comparison of regression
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coefficients, it can be seen that.the bicotransformation of
2,4~D in the conditions described is either zero or first
order. In all of the biotransformation studies, the
first-order rate coefficient adequately described the
disappearance of the compound. In none of the non-sterile
test was the zeré—order regression coefficient 0.1 units
greater then the first-order regression coefficients.
Therefore, the discussions that follow will deal mainly
with the first-order rate coefficients.

The results from the biotransformation test incor-
porating sterile river waters and additicnal non-sterile
solids (NSS), and the biotransformation test containing
nen-sterile river waters and additional sterile solids (SS)
are also presented and discussed below. These latter two
experimental matrix are designed to indicate the
contribution that sediment or water column associated
microbes have on the biatransformation of the compound.

Biotfansformation of 2,4-D in the Red
River System
‘The results of the biotransformation studies on the
disappearance of 2,4-D in the Red River can be found in
Table VIII. These results are a culmination of four
independent biotransformation experiments. Selected

graphical depictions of the disappearance of the compound
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can be found in Figures 3-8, Theée figures indicate the
disappearance of the compound in tests flask (T or T500) as
compared to the disappearance of the herbicide in the
pertinent sterile control flasks (C or C500). The points
depict the mean percent remaining in four replicate flask
versus time. Also included in these figures are points
depicting a range of one standard deviation on both sides
of the reported means. It should be noted that five out of
the six slopes of the line of best fit for the disappear-
ance of the compound in the sterile controls (Clor C500)
are not significantly different from zero (P=0.05). All of
the lines of beét fit for the disappearance of the
herbicide in the non-sterile flasks (T or T500) have slopes
that are significantly different (P=0.05) or highly
significantly different (P=0.01) from zero (Table IX).

With the exception of one set of replicates (RRAT), the
derived first-order rate coefficients for the biotransfor-
mation of 2,4-D in the Red River water ranged from 0.05 day_l

to 0.14 day t

. These coefficients relate to half-lives
from jﬁst over 14 days to just under 5 dafs. The first-
order rate coefficient for test flasks RRAT is 0.002 day_l,
which would yield a half-life of over 300 days. The
abnormality of this test (RRAT) might be explained by the

low numbers of microbes present in these systems. The
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Fig. 3--Loss of 2,4-~-D through time in the systems
containing non-sterile Red River water only in the first
Red River experiment.
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Fig. 4--Loss of 2,4-D through time in the systems

containing non-sterile Red Ri
Red River experiment.

ver water only in the third
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Fig. 5--Loss of 2,4-D through time in the systems

containing non-sterile Red
Red River experiment.

River water only in the fourth
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Fig. 6-
containing
solids in t

~Loss of 2,4-D through time in the systems
non-sterile Red River water and non-sterile
he first Red River experiment .
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Fig. 7--Loss of 2,4-D through time in the systems
containing non-sterile Red River water and non-sterile
solids in the third Red River River experiment,
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Fig. 8--Loss of 2,4-D through time in the systems
containing non-sterile Red River water and non-sterile
solids in the fourth Red River experiment.
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SIGNIFICANCE OF THE LINES OF BEST FIT FOR BI

TABLE IX

STUDIES OF THE RED RIVER

58

OTRANSFORMATION

Slope
Significantly

Exper- Different

iment Water Sediment From Zero P
1 Sterile None Added | No 0.0513
1 Sterile Sterile No 0.5031
1 Non-Sterile None Added Highly 0.0068
1 Non-Sterile Non-Sterile Highly 0.0001
2 Non-Sterile None Added Highly 0.001
2 Non-Sterile Non-Sterile Highly 0.001
3 Sterile None Yes 0.016
3 Sterile Sterile No 0.3607
3 Non-Sterile None Added Highly 0.0001
3 Non-Sterile Non-Sterile Highly 0.0001
4 Sterile None Added No 0.9836
4 Sterile Sterile No 0.1029
4 Non-Sterile None Highly 0.0001
4 Non-Sterile Non-Sterile Highly 0.0001
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microbes in these four replicate flask averaged 20,000
CFU/ml, which is the lowest estimate of microbes in any of
the non-acclimated test systems. However, no correlation
between the microbial population and the rate of biotrans-
formation of the herbicide was observed. A R-square of
0.12 was found when the microbial plate counts were corre-
lated with the first-order biotransformation half-lives of
the compouna in the Red River test flask that contained
non-sterile sediments and/or non-sterile water (T ér T500).
Analysis of covariance showed that in all cases but one
(RRAT), the biotransformation rate of 2,4-D in the flasks
that contained non-sterile solids and/or non-sterile Red
River water (T or T500) are either significantly different
(P=0.05) or highly significantly different (P=0.01) from
the rate of disappearance of the compound in the sterile
control flasks (C or C500) (Table X). Statistical analysis
also showed that there are no significant differences in
the disappearance of the compound in the flasks containing
sterile Red River water only (C) and the disappearance in
.the'flésk containing both sterile ﬁed River water and
sterile Red River solids (C500). These findings indicate
that the disappearance of the herbicide in the non-sterile
flasks (T and T500) is due to biological rather physical or

chemical means such as volatilization, photolysis, and
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hydrolysis.

The addition of solids (T500) to the Red River water
caused varied effects on the first-order biotransformation
rate of 2,4-D. 1In three out of four Red River, experiments
the addition of solids increased the biotransformation rate
of the herbicide (Table XI). Two of these three increased
rates are significantly (P=0.05) different from the
biotransformation rate in the experiments containing Red
River water only (T). Out of these two significantly
greater biotransformation rates, one is an abnormality.
This abnormality results from comparing the biotrans-
formation rate in the flasks containing water and solids
(RRAT500) with the flasks containing water only (RRAT).
2,4-D in the flasks labeled RRAT.was féund to have a
half-life of over 300 days. Therefore, there is only one
set of flasks those containing water and solids (T500) that
has a truly significantly greater biotransformation rate
than flasks that contain only Red River water (T). In one
experiment, the biotransfo;mation réte in the flasks
containiﬁg Red River water only (T) is significantly
greater (P=0.05) than the biotransformation rate in the
flasks containing water and solids (T500) from the Red
River (Table XI). From these four experiments, it does not

appear that the addition of solids consistently affects the
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biotransformation of 2,4-D in the Red River experiments.
If the data found using the test RRAT are omitted from
consideration because of the low biotransformation rate,
then the mean plus and minus one standard deviation
first-order half-life for the flasks containing Red River
water only (T) is 10.29 days +4.9 days. The mean plus and
minus one standard deviation for the systems containing Red
River water plus 500 mg/l additional solids (T500) is 7.7
days +1.4 days. A non-parametric Man-Whittney U test
showed that at the P=0.05 level there is no significant
difference in these biotransformation rates.

The results of the biotransformation test using Red
River water and sterile Red River solids (8S) yvielded a
mean first-order half-life of 6.3 days. Ih all of the Red
River studies, the test systems with additional sterile
solids (SS) has as high or higher biotransformation rates
as the test systems containing non-sterile water only (T)
or the system containing non-sterile water and non-sterile
solids (T500) {(Table XII). Analysis of covariance showed
thaﬁ the test systems with sterile solids (SS) producéd
significantly higher rates of biotransformation than the
other test systems (Table XIII). In one of the four
comparisons, the biotransformation rate of the systems

containing sterile solids and non-sterile Red River water

63
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(SsS) is highly significantly different (P=0.01), then the
rate of biotransformation in the flask containing Red River
water only (T). TIn one experiment, the rate of biotrans-
formation in the systems containing non-sterile Red River
water and sterile solids (88) is significantly (P=0.05)
different from the systems containing non-sterile Red River
water only (T). The biotransformation rate of 2,4-D in the
systems containing non-sterile Red River water and sterile
solids (SS) is in one experiment significantly different
(P=0.05) and in another experiment not significantly
different from the rate of'biotransformation in systenms
containing non-sterile Red River water and non-sterile Red
River solids (T500) (Table XIII).

As can be seen from Table XII the biotransformation
rate of 2,4~D in the system containing sterile Red River
water and non-sterile solids (NSS) is Quite low. The
first-order half-life for this experiment is over 170 days.
The biotransformation of 2,4-D in these systems (NSS) is
highly significantly different (P=0.0i) from the biotrans-
formation of the herbicide in the systems containing
non-sterile Red River water and solids (T500 or SS). The
biotransformation rate in these systems with only microbes
from the solids most closly resembles the disappearance of

the compound in the sterile controls (C and €500). Whereas
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the biotransformation rates of most of the experimental
systems that contain non-sterile water with or without
solids (even sterile solids) are one to three orders of
magnitude greater than the rate of the sterile controls,
the biotransformation rate of the test system with sterile
water and non-sterile solids (NSS) only vary from the
sterile controls by a factor of 1 to 3. The data just
presented indicate that the water column-associated |
microbes are Principally responsible for biotransformation
of 2,4-D in the Red River experiments.

It is very interesting to note the high count of
microbes in the systems that initially contained sterile
water and non-sterile solids (NSS). The estimated
microbial number in these systems is an order of magnitude
higher then the counts estimated in most of the other test
systems. Even with these unusually high microbial counts,
a very low rate of biotransformation is seen. Since these
flasks start with only the microbes associated with the
sélids, the initial counts are lower then the systems‘
containing non-sterile water. Steady-state microbial
estimates were seen in the flask that contained non—steriie
solids and sterile water (NSS) on the same day as steady-
state in the systems with non-sterile water. This would

indicate that more microbial growth and activity is taking
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place in the systems containing non-sterile solids and
sterile water,

The types of microbes present in the various systems
were not identified during this study, but there did not
appear to be differences in the types of colonies growing
on the plate count agar in any of the systems. Additional
research with a focus on the identification of the microbes
actively transforming the compound is needed. This
additional research may help explain the role of water
column and sediment associated microbes in the transfor-
mation of 2,4-D. The quantification of active transformers
may also help to explain the variation in the cbserved
biotransformation rates of the herbicide.

Biotransformation of 2,4-D in the
Trinity River System

The results of the biotransformation studies of the
disappearance of 2,4-D in the Trinity River systems can be
found in Table XIV. Graphical depictions of the disappear-
ance of the herbicide in the various Trinity River
expériments can be found in Figures 9-13. These figuies
plot the mean percent remaining of the compound versus
time. To indicate the pPrecision of this data, one standard
deviation on either side of each mean is shown. Also

included on these figures is the percent remaining of 2,4-D
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Fig. 9--Loss of 2,4-D throu
containing non-sterile Trinity
first Trinity River experiment.

gh time in the systems
River water only in the
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Fig. 10--Loss of 2,4-D through time in the systems
containing non-sterile Trinity River water only in the
second Trinity River experiment,
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Fig. 12--Loss of 2,4-D throu

containing non-sterile Trinit
solids in the second Trinity

gh time in the systems
Y River water and non-sterile

River experiment.
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in the sterile controls (C or CSOb). The percent remaining
in the controls is shown for visual comparisons of the
amount of the compound lost by other than biological means
to the amount lost by biotransformation.

The slope of the lines of best fit for the percent of
the compound remaining in the sterile controls (C or C500)
is not significantly different from zero. The lines of
best fit of the percent of the herbicide remaining in the
systems containing non-sterile solid and/or non-sterile
water (T or T500) are all shown to be highly significantly
different from zero (Table XV).

The first-order biotransformation rate coefficient for
disappearance of 2,4-D in the Trinity River systems con-

taining non-sterile water only (T) or non-sterile water and

non-sterile solids (T500) ranged from Q.45 dayrlto 0.49 day”

These rate coefficients vield a calculated half-life of
1.55 to 1.42 days, respectively. The experimental rate
coefficients for the systems with and without non-sterile
‘solids are very similar.

'Analysis of covariance indicated in all cases the'bio-
transformation rate coefficients of the control (sterile)
systems are highly significantly different (P=0.01) from
the experimental flask with non-sterile solids and/or

non-sterile water (T or T500) (Table XVI). Analysis of

78

1



TABLE XV
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SIGNIFICANCE OF LINES OF BEST FIT FOR BIOTRANSFORMATION
STUDIES OF THE TRINITY RIVER

Slope
Significantly

Exper- Different

iment Water Sediment From Zero P
1 Sterile None Added No 0.1879
1 Sterile Sterile No 0.2191
1 Non-Sterile None Added Highly 0.0001
1 Non-Sterile Non-Sterile Highly 0.0001
2 Non-Sterile Nene Added Highly 0.0001
2 Non-Sterile Non-Sterile Highly 0.0001
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covariance also showed that there is no difference between
the biotransformation rate coefficient of the flasks that
contain non-sterile Trinity River water only (T) and the
flasks that contain non-sterile Trinity River water and
additional non-sterile solids (T500) (Table XVII). The
nmean first-order biotransformation rate coefficient for the
systems that contained non-sterile Trinity River water (T)
is 0.48 day ™', with a half-life of 1.45 days. The mean
first-order biotransformation rate coefficient for the
systems that contain non-sterile Trinity River water and
non-sterile additional solids (T500) is 0.47 day-l with a
corresponding half-life of 1.47 days. These data indicate
that the addition of 500 mg/1l of non-sterile Trinity River
solids does not effect the biotransformation rate of 2,4-D
in Trinity River waters.

The results of the Trinity River biotransformation test
involving non-sterile river water with sterile solids added
(S8) and sterile water with non-sterile solids added (NsSS)
cén be found in Table XVIII( Figures‘lS and 14 depict the
percent of 2,4-D remaining versus time for these systems.
These figures also include the lines of best fit for the
percent of 2,4-D remaining in the pertinent sterile control
(C500) and for the flasks with non-sterile Trinity River

water and non-sterile solids (T500). As can be seen from
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Fig. 13--Loss of 2,4-D through time in the Trinity
River systems which initially contained non-sterile water
and sterile scolids.
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Fig. 14--Loss of 2,4-D through time in the Trinity
River systems which initially contained sterile water and
non-sterile solids.
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Table XVIII and Figure 13, the biétransformation rate of
the 2,4-D in the flasks containing non-sterile Trinity-
River water and sterile solids (SS8) is gréater than the
biotransformation rate in the systems that contain Trinity
River water only (T). The biotransformation is also faster
in the systems containing non;sterile water and sterile
solids (SS) than in the systems containing non-sterile
Water and non-sterile solids (T500). Analysis of covari-
ance demonstrates that there is no difference in the bio-
transformation rate of the system containing non-sterile
water and sterile solids (SS) and the systems that contain
non-sterile solids and/or non-sterile Trinity River water
(T and T500) (Table XIX). Tables XVIII and XIX, and Figure
14 indicate the recalcitrant nature of 2,4-D in the system
that initially contained sterile Trinity River water and
non-sterile solids (NSS). Biotransformation of 2,4-D in
the systems containing sterile Trinity River water and
non-sterile solids (NSS) is not significantly different
from the disappearance of the compound in the sterile
contiols (C and C500). In these systems with solids és the
only source of microbes, very little, if any, biotransfor-
mation is taking place. It is interesting to note, that
similar to the Red River study, these systems that

initially contained sterile water and non-sterile solids
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(NSS) have the hiqhest microbial counts of any of the
systems. This again indicates that the biotransformation
of the compound is principally due to the microbes
initially found in the water column.
Biotransformation of 2,4-D in the Mississippi
River System

The results of the biotransformation studies of 2,4-D
in the Mississippi River can be found in Table XX.
Graphical representation of the biotransformation in these
systems can be seen in Figures 15 and 16.

The systems containing sterile Mississippi water only
(C) indicated some disappearance of the compound. These
control systems had a first-order half-life of just under
35 days. Analysis of covariance ihdicated that the line of
best fit for the disappearance of the compound in these
systems versus time had a slope significantly different
from zero (Table XXI). However the systems containing
sterile Mississippi River water and sterile solids (C500)
have a similar first-order half-life, Just under 35 days,
and the slope of the line of best fit is not significantly
different from zero. The disappearance of the compound in
the systems containing non-sterile water only (T) and the
systems containing non—sterile water and solids (T500) is

over an order of magnitude greater then the disappearance
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Fig. 15~-Loss of 2,4~D through time in the Mississippi
River systems containing non-sterile water only.
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Fig. 1l6--Loss of 2,4-D through time in the Mississippi
River systems containing non-~sterile water and solids.
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TABLE XXI

SIGNIFICANCE OF LINES OF BEST FIT FOR BIOTRANSFORMATION
STUDIES OF THE MISSISSIPPI RIVER

Slope
Significantly
Exper=- Different
iment Water Sediment From Zerxro P
1 Sterile None Added Yes 0.0197
1 Sterile Sterile No 0.0739
1 Non-Sterile None Added Highly 0.0003

1 Non-Sterile Non-Sterile Highly 0.0001
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of the compound in the sterile controls (C and 500).
Analysis of covariance indicated that these non-sterile
systems (T and T500) have a first-order biotransformation
coefficient significantly diffeient from zero. Statistical
analysis also showed these biotransformation rate
coefficients are significantly different from the rate
coefficients of the disappearance of the compound in the
sterile controls (C and C500) (Table XXII). Statistical
analysis indicates that the systems containing non-sterile
Mississippi River water and non-sterile solids (T500) have
a slightly higher biotransformation rate coefficient then
the systems containing non-sterile water only (T). The
first-order biotransformation rate coefficient for systems
containing Mississippi River water and solids is 0.57 day"l
with a half-life of 1.21 days. The first-order biotrans-
formation rate coefficient for the teﬁt systems containing
non-sterile Mississippi River water only (T) is 0.35 day'l,
which calculates to a half-life of 1.98 days. The increase
in rate coefficients in systems containing non-sterile _
water and solids (T500) may indicate that the solids in the
Mississippi River contribute to the biotransformation of
2,4-D.

Another indicator that the solids contribute to the

biotransformation of the compound in the Mississippi system




98

*S§93ed UOTIBWIOISUBRIIOT( OM3 SY3 UT SDUSILIITP OU ST 2I9U3 3IBY} S$91BDTPUT UbHTIS = Y

‘UOTITPUOD PUODDS msw
UT uey3} I93SBI ST UOTITPUOD 3ISITI 9UY3l UT UOTILWIOISURIFOTY DUl IAeY} S23eDTpUuTr Uubls < ¢

*UCTITPUOD PUODIS I
UT UBU} JIOMOTS ST UOTJITPUOD 3SIATI DY} UT UOTIPWIOISURIIOT SYY eyl S53edTput ubTs 5 yy

S$8T0°0 > STTI=235~UON DTTISFIG~UON PepPpPY SUGN BTTX235-UON T
I000°0 > 91TIDdYS~UON 3[TI335~-UCN 9TTI®3s 9T1TI9238 T
100070 > PopPpPY SUON STTaI®3S-UON PEpPPY SUON STTIa3g T
d ¥OOUBROTITUDTS SPTITOS I93EM SPTTOS Is3em JUDWT
JO uoTIOSITIJ . ~xodxyg
SUOTITPUOCD PUODIG SUOTITPUOD ASITA

dUATI IddISSISSIN HHL NI SWALSAS LSEL dTINELS-NON ,
INY SWHLSAS "TOYINOD HIIYHALS 40 SHLYI NOILVWIOASNVYILOTE A0 SNOSIYYVIWOD “IVDILSIIVIS

ITXX dT9dYL




is the high rate ceoefficient (0.51 day_l) found in the
systems that initially contained sterile Mississippi River
water and non-sterile solids (NSS). 1In both the Red River
systems and Trinity River systems, similarly desighed
experiments yielded biotransformation rate coefficients
approaching that of the sterile controls. In the
Mississippi River experiments, the systems that containing
sterile water and non-sterile solids (N8$) have biotrans-
formation rate coefficients that are not significantly
different from the other non-sterile test systems (Table
XXIII). Table XXIII alsc shows that the biotransformation
of the compound in the systems that initially contained
non-sterile water and sterile solids (SS8S) is not
significantly different from the biotransformation of the
herbicide in the systems containing non-sterile water only
{T), but is significantly different from the biotransfor-
mation in the systems containing non-sterile water and
non-sterile solids (T500). These experiments suggest that
in the Mississippi River systems the solids play an impor-
taﬁt role in the biotransformation of the herbicide 2}4—D.
The results of these biotransformation tests in the
Mississippi River systems can be found in Table XX.
Graphical representation of the actual disappearance of the

herbicide can be found in Figures 17 and 18. These figures
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Fig. 17--Loss of 2,4-D through time in the Mississippi
River systems initially containing sterile water and

non-sterile solids.
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Fig. 18--Loss of 2,4-D through time in the Mississippi
River systems initially containing non-sterile water and

sterile solids.
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depict the percent of the compound remaining versus time.
Comparisons of the Biotransformation of 2,4-D
in the Three River Systens

The data from the biotransformation studies previously
presented demonstrate that in all three river systems
biotransformation is a major fate process for 2,4-D.
Biotransformation rate coefficients for the herbicide in
the Missisgippi and the Trinity river systems are similar.
Biotransformation in the Red River systems is less than
biotransformation in the other two river systems. Analysis
of covariance comparisons of the disappearance of the
herbicide in the systems containing non-sterile water only
(T) in the three river systems can be found in Table XXIV.
Table XXV includes the statistical comparisons for the
systems that contained both non-sterile water and solids
(T500). These tables show that in every comparison of
biotransformation of 2,4-D between the Red River systems
and either of the othexr two rivers systems, highly
significant differences exist. In comparisons between the
Triniﬁy and the Mississippi river systems, no significaﬁt
differences are seen. The reason for increased rates of
biotransformation in the Mississippi and the Trinity river
systems is not totally understood but one possibility that

will be discused later is the higher nutrient levels in




TABLE XXIV
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Significantly Direction of

Comparison* Different Significance P

MR vs. RR Highly MR > RR 0.0001
MR vs. RR Highly MR > RR 0.0001
MR vs. RR Highly MR > RR 0.0001
MR vs. RR Highly MR > RR 0.0043
MR vs. TR No MR = TR 0.3421
MR vs. TR No MR = TR 0.2088
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs, RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR | Highly TR » RR 0.0001
'*MR = Mississippi River.

‘RR = Red River.

TR = Trinity River.



STATISTICAL COMPARISON

TABLE XXV

S OF BIOTRANSFORMATION

RATES OF 2,4-p IN

SYSTEMS CONTAINING NON-STERILE WATER AND NON-STERILE SOLIDS,
BETWEEN MISSISSIPPI, RED, AND TRINITY RIVERS
Significantly Direction of
Comparison¥* Different Significance P
MR vs. RR Highly MR > RR 0.0001
MR vs. RR Highly MR > RR 0.0001
MR vs. RR Highly MR > RR 0.0001
MR vs. RR Highly MR > RR 0.0001
MR vs. RR Highly MR > RR 0.0001
MR vs. TR No MR = TR 0.3448
MR vs. TR No MR = TR 0.4053
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001
TR vs. RR Highly TR > RR 0.0001

*MR % Mississippl River.

RR = Red River.

TR = Trinity River.

107
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these two rivers. Another Possibility is that in botﬁ of
these river systems, Trinity and Mississippi, the microbes
have previously been exposed to the herbicide. The data
from STORET (1984) indicate low levels of the herbicide in
the Mississippi River water. Since the minimum detectable
limit of the analytical method used to analyze 2,4-p is 0.1
mg/l concentrations, less than this may be present in
Trinity Rivér water, or sometime in the last month water
containing the herbicide may have flowed through the sample
area.

It is interesting that the solids in the Mississippi
River systems seem to be important in biotransformation of
the herbicide but did net apparently contribute to the

biotransformation of the herbicide in the other two rivers.

Acclimation Studies

Results of the biotransformation studies in which the
microbes had previoﬁsly been exposed to 2,4-p can be found
in Table XXVI. _Disappearance of the herbicide in these
‘experiments is graphically depicted in Figures 19-22.
These figures include disappearance of the compound in
flasks that have previously been exposed to the herbicide,
the flasks that contain non-sterile water that has received
only one dose of the herbicide, and also the sterile

controls. Since the data from STORET (1984) indicated a
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Fig. 19--Loss of 2,4-D through time

in the acclimated
Red River systems containing water only.
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Fig. 20~-Loss of

2,4-D through time in the acclimated
Red River systems con

taining water and solids.
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Fig. 21--Loss o

£ 2,4-D0 through time in
Trinity River syste

the acclimated
ms containing water only

.
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Fig., 22--Loss of 2,4-D throu

gh time in the acclimated
Trinity River systems containing

water and solids.
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ments, no redosing was performed on the Mississippi River
experiments., The biotransformation study previously
presented incorporating Mississippi water and solids will
be used for comparisons with the‘redosed systems of the
other two rivers.

As can be seen from these figures (19-22) as well as
the figures breviously presented the disappearance of the
herbicide in the Red and Trinity river systems are charac-
terized by an initial lag phase. The lag phase in the Red
River systems ranged from 6 to 15 days. The lag phase in
the Trinity River system was shorter than the lag phase of
the Red. 1In the Trinity the longest lag phase seen was 4
days. The significance of the long lag phase seen in the
Red River system can be best realized if it is remembered
that in 15 days over 12 half-lives of biotransformation of
2 4-D can take place in the Mississippi River systems,

In the Red Rlver system, use of acclimated organlsms
increased the blotran&formatlon rate coeff1c1ent by factors
ranging from 2 to 10 In the Trinity River systems, the
use of acclimated organisms increased the biotransformation
rate coefficient by a factor slightly greater than 2.

These increased rates of biotransformation cccured even
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though the initial biomass of the acclimated flask were
less then the biomass of the initial test systems. on day
0 the number of microbes in the acclimated systems is
anywhere from 10% to 50% of the number of microbes in the
test systems. After 3 or 4 days there does not appear to
be a difference in the biomass of the test and acclimated
systems. Table XXVIT includes statistical comparisons of
biotransformation rate coefficients in the non-acclimated
systems with the acclimated systems* rate cocefficients.
The biotransformation rate coefficients in all cases of
redosing are highly blgnlflcantly different from the
blotransformatlon rate coefficients in the non-redosed
system,

Table XXVIII shows comparisons of the acclimated rate
coefficients between the three river systems. 1In three out
of four experiments, acclimation in the Red River systenms
increased the rate of biotransformation to a degree that no
significant difference could be shown between biotransfor-
. Mmation coefficients of 2,4—D in the Mississippi River and
the Red River.

This increase in the biotransformation rates after
acclimation may have far reaching implications.in both
herbicidal treatments of aquatic vegetation and in hazarqd

assessment, If redosing of a body of water to eliminate




STATISTICAL COMPARISONS OF B

TABLE XXVII

BEFORE AND AFTER ACCLIMATION

IOTRANSFORMATION RATES

Significantly
System#* Solids Different P
RR None Highly - 0.0001
RR None Highly 0.0001
RR Yes Highly 0.0001
RR Yes Highly 0.0001
TR None Highly 0.0001
TR Yes Highly 0.0001

120

*RR = Red River,

TR = Trinity River,




STATISTICAL COMPARISONS OF BIOTRANSFO
MISSISSIPPI, RED, AND TRINITY RIV

TABLE XXVITI

121

RMATION RATES OF 2,4-D IN
ER ACCLIMATED SYSTEMS

Significantly Direction of

Comparison#* Different Significance P

MR vs. RR No MR RR 0.1672
MR vs. RR No MR RR 0.1949
MR vs. TR Highly MR TR 0.0001
TR vs. RR Highly TR RR 0.0001
TR vs. RR Highly TR RR 0.0001
MRS vs. RRS Highly MRS RRS 0.0096
MRS vs. RRS No MRS RRS 0.4048
MRS vs. TRS Highly MRS TRS 0.0041
TRS vs. RRS Yes TRS RRS 0.0215
TRS vs. RRS Highly TRS RRS 0.0001
*MR = Mississippi River water only.

TR = Trinity River water only.

RR = Red River water only,
MRS = Mississippi River water and solids.

RRS = Red River water and solids.

TRS =

Trinity River water and solids.
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nuisance vegetation is performed,‘then this dose may neeq
to be increased to vield the same degree of "kill" as the
initial dose. 1In deciding upon the dose the effects on
non-target species must be taken into account. This con-
sideration of non-target species needs to be considered for
- both initial doses and for any redosing that occurs. In
deciding on the concentration of the herbicide to use the
laws and regulations (FIFRA) also need to be considered.
In the case of time-released formulation of herbicides,
this increased biotransformation should be accounted for to
assure the desired results, In hazard_assessment, the
potential hazard of a spill of 3 compound may be decreased
if the microbes have previously been exposed to the com-
pound. This may be particularly important for industries
whose effluents contain 2,4-D or similar compounds. The
affects of the effluents, to the envirbnment, may be
reduced, due to increased rates of biotransformation, if
the wastes contains continuous levels of the compound
rather than intermittent releases of fhe toxicant.
Comparison of Experimentally Found Rates
with Literature Values

The literature values for the biotransformation and/or

degradation of 2,4-D vary greatly. The persistance of

2,4-D in nature or laboratory studies were reported to




123

range from a few days to months. rThe half-lives for 2,4—D
in the Red River studies were similar to the half-lives
reported by Nesbitt and Watson (1980a) and C.A.S.T. (1975).
The half-lives of the herbicide in the Red River experi-
ments ranged from 5 days to 14 days. The half-lives
reported by Nesbitt and Watson (1980a) for 2,4-D in river
waters ranged from 10 days to 50 days. C.A.S.T {1975)
reported the half-life of 2,4-D in soils to range from 1 to
2 weeks. The biotransformation rates observed in the
Trinity and Mississippi rivers are greater than those
reported by Nesbitt and Watson (1980a) or C.A.S.T. (1975).
The half-life of 2,4-D in the Trinity and Mississippi river
experiments ranged from one te two days. Biotransformation
rates this great have.also been reported by Klingman
(1964). Klingman reported the persistance of 2,4-p in
s0ils to be 7 days. Results of the acclimation exXperiments
conducted for this thesis agree with the results of Spain
and Van Vveld (1983). Spain and Van Veld reported less than
5% of the initial herbicide remaining after 40 hours in
pre-exposed systemé., After 40 hours in acclimated Trlnlty
River water almost 3 half- lives have occured leaving only
15% of the herbicide not transformed. 1In Red River
acclimated systems, after 40 hours only 25% to 50% of 2,4-D

remains untransformed.
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Use of Rate Constants in Predicting Fate
of 2,4-D in Aquatic Systems

The first-order rate constants found in this research
for the disappearance of 2,4-D indicate that biotransfor-
mation is the major fate process of the herbicide. Other
processes such as hydrolysis, photolysis, and volatil-
ization if occurring do so at a much lower rate than
biotransformation. If biotransformation is the major fate
process of a compound and the half-life of that compound
can be measured in days or weeks then to predict the fate
of that compound, accurate biotransformation rate constants
must be known. If the rate constants are not accurate and
are used to predict the overall fate of a compound large
errors in these predictions would occur. If biotransfor-
mation is not a major fate process, or the half-life is
measured in years, then the errors introduced by inaccurate
biotransformation rate constants would be insignificant.
Since biotransformation is the major fate process for
2,4-D, accurate rate constants are needed. First-order
rate constants found in this study,. for the non—accliﬁated

1 to 0.57 dayﬂl. This range of

systems range from 0.05 day
biotransformation rate constants includes all three river
systems with and without additional solids added. The

range of rate constants for each individual river system is




smaller. The range of rate constants for the Trinity River
is 0.45 day'1 to 0.49 day‘l. The first-order biotransfor-

mation rate constants for the Mississippi River systems

L ts 0.57 day"l and the range for the

1

range from 0.35 day;
Red River systems is 0.049 day — to 0.14 day"l. From these
results it is apparent that the rate of biotransformation
of a compound in one aquatic system may be different than
in another_aquatic system. The range of first-order rate
coefficients for the acclimated experiments is 0.23 day_l
to 1.12 dayrl. As can be seen from these data acclimation
reduces some of the variation in the observed rate
coefficients.

The use of models to predict the first-order biotrans-
formation rate constant may help account for the variation
in the rate constants between various aquatic systems.
These models should incorporate the water chemistry and
sediment properties of the aquatic system. These models
should also include if the system has previously been
exposed to the compound since acclimation as already been
shown to increase the biotransformation in an system. The

following section will introduce and discuss two possible

models.
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Predictive Models of the Blotransformatlon
Rate of 2,4-D

The results of the biotransformation experiments were
incorporated into statistical models. These models are
designed to yield first-order biotransformation rate
coefficients for 2,4-D. The usefulness of these models is
facilitated because they only require the uéer to know
simple water quality parameters and a little history about
the water body.

Two statistical models were developed, with the aid of
SAS (Stepwise procedure), to predict these rate cceffic-
ients. The first model is designed to predict the first-
order rate coefficient in waters with low suspended solid
(less then 100 mg/l). The second model is designed to
predict the rate coefficient in waters with a wider range
of suspended solids (less then 600 mg/l).

In the development of the first model, the following
parameters were evaluated: the origin or source of the
water, the concéﬁtration of ammonia, the concentration of
nitrate, the amount of organic carbon present, and whether
the system had previously been exposed to the compound.
Phosphates were not considered for these models since data
for phosphates in the Trinity River were lacking. The
resulting model did not incorporate the origin of the water

or nitrate concentration. Addition of the either of these
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parameters to the model did not improve the R-square value

sufficiently (0.15) to warrant its inclusion. The model

for low suspended concentrations is as follows:
Kl=(0.189*ammonia)+(0.043*organic

carbon)+(0.333*%acclimation)-0.363
Where K1 is the first-order rate coefficient for 2.4-D

ammonia is measured in mg/l as NH. N

3

‘organic carbon is measured in mg/l

and acclimation is equal to one if the system has not
previously been exposed to the compound and two if

previously exposed.

In developing the.second model, the following param-
eters were evaluated: the origin of the water, ammonia
concentration, nitrate concentration, the concentration of
crganic carbon, acclimation, volatile matter of the
suspended solidé and the percent of sand, silt, and clay of
the suspended solids. The resulting model is as follows:

Kl=(0.375*acclimation)+(5.56*ammonia)—(l.66*nitrate)*0.290

Where K1 is the first-order biotransformation rate

coefficient
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acclimation is equal to one if the system has not been
previously exposed to the herbicide and two if

previously exposed
ammonia is in mg/l as NH; N
nitrate is in mg/l as NH3 N

The other wvariables evaluated did not meet the (.15

significance level for entry into the model.

Both of these generated mcdels are significant. The
first model has a probability of a greater F value of 0.012
and an R-Square of (0.869. The second model has an R-square
value of 0.809 with a probability of a greater F value of
0.0001.

The usefulness of these models is facilitated by not
regquiring elaborate characterization of the water or
suspended solids of the system being studied. 1In a matter
of hours, a researcher can have an approximate first-order
rate coefficient specific for a water body. This first-
order rate coefficient can be found without Ffirst
conducting a month;long biotransformation study. These
models also demonstrate relationships between biotransfor-
mation rates and acclimation, and nutrients. In both

models the affect of acclimation is an increase in the
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first-order rate coefficient of o&er 0.3 dayrl. This
increase is significant when you consider that the
non-acclimated rates in the Red River experiments range
from 0.05 day"l to 0.16 dayrl. These models also indicate

that as nutrients are increased so is biotransformation.

Preliminary Algal Bicassay
The results of the preliminary algal bicassay to deter-
mine the effects of suspended solids on the bicavailability

of 2,4-D to Selenastrum capricornutum can be found in Table

XXIX. Analysis of variance and Duncans multiple range test
were performed on these data to determine if the herbicide
was toxic to the algae. These statistical tests indicated
that there is no difference in the concentration of algal
cells in the various concentrations of the herbicide used.
The concentration of the herbicide ranged from 0 mg/l to 20
mg/l. 'The experimental matrix_for this experiment was
Trinity River water without additional suspended solids.
Statistical anal&sis of the data from the biocassay

- experiment conducted using Trinity River water with the
addition of 500 mg/l of suspended solids indicated that
difference in the concentration of algal cells existed over
the concentrations used (Table XXX). The concentration of

2,4-D in this experiment also ranged from 0 to 20 mg/l.
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TABLE XXIX

RESULTS FROM PRELIMINARY ALGAL BIOASSAY WITHOUT SOLIDS

Significantly
Concentration Cell Count Different From
of 2,4-D (mg/1) (107 cell/1) * Controls
0 2.65 + 1.8 No
4 3.88 + 3.8 No
7 2.44 + 1.04 No
12 1.68 + 0.71 No
20 0.68 + 0.50 No

*X + Standard Deviation.




TABLE XXX

RESULTS FROM PRELIMINARY ALGAL BIOASSAY WITH SOLIDS

131

Significantly
Concentration Cell Count Different From
of 2,4-D (mg/1) (107 cel1/1)* Controls
0 1.64 + 0.63 No
4 1.90 + 0.09 No
7 1.5 + 0.4 No
12 1.11 + 0.3 Yesg
20 D.72 + 0.06 Yes

*X + Standard Deviation.
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To test the hypothesis of no difference in the bio-

availability of 2,4-D to Selenastrum capricornutum to the

presence and absence of 500 mg/l additional suspended
solids, analysis of covariance was performed on the results
from the preliminary algal bicassay. This statistical test
failed to reject the null hypothesis of no difference at
the P=0.05 level.

Since differencés in the bioavailability of the
herbicide were not detected and the dose required to show
toxicity is far greater then environmentally realistic
concentrations, further aléal bicassay experiments were not

rerformed.




CHAPTER FOUR
CONCLUSIONS

The objectives and hypotheses of this research address
the role of acclimation, suspended solids, and the source
of water in biotransformation of the chlorinated hydro-
carbon, 2,4-dichlorophenoxy acetic acid. Goals of this
work also included generating realistic biotransformation
rate coefficients, evaluating the reaction order of bio-
transformation and to determine if suspended solids alfered
the bicavailability of the herbicide. The objectives of
this research were accomplished and all hypotheses were
evaluated with varying degrees of success. The conclusions

which can be drawn from this work are as follows:

1. Addition of 500 mg/l of suspended solids may
affect the biotransformation rate of 2.4-D. The
biotransformation rate in the Mississippi River
systemslwas increased by the addition of solids
(T%=2.0 days versus T%=l.2 days). The biotrans-
formation rate in the Trinity River systems was -
not altered significantly by the addition of the
solids. 1In the Red River the addition of sus-
pended solids {500 mg/l) caused mixed results. 1In

two experiments the addition of solids increased
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biotransformation (T%=12 days versus T%=9.6 days
and T%=14.2 days versus T%=7.9 days). 1In one
experiment the addition of solids decreased
biotransformation of 2,4-D (T%=4.8 days versus
T%=7.02 days),

The source of water and suspended solids affects
the biotransformation of the herbicide 2,4-D. The
first-order biotransformation rate of the herbi-
cide was shown to be less in the Red Rivér systems
than in the other two systems. In the Red River
systems the highest first-order biotransformation
rate was 0.14 day_l in the Trinity and Mississippi
the smallest rate coefficients were 0.45 day"l and
0.35 day“l respectively.

The apparent biotransformation rate coefficient
was adequately described by first-order kinetics
although zero-order kinetics may also describe the
disappearance of the compound. Zero and first
order kinetics better described the disappearance
of the herbicide than second-order kinetics,
Second-order rate coefficients were more variable
than zero or first order rate coefficients.

The results of experiments using non-sterile
solids and sterile water indicate that the
microbes associated with the suspended solids of

the Trinity and Red rivers did not contribute to
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biotransformation of the compound. The microbes
associated with the suspended solids of the
Mississippi River did contribute to the bigtrans-
formation of 2,4-D.

Acclimation or redose increased the rate of bio-
transformation of the herbiciae as much as an
order of magnitude. Acclimation increased the
rate of biotransformation in one of the Red River
experiments from 0.07 day ™t to 0.g8 day'l.

Based on three sources of water and solids, and an
initial concentration of 2,4-D of approximately 2
mg/1 environmentally realistic first-order bio-
transforﬁation rate coefficients range from 1.12

cia.y"l

to 0.05 day_l depending on environmental
conditions.

The toxicity of the herbicide to Selenastrum

capricornutum was not reduced by addition of

suspended solids to Trinity River water. Little
toxicity of 2,4-D to the algae was demonstrated

even at 2,4-D concentrations of 20 mg/l.




APPENDIX I

RAW DATA OF BIOTRANSFORMATION EXPERIMENTS
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~~~~~~~~~~~~~~~~~~~~ VAR=MRNSS  T=5 =—wcmeooeo L ___

OBS VAR T CONC INIT BIOMASS
25 MRNSS 5 0.1 1.12 48000
26 MRNSS 5 0.1 1.12 81000
27 MRNSS 5 0.1 1.12 180000
28 MRNSS 5 0.1 1.12 38000

———————————————————— VAR=MRSS  T=0 —=---omommmme___

OBS VAR T CONC INIT BIOMASS
29 MRSS 0 1.55 1.74 77000
30 MRSS 0 1.92 1.74 77000
31 MRSS 0 1.55 1.74 35000
32 MRSS 0 1.92 1.74 35000
33 MRSS 0 1.55 1.74 17000
34 MRSS 0 1.92 1.74 17000
35 MRSS 0 1.55 1.74 11000
36 MRSS 0 1.92 1.74 11000

———————————————————— VAR=MRSS  T=2 ~-—-coemmow o __

OBS VAR T CONC INIT  BIOMASS
37 MRSS 2 1.91 1.74 77000
38 MRSS 2 1.99 1.74 35000
39 MRSS 2 2.34 1.74 17000
40 MRSS 2 2.08 1.74 11000
-------------------- VAR=MRSS  T=5 = cmoe oo __
OBS VAR T CONC INIT BIOMASS
41 MRSS 5 0.94 1.74 77000
42 MRSS 5 0.10 1.74 35000
43 MRSS 5 1.25 1.74 17000
44 MRSS 5 0.10 1.74 11000

———————————————————— VAR=MRSS  T=7 ~-w-eoemmm

OBS VAR T CONC ~INIT = BIOMASS
45 MRSS 7 0.1 1.74 77000
46 MRSS 7 0.1 1.74 35000
47 MRSS 7 0.1 1.74 17000
48 MRSS 7 0.1 1.74 11000

OBS VAR T CONC INIT BIOMASS
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OBS VAR T CONC INIT BIOMASS
76 MRT500 5 0.1 2 61000
77 MRT500 5 0.1 2 68000
78 MRT500 5 0.1 2 31000
79 MRTS500 5 0.1 2 33000

~~~~~~~~~~~~~~~~~~~~ VAR=RRAC ~ T=0 --==oomomm . ___

OBS VAR T CONC INIT BICMASS
80 RRAC 0 2.22 2.29
81 RRAC 0 2.01 2.29
82 RRAC 0 2.63 2.29
83 RRAC 0 2.29 2.29

———————————————————— VAR=RRAC ~ T=1§ ~=mc-ommemmo

CBS VAR T CONC INIT BIOMASS
84 RRAC 15 1.96 2.29
85 RRAC 15 2.15 2.29
86 RRAC 15 2.48 2.29
87 RRAC 15 2.48 2.29
88 RRAC 15 2.38 2.29

OBS VAR T CONC INIT BIOMASS
89 RRAC 21 2.17 2.29
90 RRAC 21 2.00 2.29
51 RRAC 21 2.06 2.29
92 RRAC 21 2.14 2.29
-------------------- VAR=RRAC T=29 — e
OBS VAR T CONC INIT BIOMASS
93 . RRAC 29 1.92 2.29
94 RRAC 29 2.04 2.29
95 RRAC 29 1.94 2.29
96 RRAC 29 1.98 2.29

------------------- VAR=RRAC500  T=0 =-w-mowmomoon . __

OBS VAR T CONC INIT BICMASS
897 RRAC500 0 2.26 2.14
98 RRACS00 0 2.26 2.14
99 RRACS500 0 2.02 2.14

100 RRACS00 0 2.02 2.14
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RRAT 15
RRAT 15
----- VAR=RRAT

Q —mr e -

2.28 2.24
2.11 2.24
2.09 2.24
T=21
CONC INIT
2.12 2.24
2.13 2.24
2.06 2.24
2.08 2.24
T=2
CONC INIT
1.97 2.24
2.19 2.24
1.93 2.24
1.85 2.24
T=0
CONC INIT
2.08 2.05
2.02 2.05
2.08 2.05
2.02 2.05
2.08 2.05
2.02 2.05
2.08 2.05
2.02 2.05
T=10
CONC INIT
2.35 2.05
2.15 2.05
2.55 2.05
2.36 2.05
T=15%
CONC INIT
2.00 2.05
2.27 2.05
2.15 2.05
2.18 2.05

T=21

500000
30000
60000

BIOMASS

50000
500000
30000
60000

BIOMASS

50000
500000
30000
60000

BIOMASS

15000
15000
14000
14000
20000
20000
29000
29000

BIOMASS

15000
14000
20000
29000

BIOMASS

15000
14000
20000
29000
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OBS

153
154
155
156

OBS

157
158
159
160

0BS

16l
162
163
164

OB3

165
166
167
168

OBS

169
170
171
172

OBS

173
174
175
176

VAR T
RRAT 21
RRAT 21
RRAT 21l
RRAT 21
————— VAR=RRAT
VAR T
RRAT 29
RRAT 29
RRAT 29
RRAT 29
~~~~~ VAR=RRATA
VAR T
RRATA 0
RRATA 0
RRATA 0
RRATA 0
~—--~ YAR=RRATA
VAR T
RRATA 10
RRATA 10
REATA 10
RRATA 10
-—-- VAR=RRATS500
VAR T
RRAT500 O
RRAT500 0
RRAT500 0
RRAT500 0
--- VAR=RRATS500
VAR T
RRATS500 10
RRAT500 10
RRAT500 10
RRAT500 10

VAR=RRAT500

CONC
2.06
2.01

2.12
2.07

2.46

CONC

3.23

INIT

2.05
2.05
2.08
2.05

INIT

2.05
2.05
2.05
2.05

INIT

2.26
2.26
2.26
2.26

INIT

2.26
2.26
2.26
2.26

INIT

2.46
2.46
2.46
2.46

INIT

2.46
2.46
2.46
2.46

BIOMASS

15000
14000
20000 -
29000

BIOMASS

15000
14000
20000
29000

BIOMASS

7000
11000
14000
14000

BIOMASS

7000
11000
14000
14000

BIOMASS

34000
65000
46000
34000

BIOMASS

34000
65000
46000
34000
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OBS

177
178
178
180

OBS

181
182
183
184

OBS

185
186
187
188

OBS

189
190
191
192

0BS

193
194
195
196

OBS

197
198
199
200
201
202

VAR

RRATS500
RRATS500
RRATS00
RRAT500

VAR

RRATS00
RRAT500
RRATS500
RRAT500

VAR

RRAT500
RRATS500
RRATS500
RRATS500

VAR

RRATS500A
RRATS500A
RRAT500A
RRATS00A

VAR

RRAT500A
RRAT500A
RRAT500A
RRATS500A

RRAZT

RRAZT
RRAZT
RRAZT
RRAZT

T

15

15

=

COOoCQoO

15
15

VAR=RRAT500

VAR=RRATS500

T

29
29
29
29

VAR=RRAT500A

T

OO CQOoO

VAR=RRATS00A

Whwbhwa

CONC

3.20
2.73

2.76

2.54
T=21
CONC
0.10
2.86

0.10
2.51

INIT

2.46

BIOMASS

34000
65000
46000
34000

BIOMASS

34000
65000
46000
34000

BIOMASS

34000
65000
46000
34000

BIOMASS

14000
9100
9000

14000

BIOMASS

14000
9100
9000

14000

BIOMASS

84000
84000
32000
32000
16000
16000
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203
204

0BS5S

205
206
207
208

0BS

209
210
211
212

OBS

213
214
215
- 216

OBS3

217
218
219

OBS

220
221
222
223

OBS

224
225
226

RRA2T 0
RRAZT 0
~~~~~ VAR=RRAZT
VAR T
RRAZT 1
RRA2T 1
RRA2T 1
RRAZT 1
————— VAR=RRA2T
VAR T
RRA2T 2
RRA2T 2
RRA2T 2
RRAZT 2
————— VAR=RRA2T
VAR T
RRA2T 4
RRAZ2T 4
RRA2T 4
RRA2T 4
----- VAR=RRA2T
VAR T
RRA2T 5
RRA2T 5
RRA2T 5

VAR=RRA2T
VAR T
RRAZT 12
RRA2T 12
RRA2T 12
RRA2T 12

VAR=RRA2T
VAR T
RRA2T 20
RRA2T 20
RRAZT 20

CONC

2.31
2.49

CONC

2.51

2.16
2.26
2.14

T=20
CONC
2.30

2.06
2.27

INIT

2.95
2.95
2.95
2.95

INIT

2.95
2.95
2.95
2.95

INIT

2.95
2.595
2.95
2.95

INIT

2'95
2.95
2.95

INIT

2.95
2.95
2.95
2.95

INIT

2.95
2.95
2.95

53000
53000

BIOMASS

84000
32000
16000
53000

BIOMASS

84000
32000
16000
53000

BIOMASS

84000
32000
16000
53000

BIOMASS

84000
32000
16000

BIOMASS

84000
32000
16000
53000

BIOMASS

84000
32000
16000
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OBS

228
229
230
231

OBS

232
233
234
235

OBS

236
237
238
239

OBS

240
241
242
243

0OBS

244 .

245
246
247

0OBS

248
249
250

RRA2ZT 20

-—=- VAR=RRAZT

VAR T
RRAZT 33
RRA2T 33

RRAZT 33
RRAZT 33

---- VAR=RRA2T
VAR T
RRA2T 40
RRA2T 40
RRAZT 40
RRA2T 40
--~- VAR=RRA2TA
VAR T
RRA2TA 0
RRA2TA 0
RRA2TA 0
RRA2TA 0
---~ VAR=RRA2TA
VAR T
RRA2TA 1
RRA2TA 1
RRA2TA 1
RRA2TA 1
---- VAR=RRA2TA
VAR T
RRA2TA 2
RRA2TA 2
RRA2TA 2
RRA2TA 2
---- VAR=RRA2TA
VAR T
RRA2TA 4
RRA2TA 4
RRA2TA 4

INIT

2.85
2.85

2.85

INIT

2.85
2.85
2.85

BIOMASS

84000
32000
16000
53000

BIOMASS

84000
32000
16000
53000

BIOMASS

31000
59000
43000
37000

BIOMASS

31000
59000
43000
37000

BIOMASS

31000
59000
43000
37000

BIOMASS

31000
59000
43000

l4s



OB3

252
253
254

OBS

255
256
257
258

OBS

259
260
261
262

OB3

263
264
265

OBS

266
267
268
269

OBS

270
271
272
273

VAR
RRAZT5A

RRAZ2T5A
RRA2TSA

VAR

RRAZTS5A

RRAZTS5A
RRAZTSA
RRAZ2TS5A

VAR

RRAZTS5A
RRAZTSHA
RRAZTS5A
RRAZTS5A

RRAZTA 4
~—--- VAR=RRAZTA
VAR T
RRAZTA 5
RRAZTA 5
RRAZTA 5
=~-- VAR=RRAZTA
VAR T
RRAZTA 7
RRAZTA 7
RRAZTA 7
RRAZTA 7
---- VAR=RRAZTA
VAR T
RRAZTA 12
RRAZTA 12
RRAZTA 12
RRAZTA 12

VAR=RRAZT5A

T

SO O

VAR=RRAZ2T5A

]

VAR=RRA2TSA

!

DN

1.84

CONC
0.10
2.40
0.75

CONC

0.10

0.75

CONC

2.88
2.58
2.58

CONC

2.03
1.47
2.23
1.61

CONC

0.58
0.10
1.22
0.10

INIT

2.85
2.85
2.85

INIT

2.85
2.85
2.85
2.85

INIT

2.85
2.85
2.85
2.85

INIT

2.68
2.68
2.68

INIT

2.68
2.68
2.68
2.68

INIT

2.68
2,68
2.68
2.68

BIOMASS

31000
59000
37000

BIOMASS

31000
59000
43000
37000

BIOMASS

31000
59000
43000
37000

BIOMASS

15000
39000
37000

BIOMASS

62000
15000
39000
37000

BIOMASS

62000
15000
39000
37000
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| 148
~~~~~~~~~~~~~~~~~~~ VAR=RRA2T5A  T=4 =~---cmme-—ooame o

OBS VAR T CONC INIT BIOMASS
274 RRAZTSA 4 0.10 2.68 62000
275 RRAZTEA 4 0.10 2.68 15000
276 RRAZTSA 4 0.44 2.68 38000
277 RRAZTS5A 4 0.10 2.68 37000

------------------- VAR=RRA2T5A  T=5 ——-—me——momme

OBS VAR T CONC INIT BIOMASS
278 RRAZTS5A 5 0.1 2.68 62000
279 RRAZTS5A 5 0.1 2.68 15000
280 RRAZTS5A 5 0.1 2.68 39000
281 RRA2TSA 5 0.1 2.68 37000
—————————————————— VAR=RRAZT500 T=0 -——-rmmmme e
OBS VAR T CONC INIT BIOMASS
282 RRAZTS500 0 3.16 3.13 37000
283 RRAZT500 0 3.09 3.13 37000
284 RRA2TS500 0 3.16 3.13 21000
285 RRA2T500 0 3.09 3.13 21000
286 RRAZT500 0 3.16 3.13 94000
287 RRAZT500 0 3.09 3.13 94000
288 RRAZT500 0 3.16 3.13 160000
289 RRAZT500 0 3.09 3.13 160000
—————————————————— VAR=RRA2T500 T=] -—rrmmmmmm e
OBS VAR T CONC INIT BIOMASS
290 RRAZ2T500 1 2.79 3.13 37000
291 RRAZT500 1 2.66 3.13 21000
292 RRAZTSQ0 1 2.65 3.13 94000
293 RRAZT500 1 2.84 3.13 160000
mTmmmmmes——--————w VAR=RRAZ2TS500 T=2 m—mmm e e
OBS VAR T CONC INIT BIOMASS
294 RRAZTS500 P 1.98 3.13 37000
295 RRAZT500 2 2.08 3.13 21000
296 RRAZTS500 2 2.45 3.13 94000
297 RRA2T500 2 2.56 3.13 160000
—————————————————— VAR=RRA2T500 T=4 ---mmmmmme oo
OBS VAR T CONC INIT BIOMASS

298 RRAZ2T500 4 2.17 3.13 37000




299
300

OBS

301
302
303
304

OBS

305
306
307
308

OBS

309
310
311

OBS

312
313
314
315

OBS

316
317
318
319

0OBS

320
321
322

RRAZ2T500
RRAZTS00

VAR

RRA2T500
RRAZTS00
RRAZ2TS500
RRAZTS500

VAR

RRAZTS500
RRAZT500
RRAZ2T500
RRAZT500

VAR

RRAZT500
RRAZ2TS500
RRA2T500

VAR

RRA2T500
RRAZ2T500
RRAZTE00D
RRAZTS500

4
4

VAR=RRA2T500

H

(GRS NSNS

VAR=RRA2T500

T

12
12
12

12

VAR=RRA2T500

T

20
20
20

VAR=RRA2T500

T

33
33
33
33

VAR=RRAZ2T500

. VAR T
RRAZT500 40
RRAZ2T500 40
RRA2T500 40
RRAZT500 40
————— VAR=RR1C
VAR T
RR1C 0
RRIC 0
RRI1C 0

2.29 3.13
2.27 3.13
T
CONC INIT
2.45 3.13
3.17 3.13
2.51 3.13
2.55 3.13
T=12
CONC INIT
2.40 3.13
2.38 3.13
2.30 3.13
2.44 3.13
T=20
CONC INIT
1.78 3.13
2.13 3.13
2.34 3.13
T=33
CONC INIT
1.78 3.13
1.80 3.13
0.10 3.13
0.10 3.13
T=40
CONC INIT
0.1 3.13
0.1 - 3.13
0.1 3.13
0.1 3.13
T=0
CONC INIT
2.63 2.61
2.57 2.61
2.48 2.61

BIOMASS

37000
21000
94000
160000

BIOMASS

37000
21000
94000

BIOMASS

37000
21000
94000
160000

BIOMASS

37000
21000
94000
160000

BIOMASS
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323
324
325
326
327

OBS

328
329
330
331
332
333
334
335
336
337

OBS

338
339
340
341
342
343

OBS

344
245
346
347

OBS

348
349
350
351
352
353
354
358

RRI1C 0
RR1C 0
RRI1C 0
RR1C 0
RR1C 0
------ VAR=RR]C
VAR T
RR1C 8
RR1C 8
RR1C 8
RR1C 8
RRI1C 8
RR1C 8
RR1C 8
RR1C 8
RR1C 8
RR1C 8
————— VAR=RR]1C
VAR T
RR1C 24
RR1C 24
RR1C 24
RR1C 24
RR1C 24
RRI1C 24
~~~~~ VAR=RRI1C
VAR T
RR1C 31
RR1C 31
RR1C 31
RR1C 31
---- VAR=RR1C500
VAR T
RR1C500 0
RR1C500 0
RR1C500 0
RR1C500 0
RR1CS500 0
RR1C500 0
RR1ICS500 0
RR1C500 0

.41
.61
.81
.52
.82

(I SR NN Y Y
=
]
@

9]
O
b
@]

Mo NMNDNN NN
()]
-~

NS O SO N
1=
-9

CONC

2.55
2.64
2.45
2.46

T
CONC

.65
.48
.48
.13
.33
.11
.40
.14

NN N N RN

2.61
2.61
2.61
2.61
2.61

INIT

NN NNND NN N
[&)]
-t

INIT

2.61
2.61
2.61
2.61

0 ___________________

INIT

.35
.35
.35
.35
.35
.35
.35

NNNMNMNNNN NN
[9¥]
(%2 ]

BIOMASS

BIOMASS

BIOMASS

BIOMASS

150



151
——————————————————— VAR=RR1C500  T=8 =---mo-oommmooe

OBS VAR T CONC INIT BIOMASS
356 RR1C500 8 2.59 2.35
357 RR1C500 8 2.53 2.35
358 RR1C500 8 2.62 2.35
359 RR1C500 8 2.66 2.35
360 RR1C500 8 2.60 2.35
361 RR1C500 8 2.56 2.35
362 RR1C500 8 2.64 2.35
363 RR1C500 8 2.68 2.35
364 RR1C500 8 2.73 2.35
—————— m==-==--=--- VAR=RR1C500 T=24 ---mmooemoomn___
OBS VAR T CONC INIT BIOMASS

365 RR1C500 24 2 2
366 RRI1C500 24 2 2
367 RR1C500 24 2 2.
368 RR1IC500 24 2.46 2.35
369 RR1CE00 24 2 2
370 RRIC500 24 2 2

—————————————————— VAR=RR1C500 T=3]l ~—=rmmm e
OBS VAR T CONC INIT BIOMASS
371 RRIC500 31 2 2
372 RR1C500 31 2. 2.
373 RR1C5Q0 31 2.38 2.35
374 RR1IC500 31 2 2
375 RR1C500 31 2 2

-------------------- VAR=RR1SS T=0 --=-=--meeoo o

QOEBS VAR T CONC INIT BIOMASS
376 RR1SS 0 2.40 2.49 19000
377  RR1SS 0 2.58 2.49 19000
378 RR1SS 0 2.40 2.49 10000
379 RR13S 0 2.58 2.49 10000
380 RR1SS 0 2.40 2.49 17000
381 RR1S5S 0 2.58 - 2.49 17000
3182 RR1SS 0 2.40 2.49 150000
383 RR1SS 0 2.58 2.49 150000
———————————————————— VAR=RR1S8S% T=4 — e
OBS VAR T CONC INIT BIOMASS
384 RR1SS 4 2.37 2.49 15000

385 RR1S553 4 2.36 2.49 19000




OBS

400
401
402
403
404
405
406
407

OBS

408
409
410
411
412
413
414
415

OBS

416
417
418
419

RR1SS 4
RR1SS 4
RR1SS 4
RR1SS 4
RR1sSS 4
RR1SS 4
----- VAR=RR1S5S
VAR T
RR1SS 8
RR1SsS 8
RR1SS 8
RR15s 8
RR1SS 8
RR1SS 8
RR1SS 8
RR1S5sS 8
VAR=RR1SS
VAR T
RR1SS 11
RR13S 11
RR1sS 11
RR1SS 11
RR135s 11
RR1SS 11
RR1sS 11
RR1SS 11
~=-=- VAR=RRI1SS
VAR T
RR1SS 15
RR1SS 15
RR1SS 15
RR1SS 15
RR1SsS 15
RR1SS 15
RR1SS 15
RR1S8S 15
-—--- VAR=RR1SS
VAR T
RR155 18
RR1SS 18
RR15S 18
RR1SS 18

NN N

RS ESESE SN Y XYW

.35
.21
.48
.52

.46

T=11

0
O
=
9

DN NN NN N
-9
-8

NN N
(8]
Lo |

3
It
=
0

CONC

2.74
2.84
0.28
0.31

INIT

.49
.49
.49
.49
.49
.49

N R RN RS MO RO B

INIT

2.49
2.49
2.49
2.49

BIOMASS

190600
19000
10000
10000
17000
17000
150000
150000

BIOMASS

18000
19000
10000
10000
17000
17000
150000
150000

150000

BIOMASS

19000
15000
10000
10000
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RR1SS 18
RR1SS 18
RR1SS 18
RR1SS 18
~-- VAR=RR1SS
VAR T
RR1SS 24
RR1SS 24
RR1SS 24
RR1SS 24
--— VAR=RR1SS
VAR T
RR1SS 31
RR1SS 31
RR1SS 31
RR1SS 31
~~— VAR=RR1SS
VAR T
RR13S 35
RRLSS 35
RR1SS 35
RR1SS 35
---- VAR=RRIT
VAR T
RRIT 0
RR1T 0
RR1T 0
RR1T 0
RR1T 0
RR1T 0
RR1T 0
RR1T 0
RR1T 0
RR1T 0
-~-- VAR=RRLT
VAR T
RR1T 0
RR1T 0

o

2.69
2.73
0.51

. 0.49

24
CONC
2.32
6.10

0.10
0.10

CONC
2.31
0.10
0.10
0.10
T=35

CONC

OO oM
e O

CONC

.57
.61
.05
.57
.61
.05
.57
.61
.05
.57

NWMNNWRNRN WM N

T

]
O

CONC

2.61
3.05

e i T S

BIOMASS

19000
10000
17000
150000

BIOMASS

19000
10000
17000
150000

BIOMASS

19000
10000
17000
150000

BIOMASS

24000
24000
24000
35000
35000
35000
29000
29000
29000
1%000

BIOMASS

19000
19000

153



————————————————————— VAR=RRIT = T=4 ~--meoo . ______

OB3 VAR T CONC INIT BIOMASS
4438 RRIT 4 3.00 2.74 24000
449 RRI1T 4 2.93 2.74 24000
450 RRI1T 4 2.45 2.74 35000
451 RRLT 4 2.50 2.74 35000
452 RRIT 4 2.94 2.74 29000
453 RE1T 4 2.90 2.74 29000
454 RRI1T 4 2.36 2.74 19000
455 RRIT 4 2.48 2.74 19000
———————————————————— VAR=RR1T T=8 - oL
OBS VAR T CONC INIT BIOMASS
456 RRI1T 3 2.54 2.74 24000
457 RRI1T 8 2.64 2.74 24000
458 RRI1T 8 2.70 2.74 35000
459 RRI1T 8 2.72 2.74 35000
460 RRI1T 8 2.73 2.74 29000
461 RR1T 8 2.72 2.74 29000
462 RRI1T 8 2.37 2.74 19000
463 RRI1T 8 2.40 2.74 19000

~~~~~~~~~~~~~~~~~~~~ VAR=RRIT = T=11 ~--emommm

OBS VAR T CONC INIT BIOMASS
464 RR1T 11 2.32 2.74 24000
465 RRI1T 11 2.40 2.74 24000
466 RRI1T 11 2.50 2.74 35000
467 RRIT 11 2.48 2.74 35000
468 RR1T 11 2.43 2.74 25000
469 RRIT 11 2.53 2.74 29000
470 RRI1T 11 2.44 2.74 15000
471 RR1T 11 2.40 2.74 15000
———————————————————— VAR=RRI1T T=15 -
OBS VAR T CONC INIT BIOMASS
472 RR1T 15 2.65 2.74 24000
473 RR1T 15 2.60 2.74 24000
474 RR1T 15 2.33 2.74 35000
475 RRI1T 15 2.28 2.74 35000
476 RRIT 15 2.36 2.74 29000
477 RRIT 15 2.41 2.74 29000
478 RRIT 15 2.44 2.74 19000
479 RRIT 15 2.45 2.74 18000




OBS

480
481
482
483
484
485
486
487

OBS

438
489
490
491
492
493
494
495

OBS

496
497
498
499

OBS

500
501
502
503

OB3

504
505
506
307
508
509
310
511

VAR
RR1T500
RRITS00
RR1T500
RR1T500
RR1T500
RR1T500

RR1T500
RRITS500

VAR T
RRIT 18
RRIT 18
RRIT 18
RRIT 18
RRIT 18
RR1T 18
RR1IT 18
RRIT 18
————— VAR=RR]T
VAR T
RRIT 24
RRIT 24
RRIT 24
RRIT 24
RRIT 24
RRIT 24
RRIT 24
RRIT 24
~~~~~ VAR=RRLT
VAR iy
RR1T 31
RRIT 31
RRIT 31
RRIT 31
----- VAR=RR1T
VAR T
RRIT 35
RRIT 35
RRIT 35
_RRIT 35

VAR=RR1T500
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19000

BICMASS
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512
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OBS
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527
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531

OBS

332
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535
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OBS

540
541
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RRI1T560 0
RRIT500 0
RRI1T500 0
RRIT500 0
RR1ITS500 0
RR1T500 0
RR1IT500 0
RR1T500 0
RRIT500 0
RR1TS500 0
RRITS00 0
RRIT500 Q
————— VAR=RR1T500
VAR T
RRI1ITS00 4
RR1IT500 4
RR1T500 4
RR1TS500 4
RR1T500 4
RRIT500 4
RRI1T500 4
RRITS500 4
~~~~~ VAR=RR1T500
VAR T
RRIT500 8
RRIT500 8
RR1T500 8
RR1T500 8
RRIT500 8
RRIT500 8
RRI1T500 8
RRIT500 8
VAR=RR1T500
VAR T
RR17T500 11
RRI1T500 11
RRITS500 11
RR1T500 11
RRI1T500 11
RR1T500 11
RR1TS5G0 11
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INIT
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.95
.95
.95
.95
.95
.95
.95

NN NN

INIT

.95
.95
.95
.95
.95
.95
.95
.95

MNP N

ke o A i ey rvn - o —

BIOMASS

12000
12000
52000
52000
77000
77000
28000
28000

BIOMASS

12000
12000
52000
22000
77000
77000
28000
28000

BIOMASS

12000
12000
52000
52000
77000
77000
28000
28000
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VAR

RR1T5
RR1T5
RR1TS
RR1TS
RR1T5
RR1TS
RR1TS
RR1TS

T
00 15
00 15
00 15
00 15
00 15
00 15
00 15
00 15

VAR=RR1T500

VAR T
RR1T500 18
RRIT500 138
RRIT500 18
RR1TS500 18
RR1T500 18
RRI1T500 18
RRI1ITS500 18
RR1T500 18
=~-- VAR=RR1TS500

VAR T
RR1T500 24
RR1TS00 24
RRITS00 24
RRITS500 24

————— VAR=RR2C

VAR T

RR2C 0

RRZC Q

RR2C 0

RR2C 0
————— VAR=RR2C

VAR T

RRZC 7

RR2C 7

RRZC 7

RR2C 7

————— VAR=RRZ2C
VAR T

CONC

.54
.57
.42
.43
.44
.48
.08
1.16

Ll SVl Sl S N S S N

T=18

CONC

COHRFOoOOMNMMN
(61}
L%

CONC
2.19
2.40

2.04
2.18

CONC

2.61

CONC

INIT

.95
.95
.95
.95
.95
.95
.95
.95

[ASES SN O Sl N N N

INIT

.95
.95
.95

.95
.95
.95
.95

ARSI S SN NN SN

INIT

2.95
2.95
2.95
2.95

INIT

~-BIOMASS

12000
12000
52000
52000
77000
77000
28000
28000

EIOMASS

12000
12000
52000
52000
77000
77000
28000
28000

BIOMASS

12000
52000
77000
28000

BIOMASS
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158

576 RR2C 14 3.05 2.2
577 RR2C 14 2.44 2.2
578 RR2C 14 2.72 2.2
579 RR2C 14 2.75 2.2

——————————————————— VAR=RR2C500  T=0 ~=-—=cemooome o __

CBS VAR T CONC INIT BIOMASS
580 RR2C500 0 2.66 2.39
581 RR2C500 0 2.34 2.39
582 RR2C500 0 2.19 2.39
583 RR2C500 0 2.37 + 2.39

------------------- VAR=RR2C500  T=7 ==-mmecomm o
OBS VAR T CONC INIT  BIOMASS

584 RR2C500
585 RR2C500
586 RR2C500
587 RR2C500

2.65 2.39
3.06 2.39
2.65 2.39
2.82 2.39

RS B R |

—————————————————— VAR=RR2C500  T=14 ==---omeomeo .
OBS VAR T CONC INIT BIOMASS
588  RR2C500 14 2.70 2.39
589  RR2C500 14 3.12  2.39
590  RR2C500 14 2.88 2.39
591  RR2C500 14 2.94 2.39

———————————————————— VAR=RR2SS  T=0 ~=w-—memommo e

OBS VAR T CONC INIT BIOMASS
592 RRZSS 0 2.24 2.34 62000
593 RR258 0 2.23 2.34 62000
594 RR2SS 0 2.24 2.34 130000
595 . RR2Ss 0 2.23 2.34 130000
596 RR255 0 2.24 2.34 44000
597 RR2SS 0 2.23 2.34 44000
598 RR2S5 0 2.24 2.34 23000
399 RR283 0 2.23 2.34 23000
———————————————————— VAR=RR2SS T=4 - e
OBS VAR T CONC INIT BIOMASS
600 RR2SS 4 2.18 2.34 62000
601 RR255 4 2.27 2.34 130000
602 RR23S 4 2.14 2.34 44000
603 RR253 4 2.06 2.34 23000




OBS

604
605
606
607

0BS

608

611

—~—- VAR=RR2SS
VAR T
RR2SS 7
RR2SS 7
RR2SS 7
RR2SS 7
--- VAR=RR2SS
VAR T
RR2SS 11
RR2SS 11
RR2SS 11
RR2SS 11
--- VAR=RR2SS
VAR T
RR2SS 16
RR2SS 16
RR2SS 16
RR2SS 16
--- VAR=RR2SS
VAR T
RR2SS 19
RR2SS 19
RR25S 19
RR2SS 19
---- VAR=RR2T
VAR T
RR2T 0
RR2T 0
RR2T 0
RR2T 0
RRZT 0
RRZT 0
RR2T 0
RR2T 0
~-—- VAR=RR2T
VAR T

T=7

CONC

2.68

2.64
2.81
2.59

T=11
CONC
2.62
0.10

2.88
3.10

f

T=16

CONC
0.10
0.10

0.10
2.43

CONC

OO OO
bt bt

=
i
(=]

CONC

.25
.25
.25
.25
.25
.25
.25
.25

MMM NNDDMN NN

T

it
b

CONC

INIT

2.34
2.34

2.34

BIOMASS

62000
130000
44000
23000

BIOMASS

62000
130000
44000
23000

BIOMASS

62000
130000
44000
23000

BIOMASS

62000
130000
44000
23000

BIOMASS

26000
26000
75000
75000
32000
32000
38000
38000

BIOMASS
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628
629
630
631

OBS

632
633
634
635

OBS

636
637
638
639

OBS

640
641
642
643

0BS

644
645

RR2T 4
RR2T 4
RR2T 4
RR2T 4
~—=- VAR=RR2T
VAR T
RR2T 7
RR2T 7
RR2T 7
RR2T 7
————— VAR=RR2T
VAR T
RR2T 11
RR2T 11
RR2T 11
RRZT 11
----- VAR=RR2T
VAR T
RRZT 16
RR2T 16
RR2T 16
RR2T 16
~—-— VAR=RR2T
VAR T
RR2T 19
RR2T 19
RR2T 19
RR2ZT 19
—~-- VAR=RR2T
VAR T
RR2T 23
RR2T 23
RR2T 23
RR2T 23
~-- VAR=RR2T500
VAR T

CONC
2.44
2.95

2.53
2.52

CONC

3.15

T T e

BIOMASS

26000
75000
32000
38000

BIOMASS

26000
75000
32000
38000

BIOMASS

26000
75000
32000
38000

BIOMASS

26000
75000
32000
38000

BIOMASS

160



652
653
654
655
656
657
658
659

0OBS

660
661
662
663

OBS

664
665
666
667

OBS

668
669
670
671

OBS

672
673
674
675

OBS

676
677
678
679

RR2T500
RRZ2T500
RR2T500
RR2T500
RR2T500
RR2T500
RR2T500
RR2T500

VAR

RR2T500
RR2T500
RRZT500
RRZT500

VAR

RR2T500
RR2T500
RR2T500
RR2TS500

VAR=RR2T500

T

4
4
4
4

VAR=RR2T500

VAR T
RR2TS500 7
RR2T50Q0 7
RRZTS500 7
RRZT500 7

VAR=RR2TS500

VAR T
RR2T500 11
RR2TE00 1
RR2T500 11
RRZT500 11

VAR=RR2T500

VAR T
RR2T500 16
RR2T500 16
RRZ2T500 lé
RRZ2T500 16

VAR=RR2T500

T

19
19
19
19

RN NENFSFNE SN
o
~J

Moo
—
~1

CONC

3.03
2.95
2.79
2.63

T=11
CONC
3.07
0.10
3.22
0.12
T=16
CONC
3.26

0.10
3.34

.10

T=19
CONC

3.13
0.10
3.30
0.10

.34
.34
.34
.34
.34
.34
.34
.34

M NRNDNDMNDDND

INIT

2.34
2.34
2.34
2.34

INIT

2.34
2.34
2.34
2.34

INIT

2.34
2.34
2.34
2.34

INIT

2.34
2.34
2.34
2.34

INIT

2.34
2.34
2.34
2.34

23000
23000
45000
45000
38000
38000
125000
125000

BIOMASS

23000
45000
38000
125000

BIOMASS

23000
45000
38000
125000

BIOMASS

23000
45000
38000
125000

BIOMASS
23000
45000

38000
125000

BIOMASS

23000

45000

38000
125000

16l



OBS

688
689
690
691
692
693
694
695

OBS

696
697
698
699

OBS

700
701
702
703

VAR

RRZ2T500
RR2T500
RR2T500
RR2T500

VAR

RR2T500
RR2T500

VAR

RR2T500
RRZ2T500

VAR

TRAT
TRAT
TRAT
TRAT
TRAT
TRAT
TRAT
TRAT

VAR

. TRAT

TRAT
TRAT
TRAT

VAR

TRAT
TRAT
TRAT
TRAT

T

OOCCOOO0O0

L]

el el

T

[FU SIS oY

VAR=RR2T500

T

23
23
23
23

VAR=RR2T500

T

33
33

VAR=RR2T500

T

39
39

VAR=TRAT

VAR=TRAT

VAR=TRAT

CONC
0.31
0.10
0.10
0.10
T=33
CONC

0.1
0.1

T=39

i

CONC

T=0

CONC

(NSRS N S SN S S N

oMo
o
1=

CONC

2.62
2.08
2.53
2.31

INIT

.875
875
.875
.875
.875
.875
.875
.875

Mo NMNNDN N

INIT

2.875
2.875
2.875
2.875

INIT

2.875
2.878
2.875
2.875

BIOMASS

23000
45000

BIOMASS

38000
125000

BIOMASS

70000
70000
270000
270000
35000
35000
27000
27000

BIOMASS

70000
270000
35000
27000

BIOMASS

70000
270000
35000
27000
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OBS

704
705
706

OBS

707
708
709
710

OBS3

711
712
713
714

OBS

715
716
717
718

- ——— L e rrn A ——

OBS

719
720
721
722

OBS

723
724
725
726
127
728

————— VAR=TRAT T=
VAR T CONC
TRAT 4 2.00
TRAT 4 2.18
TRAT 4 2.21

————— VAR=TRAT T=
VAR T CONC
TRAT 6 .1
TRAT 6 0.1
TRAT 6 0.1
TRAT 6 0.1

----- VAR=TRATA T

VAR T CON
TRATA 0 2.3
TRATA 0 2.3
TRATA 0 2.3
TRATA 4] 2.4

----- VAR=TRATA T

VAR T CON
TRATA 1 1.7
TRATA 1 2.0
TRATA 1 2.3
TRATA 1 1.8

————— VAR=TRATA T

VAR T CON
TRATA 3 0.1

. TRATA 3 0.1
TRATA 3 0.1
TRATA 3 0.1

---~ VAR=TRATS00

VAR T Co

TRAT500 0 3

TRATS500 0 3

TRATS500 0 3

TRATS500 0 3

TRATS500 0 3

TRATS500 0 3

INIT

2.875
2.875
2.875

BIOMASS

70000
35000
27000

BIOMASS

70000
270000
35000
27000

BIOMASS

110000
110000
150000

97000

BIOMASS

110000
110000
190000

97000

BIOMASS

110000
110000
190000

97000

BIOMASS

100000
100000
140000
140000
43000
43000
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164

729 TRAT500 0 3.72 3.48 82000
730 TRATS500 0 3.24 3.48 82000

——————————————————— VAR=TRAT500  T=] =---=m-o--mmmomm

OBS VAR

L
2
Q
=
}
—
=z
H
=

BIOMASS

731 TRATS500 1 2.30 3.48 100000
732 TRATS500 1 2.47 3.48 140000
733 TRATS500 1 2.51 3.48 43000
734 TRATS00 1 3.54 3.48 82000

e Te—— VAR=TRAT500  T=3 —-=mooemo—meeo

OBS VAR T CONC INIT BIOMASS
735 TRATS500 3 2.26 3.48 100000
736 TRAT500 3 Z2.38 3.48 140000
737 TRAT500 3 2.11 3.48 43000
738 TRATS500 3 2.39 3.48 82000

——————————————————— VAR=TRAT500  T=4 —==-mwoommoeem e

OBS VAR

—
Q
Q
=
O
]
z
H
H

BIOMASS

739 TRAT500 4
740 TRAT500 4
741 TRAT500 4
742 TRAT500 4

2.47 3.48 100000
1.71 3.48 140000
2.11 3.48 43000
2.54 3.48 82000

——————————————————— VAR=TRAT500 T=6 -==----mcmo— e

OBS VAR T CONC INIT BIOMASS
743 TRATS00 6 0.1 3.48 100000
744 TRATS00 6 0.1 3.48 140000
745 TRATS00 6 0.1 3.48 43000
746 TRATE00 6 0.1 3.48 82000

------------------ VAR=TRATS500A  T=0 -—=v----cmmmmeommee

GBS VAR

T CONC INIT BIOMASS

747  TRATS00A 0 2.33  2.46 180000

748 TRATSO00A 0 2.26 2.46 150000

749 TRAT500A 0 2.70 2.46 180000

750 TRATS00A 0 2.55 2.46 190000
—————————————————— VAR=TRATS00A T=1 ~~-~--emomeommcmu
QBS VAR T CONC INIT BIOMASS

751 TRAT500A 1 1.83 2.46 180000
752 TRATS500A 1 2.00 2.46 150000




753
754

OBS

755
756
757
758

OBS

759
760
761
762

OBS
763

765

QES

772
773
774
775

TRATS500A

TRAT500A

1
1

VAR=TRAT500A

VAR T
TRAT500A 3
TRAT500A 3
TRAT500A 3
TRAT500A 3

------ VAR=TRC

VAR T

TRC 0

TRC 0

TRC 0

TRC 0

—————— VAR=TRC

VAR T

TRC 9

TRC 9

TRC 9

————— VAR=TRC

VAR T

TRC 16

TRC 16

TRC 16

TRC 16

————— VAR=TRC

VAR T

TRC 35

TRC 35

---- VAR=TRC500

VAR T

TRC500 0
TRC500 0
TRC500 0
TRC500 0

T=3

T=0
CCNC

1.64
1.96
1.64
2.20

INIT

2.46
2.46
2.46
2.46

INIT

2.18
2.18
2.18
2.18

INIT

1.86
1.86
1.86
1.86

180000
190000

BIOMASS

180000
150000
180000
190000

BIOMASS

BTOMASS

BIOMASS

BIOMASS

165



——————————————————— VAR=TRC500  T=9 ~=--mmmeomeeo
OBS VAR T  CONC INIT  BIOMASS

776 TRC500
777 TRC500
778 TRC500
779 TRC500

2.15 1.86
.13 1.86
2.19 1.86
2.00 1.86

[ielRte Vs RTe]
[e)

——————————————————— VAR=TRC500 T=16 --wm—mmem e
OBS VAR T CONC INIT BIOCMASS
780 TRC500 16 2.66 1.86
781 TRCS500 16 2.17 1.86
782 TRC300 16 2.08 1.86
783 TRC500 16 2.55 1.86
——————————————————— VAR=TRCS500 T=35 =—-mmmmmm e
0BS VAR T CONC INIT BIOMASS
784 TRC500 35 2.83 1.86
785 TRC500 35 2.61 1.86
786 TRC500 35 2.53 1.86
787 TRC500 35 2.86 1.86

———————————————————— VAR=TRNSS  T=0 ~==----o-mmmmm

QBS VAR T CONC INIT BIOMASS
788 TRNSS 0 1.97 2.29 400000
789 TRNSS 0 2.06 2.29 400000
790 TRNSS 0 1.97 2.29 290000
791 TRNSS 0 2.06 2.29 290000
792 TRNSS 0 1.97 2.29 850000
793 TRNSS 0 2.06 2.29 850000
794 TRNSS 0 1.97 2.29 470000
795 TRNSS 0 2.06 2.29 470000

———————————————————— VAR=TRNSS  T=2 —=--ccmmmme
OBS VAR T CONC INIT BIOMASS
796 TRNSS 2 2.35  2.29 400000
797 TRNSS 2 2.04 2.29 290000
798 TRNSS 2 2.29 2.29 470000
———————————————————— VAR=TRNSS  T=6 ~----mmmmm e
OBS VAR T CONC INIT BIOMASS

799 TRNSS 6 2.07 2.29 400000
800 TRNSS 6 1.93 2.29 290000




801
802

0OBS

803
804
805

OBS

806
807
808

OBS

809
810
811
812

OBS

813
814
815
816

OBS

817
818

TRNSS 6
TRNSS 6
~~~~~ VAR=TRNSS
VAR T
TRNSS 9
TRNSS 9
TRNSS 9
~—-- VAR=TRNSS
VAR T
TRNSS 13
TRNSS 13
TRNSS 13
--~ VAR=TRNSS
VAR T
TRNSS 21
TRNSS 21
TRNSS 21
TRNSS 21
--—- VAR=TRNSS
VAR T
TRNSS 35
TRNSS 35
TRNSS 35
TRNSS 35
-—--= VAR=TRSS
VAR T
TRSS 0
TRES 0
TRSS 0
TRSS 0
TRSS 0
TRSS 0
TRSS 0
TRSS 0
---- VAR=TRSS
VAR T

CONC

2.81
2.62
2.98
2.94

CONC

2.80
2.90
2.74
2.90

O
o
=
O}

NN
DO

RN NN N
NN
(NS I N SRV N

T

i
[y 8]

CONC

INIT
2.29
2.29

850000
470000

BIOMASS

400000
290000
850000

BIOMASS

400000
290000
850000

BIOMASS

400000
290000
850000
470000

BIOMASS

400000
290000
850000
470000

BIOMASS

110000
110000
63000
63000
94000
94000
72000
72000

BIOMASS
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825
826
827

OBS

828
829
830
831

OBS

832
833
834
835
836
837
838
839

OBS

840
841
842
643

OBS

844
845
846
847

OBS

848
849
850
851
852
853

TRSS
TRSS
TRSS

VAR

TRSS
TRSS
TRSS
TRSS

VAR

TRT
TRT
TRT
TRT
TRT
TRT
TRT
IRT

VAR

TRT
IRT
TRT
TRT

VAR

TRT
TRT
TRT
TRT

VAR

TRTS500
TRTS500
TRT500
TRT500
TRT500
TRT500

T

DO OODOOQ

T

NSRS G N

H

G Yy v

2
2
2

T

[ealN e 0 ¢ 1 e )

VAR=TRSS

VAR=TRT

VAR=TRT

VAR=TRT

VAR=TRTS500

T

COoOOOOO

CONC

N YA N S
o
w

.35
.87
.90
.35
.87
.90

2.43
2.43
2.43

INIT

2.43
2.43
2.43
2.43

INIT

Mo RN NN
far]
[o+]

110000
63000
72000

BIOMASS

110000
63000
94000
72000

BIOMASS

260000
260000
380000
380000
150000
150000
190000
190000

BIOMASS

260000
380000
150000
120000

BIOMASS

260000
380000
150000
190000

BIOMASS

44000
44000
44000
48000
48000
- 48000

168



854
855
856
857
858
859

OBS

860
861
862
863

GBS

864
865
866
867

TRT5CQO
TRT500
TRTS500
TRT500
TRTS500
TRT500

VAR

TRT500
TRT500
TRT500
TRT500

VAR

TRT500
TRT500
TRT500
TRT500

SO OO0

VAR=TRTS500

T

NN NN

VAR=TRT500

3

DY

.35
.87
.80
.35
.87
.90

N N

T

1
38

CONC

2.09
2.01
1.88
1.82

CONC

OO0
b

2.02
2.02
2.02
2.02
2.02
2.02

INIT

2.02
2.02
2.02
2.02

INIT

2.02
2.02
2.02
2.02

BIOMASS

44000
48000
80000
220000

BIOMASS

44000
48000
80000
220000
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