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ABSTRACT

The Equilibrium Complexing of Atrazine to a
Soil Fulvic Acid at Various pH Values,
Ionic Strength, and Fulvic Acid
. Concentration

Mohammed I. Haniff
Concordia University, 1984
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Two ultrafiltration methods were investigated so as to determine
the binding of Atrazine to a soil fulvic acid. A continuous flow ultra-
filtration method (CFUM) suffered from poor reproducibility of experimengal
data because of membrane rejectign of Atrazine and poor control/gﬁfﬁﬁff/;
version of a batch ultrafiltration method (BUM) wis developed by the author
and was successful at controlling experimental parameters and, hence, was

reproducible. The BUM is simple and inexpensive but time consuming.

Using BUM, titratidn graphs were obtained for fulvic acid with
Atrazine as titrant at various pH values, ionic strength and fulvic acid
concentrations. Weighted average and differential stibility functions

were determined from the titration graphs.

1

The competition of copper (I1) with Atrazine for the Type A fulvic
acid sites was détermined by using titration graphs. Binding studies were
also conducted at fixed Atrazine and fulvic acid concentrations at varying

pH values in the presence and absence of potassium chloride.

Atrazine was monitored by gas chromatography while copper (I1I) was

anag}zed fbr‘by ion selective electrode or atomic absorption methods.

{



_ACKNOWLEDGEMENTS

L]

I wish to thank my supervisors Q{s. C.H. Langford and R.H. Zienius

" for their support during the course of my research work.

I would like to extend special thanks to Dr. D.S. Gamble for helping

in the interpretation of the results of this thesis.



TO MY MOTHER, BROTHERS AND SISTERS,
AND THE MEMORY OF MY FATHER

H



) | \
. ) &
' ’ ' -

TABLE_OF CONTENTS v
CHAPTER 1
CHAPTER 1
INTRODUCT ION
SECTION . " . - PAGE
SECTION k . |
1.0.0  CONTAMINATING THE Qtﬁw%mw ............... et -
1.1.0°  ATRAZINE IN THE ECOSYSTEM ----- l-f.:-----é-:§-------; ......... 1
uv K\
ﬂ 1 3;1 THE STRUCTURE AND CHEMISTRY OF ATRAZINE .............. "3
1.2 ﬂﬁﬁimc MATTER CLASSIFICATION == ===nmmmmmmmm=mmmmmmmmommcna 5
: }
1.2.1 FULVIé ACID ===-- S D — oo 7 .
1.3.0  METHODOLOGIES PR COMPLEXATION STUDIES ---mmcemeemcmmcmemcmanns 16,
1.4.0 THE PROBLEM AND THE RESEARCH PLAN =emec-cemcocaccamammamoooo 17
CHAPTER 2 *. - . © )= . ‘
THEORY -* S .

s

2.0.0 QUANTITATIVE MODELING QF ¥HE SOLUTION PHASE COMPLEXING OF

ATRAZINE BY FULVIC ACID ==-mm-eemcememoncaeemme—eeea- L 13"r—\
2.1.0 THE COMPLEXING OF UNPROTONATED ATRAZINE cmmmmmemmmneaneneens 20
2.0 A ..-------.‘.-.". 27
2.1.0b oy IS CONSTANT, AND xg VARI~E\S ..................... - 27
© 2.1.0c xp IS A CONSTANT, AND aqq VARIES R o- 28
2.2.0 THE COMPLEXING OF PROTONATED ATRAZINE ----=me-m-<mmemcmemnmems 29
' 2.2.02  x; AND (1-ayg) BOTH VARY ------ SRR R 3
2.2.06  (1-ayg) IS A CONSTANT, AND x VARIES ------ R N
2.2.0c  x; IS A CONSTANT, AND (1-ayp) VARIES -----om--ee- ———-32




SECTION

3.0.0

3.1.0
3.2.0

/

CHAPTER 3
. .
E XPERIMENTAL

PAGE
EQUIPMENT ---commcmceen cmeeme-- il - oo 34
30,1 PH METER =opmmmemmemmemmoemooooocedo oo 3
3.0.2  POTENTIOMETER =-==me-memmmmemmpmees-—e—eeecee—e—-——- 34
3.0.3  SHAKER m=mmm=mmmmmmmcmmmmmmecommomeemmme e mmeeee - %
3.0.4  ATOMIC ABSORPTION SPECTROPHOTOMETER ------in=-ns-znnm- 34
3.0.5  ULTRAFILATRATION STIRRED CELLS -==----n=-com=memmmonan 34
3.0.6  FRACTIONATING COLLECTOR ===-=n=m=mmmmmmmmmcmemmmmmcenne '35
3.0.7  STIRRING PLATE --mss-mmmmmmmmmmcocemocamcesmmmennnnne 35
3.0.8  ROTARY EVAPORATOR =-=-=ccmmmmmc e e, mm—————————— 36
3.0.92 GAS CHROMATOGRAPHY - cs o memmmecmmmmmmmeemnemmemeec 36

3.0.9b GLC COLUMN PREPARATION == ===c-mmemmcommas SR S— 3.
' GLASSHARE == == - cnmmmmmmcmmmemmmmerameememme e sm e ——— .- 38
REAGENTS == === m=mmmmmmmmemmmeme oo mae P 39
321 BENZENE = memmmmmmmmmemmcmeenmmmmmmmammmee e o eamee - 39
3.2.2  METHANOL =-=m=====mcmmmmmmmcmcmooocmccmcmco o mcmmenan 39
3.2.3  WATER =-mmeecmccmeecammmocmemcceccemmmceeoeomamceeoe 39
3.2.4  STANDARD COPPER (II) SOLUTION ===--=--m-cmcmemmomanmee 39
.3.2.5  STANDARD SODIUM HYDROXIDE SOLUTION ===--===-=mmmocanam 40
3.2.6a AQUEOUS ATRAZINE STOCK SOLUTION -==-=-=-=cemcemneczeme 40
3.2.6b  METHANOLIC ATRAZINE STANDARD SOLUTION == -semcmmsmemnnn 42
3.2.6c ATRAZINE SPECIES IN AQUEOUS SOLUTION i-=smmmmmmmmmecn 42
13.2.7a PREPARATION OF FULVIC ACID =--==ns-mmemsssesomnnnennes 43
3.2.7b  POTENTIOMETRIC TITRATION OF FULVIC ACID ----=memnnes=- 4

~

|
\

1
H



SECTION

t

3.3.0
3.3.1
3.3.2
3.3.3

3.3.4

L2

&

PAGE
3.2.7¢c  FULVIC ACID §TOCK SOLUTION =-cmmcomommmmcncmmanmna- 45
BATCH ULTRAFILTRATION, METHOD e mcmeeee 45
PREPARATION OF BUM SAMPLES ------mmc=n-nmn- iemmmemem s 26
BUM FILTRATION APPARATUS = -cemmnmmmmennmv U — 47
DETERMINATION OF ATRAZINE AND COPPER (II) IN FILTRATE ----- 48
3.3.32 . ATRAZINE - mcmmmmmmmmmmmmmcmmmmmmmmcemmmmmcemmmeee 48

3.3.3b COPPER [0 5 [T ————— 52

. BUM PROCEDUBES -- o= =mmcommom e e e o e e cmm e ee 53
3.3.4a ATRAZINE VARIATION AT CONSTANT pH AND LOW IONIC

STRENGTH === = - wrsmmmmmammm oo oo oo 53

3.3.4b ATRAZINE VARIATION AT CONSTANT pH IN THE PRESENCE
TR TR U —— 55

3.3.4c ‘EFFECT OF FA CONCENTRATION ON ATRAZINE BINDING AT
o APH VALUE OF 3.50 ==----mmmcemmmcemm- S 55

3.3.4d EFFECT OF FA CONCENTRATION ON ATRAZINE BINDING AT

A pH VALUE OF 3.50 IN THE PRESENCE OF 0.100 M KCL - 55
3.3.4e ATRAZINE VARIATION AT CONSTANT pH IN THE PRESENCE

OF COPPER (II) =-memmemmemmccccm e e 56

3.3.4f COPPER (II) VARIATION AT CONSTANT pH IN THE PRESENCE
" OF A CONSTANT AMOUNT OF ATRAZI‘&E ------------------ 56
3.3.4g pH VARIATION FOR CONSTANT ATRAZINE ---==-=====sn-nx 57

3.3.8h pH VARIATION FOR CONSTANT ATRAZINE IN THE PRESENCE
' OF 0.700 M KC1 =-=--mm-smemesamemmm——- e 58

,,
~l



SECTLON
4.0.0

CHAPTER 4:

RESULTS AND DISCUSSION

PAGE

RESULTS ——--- e ea e meen et 59
4.0.1 EFFECT OF pH ON ATRAZINE SPECIATION ----nr--ccmmmmee- 59
8.0.2 FULVIC ACID CHARACTERIZATION =-nnememcecomemmmcemcnes 61
4.0.2a  DEGREE OF PROTONATION OF FA8 FULVIC ACID --- 62
4.0.2>  FUNCTIONAL GROUP DETERMINATION FOR THE FAS
FULVIC ACID ===--=mmmmmemmmmmcemce femommee e 67
4.0.3 ATRAZINE VARIATION AT CONSTANT pH AND LOW IONIC
. STRENGTH ==resmmoemeocm oo m e oo e 69
4.0.3a  CALCULATIONS OF EQUILIBRIUM FUNCTIONS-IN A
LOW 1ONIC STRENGTH MEDIUM =---nmemmmmmmmmme- 75
4.0.4 ATRAZINE VARIATION AT CONSTANT pH AND HIGH IONIC
STRENGTH (0.100 M KCL) =w=--mm-mmmemmmeeecem e ceeeene 84
4.0.4a  CALCULATION OF EQUILIBRIUM FUNCTIONS IN A
HIGH TONIC STRENGTH MEDIUM -n=nnremmemeemm- 85
4.0.5 EFFECT OF FA CONCENTRATION ON ATRAZINE BINDING
AT A pH VALUE OF 3.50 IN THE PRESENCE AND ABSENCE
OF 0.100 M KCL ==cememmmemmmm oo 8
4.0.6  ATRAZINE VARIATION IN THE PRESENCE OF CONSTANT |
COPPER(II) CONCENTRATION AND AT CONSTANT pH ------ -9
4.0.6a  TREATMENT OF COPPER(II) RESULT ====m=msmmnn- 91
“  4,0.6b  TREATMENT OF ATRAZINE RESULT --=-n=mmsennen= 93"
4.0.7 COPPER(II) VARIATION AT CONSTANT pH IN THE PRESENCE

OF ATRAZINE ===-cosmmmommmemmcmelom oo cmmc cemmemmee 95



SECTION

4.1.0

5.0.0

| PAGE
4.0.8 pH VARIATION FOR CONSTANT ATRAZINE CONCENTRATION
~ AND LOW IONIC STRENGTH == =mmmmmmmmmmmcccccmcmcomcmoan 99
2.0.9 pH VARIATION FOR CONSTANT ATRAZINE\CONCENTRATION )

. AND HIGH IONIC STRENGTH == =smmmmmmm e oo oo e 103
DISCUSSION OF RESULTS -ssn-mcnmommomemmmmmcmeemmmomemmnom-==2-105
441 EVALUATION OF THE BATCH,ULTRAFILTRATION METHOD ~------ 105
4.1.2  INTERACTION OF ATRAZINE WITH FA TYPE A SITES =--=----- 109

4.1.2a  EXTENT OF BINDING =---mmemmmemcemmsemcmcman- -109
4.1.2b  COMPLEXING WITH THE TYPE:A SITES =ee-cccmecn- m
4.1.2c  EFFECT OF AGGREGATION ON BINDING --------- 2115
4.1.2d  MECHANISMS FOR BINDING ~n-----vx-s- S 121
4.1.3  EQUILIBRIUM FINCTIONS : COMPLEXING O, ATRAZINE AND
| CHELATION OF COPPER(II) = - cmmmmmmemmmmcmmcommmcmmcee 130
\ 4.1.3a  COMPLEXING OF UNPROTONATED ATRAZINE ---------134
‘ 4.1.3  COMPLEXING OF PROTONATED ATRAZINE ---------- -136
4.1.3c  CHELATION OF COPPER(II) =-=mmemmmcmenmmmcen-- 138

4.1.3d COMPLEXING OF ATRAZINE IN THE PRESENCE OF
COPPER(II) =-eremmecmcmmccmccoccacenacmacaans 138
4.1.4  STANDARD GIBB'S FREE ENERGY ESTIMATES AT 25 ¢ 1 °C ---143
4.1.5 SOME PRACTICAL IMPLICATIONS OF BOUND ATRAZINE -=------ 146

CHAPTER 5

EVA}UATION OF THE CONTINUOUS FLOW

ULTRAFILTRATION METHOD -

INTRODUCTION ====-om=mocmocmmecmcmcmecccccamcemecm———aa————— 150



o

. . ‘- .

5.1.0 EX;ERIMENTAL---7---—---:--—---——--; --------- recmemmmmmeeoaenn150.
5.1.1  APPARATUS —==-mcmmmmmcmmmmmmpmmmmmmee SR —T)

5.1.2  SORPTION STUDIES -----nmmmmmmmmmmmnm S 151

5.1.3  DESORPTION STUDIES ----mmcmmommmmcmmmmmccmmommmmcmcam 152

5.1.4 DETERMINATION OF ATRAZINE BY GC ---7--{-------------1-1és

5.2.0 RESULTS AND DISCUSSION =-mmmmmmmmmmmemmmcmmezmmmeeeeemmmimnnn153
5.2.1  RESULTS =nmmmmimmmmmom e cmee e s e e e e e e 153

5.2.2  DISCUSSION OF RESULTS ==-wrmmmnnn- ---a--f----Q ----- +155
CONCLUSIONS == -nommmmmv femmmecmonneememnnan S S 163

: - 7o

CLAIMS TO ORIGINAL RESEARCH ===2-3mmmmiimemcomoomcmmcomoomoaemcenncmees 166
SUGGESTIONS FOR FUTURE RESEARCH -====- e mmmem e --meenee 167
REFERENCES ===rm=smmmm=mme-eceeaemena- e ee———————— —--168

- APPENDIX(I)

Fitted titration graphs for FA at different pH values. The number
at the bottom right hand corner of each page represents the pH at which °

the experiment was done. --s-=vcecccomcaanno R b e D EEE PR L et 176

APPENDIX(IT)

Titration graphs for FA at different pH values in the presence of
0.100 M KCL. The pH of each experiment is indicated at the bottom right

hand corner of each graph. ---------- e bt 185
. ’ § .
APPENDIX(111) ‘
Titration graphs for varying FA Concentrations at aJpH va]ueof‘i.SO
and at low ionic strength, --------=--cu-- B et L EREE R SR |-

£ »

» .
e ¥ W’Kﬂ,ﬂ"

®



PAGE
APPENDIX(IV)
Titration graphg;for varying FA concentrations at a pH value of
3.50 and 0.100 M KC1. ==memmcmme oo o ccm e crmm e e 201
) . b4 ‘ .
APPENDIX(V) >
~ Titration graphs for FA at different pH values in the presence
of copper(Il). Smemmmmmmccmmeccceccm e e 207

APPENDIX(VI )

Computer programs used for cq]cu]ations in the thesis.

1) POLYCU.  2) POLYAC. ==mme=msmmcmscsmmomammemmmm e oo 216

APPENDIX(VII) °
- B ’ 4
Titration graph for FA at a pH value of 3.86 in the presence of

£y

Atrazine, =-m-eecemcanana- mmmeemmmmemeeeeencmeoe- e ——————e L 223

Js

APPENDIX(VIII) .

’ )
Sorption and desorption curves for Atrazine at different pH

A

Values .« ====m=mmbmmtmmmmmme e e CEE T LR E PP 226
APPENDIX(IX)
Sorption_and desorption data from Appendix(VIII).—---; ---------- 243
\
R



SYMBOL
At
AtHt
ay

BUM

CFUM’

max

ECD
FA
. FA
6LC

GLOSSARY 0!:;YMBOLS

MEANING
Atrazine
Protonated Atrazine

Hydrogen ion activity

- Batch ultrafiltration method

Concentration of free fulvic acid

Concentration of Type A functional
groups

Concentration of bound fulvic acid
Continuous flow ultrafiltration method

Influent concentration of Atrazine
from the CFUM reservoir

Effluent Atrazine concentration in
each fraction

The uncomplexed portion of the ith

small component of FA

Concentration of free Atrazine inside
the CFUM cell

-

Concentration of standard NaOH

Concentration of total fulvic acid

.

The concentration of free 1igand
inside. the cell -at the end of collect-
ing fraction n

Electron capture detector

Fulvic-acid

The 1" component of ﬁu1v2§ acid

Gas liquid chromatogéabhy )

DIMENSION

none
none
mole per litre

(

none

mmole per gram

mmole per gram

mole per Titre

none
umole per litre
umole per litre
mole per Jitre

umole per litre

mole per.litre

mmole pe? gfam

umole per litre
none

none

none

none



SYMBOL

. MEANING
The d1ssoc1at1on function for the ion-
ization of the individual Type A funct-
ional group

The experimental weighted average
equilibrium function

Dissociation constant for protonated

Atrazine
Ion product constant

Differential equilibrium dissociation

function for unprotonated Atrazine

-~

Weighted average equilibrium dissociation
function for unprotonated Atrazine

Differential equilibrium dissociation
th component of FA
complexed to. unprotonated Atrazine

function for 1

Differential equilibrium d1ssoc1at1on

function for protonated Atraz1ne

Weighted average equ111br1um dissociation
function for protonated Atrazine

Dissociation constant for the protonated
complex formed between‘Atraz1ne and FA

Differential equ111br1um format1on
function for the -complex formed between
copper(II) and fulvic ac1d

Ne1ghted average equ111br1um format1onx v

function between copper(II) and fulvic |
acid ’

Amount of Atraziﬁé‘bound in the
sorpti&n profile

DIMENSION

\ mole per litre

mole per litre

mole per litre

mo]e2 per 1itre2

mole per litre

mole per litre

mole per litre
mole per litre
mole per litre

mole per litre '
none
none

umole per gram

[y



SYMBOL

Ly

MEANING |
Amount of Atrazine bound in. the desorpt-
ion profile '

Total amount of Atrazine'sorbed

Total amount of Atrazine desorbéd
Concentration, of total Atrazine
§6ncentration of total Atrazine bound

Concentration of unprotonated Atrazine

Concentration of unprotonated Atrazine

bound

Concentration of‘uﬁprotonated Atrazine
bound to the 1th small component of

fulvic acid _

Concentration of protonated Atrazine

Concentration of protonated Atrazine

bound

Concentration of all Type A carboxyl
groups that are ionized

Concentration of all Type A carboxyl

groups that are.unionized

Concentration of copper(II) compiéx
with fulvic acid

Concentration of free copper(1I)

Concentration of singly ionized fulvic
acid chelation sites

. * N r
Concentrationof‘fu]]yproponated fulvic
acid chelation sites . "

Normality of standard NaOH

DIMENSION

—_— -

umole per gram

umole per gram

umole per gram

mole
mole
mole
mole
mole
mole
mole
mole

mole

mole

mole

mole,

mole

equivalence per
Titre

H

per litrg
per litre

per litre

per litre

per litre |,

per iitre
per litre
per‘1itre
per 1itre

per litre

per 1Ttre\
per litre

per litre

L

«



SYMBOL

Ve]

e2

MEANING
Volume of standard base at the equiv-
alence, point for the first Gran's
function .

Volume of standard base at the equiv-
alence point for the second Gran's
function

Total volume up to fraction n for the
sorbti;n profile

Total volume up to fraction t for the
desorption profile

The apparent void volume of the CFUM
filtration cell

The average sample volume in the CFUM
filtration cell

First Gran's function
Second Gran's function
Activity coefficient

Quotient for activity coefficients

The macroscopic degfee of ionization
for the Type A carboxylic acid group

Degree of dissociation of protonated
Atrazine

Reflection coefficient

Thermodynamic differential equilibrium
dissociation function for unprotonated
Atrazine

Fraction of copper(II) complexed to
fulvic acid '

DIMENSION

millilitre

millilitre

millilitre

millilitre
millilitre
millilitre
Titre
Titre

none

none

none

none

none

mole per litre.

none



.

SYMBOL
XSH

MEANING

Fraction of singly ionized FA chelation
 sites

Fraction of fully protonated FA
chelation sites

Fraction of total Atraziﬁe bound to FA

Fraction oﬁ:unprotonated Atrazine bound -

to FA -

Fraction of protonated Atraziﬁe bound

to FA

e

DIMENSION

none

none

none
none

none.

: 7(

Baeri®



FIGURE

LIST OF FIGURES

CHAPTER 1
INTRODUCTION -
‘ +
! - PAGE
Fraction of Atrazine species as a function of pH ----cecceeu-- 5
Classification of organic matter =-—==s--m-ecmeooeococmooooo. 6

Structure of a representative component of a fulvic acid

MIXLUPE == === mm o o e e e e e e e e e e e e 9
Dependence of 90° light scattering; R90’ on degree of

ionization, o ====cmmeecmccmec e e 13

Variation of Rgb with bound Cu(II); FA = 10'1 gm/litre,

no background electrolyte: pH=3.6.and 6.0 -=-==—-rmccccccaaaaa- 15
. CHAPTER 3
EXPERIMENTAL - ;
Batch Ultrafiltration Apparatus -------=-cemmcecccmommmmeannn. 48

Typical Atrazine gas chromatogram. Peak C corresponds to. °

45 nanograms Of Atrazine ~=—-es=-memcmeemcccen e ccmcnaaaeae 50
Typical calibration curve for Atrazine determination =-mm-=--- 51
CHAPTER 4

RESULTS AND DISCUSSION

Unprotonated Atrazine as a function of pH. The stoichiometric

concentration of the reagent was 23.00 umole/litre =====-- me== 60

B



1

12

13

14

15

16

17 .

18

19

20

2

PAGE
Titration curve for 0.1000 gm FA in 50.0 m1 of water
with 0.0503 M NaOH. === mmommmommmmm e cce e cce e s meee 63
Distribution diagram for the different species of fulvic
acid as a function of pH.~----emmmmm el 65
Gran's plot to determine the first equivalence point of
FA8 using the data in Figure (10).-=-==-mccccmacmemmmcccaea. 70
Gran's plot to determine the second equivalence point of
FA8 using the data in %igure.(10). --------------------------- n
Preliminary titration graph for FA at a pH value of 1.36.
FA = 1.0000 gm/iitre. ---------------------------------------- 73
Fitted titration graph for FA at a pH value of 1.36.
FA = 1.0000 g/1itre.-==-=m-mcmom=mmmeseccocmmmmemeeoemmaas 74
Total Atrazine bound as a function of volume of Atrazine
titrant at various pH values. FA = 1.0000 gm/litre,---====-= 76

Atrazine complexing capacity as a function of pH for various
experinental conditions. FA = 1.0000 gn/1itre.---nnr-mmmmner 77
Calculation of a(Roxo)/axT. for the unprotonated Atrazine
complex from a plot of ROXO versus x; at various pH values.-- 8]
Ca]cu]aéion of a(K]x])/axI, for the protonated Atrazine

complex from a plot of K]x] versus x; at various pH values.-- 83
Total Atrazine bound as a function of volume of Atrazine

titrant at various pH values in the presence of 0.100 M KC1.’

FA = 1,.0000 gn/1itre. =mmmmnmmmmmmmsm=mmamonomesmnoceoenoonas 86
Calculation of a(ROXO)/axT for protonated Atrazine, from a

plot of KOXO versus xr at various pH values. The experiments

were done in 0.100 M KCl.========--mc-c-eommmmceacocacoooono- 87

\

1



FIGURE

22

23
24

25

26

27

28

29

30

31

concentrations at 2.46 x 10~

PAGE
Calculation of 3(R1x]\)/3x-r for protonated Atrazine, frege
a plot of R1xq versus x; at various pH values. The i
experiments were done in 0.100 M KCT .=~ === e 88

Binding—tapacity of Atrazine as a function®of FA coneentration

8t PH 3.50. = mmmmm oo e s 90
Calculation of K4, the differential function for copper-fulvate
complexes. FA = 1.000 gm/1.=cc-cmcmmemmeommem e e 94
Ca]cu}qﬁion of K4, the differential function for coﬁper (11)-
fulvate complexes at pH 3.86 and FA = 0.1000 gm/1. A and B
represent duplicate experiments.--=-=----ccomcmmccmcccce e 98
Equilibrium unprotonated Atrazine concentration as a function

of pH. FA = 1.0000 gm/litre. Atrazine = 2.30 x 107 M.

Total volume = 50.00 m].-==-==m-emmcmm e e e 101

Bound unprotonated Atrazine as a function of pH for three

independent experiments. - FA = 1.0000 gm/litre,-=--- —————————— 102°

Equilibrium total Atrazine concentrations as a function of pH.

FA = 1.0000 gm/litre. Concentration of KCl. = 0.100 M.

SM. Total volume = 50,00 ml.-=-mmmmmum- 103

Atrazine = 2.46 x 10~
Total Atrazine bound as a function.of pH in the presenﬁe of
0.100 ﬁ KC1 for three {ndependent experiments. Atrazine

5 M, FA = 1.0000 gn/litre.--=-=-- 104

BUM titration curve for the data in graph A of Appendix (VII).

pH = 3.86; FA = 0.1000 gn/litre,-------- oo e 108 -

% Type A sites occupied by Atrazine as a function of pH for

various experimental conditions. FA = 1.0000 gm/1itre,-====--= ]14

o — s
<
-



FIGURE

32

33

34

35

36

37

38

39

40

A plot of complexing capacity as a function of Type A

carboxyl groups for the results in Section 4.0.3.-====--=u-- - 116
A comparison of the % Atrazine bound on the Type A carboxylic
acid groups and the extent (%) of protonation of the Type A
q;roups. Atrazine concentration = 2.30 x 10°° M. FA conc-
entration = 1.0000 gm/litre.———--m—cc—memmcm e 117
Variation of 1/KO and ]/R] %s a function of total Atrazine

added for data obtained from Tables (10) and (11). pﬁ = 1.36

and FA = 1.0000 gn/1itre. --mnnmmm-nmmmmmmmmmmmmmmemmme e 132
Unprotbnated Atrazine differential equilibrium function as

a function of pH at 250C,=-mmmemmmmmme oo eeeeeen 135
Protonated Atrazine differential equilibrium function as a
function of pH at 13 RS 137
A plot of K,, the differential equilibrium function for Cu(II)-
fulvate complex. 1.0000 gram FA per litre in the presence of

a fixed amount of Cu(II) at various pH values (Tab{e (14)).
0.1000 gram FA per litre titrated with Cu{II) at pH 3.86

(Table (16)).--=--- }i-e -------------------------------------- 139
Atrazine differential equilibrium functions as a function of

S I 140

pH in the pre;ence of‘4.74 x 10°
Comparison of. the differential functions 1/K0 and K4 as a
function of Xc for 'the data in Tables (14) and (15)--=-==~--- 142
Comparison of (A) the differential K4 as a function of Xc
(fraction of copper (I1) bound at pH = 3.86) and (B) the

weig?ted average 1/R0 as a function of Xg (fraction of

unprotonated Atrazine bound at pH = 1.36).-~-=c-mmcccmmwena—- 144



f FIGURE PAGE

41 Percent unprotonated Atrazine complexed as a function of the
concentration of protonated Type A carboxyl groups. Total

unprotonated Atrazine concentration is 1.86 x 10'6 M.-m==mm-- 149

-

- CHAPTER 5 ¢

EVALUATION OF THE CONTINUOUS
FLOW ULTRAFILTRATION METHOD

42  Continuous f]ow/u1traf11tration apparatus.===-ea===ceemcmcao-- 15v
43  Typical sorpt{on (before line DF) and desorption (after

line DF) curves for Atrazine in the absence of FA (solid 1inef

and in the presence of FA (dashed line).--=----;--c-cmeemmu-- 152
44 Diafiltration sorption curve for Atrazine through UM-2

membranes at 40 psi.---=-=-mm=mmm=mmmmmememmmmmmme Dl 159

45 Diafiltration desorption curve for Atrazine through UM-2

membranes at 40 psi,--=--=-s-cemmmcem e ccecccmae oo 161



LIST OF TABLES

%
CHAPTER 1
INTRODUCTION
PAGE
Light %gggteripg properties of fulvic acid fractions at a
pH va]J;’;} K I e e T e L LT 11
CHAPTER 3
\\\EXPERIMENTAL N :
—_—
GLC experimental conditions for the analysis of-Atrazine
With an ECD.--nnnnmmmmmmmns rmemmemeeeeee R—— —- 37
.Reagents used in the project.? -------------------------------- 41
Vﬁ]ues for Atrazine variation experiment at pH 1.36.~--=-=a--- 54

Equilibrium copper (II) concentration at different pH values.- 56

Design of a pH variation experiment. Total volume = 50.00 ml. 57

CHAPTER 4
RESULTS AND DISCUSSION

¥

Elemental analysis of two batches of fulvic acid prepared by

the same procedure (Reference (50)).------- —»-——————— ———————- 62

Metal ion concentration for the FA8 (Reference (50)) and

Reference (33) fulvic acids.--==-===-- mmm—mm———— mem—— e ——— 62

!
Ionization of Typg’A carboxyl groups in aqueous solution at



TABLE ' © PAGE

10 Equilibrium Atrazine concentrations for the experiment in
Table (4) of Chapter S; --------------------------------------- 72
11 Determination of protonated and unprotonated free and bound

Atrazine from the total free Atrazine in solution. The data
was taken from Figure (15) at pH 1.36.-r==mm=mmmmmmmemcmacaae 79
12 Déterm%nation of the formation functions and free energies for
complexed unprotonated and protonated Atrazine at various-a]B
- ValueS . == emmmmmmer e c e e can e e S 82
13 Determinations of the formation functions and free energies for

complexed unprotonated and protonated Atrazine at various %B

values in the presence of 0.100 M KC].-----------------;;----; 89
14 Determination of K4 for copper (II)-fulvate compfexes at

various pH values. FA = 1.0000 gm/].-==m-m=scocccccccncacanmm0x 95
15 Determination of the formation constants and free'energies for

complexed unprotonated and protonated Atrazine at various 4B
values in the presence of a constant amount of copper (Il).--- 96

16 Determination of K, for copper (II)-fulvate complexes for

a, = 1.39 x 107 M and FA = 0.1000 gn/T.--=-mnmmmmmmnmnnnnenae 99
17 Equilibrium Atrazine concentrations for varying concentrations
of copper (II) in titration graph A in Abpendix (VII).-------- 100

17A A comparison of“xc and K4 values from Table (16) with that

of Reference (62). FA = 0.1000 gn/1itre,==-nn=remmmmmmmnnxs - 107
18 Comparison of coefficients of a fourth degree polynomial fit
obtained for POLYAC with that of Reference (70),--------=----= 12-

19 Determination of pKy for Type A carboxylic acid groups.--=-=-=- 113

’ .
H



’ .

JABLE ' . a EAG_E_

20 Elemental composition (%) and major oxygen-containing
functional groups (mmole per gram) in humic substances.
(Taken from reference (17)).-----=mm=memmmcmmmcmc e 122

21 The pKa, the pH at which maximum binding is observed, and the

amount of herbicide bound (Taken from reference (91)).-------- 128
22 The complexing ‘capacities for four methoxx-s-triazines and
' their resbective pKa values. (Taken from referghce (91)).---- 129

23 Determination of 1/K0 and I/R] for the data in‘Tab1e5 (10) ‘
and (11).-==mmmmmmmmmmmmmmcmmmcmomccmoeSecm e cemeees 13]
24 Estimates of the standard Gibbs free energies at 25 + 1°¢.
the interactions between Atrazine and fulvic acid under various

experimental conditions.--=-===cmmmmcmmmccmm e ee 145

. CHAPTER 5

EVALUATION OF THE CONTINUOUS FLOW
ULTRAFILTRATION METHOD | i

26 Total Atrazine sorbed and desorbed at various pH values using

~)the CFUM. == memmmmemecmcm——— e mm o oo e e oo e oo o 156

»

27 1 Determination of V' and V0 from thé‘data in Tables (25-B) and
(25-0) in Appendix (IX).-=-mmmemmeemmee S 160

°

’ .

APPENDIX (IX)

25A Sorption and desorption values for the evaluation of the

amount of Atrazine bound to FA at pH 2.10.--==emr-mcmmmmaac—e-

-n



i

258  Sorption and desorpt}on values ‘for the eva]uatioa of the'
amount of Atrazine bound to FA at pH p 0 o 245
25C  Sorption and deso?étion values fo; the evaluation of the
amount of Atraiine bound-to FA at pH 2.28¢-~-==mm-mocmcccemeeo 246
250  Sorption and desorption values for the eva]uation of the
amount of Atrazine bound to FA at pH 2.30.--=-s-mmmm=cmmmmcmmm- 247
25E  Sorption values for the evaluation of  the amount of Atrazine
> bound t0 FA at pH 2.35. - ceccmmmmmma e e 248
25F  Sorption and’ desorption values for the éva]uatiqn of the A
amount of Atr;zine bound to FA 1ﬁ?bﬂ 2.50,mccmmmmmmee et 249
256 Sorption and desorption‘values for the evaluation of the
amount of Atrazine bound to FA at pH 2.50.-----===cccomcomenm—- 250
25H  Sorption and desosgtion values for the evaluation of the
amount of Atrazine %ound to FA a% pH 2.60.-=-memmemme e e 251
251  Sorption and desorption values for the evaluatien of the '
) amount of Atrazine bound to FA at pH 2.92.-~-==-=c-- “m——emmeee- 252
250  Sorption and de;orption va]ueé for the evéluatioh of the
amount of Atrazine bound to FA at pH 2.93,=-mmms=mmnmmn=msmmnn- 253
25K  Sorption and desorption values for the evaluation of the
*amount of Atrazine bound to FA at pH 3.25.--=mmmmemmemee————-- - 254
25L  Sorption and desorption values for the evaluation of the
amodn; of Atrazine:-bound to FA ;t pH 3.76.==mmmmum —————————— 255
25M  Sorption and desorption values for the evaluation of the
amqqnt of Atrazine bound to FA at pH 4.05.-====ceremmccaccnnua- 256
25N  Sorption and desoprtion values for the evé]uation»of the'
amount of Atrazine bound to FA at pH 4.32.---crcemcrccnccncne.. 257



TABLE
250

"25P

’.

PAGE .
Sorption and desorption values for the evaluation of the
amount of Atraziﬁe bound at pH 5.92.-==--—emmemim e 258
Sorption and desorption values for the evaluation of the
amount of Atrazine bound at pH 5.93.-----ommmemmommmcomcoooeee 259 -

Ny
by



CHAPTER 1

INTRODUCTION

1.0.0 CONTAMINATING THE ENVIRONMENT

»

The environment is continually being sprayed with herbicides and pest-

icides so as to increase crop production and eliminate pests which are
harmful for human survival. .The short term economic gains bBtained from
the use 'of these chemical inhibitors may not necessarily be the answer for

“

the future. Today, some of the materidls that we consume are beginning.to
show trace levels of herbicides and‘pe;ticides which have beén used exten-
‘siVe1y on edible crops.: if these compounds are not b%odegradab]e ‘they can
be transported by various means into our lakes, rivers and streams and,
hence, even contaminate the water we drink and the fish we eat. These
problems may not be critical at present, but, preventative measures must

be’imp1emented before these compounds attain toxic levels in the environ-

ment

1.1.0 ATRAZINE IN THE ECOSYSTEM

In 1952 Gast (1) introduced the herbicide, Atrazine (2-chloro-4-ethyl-
émino-G—isopropx1amino-1,§,5—triazine), to control weeds among corn, Soy-

" bean and sorghum crops. The applications  ranged from 0.4 to 2.0 kilogram
per acre. Since tae introduction of this weed killer, it has been used
extensively by farmers in North Ameripa. Beéause of the continual use of

this weedicide.it is necgssé%y to undertake studigs of Atrazine in the

soil environment.

Thé'two main components of soils which. are responsible for binding

organic pesticides are ciays anh organic matter. The interactions between



clay and Atrazine have been dochnenteg by Weber (2). However, data on

5 {, ®

organic matter-Atrazine interaction is scarce in the literature. In many “
publications (1,2,3,4,5,6), the organic component of soil was touted as
being mainly responsﬁb]e for binding organic compounds.l In a ‘laboratory

experihent by Weber (6) it was found thét“Atrazing‘phytotoxicity decreased |
.as ghe ordanic matter content increased in a soil. The organic mattér in
soils could also bé responsible for transporting herbicide and pestic%des
into lakes and streams, eventualty making them po]lutéd (7). - If these ‘
compounds are toxic thay can also be harmful to humans. Atrazine, with a
LDsO‘va]ué of 3,080 MQ/kg is not toxic compared to other herbicihes (8)

being used today. ) .

Because of the complexity of tﬁe organic moJecules in soi} orgaqic

. matter it is not éurprﬁsing tb find a lack of research on herbicide—oréanic
matter interactions. The editor of the "Environmental Scieﬁce and
Technology" séys the overall strucéure of §oi1'of9an1c matter "is a
mystery" (9). He added.\“the mechanism by which they react chemicaiiy is
also a mystery". A study of the interactions betWeen\Atrazine and fuivic
~acid (a component of*'s0il organic matter) was undértaken so as to gather

some. information” on the mechanism of binding. . . '

This study is a part of a farger pngrap where the water soluble portion
of soil organﬁcg, fulvic acid, receives our ﬁriofity aftention because it
could play a significant rolg in mob{1ization of pesticides. Atrazine is
capab1é of hydrogen bonding in aquatic environménts that are not {Onic.

Atrazine behaviour Shou]d be contrasted, for example, to that for Lindane

(nOn-polay) or paraquat (ionic). They are the subject.of re]ated studies

’ - P , "\: A )
in these laboratories. . ‘ N \

1



1.1.1 THE STRUCTURE AND CHEMISTRY OF ATRAZINE

The structure of Atrazine is shown as (I).

)
o

1

g¥qh1oro-4-eth1Jamino-6-1soprgpy1aminb-],3.5:1riazine

Since Atrazine contains nitrogens with lone pairs of electrons, it
can become protonated in an acidic medium. In the older literature (10,

e

11,12), a monopfotonateq species was observed from spectrnscopic studies.
The nitrogen containing the isopropyl group in (I) was said to be respon-
sible for Atraziné protonation. The pKa for this species was determined
to be 1.68. In a more recent study by Plust et al. (13) it is suggested
that protonapiqn”takes place on the aromatic nitrogens rather than on the
nft?ogen containing the isopropyl group. Since the equivalent of one
nitrogen was protonated on the heterocyclic ring, Plust et al. concluded
that it was a weighted average of the three nitrogens on the ring.which
was protonateﬁ. A éKa value of 1.62 was reported by Plust et al. for
Atrazine. The‘high;r pKa value in the older literature was atfributed

to the heglect of activity corrections.

From the above discussion, it can be gathered fhat two species of”
Atrazine can exist in aqueous §o1ﬁt10n at low pH values, 1i.e., monoproto-
:nated (or protonatéd) aﬁd;qnprotoﬁated Atrazine.‘ If unprotonated Atrazine
is représented by At or Mo and protonated Atrazine is represented by AtH"

"

or»M], then,

\



K -
a
AtH* = At+ H* (1-1)
Ky = MoaH (1-2)
M
]

If MT represents the stoichiometric amount of Atrazine and %5 the degree

of dissociation of protonated Atrazine, thén,

MT = MO + M.l i (1-3)

%p = ;rg_ l_ (1-4)
a] =1 . t‘l - Ka+ aH ] (]_5)
18 Mo Ka \

P ‘ (1-6)

0 K.+ a

. a H

Accepting the pKa value of 1.62 by Plust et al., the distribution of unpro-
tonqted\(a]B) and protonated (l—a]B) species as a function of pH was
qégermined\frqm equation (1-5). Figure (1) shows the distribution of both. !
;pec{ésuas a function of pH. Above a pH value of about 4, there are no '

. protonated species present. At about a pH value of 0.1, there are no un-
%rofonated species present. At a pH value of about 1.6, there are equal

" quantities of both species present.

If fulvic acid interacts with Atrazine below a pH value of 4, then,
* one would héve to consider the chemistry and thermodynamics of four
Atrazine spec1és present in solution, i.e., unprotonated Atrazine, proto-
nated Atrazine, unprotonated Atrazine complexes with fulvic acid, and
protonated Atrazine complexes with fulvic acid. Above a pH value of 4,

~ only two Atrazine species exist, i.e., unprotonated Atrazine and unproto;
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Figure (1): Fraction of Atrazine species as a function of pH.
1B '(At T’ 1B t T

nated Atrazine complexes with.fulvic acid.

1.2.0 ORGANIC MATTER CLASSIFICATION

Organic matter in soils and waters 1is der1ve& from decayed plants,
animals and microbes and their respective wastes (14). The decayed
products can be subdivided into two categorié&: (a) nonhumic substances,
and (b) humic substances. Figure (2) represents a classification of

organic matter.




—

Plants, animals and
microbes, and their
wastes

!

Decay Processes

Organic Matter

NONHUMIC SUBSTANCES

Carbohydrates, proteins,
plant debris, fats, pigments

Separation on the basis of

1

HUMIC SUBSTANCES

so]gBi]ity

\ 2

L 7

. 4

HUMIC ACID

Soluble in basic
solution; insoluble
in acid solution and
in ethanol.

“FULVIC ACID

Soluble in both
acid and basic
solution.

HUMIN

Soluble {n neither
acid nor basic
solution.

Figure (2): Classification of organic matter.

Most of the organic matter in soils and waters exists as humic sub-
Qtances. Only a minor part is nonhumic. It is generally thought that
the humic substances are responsible for binding metals and organic com-
pounds and transporting them into lakes and rivers (15).

Upchurch et al. (16) it is also the humic substances present in the soils

which decrease the phytotoxicity of herbicides.

o Because of the environmental and economic impact of humic substances,
detailed studies of their mechanisms of binding to other compounds are
needed. As Figure (2) demonstrate§, humic substances can be divided into
three fractions: (a) humic acid (HA), which is soluble in dilute alkaline

solution but is precipitated by acidification of the alkaline extract;

According to



Ry

(b) fulvic acid (FA), which is‘tﬁat humic fraction which remains in the
aqueous acidified solution, i.e., it is soluble in both acid and base; and
(c) the humic fraction that cannot be extracted by dilute base and acid,
which is referred to as humin (17). The three humic fractions are structur-
ally §1m11ar, but, they differ in molecular weight, elemental analysis,

and functi;nal groups (17). The molecular weight range is from several
hundreds to tens of thousands. Thg méjof«oxygen-containing functional’
groups are carboxyls, hydroxy1§ and carbonyls. The FA fraction has ‘the
lowest weight of the three, but, it has the highest oxygen-containing

functional group content per unit weight.

1.2.1 FULVIC ACID 4

Fulvic acid (FA) is the fraction of humic substance which has been
considered partially responsible for transporting metal ions into lakes
and rivers (18). This fraction is hydrophilic and as mentioned before,
it is soluble at both high and low pHs'. The functional groups of %A can
be protonated and deprotonated in the pH range,common in natural waters

(pH = 3 to 9) (18).

These functional groups aré good ligand sites for forming comp1exe§
with metals, anions and organics. However, because of the heterogenity of
the FA functional groups, it is very difficult to characterize completely
all FA structures. The batch to batch variation of FA alsc adds to the
cdmplexity of characterizing the functional groups since particular molecules
may be important in one batch but not in another (18). The present trend

in research is to‘'describe FA in terms of group properties.

Through extensive degradation studies on FA, Schnitzer (19,20,21) has

proposed a partial chemical structure for FA. This structure is ambiguous,

4
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since FA, initially, has a wide variety of monomers which are similar to
the degraded products. Also, degradation reactions may produce products

which are different from the true chemical components of the FA structure.

- In addition to the degradation studies, determinations were done on
==n"f‘\the number and type of oxygen conégining functional groups for FA (22,23).
These include tests for total acidity, carboxyl group cdntent, hydroxy1
group content (both total and phenolic), and quinone and methoxyl group
contents. These tests only contributed to the understanding of the chem-
istry of the FA molecule, and, hence, only a representative structure of

the molecule can be given. Gamble (24), using the above knowledge of FA, -

_has put forward a representative structure for an FA component (Figure (3)).

The FA used in this project was extracted from the same soil and under
similar conditions as the Armadale FA1 batch which has been extensively
characterized by Agriculture Canada (25,26,27). Gamble (28,29) thoroughly (
studied the acid-base equilibria of the FAl fulvic acid. He treats it as
a polyelectrolyte which has a number of chemically nonidentical acidic
functional groups, whose respective dissociation constants are a function

\

of the overall degree of ionization of the FA molecule.

According to Gamble, there are two types of acidic groups in FA
extracted from the Armadale Prince Edward Island B horizon podzol soil.
They are the Type A group which comprise 4.99 mmole acidic sites per gram .
of FA and the Type B group which comprise 2.72 mmole acidic sites per gram
of FA. The Type A group includes 3.0 to 3.3 mmole/gm FA of highly acidic
(Type 1) carboxylic groups (pKA = 2.3 to 2.6) and 1.7 to 2.0 mmole/gm FA of
moderately acidic carboxylic groups (pKA = 4.5 to 5.7). The Type B group
is weakly acidic (phenolic hydroxy groups) and has a pKA range of about 9.4

to 9.7.
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From the Gamble acid-base model, the acid dissociation functdion (KA)
for the jonization of the individual Type A functional group can be cal-

culated from equation (1-7),

Ry = -d((i-aA)kA) (1-7)
daA

v}here op is the macroscopic degree of jonization for the Type A carboxylic
sites, and l’(A is the experimental weighted average equilibrium function.
The KA values obtained from acid-base titrations are useful for character-

izing the acidic functional group.

The acidic sites of Armadale FA are also responsible for binding metal
ions. Gamble (30) and Underdowm et al. (31), using a potentiometric titra-
tion technique, determined the weighted average (R4) and differential (K4)

2+

edui]ibrium functions for the complexing of Cu”~ to Armadale FA. The types

of bidentate chelating sites are thought‘to be reSpon;iMe for binding Cuzt
These are the salicylic type (II) and dicarboxylic (o;r phthalic acid) type
(II11). There are three classes of the dicarboxylic sites: (a) the ortho

dicarboxylic structure; (b) two carboxyls on the same polymer molecule, but

not on the same ring; a;nd,(c) two carboxyls on different polymer molecules.

S 1.

(1) | - (111)

\

o
.

N

A\

.-
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- In case ¢(c), the bridging of Cu(Il) between two FA molecules contributes
Gamble et al. (31

to coagulation. ) dftermined the total cobper (11) -
. &

¢

chelating-sites for the Armadale FA to be 5.43 mmole/gm FA.

Light scattering work done on the Armadale FA by” Underdown et al.
(32,33) has shown that FA has a large'rangé"f'of molelc‘u'lar weights (p;)Ly-
disperse). Light scattering measuremer;ts \\'vei‘;,g.made on f;'actions of FA
solutions (0.100 gm/]it‘rg) after filtration through a series of polycarbon-
ate micropore filters from 0.4 to 0.05‘ um nominal pore size. " The Ray]eigh
1’1'ght scattering rati/o/ét ‘900 ( 90) is give’n‘in Tab]e (1)." The smaller

the R90 value the smaller the value of the we1ght average mo'lecu]ar' we1ght

(f,) - }

. "
Table (1): Light scattering_properties of fulvic .ac%",d fractions at a pH
value of 3.5.
« . G 3
FRACTION % TOTAL MASS 10 R90 ! 10 m
, [(>0.4um). 3 6 1.64 8870
| '11(<0.4,>0.2ym) , 2.0 " 0.926 3690
111(<0.2,>0. 05un) TR 0.169 58.0
oL .
IV(<0.05um) W .';0.3 0.056 5.85 .

Af{> ’

f

. 3

Electron microscope and x-ray f]uoreszence indicated that the 0.4 um filter
retained particles that contain s1gn1f1cant amounts of Si. Fraction I is
thought to be the ash content of the FA with absorbed organi.c matter. The
distribution indicated by fractionation in Table (1), shows a small number
of large molecules (fra‘ct1ons' I and II) and a larger mass of ‘mater.i.a.] in

a large number of ‘smal'l molecules (fractions III and IV). The wide ‘range

~of R, for a sample of Armadale FA in Table (1) indicates the high degree .

‘
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of polydispersity of this FA.

Unde%down,et al. have showr"that fractions I and II are large ﬁolecu]es
wjth a c]osedpaisociation strucfure while fractions III and IV are non=
xéggregated_species or unimérs which are potentially capable of forming
aggregates by an open associatfgn mechanism (33). For example, in Figure
(4) where R90 is p]otted.against a (the degree of ionization-of FA, i.e., N
for an o value of 0.4 the corresponding pH va]ﬁe is 5.0), the unfiltered
sample shows some decrease in R90 with increasing h: ‘This suggests a 1i£tle
' disaggregatign. Thée filtered Qamp]e where larger particles have been re-
moved shows an increase of R90 with a which probably' reflects "unfolding"
of po]ymefs as charge accumulates with o. In th; low pH region, when « }s

squi and charge is very low, high'ionic strength induce§’%xtensive aggreg-

ation. This aggregat{on no doubt involves hydrogen-bonding.

The reason for FA aggregation below a pH value of 5 is surely due to
the increase of protonation of the Type A carboxyl groups reported by -
Gamble.. When thesi;groups become protonated, they can be used to hydrogen
bond to other groups which have lone pairs of electrons. For tﬁe case
where there is no KCI in Figure (4),‘it is obvious that the protonated
largerlmolecqles‘are responsfble for the limited éggrega%ion formed below
'é pH value of 5. AccorQing.fo Underdown et al., fhe unimers contain an
aVerabe of three acidic groups. When ‘these groups are protonatéd they can
‘take part via an open association mechanism to fdrm aggregates, hence, -the {

_large increase in R90 for the high fonic strength case in Figure (4). The

common effect of high ionic strength on coagulation of colloids is seen in

the enhancement of aggregation by KC1 (34,35).

. Undérdown et al. also studied the effect of copper (II) binding on

L . /
.

A
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1.20

1.00

0.60

0.40

0.20

0.00

Dependence of 90° 1‘1'ght scatterjng,' R90, on degree
of ionization, & (Reference (33)).

O Not filtered/10"' M KC1.
A Filtered (0.2%um)/ 107
® Not filtered/no KC1.

A Filtered (0.2 um)/no KC1.

]

M KCT1.
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Armadale FA aggregation. For a solution containing 0.100 gm FA/]%tre,
Figure (5) shows how the R90 scattering ratio changes as copper (II) is
bound to FA molecules. The initial small change in R90 in Figure (5) was
attributeﬁ t0~coppér (11) bindiné to the salicylic typg carboxyl groups -
(about 3.3 mmole per gm FAf_in Armadale FA. When coppe} (I1) binds to

the salicylic type sites, there is not much increase in the particﬁe size.
‘Beyond these siies, copper (II) is used to connect (cross-link) aggregates
which are already large, hence, the large increase in R90 at 2 mmole/gm FA
at-a pH value of 3.6 and at 3 mmole/gm FA at a pH va]u;‘of 6.0. Underdown
et al. also showed that the smaller particles (fractions III and IV in

Table (1)) are responsible for the copper (II) binding and aggregate

formation.

From-the above work of Underdown et al. , one can say that FA aggrega-
tion is promoted by neutralization of anionic Ehérge py H*, increase of

jonic strength, and Cuz* with the effectiveness being in the same order.

From the above discussion of FA chemistry, the critical factors which
will possibly influence the FA comp]exing,aﬁility and the stability constant
determinations for metals, anions and organics are (a) the source of FA,

(b) the method of-isolation of FA, (c) the concentration of FA, (d) the
ioniczgtreng;h of the medid, (e) the pH of the media, (f) the natJre and ..
concentration of other caiions, (g) the method'of analysis for the complex
and (h) the method of data manipulation and stability constant calculations.
"There are some confusion in tﬁe literature as to the validity of cases (a),

(b), and (g). o,

Even though the complexing properties of FA vary from sample to

sample, the similarities are great enough so that findings in the 11lera-
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[N

" ture overlap substantially (36). Aggregation of the FA molecules affects

the binding of weak complexes (37). If aggregation increases the hydro-

.- phobic char‘gqter of FA, then, an increase of ‘Blinyding to nonpolar compounds

might be expected. If aggregation is caused by hydrogen bonding between

\.t‘h‘e‘ FA molecules, then, a decrease in binding is 'expected for E:omp]exes

A}
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formed via hydrogen bonds.

The method chosen to analyze various species of a syStem will consider-
ably affect the results obtained (37). Methods can be divided into two
categories: (a) separation (separatibn of free and cdmp1exed species) and

(b) nonseparation (distinguishes between free and complexed species in situ).

The separation methods include liquid chromatography (specif%ca]ly

_gel filtration), ultrafiltration, and equilibrium dia]ysis:a The nonsepara-

tion methods include électron paramagnetic resonance spectroscopy, ion
exchange -competition, ion selective electrode potentiometry, anodic
stripping voltammetry and fluorescence spectroscopy. The separation
methods are best for studying the binding of ﬁeutré1 species onto fu]vié .
acid. They can also be used to study the bipding o% charged species. Ther
same cgnnot be said‘for most.of the‘npnseparation techniques since most of
them are probes for charged species. However, lately, the fluorescence
tecﬁniqqe is beginning to gain popularity for. monitoring organics thchl
are bound onto humic substances (38,39,46,41). This technique may, however,
probe a subfraction of FA. Both,categéfiqs suffer disadvantaggs, some of -
which are adsorption problems, shift in equilibrium and‘restrict%on.on the

ionic strength of the media used.

The nonseparation method requires expensive instrumentation which
was not available for the studie; undertaken in thelproject. According
to Rainville et al. (42) the eqhilibrium Qialys1s me thod doés not separate
the free from the complexed metal 16ns éffective]y. It was observed that
complexed and uncomplexed FA molecules penetrated through the dialysis

membrane (a\cut.off molecular weight of 1000), hence, making it difficult



17
to determine the true éqdi]ibrihm concentration of free metal ion. The
ultrafiltration. method does separate more efficiently, but, it is more
time consuming. The development of an ultrafiltration method will be the
route taken in this project. The ultrafiltration method used by Grice et
' al. (43) for pinding studies will be used as a guide in the development

of a method.

" 1.4.0 THE PROBLEM AND THE RESEARCH PLAN

Little is known about’the fate of pesticides :in the environment.
According to many researchers, it is the organic matter in the soils that\
is r;§ponsib1e for transporting these organic compounds into water bodies.
It is also the organic content of soils that is respoﬁsible for decreasing

the phytotoxicity of most herbicides.

An investigation of herbicide-organic matter intéraction is, there-
fore, warranted. The interaction of Atrazine with fulvic acid will,
therefore, be studied under various experimental conditions which resemble

those .of field conditions.

.

Binding studies will then be carried out undér conditions of (a)
varying ionic strength (b) vary}ng FA concentrations (c) varying pH'of the
media (d) vaéyfng Atrazine concentrations and (e) in the presence of copper
jons. Atrazine wi%] be analyzed by Gas Chromatography and copper will be
analyzed with an Ion Selective Electrode and by Atomic Absorption Spectro-

scopy.

The calculation of stability constants will follow the Gamble approach

which is discussed in Chapter 2,
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CHAPTER 2

THEORY

2.0.0 QUANTITATIVE MODELING OF THE SOLUTION PHASE COMPLEXING OF ATRAZINE

BY FULVIC ACID

From the discussion in Chapter 1 the following postulates can be made
about .the complexing of Atrazine by fulvic acid in solution, and all must
‘be taken into account in interpretation of the experimental results:

(a) The binding sites on the FA are not known to be discrete or Uni&ue,
and cannot be 1dentif1ed with specifi; molecular structures.

(b) No stoichio?etric relationships exist, which could be used for
defining FA binding capacities‘for Atrézine.

(c¢) Labile complexes form, for which the law of mass action may be
applied.

(d) The complexing equilibrium is influenced by protonation of the

Atrazine. - '

The compleging and protonation reactions give four Atrazine species.
MO’ M1 and MT were defined in equation (1-3) in Chapter 1. MOB and MIB
-are bound unprotonated and bound protonated Atrazine, respectively.

- Therefore, the total Atrazine bound is,

Mrg = Mg + Mg o @

The‘fulvic acid concentration in gram/litre can be represented by

';C (free FA) and Cg (bound FA). The total FA, CT’ is

Cr=¢C + CB 3 (2-2)
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But, from the experimental results CB << C, therefore,

Cr=C (2-3)

7

The loading of FA binding sites with Atrazine is given by,
Xy = (Mgg/C) (2-4)
for unprotonated Atrazipe, and

Xy = (/) ' . (2-5)

for protonated Atrazine. The total fraction of Atrazine bound is given by,

X = Xo + Xy = (MTB/C) ' (2"6)

+

It is probable that the H* dissociation constants of complexed and
free Atrazine are very similar, if not identical. Since direct experi-
mental evidence for this is lacking, however, the distinction will be

maintained here. Reaction (2-7) gives the comp]éxéd Atrazine case.

K]B . @ ) ,
(AtHT-FA) = (At-FA) + T (2-7)
= Mop a ' "
] Kig = M0B o (2-8)
Mg |

The degree of dissociation is given in the usual way by equation (2-9).

ap = Kig (2-9)
Kip+ay



20
/ “
Correspondingly,the degree of protonation is,
(1-ayp) o
1-a = | —— (2-10)

The compliexing equilibria of unprotonated and protonated Atrazine may

be separately examined.

2.1.0 THE COMPLEXING OF UNPROTONATED ATRAZINE

Although complexing is usually described with stability functions, a
dissaciation function is found to be more convenient for this case. It is
defined by equation (2-12) for the whole FA mixture.

K

| 0
(At-FA) = At + FA (2-11)
Ro= "o° (2-12)
Mog -

" It is necessary to describe the FA concentration in grams per litre,
because no explicit stoichiometry exists for the binding sites. Aﬁ
'important point is that RO is a concentration quotient. The reason for
this is that C and Mog both describe the.concentrations of mixtures, for

which activi;ies and activity coefficients cannot be defined.

’

In just the-same way as has been done for FA-metal ion equilibria

(31), RO defined for the mixture may be related to the properties of the

th

components o% the mixture. For Atrazine complexing with the 1~ small

component of the FA, one has

Koq
(At-FA{) w At + FAi (2-13)
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. Koi = ;(‘-;—(;—1— ‘ (2-14)
i
where, | “31 }*f?
Ci = the uncbmp1exed‘por't1‘on of the ith sm:\;"lmfﬂ‘component
of the' FA.
f Myg, = molarity of the Atrazine bound to the i small

component of the FA.

The components of the FA mixture are all accounted for by the material

balance equations (2-15) and (2-16).

n .
C=1 Ci (2-15)
=1 1. '
: K )
Mg=I M 2-16
OB i:] OB.i.
N
'd
From equation (2-14),
- M '
C.:=K (1]} (2-17) ~#
i 01 i
M
0

Introducing this into equation. (2-15),

n M .
C= 1K 0B - (2-18)
0 i
i=]1 Y§ R.._._..
0

»

The properties of the system may be now related to those of its components,

by substitht1ng equation (2-18) into equation (2-12), giving equation (2-19).

N

%
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n
v M
(MO)151K01 0B, (2-19)
M
R = 0
0 Mos
Therefore,
] n
Ry = () £ %o (2-20)

og/i=1 O OB

h

For the loading of the it small portion of FA with Atrazine, let

)

"o, (2-21)

(), ==

Introducing the definitions of Xg and (Axo)i into equation (2-20) gives
equation (2-22) and (2-23).

n . ‘ i
(e )z [
Ro =17 )1 %o.1 084 ‘ , (2-22)
OB .]—c—— . Coe
k=[] E K (axy) (2-23)
={—]) = A -
0 7\ fioy 05 O

The complexing sites, a1tﬁough structurally nonidentical, are expected to
have sufficiently closely spaced bindiﬁg enefgies so that their equi]&bria .
overlap (28). Because of the anticipated continuum the summation of

equation (2-23) may be replaced Ey an integration, as shown in equation

(2-24).
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o) [
0 = XO KO dxo (2'24)

The chemical meanings of RO and K, are quite different; and should be
carefully noted. According to equation (2-24), the experimental function
RO is a weighted average. The statistical weight factors are dx0 and l/xo.
The average exists for the collection of binding sites represgpteﬂ by the
range covering zero to Xg moles of Atrazjne per gram of FA. In contrast
to this, KO is evidently a differential equilibrium function, defined by ’
equation (2-25) for an infinitesimal portion of complex located at any
point in the range covering zero to Xg Ko,may be calculated in ﬁ very
simple way using equation (2-26), which ha§ been obtained by rearranging

and differentiating equdtion (2-24).

M.ac .-
K =0 = f(xn) ‘ (2-25)
0 ~|\=— X0 :
aMOB -
K = d(Roxg) (2-26)
dxo

The effect of this calculation is to "undo the averagiﬁg" that is inherent

in the experimentally measured RO‘

The numgricg] values of Ro and K0 depend on the chemical composition
of the system, and this is not reflected in equations (2-24) and (2-25).
A total 1ist of the variables includes:
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(a) fulvic acid concentration

(b) total concentration of all Atrazine species

(c) pH

(d) loading of FA with Atrazine

(e) mole fraction of free Atrazine protonated
and,

(f) mole fraction of bouﬁd Atrazine protonatéd
Because of the constraints imposed by these equi]i?ria, there are on]yh
three independent variables out of this total of six- the equilibria
protonation of free and bound Atrazine, and the Atrazine complexing. The
total state of the system may be specified by choosing any three of the
six variables, but some of them are of particular interest. For conven-
ience, cases having constant FA concentrations will be considered. As
for the two remaning variables, total loading of tﬁg FA with Atrazine

and pH will be introduced into equation-(2-24).

Usgng the definition of Xg and x;, equation (2-8) becomes,

- a - .
Kig = X0% (2-27)
X] ’
Therefore,
x = [2H Yx (2-28)
KiB ‘

From the definition of xy and equation (2-28),

>

\xT = §0+ _K;g_ xg (2-29)
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Therefore,

XT =1 +____|i_ XO , (2-30)
KB
Kip +a
xp ={_18F°H (2-31a)
Kip
1 : (2-31b)
xp = [—J0 :
T B X )
X = (a]BxT) | (2-32)

Total Atrazine loading of the/ FA, and the degree of dissociation of the® -

bound Atrazine are both experimental variahles. Differentiating, there-

fore, gives two terms;

L]

dyy = (a]deT)+ (dea]B) ' (2-33)

L]

This may be expressed in terms of pH variation. From equation (2-9),

. .
D - -]
v , -2 \ ‘ “to ‘
\ Kigt 3y \(w-b-a .
+ dagg = g 1+a da,, . (2-37)
) 1B “H
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\ da'iB = (2-38)
du]B = (2-39) ,;
‘ 7
dogg = =2.303 aqp(T-ayp) dpH (2-40)
Substituting into equation (2-33),
. >
dxo = a.-lexT + 2'303xT“IB“'°‘18) dpH (2-41)
M
From equation (2-26), ?
d(Ryxo) =Ky dxg o (2-42)

-

b
Substituting from equations (2-33) and (2-41) in turn into equation (2-42)

. gives equations (2-43a) and (2-43b) respecfive]y.'

’ L]

d(Rpxg) = apKoduy + xrgders (2-43a)

.

d(Rgxg) = aqgKydxy % 2.303x7Kga(1-aqg) dpH (2-43b)

‘During' the integration of equations (2-43), care must be taken in disting- ~
uishing between constants, and the variables to be 1nclude& under the “
integral qperations. The "aneral Working Equations (2-44)" result. :
In equation (2-44a), the second integral fepresents bound protonated | ;
Atrazine, exerting an influence on the unprotonated Atrazine equilibrium ,
fqnction RO. It only exists to the extent that the pegree o? diggociation f
is less than unity, that %s, ap < 1. \ :
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R X 1

A

K dxp + ;O—./‘ KO d“lB . (2-44a_)

“1B8

a,l XT | H' '
= B .

—_ K de + 2.303 {—] [ K, a]B(l-u]B) dpH (2-44b)

~4d y 0 ‘ pH

)

. In equation (2-44b), the same effect is described in terms of pH, with

pH' being its value at which g 9?5 effectively become = 1. This will
happen at about-pH"z 4.0. Correséondingly; the second integral only
exists to the extent that pH <,pH‘: Equation (2-44a) should be useful

for nnlecu]qr level interpretations of the effect on RO‘ of protonating
bound Atrazine. On the other hand, equation (2-44b) should be more useful

for practical descriptions of pH effects on RO'

-

There are three ways in which K, may be calculated, and the choice
. »
is determined by the type of experiments to be described. Each type of

calculation gives a K, having a different chemical meaning.

9

L]

KB) ,XT énd %p both vafy ’

\

In this case, Ry and K are not state functions, but are defined for

some particular experimental path&ay. From equation (2-24),

x _ [d(Rox,) )
| X0
) (b)j o, s constant, and x; varies . .
From equation (2-44a), - , ) - .
, .
o . i:

5



For some particular value of o,p 45 a parameter,

(¢ X is a constant, and g varies

From equation (2-44a),

218 q ] {
";r' KO de’-i- KO du.lB = -)-(——
- 0

; T
_ - I
, .

For some particular value of X as a parameter,

Ko = fo(u

28

(2-48)

(2-49)

.

" (2-50)

pH is an alternate choice of the second variable. From equation



o

g X'i' PH". . ‘
X f Ko dxp + [ Kgaygll-ayg) dPH= | 55— ) Ryxg
0

pH !
Kgoyg(1-048) = 7.303%)| P
;
K. = 1 a(koxo).

0 2.303xTa]B(1-a1B) PR )
T

’
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(2-51)

(2-52)

(2-53) -

Since d]B = f]B(pH), then for'some particular value of Xp as.a parameter,

K0 = fo(pH) R

*

2.2.0 THE COMPLEXING OF.PROTONATED ATRAZINE

The approach taken for the derivation of the'dissociation funt
“of protonated Affazine is s%mi]iar to that fn section 2.1.0 for the
unprdtonated form. Therefore, only the key starting and final equa

for the protonated form of Atrazine will be presented.

R ;
(Atht-FA) = AT+ FA

1
—
n
=
Cy ey
O

=

(2-54)

tion

tions

(2-55)

(2-56)
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where K1 is the weighted average dissociation function for protoﬁated
Atrazine and M]B is the concentration of bound protonated Atrazine. M]
and C have the same meaning as before. The | ral Working Equations -
(2;57)" are the result of the treatment.;;l;:iirzn é.1.o on the protonated

Atrazine case.

= _[1-a ‘ XT 1 .
Ki=1—28) ] Kk, dyr +{ 1) ] X d(1-a75) | (2-57a)
X1 1 T — ] 18
: X | PH'=0.10
-u . \
-— 1B X N .
R‘—\‘- ) Ky dxp = 2.303(XT} | K oy p(1-0y5) dpH (2-57b)
0 X1/~ pH=4.00 .

where K] is the differential dissociation function for the protonated
Atrazine and X1 is’ the mole fraction of bound protonated Atrazine. The

other symbols in equations (2-57) have the same meaning as before.

In equatipﬁ (2-57a), the second integral represents bound unprotonated
Atrazine, exerting an influence on‘the protonated Atrazine equilibrium
function R]. This term only.exists to the extent that tﬁe degree of
protonation is less than unity, i.e., (1-a5) < 1. 1In equétibn‘(2-57b),
the same effect is described in terms of pH, with pH' being its value at
which 1-ag has effectively become = 1. This will happen at about pH'’

: L

= 0.10. Correspondingly, the second integral only exists to the extent

that pH > pH'.' The pH limits for these integrals were taken from Figure
m. o

Equation (2-57a) can be made to look similiar to equation (2-44a).

« d(]"u]B) = 'da]B ° . ) (2'58)

,




_.Therefore,

X+ " ~pH=0.10

T-a T o [x )

R]- 18 fK] dyx— ﬁ K, da]B
X1 pH=4.00

0

‘Equation (2-57b) is similiar-in form to equatioh (2-44b).
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(2-59)

As with equations (2-57), there are three way§ in which K],may be

" .calculated. Each type of calculation gives a K1 which has a different.

-chemical meanipg.

' (a) XT and (]LQIB) both vary

_ d(Rx ) - :
. Ky = 1M f o(1-

-

R] and K] are not state functions since they depend on some experimental -

pathway.

(b) (1-&18) is constant, and x; varies.
From equation (2-59),
H'=0.10 7/ - K
ull I K
K de %)) <1 s = ‘“w 1

pH=4.00

A

' , R
(= ["( 1%)

17 T-a N
]Bl- T (1'“]8)‘

(2-60)

(2-61)

(2-62)
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For some particular value of (1-a]B) as a parameter,

L]

. 'S -

!
v

(c) X7 is a constant, and (1-a]B) varies

From equation (2-59),

4 x} 1.0 . ' ;
1“13 K, d Ky dap={-)K
1 OXT T B= XT 1X 1
0, _ 1-018) _
A [“km)]x: ) [“RW]
a xp JLog b \xr JBU=eg))y

H]

For some particular value of‘xT as a parameter,

(]“318)

pH is an alternate choice of (1-u1B). From equation (2-57b),

. /

pH=0.10 1 |
‘Bf':1 dXT wp(1-aqp)Ky 4PH = {73035, )1
0 . JoH=4.00 |

/

] [°(R1 X ]
Ky = - -

. *

'AS1nce‘(1-u1B) * f]B(pH), then for some particular value of X7 s a

paramete?.

32

(2-63)

(2-64)

(2-65%

(2-66)

(2-67)

(2-68)
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)
Ky = f3(pH) (2-69)

Theﬁhnprotonated (Ko) and protonated (K1) equilibrium functions
derived here will be used to interpret the experimental results in
Chaptér 4f//g;nce Kig (equation (2-8)) will be assumed to be equal to
Ka (equation (1-2)), then, the valués that will be caltulated for K0 and
K] in Chapter 4 Qi]] not oe‘sig;ificant1y different.
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CHAPTER 3
EXPERIMENTAL

3.0.0 EQUIPMENT

3.0.1 pH METER

The pH meter used for pH adjustments was a Metrohm EBOOBNjQEErument.

It was equipped with a Fisher EA120-UX glass combination electrode.

3.0.2 POTENTIOMETER

Potentiomefric measurementé were made with a Concordia model 25A 5B
digital meter using a Beckman number 41263 calomel glass electrode in

combination with an Orion model 94-29A cupric ion selective electrode.
3.0.3 SHAKER

A mechanical. shaker made by Eberbach Corporation was used to agitate
L ] ‘ R
-- .the samples for 72 hours. It was also used in extraction of Atrazine .

from an aqueous media with benzene.

3.0.4 ATOMIC ABSORPTION SPECTROPHOTOMETER

A Perkin Elmer Flame Absorption instrument, model number 503,
equipped with a Copper Hollow Cathode lamp was used to analyse total
copper concentrations in samples. The wavelength used for analysis was

3247R.

3.0.5 ULTRAFILTRATION STIRRED CELLS

An Amicon Uitraf11tration Stirred Cell, model 8050, was used for.
binding studies in the Batch Ultrafiltration Technique and the Model 8010

cell was used for binding studies in the Continuous Flow Ultrafiltration
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Technique. Both techniques will be described Tater in the thesis.

<

Both methods used UM2 or.YM2 membranes which had a molecular weight
cutoff of 1000. Before use, eaéh membrane was soaked in distilled water
for at least one hour and then. it was washed three times with fresh’
distilled water. The membrane was then mounted in its respective cell
and conditioned by passing’ through approximately 25 millitres of 1,000
gm per litre of FA. The membrane was then ready to be used for binding
studies by either technique. Con¢jtioning was only done so as to make
sure that the first sample in a batch was filtere& through a membrane
similiar to the other samples in the batch, i.e;, a membrane which had
FA solution previously passed through it. When a conditioned menbranqv

was not in use it was stored in a 70% ethanol solution.

3.0.6 FRACTIONATING COLLECTOR

The eluate from the continuous flow method, which will be described
later, was collected at ten minute intervals on a B. Braun Mekungen
fractionating collector. The volume of each fraction was determined by
taking the difference between the final weight of each partially filled
test tube and the original weight of the empty test tube..

-

3.0.7 STIRRING PLATE .

>

A Fisher model quber 14-511-2 stirring plate was used to rotate

the hagnetic bar in the Amicon Stirred Cells. In order to prevent heat
‘transfer to the cell a two centimeter thick piece of woodiwas covered °
with Whatman Filter paper and placed between the cell and the stirring
plate. A one 1nch air gap was then 1eft between the covered wood and-

the cell.
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3.0.8 ROTARY EVAPORATOR

The solvent for each fraction of eluate collected was removed by a
Buchi rotary evaporator. A water bath heated at 50°C was used to hasten
the removal of benzene. The samé bath heated at 65°C.was used to remove

water with the rotary evaporator.

3.0.9a GAS CHROMATOGRAPHY

The concentrations of-unprotonated Atrazine were monitored with a
Shimadzu Gas Chromatograph, Series GC 6-AM. An Electron Capture Detection
system was used since nanogram levels of herbicide were being detected.

Table (2) gives the experimental conditions for detecting the herbicide.

|

The carrier gas, nitrogen, was made free of contaminants (water vapor
and large organic molecules) by passing it through molecular sieve and a

drying agent.

3.0.9b GLC COLUMN PREPARATION

It has been well established that the response and resolution of a
compound analysed by Gas Liquid Chromatography depends on many experimental
parameters (44). However, one of the most important parameters which

seems to affect response in a packed column is the 1iquid phase used to coat.

" the solid support. Gamble et al. (45) used a column packed with 3%

Carbowax 20M on Chromosorb W-HP to analyse for Atrazine. A similiar
column was made to analyse for Atrazine, but, it was found to cause
tailing of the compound and, hence, prevent accurate determination of
pedk area. Another column made of 3.5% OV-17 coated on Chromosorb W-HP
gave more symmetrical Atrazine peaks and a better response. Both colums

were prepared by the evaporative method (46,47).

s
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Table (2): 6LC experimental conditions for the analysis of Atrazine with

an ECD.

Conditions

Parameters .

Column

Column Temperature
Detector Temperature

Injection Port Temperature

Carrier Gas and Flow Rate "~ °

Attenuation *
Pulse

Injection Type

Single. 4 ft x 1/8" stainless
steel with- 3.5% OV-17 on 80/100
mesh support.

190 deg. C

260 deg. C

260 deg. C

Nitrogen gas at 60 mls/min.

4 x 102
20 microsecond

10 w1 Hamilton syringe onto
insert liner (glass)

Sample 3 to 100 nanogram of Atrazine
in methanol
Recorder Fisher Scientific 5000 recorder
operating at a speed of 1 in/min.
e Sensitivity of the instrument.

0.70 gram of OV-17 (or Carbowax 20M) was dissolved in 150 mls of

toluene with stirring at room temperature. To the solution was added 20

grams of support material, slowly, with careful stirring. The mixture was

allowed to stand at room temperature for ten to fifteen minutes with inter-

mittent stirring. The beaker containing the mixture was placed on a warm

hot plate (about 60 deg. C) under a‘stream~of nitrogen gas so as to remove

the toluene by evaporation.

During the removal of the toluene the beaker

was swirled so as to maintain uniform coverage of the part1c1és. After
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the solvent had been removed and the particles became free fiowing, the

contents of the beaker was gently poured ontc a large watch glass, spread

out, and left overnight to remove any traces of solvent.

A 4 ft x 1/8" o.d. stainless steel tube was then cut, plugged at
one end with silanized g]ass wool and packed with the prepared packing.

During the packing of the colum, tapping the sides of thé column was

. necessary in order to make the particles settle compactly without leaving

any voids. The open end of the column was plugged with silanized glass
wool. The column was then fitted with ferrules and placed in the Shimadzu
Gas Chromatbgraph oven and conditioned overnight at 270 deg. C with
cér'"ri:r gas (nitrogen) flowing thrqugh at a rate of 60 mls per minute.

After conditioning for more than 24 hours, the column was ready for use (46).

»
-~

During the course of the project, four 0V-17 columns had to be
prepared because they deteritate after about twenty five experimental

runs (47).

3.1.0 GLASSWARE

50-m conical f1asks were used to equilibrate the Atrazine-FA solu-
tions. Black #8 rubber stoppers were used to retain the solution in the

flask.

The volume of each solution to be added in an equi1ibration study

-

was measured with 10 or 50-ml Kimax burettes.

60-m! glass stoppered separatory funnels were used in the extraction
process for Atrazine. Kimax 20-ml test tubes were calibrated for 10-ml

volumes so as to collect fractions for the Batch Ultrafiltration Technique.

Since Atrazine is an organic compound it is very easy for it to be
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contaminated with other organics. ‘If these organjcs have %he same reten-
tion tim§s as- Atrazine, then, the chromato,i;aph'i;: peak of Atrazine will be
obscured. The glassware was soaked overnight in reéu]ar laboratory
detergent, soaked for ten minutes with chrom1c acid, mnsed several times
wi th distilled water, rinsed with dewmzed water, and, then dried 1n

an oven at HO C.

3.2.0 REAGENTS

3.2.1 BENZENE

»

The benzene used had to be of the highest quality since trace levels
of Atrazine were being detérmined. Acausolv Grade benzene (GD-995)

purchased from Anachemia satisfied the Gas Chromatographic requirement.

3.2.2 METHANOL

-

Methanol was used as a solvent to 1n3ect Atrazine mto the Gas Chrom-
atograph. Anachema Accusolv Grade (GD-5 730) met the requ1rements for the

GC analyses.
3.2.3 WATER

Nanopurified water was us;ed throuéhout this project. Distilled water

was passed through a Barnstead nanopure column.

3.2.4 STANDARD COPPER (II) SOLUTION

15.8850 gm of copper wire was weighed into a 250-m1 beaker. 20 ml of

<6N HNO3 was added to the beaker which was then heated until all the copper.

was in solution. 50 m1 of water was, then, added to the dissolved copper.

.The solution was allowed to,cor'ne to room temperature and, then, filtered

through a Whatman 42 paper into a 500-ml vo"lument,ric flask. The flask

was made up to the mark with nanopurified water. The res'untin\g solution
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had a concentration of 0.500 M copper. This solution was used for binding

*2.08 gm of sodium hydroxide pellets was weighed into a 125-ml Erien-

studies with FA.

3.2.5 STANDARD SODIUM HYDROXIDE SOLUTION

meyer f]ask. 10 ml of nanopuye water was promptly introduced into the
flask which was,- then, swirled to hasten the solution of the base. 50 ml
of water was further added to the solution which was allowed to cool to
room temperature. The base was filtered through Whatman number 42 paper

\
into a 1000-m1 volumetric flask which was then diluted to the mark with

L.

nanopure water.

L)
|

Potassium hydrogen phthaTate, KHééH404, was dried for 2 h;urs in an
oven at i]OOC and then-cooled in a desiccator. Thfee samples'(accura€e1y
weiéﬁed to the nearest 0.5 mg), between 0.35 gram to 0.45 gram were placed
into 250-nﬁ Erlenmeyer flasks'and dissolved with'30'm1 ﬁanopure water.

2 drops of phenolphthalein indicator was added to each flask which was,
then, used to standardize the sbdium hydroxide. fhe average concentration

of the prepared base was 0.0503 Mf

The reagents used in the project are described.in Table 3.

. . \ P \ A ,
3.2.6a AQUEOUS ATRAZINE STOCK SOLUTION . B

Pure Atrazine is an ambrphous white solid.with a m.p. range of 175~
177°C; the vapour pressure at 20°C is 3.0 x 1077 torr; at 25° and a pH
of 7.0, Atrazine has a solubility of 35 ppm in water; Atrazine is much f

more soluble in alcohols than in\ﬁater-(48,49). This compound was

St =

\ . < .
purchased pure (Table (3)) so ‘there was 'no need for further purifica-

5‘3"‘"’1}‘ -

tion.

4

Approximately 0.0946 gﬁam of Atrazine was weighed ouf in a 25-ml

X
o
FA- N
¥
?&
;
ki




Table Cﬁ): Reagents used in the project

41

Concentration or

Chromosorb W-HP

Buffers

Céppér Metal
(99.9% pure),

_ -Ethanol (95%)

Toluene -
(Pesticide Grade)

Nitric Acid

(A.R.)

Johns;Manville
Corp.

“'%

Fisher

&
Fisher -

Anachemia-

Fisher . .

Solid particles
(80/100 mesh)

pH 4.00 and
pH 7.00

10.5000 M and
lower

70%

Neat
&y

6 M

Reagent Source Application
. * form of use

Atrazine Poly Science 10:ﬁ M Standard solution
(99.9% pura) Corp. : :
Rotassiuﬁ * Fisher Saturated Fidling glass
Chloride(A.R.) solution . electrode
Sodium Fisher 0.10 M Electrolyte
Nitrate(A.R.) . : N ‘
Sodium Fisher 1.0 # and Adjust pH and
Hydroxide(A.R.) 0.0503 M titration of FA
Hydrochloric Fisher = 1.0 M Adjust pH
Acid(A.R.)
Benzene Anachemia Neat Extraction of
(Pesticide Grade) ) Atrazine
Methanol Anachemia‘ -Neat Solvent for

' : 2 injecting

"Atrazine into GC.

ov-17 Pierce 3.5% Used as liquid
(N2 49211) Chemical Co. phase on GC

column support

- Used as support

material in GC
column

Calibrate pH
electrode

Standard solution

Used for washing
Amicon YM2 and
UM2 membranes

Used for preparing
column packing for
Gc\

Used to prepare
standard copper
solution

- .{.'Ana1y£1ca] Reagent.
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beaker. The Atrazine was transferred to an Erlenmeyer flask which contained

4 litres of nanopure water heated to 55°C. The mixture was stirred for, at

least, four hours with a magnetic bar at 55°¢C, after which time all the

Atrazine will have been solubilized. The heat was removed and the Atrazine

‘solution was stirred overnight at room temperature. The solution had an

approximate concentration of 1.1 x 10-4 M with respect to Atrazine.. Other

stock solutions of Atrazine were similarly prepared.

This stock solution of Atrazine was used in equilibrium binding

» . [N

experiments between Atrazine and fulvic acid.

3.2.6b METHANOLIC ATRAZINE STANDARD SOLUTION ‘ ' s

0.01000 gram of Atrazine was accurately weighed ouf on a Méttler
balance and quantitatively transferred to a‘100 m] volumetric ﬂask.'° The
contents were d11uted with pesticide grade methano] Atrazine-was dissﬂ]ved
by shaking the flask until no more part1c1es were seen. This solution | -
gontained exactly 100 nanogram Atrazine per microlitre of methanol

(100 ng/ul).

Taking exactly 0.50, 1.50, 4.00,~7.gd, 10.00 and 15.00 millilitres Sf
the 100 hg/ul Atrazine stock solution and diluting it to 50.00 ml with'
pesticide grade methanol giVé concentrations of 1.00, 5.00. 8.00, ]5.60.
20.00 and- 30.00 ng/ul of Atrazine- respective1y These gtandards were used
in the GC method for the quant1tative determination of Atraz1ne Evecy
three weeks new standard so]utions werg prepared even though the half-life

for Atrazine is 116 yekrs at pH 7 and 20°C (1).

3.2.6¢ ATRAZINE SPECIES IN AQUEOUS SOLUTION

Two species of Atrazine exist in aqueous solytion in the pH range
“ L . v \ .
that will, be studied in this project (1).

RN
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15.00 m1 each of Atrazine stock solution prepafed in Section 3.0.6a
was‘added tO'fourtéen Er1e;}eyer flasks. Each f]a;k was diluted to 45.00
ml with nanopure water and its pH adjusted with 0.1 M acid or 0.1 M
base. More water was added ;o each flask in order to obtain a total
volume of 50.00 m1. The pH range of tte samples was froﬁ one to ten. The
flasks were stoppered securely, packaged in boxes, and shaken at room

1

temperature for 72 hours.

10L00 ml fractions of each sample were' collected after ﬁassing through
the Batch‘lerafiltratioﬁ apparatus (described later). Each fraction was
extracted quantitatively with 40.00 ml of pesticige grade benzene. 25.00
ml of each extract was placed in ; round bottom flask and distilled on the
rotary- evaporator. The residue was ctooled to rbom tmeperature and it was

taken up in exactly 3.00 ml of pesticide grade methanol.

. GC was used to analyse the residue for Atrazine. A calibration curve

' was prepared with the standards in Section 3.2.6b and the exact amount of
4

Atrazine in each sample was determined. The result of an experiment is

described in Section 4.0.1 of Chapter 4. -

3.2.7a PREPARATION OF FULVIC ACID

Fulvic acid was prepare¢ by K. Roach according to the standard pro- .

cedure described in reference (50). The preparat{on is- the following:

The fulvic acid was extracted from the Bh ho?i;on of a podzol soil which -

was obtained from Armadale,Prince Edward Island, Canada. Fulvic acid
‘from this lézation has been used by Schnitzer ef al. (51,52) and Gamble
(29) for characterization purposes and metal ion binding studies (53).

2 kg of air dried soil was extracted with 20 litres of 0.5 M NaOH

solution under inert conditions (N2 atmosphere). The extract was allowed
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to stand overnight in a dark room at 5°C with occasional shaking. The
insoluble material was removed by settling and centrifugation for 30 min-
utes at 2000 rpfi\, The soluble material was kept under nitrogen atmosphere

“at 5°C until it was ready to be purjfigd.

Two columns filled with Dowex 50W cation-exchange resin (20-50 mesh)
were used to obtain fulvic acid from the alkaline extract (50). The first
colum whi¢h was bigger wéé used as a roughing column whereas the second A
célqmn was used as a finishing colum. The eluate from the larger column
was led to the head of fhe finishing column. During the purification
process both the alkaline extract and the eluate from the second column

"werekept under nitrogen atmosphere.

The eluate flow rateswas maintained at one drop per second. When the
pH of the eluate became greater than seven, the colums were regenerated
with 1.0 M HC1. Complete removal of Na* and C1~ ions from the regenerated
columns were ascertained by carrying but a flame test for.Na’and a AgNO3 ‘<

~ test for C17.

The purification of fulvic acid was complete when the iron content in
) .

A}

the eluate was less than 107" mmoles/gm of FA. If the eluate had a greater
Eonggqtfgyion of iron than was expected, then, it was recycycled in the

finishing column until the desired amount was obtained.

The pﬁrified FA solution was freeze-dried to obtain the brown powder

of FA. This batch of fulvic acid was given a call number of FAS.
v -

3.2.7b POTENTIOMETRIC TITRATION OF FULVIC ACID

0.1000 gm of the FAB fulvic acid was dissolved in 50.00 ml of nano-
puné water. To the 250-ml beaker containing the solution was added a

stirring bar. The beaker was mounted on a stirring plate and a pH electrode
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was introduced into the fulvic acid solution. The lead of the electrode
was cannected to a Metrohm pH meter which, then, monitored both the'pH and
the voltage of the ‘solution as standard 0.0563 M NaOH was added to the
beaker. For every addition of standard pase the cprrespondinéJﬂi—and'mil]i~-
volt reading was recorded. During the course of the titratiéﬁ constant
stirrjng was maintained and three minutes was allowed between each'addition
. of base before ;'reading was taken. The result from this experiment is

described in Section 4.0.2 of Chapter 4.

3.2.7c FULVIC ACID STOCK SOLUTION

(i) 0.7692 gm of FA was dissolved in 25\m1 of nanopure water. The
solution was transferred quantitatively to a 100-ml volumetric flask. The
flask was carefully made up to the mark withiwater. The solution was
- allowed, to stand for 2 days so as to make sure that all FA particles were
dissolved. This.sblution was then used in the’Continouous Flow Ultra-
filtration Method (CFUM). '

(ii).Z.OOOQ gm of FA was dissolved in 60 ml of nanopure water and
transferred quantitatively to a 100-ml volumetric flask. The flgsk was
diluted to mark with water and then transferred to a clean 100-m1|brown

[
bottle: This solution was allowed to stand for 2 days before use in the

Batch Ultrafiltration Method (BUM).

3.3.0 BATCH ULTRAFILTRATION METHOD

The apparatus and procedure for the Continuous Flow Ultrafiltration
Method (CFUM) will be described in Chapter 5. After extensive preliminary
work, a Batch Ultrafiltration Method (BUM) was developed for binding studies:
This technique is more time consuming than CFUM but, the results obtained



. _ 46
from it are more reproducié]e. In the BUM, one haéra greater control of
the experimental parameters (pH, metal ion concentration, ionic strength, time
of equilibration for each concentration of Atrazine, etc.). The greatest
disadvantage of the BUM is that it utilizes five to seven times more FA

(depending on the number of samples prepared) than the CFUM.

3.3.1 PREPARATION OF BUM SAMPLES

A general outline of the BUM is as follows: . fixed amounts of FA are
‘ added to 50-ml Erlenmeyer flasks with a 10-ml burette. Other reagents

2*, efc.)

which have to be added in constant amounts to each flask (KC1, Cu
are introduced quantitatively with 25-ml burettes.The Atrazine."titrant is then
added to each flask with a 50-ml burette. The volume of each sample is
adjusted to 45.00 ml wjth nanopure water which is measufed with a 50-mi
urette. 1.0 M HC1 or 1.0 M NaOH is added to each sample so as to obtain
<;ne desired pH gf the experiment. The pH of the samples are monitored
with the Metrohm pH meter which is ca]%brated with buffers of pH 4.00 and
7.00. The amount of base or acid added to eécﬁ sampie {s”neasured exactly
(to the‘aécuracy of the 10-ml burettes). ' The samples are diluted to 50.00 |

ml with more nanopure water and, then, stoppered securely with black #8

rubber stoppers.

The same procedure as above is repeated for control samples. The
only component that is missing in these:controls is the FA solution. In
all of the initial experiments done by the BUM there were corresponding
controls, Howeve}. once the method had been established, oﬁly half the -

number of controls compared to samples were run.

‘Both the controls and the samples were packaged securely into carton

boxes and oscillated for 72 hours on the shaker at room temperature.

-

"

Y
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3.3.2 BUM FILTRATION APPARATUS

Figure (6) illustrates the BUM filtration qpparaths that was used to
filter the equilibrated ;émples described in Section 3.3.1. The filtration
cell was assembled as directed in the operation manual (54) with a YM2
membrane (Section 3.0.5). An FA sample was quantitatively transferred to
the cell and the magnetic stirrer was turned on to 35 cycles/second.

10.00 ml of the sample was forced out of the cell at a helium pressure

of 40 1b/in2; the flow rate was, on the average, 10 ml per hour. After
ten mi]]i]ifres fi}trate was collected from the sample, the cell was dis- -
mounted and the FA solut1on.in the cell was used to condition membranes

‘for future experiments. The cell was washed and dried and remounted with

a control sample and again 10.00 ml was filtered off by”ihé procedure
above. “ The alternating filtration process of FA sample and control sample

was repeated until all tﬁe samples of the experiment were completed.

The filtrates from the samples were almost free of FA since they were
clear rather than yellow which'is an indication of the presence of FA.
Kwak et al. (55), also, found that these membranes almost completely reject

A ]

fuivic acid and sodium fulvate.

By ‘filtering off 20% of each efuilibrated solution, the assumption
is made that the equifibrium of the‘qomplex formed is not shifted signifi-~
_cantly by change in dilutions. The ten millilitres of filtrate represent
one fifth of the free Atrazine that exists in an equilibrated solutiqn.
The smé]ler the volume of filtrate taken the smaller the shift in equilbrium
and, hence, the more true will be the measure of the equilibrium. However,
in all equilibrium studies for weak binding complexes, there are always

instrumental detection problems. This problem is enhanced tremendously 1f
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FILTRATION
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CYLINDER | : ‘

+
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MAGNE1IIC CALIBRATED 10.0.mi
STIRRER - TEST TUBE

Figuré (6): Batch Ultrafiltration Apparatus.

the titrant is insoluble in water-as is.thé case with Atrazine. In pre-. .~
liminary experiments it was found that a smaller fraction‘of filtrate
EECEWAtrazine concentrations that fell below the linear detectéBTEZFEnée
of the GC used. Cp]lecting fractions smai]er thaq 10.00 mls was therefore.
avoided., The stability constdnts calculated from BUM experiments’ can,
thefefore, be fermed apparent values. However, equilibrium shifts are
typical for separation methods Sectioﬁ 1.3.6 and reference (18).' Non-
separation methods suffer less from\equi]ibrium shifts, but their instru-

mentation is expensive and, hence, not available.

3.3.3 DETERMINATION OF ATRAZINE AND COPPER,IN FILTRATE

(a) ATRAZINE

For experiments in which freé Atrazine was sought, the work up
procedure was as follows: the 10.00 m1 filtrate was t;ansferred to a
65-m1 separatory funnel and it was extracted‘quantitatively with 40:00 ml
pesticide grade benzene (pre1imi;ary work indicated that greater than 92%
of Atrazine was extracted with this amount of benzene). Quantitative:

extraction meant. placing the separatory fqpne]s in a well secured carton

&



' 49
box which was then shaken vigourously for one hour on the shaker. Because
a d1st1nct layer was not formed between the aqueous and organic 1ayers in
some cases and a]so because of the poss1b111ty of water contam1nat1on,

20. 00 ml of the benzene extract was p1petted out of the funne] and trans-

ferred to 4 100-ml round bottom flask. The benzene in the gxtraqg was

" removed on the rotény evaporator and the residue in the flask was allowed

to cool to room temperature. Each sample was takén'up in 3.00 ml of

pesticide grade methanol.

’

The Atrazine in the residye was analyzed. for by GC using the conditions
in Table (2). First, a Ea]ibtatjgn curve was prepared with the Atrazine
standard solutions in Sectign 3.2.6b, then, the sample solutions were
injected. The'amount of Atrazine -in each sample .was determined by taking
the area of the Atrazine péak and interpolating it on the calibration
curve. F%gure (7) shows a ;ypical chromatogram with peak A represgnting -
the solVent'(methan61); peak B is an' impurity present in the solvent;
and peak C is the Atrazine pé%k corfesponding to 45 nanogram of the
herbicide. Figure (8) shows a typical Atrazine calibration curve with peak
area (sqﬁare millimetres) plotted against ﬁanograms of Atrazine. The least

square fit for the straight line give values of. 121 for the slope, 412 for
the intercept and .996 for the coprelation coefficient.

Al expefjments carried out below a pH of 4.0 had their filtrates
adjusted to between pH 4.0 and pH 7.0, except where otherwise stated.

~ Above pH 4.0, all Atrazine species exist in the unprotonated form and,

hence, can be extracted with benzene. The protonated Atrazine species is

not extractable with benzene since it is a charged species.
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B-- Impurity present in the solvent
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Fiﬁure (7 ): Typical Atrazine gas chromatogram. Peak C

corresponds to 45-nanograms of Atrazine.
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Figure ( 8 ): Typical calibration curve for Atrazine determination.




_‘j) Determination of Copper by AAS.

20.0 .ppm of Cu

52

3

(b) COPPER

In filtrates for which both Atrazine and copper had to be analyzed,
the extraction procedure described in part (a) was carried out first on
the ten millilitres of filtrate. Atrazine was determined from the organic

layer. Aliquots of the aqueous layer were used Lo analyze for total

.

copper. In experiments which had a small range of copper concentrations,

atomic absorption spectroscopy (AAS) was used to determine total copper.
For experiments which had a large range of copper concentrations, a copper
ion selective electrode, (ISE), was used to determine total copper.

-

Copper was analyzed at a wavelength of 3247 X. The linear range for
this wavelength using the Model 503 Flame AAS was 0 to 5 ppm. The conc-
entration of copper in the sampie filtrates was too high to behdeterﬁined
directly. Therefore aliquots of the filtrates were taken and diluted to
100 ml in a flask. |

2+

Using the 0.5000 M Cu“ stock solution prepared as described in Section

3.2.4, standards containing 1.00, 2.00, 3.00, 4.00, and 5.00 ppin Cu’* were

made. These standards were compared with the copper. standards purchased

from Fisher Scientific; they were not significantly different.

Absorbance reéd%ﬂgs were taken for samples and standards on the AAS.
A calibration curve was made with the standards and the concentrations of

copper in the samples weré calculated from the curve.

(11) Determination of Copper by ISE.

Standards containing 0.048, 0.100, 0.477, 1.00, 3.18, 6.36, 10.0, and .

2 and a background electrolyte concentration of 0.10 M NaNO3

4
\

4
>
e -
i Rl g ¥
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were prepared to obtain a calibration curve.

Aliquots of the aqueous layer of the filtrate of an experiment were
added to 100-ml volumetric flasks. 2.00 ml of 5.0 M NaNO3 was added to

each flask which was, then, diluted to mark with nanopure water.

The potentiometer, copper selective electrode,and saturated calomel
electrode described in Section 3.0.2 were assembled to determine the
potentials of the standards ané the samples. A plot of millivoltage
reading versus the Togarithm of the concentration of each standard was

made and the concentration. of the copper in each sample was, then, deter- f

N

mined by interpolation (56). . N

3.3.4 BUM PROCEDURES

(a) Atrazine variation at constant pH and low ionic strength.

&
<

Table (4) gives the experimental conditions for the binding of
Atrazine onto FA at pH 1.36. The FA sample #1 was prepafed by fhe addition
of the following reagents to a 50-ml Erlenmeyer flask: .5.0Q0 ml Atrazine
stock solution (Section 3.2.6a); 2.50 ml FA stock solution (Section 3.2.7c
(i1)) giving a final concentration of 1.000 gm per litre; 40.00 m1 nanopure
- water; and 2.50 ml of 1.0 M HC1. - It is significﬁnt to note that the exact
ampunt of acid or base needed for a particular pH was. determined by pre-
liminary tests. For cases in which éhe desired pH values had been over-
stepped, acid or base was added to the solution until the correct value =
ﬂéiﬁgptained, and appropiate volume corrections were made so as to still
obthin a total volume of 50.00 ml. The remaining samples in Table (4)

" were similarly prepared and, then, they were subjected to the oberat1ons

described in Sections 3.3.1 to 3.3.3..

L T el



Table (4)3:0>C»d,

Values for Atrazine variation experiment at pH 1.36.

Fulvic Acid Selution

Vol. of Stock Vol

Control Solution ) )
Vol. o

'54

# : . of Vol. of Stock
.| Atrazine (ml) 520 (m1) Atrazine (ml) Ho0 (m1)

BN * 5.00 40.00 5.00 45.00

2 7.50 37.50

3 10.00 35.00 10.00 40.00

4 12.50 32.50 )

5 15.00 30.00 15.00 35.00

6 20.06 25.00 20.00 30.00

7 22.50 22.50 '

8. 25.00 20.00 25.00 25.00

9 32.50 12.50 .

10 37.50 7.50 35.00 15.00

n’ 40.00 5.00

12 42.50 2.50 "

13 45.00 0.00 45.00 5.00

a- Each FA sample had 2.50 ml of a 2.000 gm ?A/iOO ml solution.

b- The pH of each FA sample was adjusted-to 1.36 with 2.50 ml of 1.0 M

HC1. P : - “
c- The total volume of each sample was 50.00 ml.
d-

~

The pH of thHe FA samples after equilibrium were 1.36.

The calibration curve for the Atrazine standards in Section 3.2.6b

was fitted by linear regression to a straight line.

The equilibrium

concentrations for the total Atrazine in both thé‘gﬁ samples and the

control samples were obtained by interpolating on the regrdssion line.

Similiar experiments were carried out at pH ya]ues of 1.72, 2.28, 2.77‘

3.21, 3.50, 4.50, 6.00, and 8.00. The results of these experiments are

described in Section 4.0.3 of Chapter 4.

S
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(b)\ Atrazide variation at constant pH in the presence of 0.10 M KC1.

These experiments were designed and carried,ogt in a similar fashion J
to those in Section 3.3.4a. The only exception was the addition of an
electrolyte to the solutions so as to do binding studies in a high ionic

strength medium.

2.00 M of 2.50 M KC1 was added to each solution. The final concent-
ration of KC1 in 'the solutions was 0.100 M. At low pH values (below pH 2)
jin the presence of the KC1 there was visible precipitation of FA in the
;olu\tfons; above a pH value of 2.6 in the high ionic media there was no

visible precipitation of FA in solution.

. Experiments were carried out at pH values of 1.27, 1.83, 2.77, 3 82,
4.55, 5.45, 6.48, 7.62, 8.49 and 10.25. The resu]ts for these experiments
are described in Section 4.0.4 of Chapter 4.

() Effect of FA concentration on Atrazine binding at a pH value of 3.50. -

These expe?i’ments were designed in the same way as those in Section

© w3.3.42 except that varying amounts of FA were used. Five concentrations .
‘of FA were studied - 0 2000, 0.4000, 0. 6000 0.8000, and 1.000 gm/Htre ’
The results for these. experiments are described in Section 4.0.5 of o |
Chapter 4.

. (d) - Effect of FA, concentration on Atrazine binding at a pH yin_ue of 3.50

in the presence of 0.100 M-KCI1. :

&)

These experiments were of similar disign to those in Scct;ion 3.3.4¢ .
except thaé 3 higher fonic streﬁgth medium was used. FA concentrations
of 0.2000, 0.4000, 0.6000, 0.8000, and, "1.0000 gm/1itre were s%udipd in
the presencs of 0.1MI‘M KCi.. The results for these experiments are 2lso

described in Section 4.0.5 of Chaptar 4.

1
|
|

. . »
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(e) Atrazine variation at constant pH 1n the presence of copper (II). —

These experiments were designed to find out how FA aggﬁegatmn affect-
ed the b1nd$ng of Atrazine. The design was simﬂar to that described in - '
Section 3.3.4a except that constant amounts of copper(11) were added in
each experiment and the amount of, Atrazine was varied. Tabte (5) has the
initial and final copper (II) concentrations for each experiment and fhe,i'r

« respective pH values. -

Table (5): Equilibrium copper (II) concentration at different pH values.

Initial Cu(ll) Final Cu(II) Amount of ,
T Concentration Concentration |  Cu (II) bound
t (mole/1itre) ~ (mo]e/litre) (mole/'l}tre)
- pH x 103 . x103 x 10 _
8
1.19 . 1.074 . 0.940 0.134 ' ) .
. 1.38 . 4.696 ‘ 4,022 0.674 . v A
2.14. 4.896 ’ 3.8 1.025
2.38 1.036 0.596 0.440
3.02 4.692 3.182 1.510
3.96 4.613 a 2.013 2.600 -
4.04 4.619 1.810 2.809
'5.23 . 4,949 1.1 3.838

¢

"The un'conp,lexed copper in each‘solution was determined by the AAS
procedure ‘described in Sectjon 3.3.3b(1). The results for these experiments
are described in Section 4.0.6 of Chapter 4.

(f) Copper (II) variation at constant pH in the presence of a constant )

amount of Atrazine.

.

A o

. .

In these experiments FA was titrated with copper (II) in the presence -
of a constant amount of Atrazine. Duplicate experiments were carried out C
at a pH value of 3.86. A FA concentration of 0.1000 gm/1{tre was used

.
‘ - 4
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Table (G)a: Design of a pH variation experiment. Total volume = 50.00'm1;

FA Solution Control Solution
F1T i JT.0M T.0 M H0 | pH_ |1.0M [1.0M A20
HC1(m1). NaOH(m1) HC1(m1) | NaOH(m1)

1]0.99] 8.00 - 24.50 | 1.12 | 6.00 -~ |29.00
2 | 1.08] 6.00 - 26.50 | 1.28 | 4.00 -~ |31.00
3 |.1.22] 4.00 -- 28.50 | 1.52 | 2.00 -~ |33.00
4 | 1.49] 2.00 -~ | 30.50 | 1.8 | 1.00 - |38.00
5 | 1.75] 1.00 -- 31.50 | 2.09 | 0.50 -- 34.50
6 | 2.00| 0.50 -- 32.00 | 2.38 | 0.25 -- 34.75
7 | 2.80( 0.00 -- | 32.50| 2.61 | 0.15 -- 34.85
8 |38 -- 0.50 | 32.00 | 2.74 | 0.10 -- 34.90
g 372 -- [- 1.00 [31.50 3.08 | 0.05 --  |34.95
10 |as50] -- 1.50 | 31.00 | 5.75 | 0.00 - |35.00
n | s.28] -- 2.00 | 30.50 | 8.78 | - 0.05 |[34.95
12 | 6.53| -- 3.00 | 29.50 | 9.50 | -- 0.01 [34.90
13 | 9.38| -- 5.00 | 27.50 | 9.77 | -- 0.15 [34.85
14 1oas| -- 7.00 | 25.50 | 9.95 | -- _ 0.20 [34.80

a -- 2:50 ml of a 2.0000 gm/100ml of fA solution was added to each sample.

.instead of 1.0000 gm/1itre. The uncomplexed copper in each sample was
determined by the ISE procedure in Section 3.3.3b(ii). The resu]fs from

these experiments are‘described in Section 4.0.7 of Chapter 4.
(g) pH variation for constant Atrazine.

In these experiments a constant amount of stock Atrazine (!5.00 ml)
and FA (2.50 ml of 2.0000 gm/1itre) was used in each sample. kThe pH
Qalues for an experimént were varied with acid or base ahd the bdlume of
each flask was adjusted to 50.00 ml with water. Table (6) gives a typical
e&gerimenta1 design. These experiunﬁts were worked up in the same way as
those in Sgction 3.3.4a. The results’for these experiments (triplicate)
are d;scri d in Section 4.0.8 of Chapter 4. .

‘“\\ ‘
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(h) pH variation for constant Atrazine in the presence of 0.100 M KC1.

These“’experiments were designed in a similar ;ashion to those in
Section 3.3.4g. ‘The only exception was that 2.00 ml of a 2.50 M KC1 was
added to each soluti?r{ The filtrate from each sample was adjusted to
pH values of between 4 and 6 before ;‘.hey were worked up' as in Section
3.3.4a. The re-Sults from these experiments are described in Section 4'01%9

of Chapter 4.
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CHAPTER 4
RESULTS AND DISCUSSION

4.0.0 RESULTS

The results for each experiment done in Chapter 3 will be described )
here. An integrated interpretation and discussion of all experimental

results, taken together with relevant literature results will be given in

Section 4.1.0.

4.0.1 EFFECT OF pH ON ATRAZINE SPECIATION

The pH variation study done in Section 3.2.6c on the extraction was
to confirm how many species of Atrazine exist in aqueous solution. The
solid Tine in Figure (9) represents the concentration of unprotonated
Atrazine (Mo) recovered at each pH. The dashed line in the same figure ‘
repﬁesents the concentration of unprotonated Atrazine which can be theoret-
ically obtained (equation (1-6) of Chapter 1) from the equilibrated Atrazine
so]utig; in the experiment (MT =2.30 x 107° M). Both the experimental
and theoretital curve show the appearance of monoprotonated Atrazine (M1)
at a pH value of about 3.10. Below pH 3.10{ the present experimentally~.
determined unprotonated Atrazine was generally higher than the theoretically

calculated unprotonated Atrazine.

At pH values between 7.00 and 1.90 the error bars in the experimental
curve of Figure (9) are in the range of the theoretical curve. However,
at lower pH values the error bars are outside the range of the theoretica)
curve. There is one plausible explanation for the observed djfferince.

Unexpectedly high concentration of unprotonated Atrazine could be due

" to an experimental deficiency, 1.§.. in the extraction procedure described

*

¥
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Figure (9): Unprotonated Atrazine as a function of pH. The stoichiometric
concentration of the reagent was 23.00 wMoles/Litre. :

in Section 3.2.6¢, the equilibrium described in reaction (1-1) (Chapter 1)
will be shifted to the right as unprotonated Atrazine is extracted from
the aqueous layer; hence, more than the theoretical amount of unprotoﬁated

Atrazine will be observed in an experiment of this kind.

{ v,
From the distribution diagram in Figure (1) of Chapter 1, it can be
p . .
seen that the fraction of Atrazine monoprotonated,(l-u]BL starts at a pH
value of about 4. The region of the curve (Figure (1)) between pH' values -

of 3.1 and 4 indicates a very small amount of monoprotonated gpccio; is

o




_t , : _ . . .
present. It was difficult to detect any significant amount of monopro-
tonated species in solution between these pH values for the Exberiment in
Figure (9)." For example, the amount of Atrazine protonated between pH

3.1 and 4 is less than 3% which is within the experimental error indicated
in Figure (9): Hence, monoprotonated Atrazine can be shown to appear at

pH 4 rather than at pH 3.1 in Figure (9).

~

The equi]ib#ium shift during the extraction process did not affect
other experiments done in thg project, since, they were all adjusted
betwéen pH va]ue; of 4 to 7 before extraction/ In this way the stoichio-

‘metric amount of Atrazine, M., in each equiljbrated solution was obtained

as unprotonated Atrazine.

4.0.2 FULVIC ACID CHARACTERIZATION
4

The. FA8 fulvic acid prepared in Section 3.2.7a was analyzed for ¢
carbon, hydrogen, and nitrogen content by Guelph Chemical Laboratories
Limited. The results of .the ana1ysis are given in Table (7) together with
those for FAI batéh prepare& by the Chemistr& and Biology Research
Institute (CBRI).'Resé%fch Branch, Agriculture Canada. From the data in
the table it can be concluded that these two batches of fulvic acid are
not significantly different as far as o%gan1c matter is concemed. Table
(8) lists tMe metal ion content found in the FA8 fulvic acid. Atomic
absorption spectroscoby was used to determine the amount of Teta] fon
presgnt in the fulvic acid. Also in Table (8) are the met;1‘1on contents

for the fulvic acid prepared by Underdown (33). y

L]

¥
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Table (7): Elemental analysis of two batches of fulvic acid prepared

0 by the same procedure (Reference (50)).
—Elements FA8 FAl -
P
% Carbon 49.52 49.50
% Hydrogen "4.60 4.50
: % Nitrogen 0.58 0.80

Table (8): Metal ion concentration for the FA8 (Reference(50)) and

Re%erence (33) fulvic acids.

CONCENTRATION (mmole/qm FA)
10N FAS ° REFERENCE (33) |
Iron 3.0 x 1073 3.0 x 107
Copper <1073 <10t
Sodi um- 1.1 x 1073 6.5 x 107
otassium 5.7 x 107 <2.6 x 1073
Aluminum 5.3 x 1073 1.95 x 1072
Magnesium 1.8 x 1074 3.7 x 1073
Calcium 1.1 x 1078 S
Fanganese <103 <107
Si14con <1073 —ek
* ——- noO va]ués available for these ions.

4.0.2a DEGREE_OF PROTONATION OF FAS FULVIC ACID

+

62

From the exp;arimnt(m Section 3.2.7b the titration curve for FA is
given in Figure (10). Gamblé et al. (28,29,30,57) have used similar

acidometric titration chrves to f'uny characterize the acid'lc functional

groups of F}\' obtained from Armadale Prince Edward Island. The Type A

o

o Gmweds e 0T
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Figure (10): Titration curve for 0.1000 gn *A in 50.0 ml of waterwith - =
$ 0.0503 M NaOH. oo ‘ ’

\f acidic functional groups (discussed in Section 1.2.1 of Chapter 1) are

o

all those up to the first break point in F1§: (10). The Type B -

acidic functional groups are those betwsen the first and-second break




" values reported by Gamble (29).
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T

points in Figure (10). According to Gamble (28), the Typé‘fA acidic groups
has a subset of 3.0 nmo]e»/gm FA of carboxylic groups which are h{ghly

acidic and which are referred to as the Type 1 acidic groups.

~

Using the data from the titration curve in Figure (10) for the FA8
fulvic acid, the macroscopic degree of ionization, aps for the whole FA
mixture can be calculated. Burch et al. (57) have used equation (4-1)

to calculate ap-

ay = _COH a + /3y (4-1)
- C + c .
A A ‘
" where,
COH — concentration of NaOH (mole/litre). ‘ .
] CA - concentration of Type A functional groups .

(4.99 mmole/gm FA).

o

3y }-( hydrogen ‘ion activity (mole/litre).

Ky = ion-product constant\(mo]ez/ljtrez)

/

“

Activity coefficients (58) \;Jere dsédK to correct the hydrogén 1o'n concent-
rations to activities at 25°C. Figure (11) represents the curves for the
dilssaociatiovn (aA) aﬁd the protonation (T-uA) ofithe FA8 fulvic acid as a

function of pH. ' |

The calculated ap values are not.significantly different from those

£
Lok
The Type A groups are carboxyl groups (28) which are chemically non- .

{dentical but onse acid strengths are sufficiently closely spaced as to,.

prevent the‘gppcarance of separate titration end points. However,
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Figure (11): Distribution diagram for the different species of fulvic
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different dissociation consStants will Be observed experimentally as the
A 7: .
ap varies. For the Type A carboxylic group {(AH) dissociation in reaction

(4'2)':

<i

I

AH AvHt ) (4-2)

the weighted average dissociation function, Ry, can be written as in

equation (4-3):

Ry = "% | (a-3)

where, ‘
my = all Type A car'boxy'l“ groups that are ionized.
My = all Type A carboxyl groups that are unionized.
If the degree of ionization of the Type A group is given by equation ' °
(4'4) ’ ' , . ¥
. m » o
A
Ay = e (4-4)
A My + My
¢ ‘ .
then, it can be shown that, - i .
} [
a .
A‘H . * -
fa = oo . (4-5)

[ -

. By using 6quat1on (4-5), RA values were calculated and listed in Table (9)

‘e



67

Table (9): Ionization of Type A'carboxyl groups in aqueous solution

at 25°C.
ay X 103 » ' RA x 103
(mole/litre) %A (mole/litre)
1.0 0.408 0.696
0.488 0.420 0.354
0.437 | 0.430 0.329
0.201 0.496 0.198
0.0975 0.565 0.127
0.0786 0.588 0.112 ’
0.372 0.659 0.0719
0.0236 0.708 ' 0.0572
0.0184 0.733 0.0506
0.0124 '0.782 0.0846

The hydrogen ion concentrations were converted to activity values before
use in equation (4-5). The fonization constants obtained in this. table
are not very different from those reported by Gamble §29). Therefore,
we can assume that .Gambfe's FA and FAS are similar enougr:: so as to expect

each to behave in the same way to Atrazine.

4.0.2b FUNCTIONAL GROUP DETERMINATION FOR THE FA8 FULVIC ACID

Because the acid groups in FA are wéak, it is quité difficult to
obtain sharp equivalence points for them in an acid-base titration.
Also complicating the end point detection are the spectrum of minutely
different K,'s for the FA carboxylic acid ‘groqb‘;. Gamble (29) has found .
that a better hpproxi‘mation to the Type A and Type B equivalence points
can be obtained by u“sing t}\é Gran's function. Correctjon terms \‘vere u;ed

in the Gran's fpnctio’n (59) sb as to remove any scatter near the equivalence
'3 . ¢
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points. 3
Neglecting Gamble's correction terms to the Gran's function stt11
gives reliable equivalence points. The Type A equivalence point can be
* obtained by using equation (4-6).

t

9
3

Y] = VaH =Ve'| -V (4-6)
RA .
where, A
. ‘ .
Y, —first Gran's funttion{ - o ’

V —=millilitre of standard base added.

v -volmnne of standard base at the first

equivalence point. ‘ ' ~

el

-~ i

a, and KA have the sameg meaning as bef}:re. By plotting Y.I versus V for
the titration curve in Figure (10), Vo is obtained on the V-axis when
Y] is equal to zero. Figure (J2) gi'ves a ﬁlot o? equation‘(4-6). Ve]
was determined to 10.1 ml of 0.0503 M NaOH which correspond to 5.08 mmole
'Typg A.carboxylic groups per gram of FA8. This value is only 1.8% >

different from the value reported by Gamble (29). ' a

Equation (4-7) was used to determine the end point of the Type B

fgﬁctional 6;ou|5’$. ' P ' . ) < w ’
e - 8 L
v, =[N~ v, v . (4-7)
N.a ec.
) B°H
L}
where, -

Yo second Grap's function. , L T
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V; —total volume of standard base added.

Vez-volume of standard base at the second
equivalence point.

Ng —normality of the standard base.

The dther variables have their regular meaningi By plotting Y4 versus V
?or the data'after the second equivalence @oint'id:Figure (]0)"Veé was
obtained as_[4.71 ml when Y4 was equal to zero (Figure (13)): The sum of
the Type A and the Type B groups‘in FA8 were found to bek7.40 mmole per
gram of FA. Therefore, the amdhnt of Type B groups in FA8 are 2.33 mmoie

per gram of FA. There was a 3.1% difference betﬁeen the value repdrted

here and that repprted by Gamble (29).

Since replicate t1trat1ons were done on the Armada]e FA by Gamble,
there is 1éss’ error in the value reported by h1m Therefore,‘4 99 mmole
per gram FA for the Type A carboxy1 groups will be used 1n caTcu]at1ons

where it 1s needed 1n the rema1nder of the thesis

4.0.3 ATRAZINE VARIATION "AT_CONSTANT pH AND LOW IONIC STRENGTH

. ¢

From the exper1ments in Sect1on 3 3. 4a prelim1nany graphs were pre-
pared by plotting the equilibrium tota1 Atraz1ne concentrat1on versus the
volume of Atrazine stock so]ut1ons for both the FA solutions and the
contro1‘so1utione.‘kFor examp]e, for the experiment at pH 1.36 in Table
(4) onChapter 3, ihe equf]iprium total Atrazine'concéntrations‘are gjven
in Table (10) for b€th solutions. A plot of.fhe experimental total
‘Atrazine concenteat{ons'éersus the volume of Atrezide stock solutions for -
both the FA so1ut1ons and .the control solutions is given 1n Figure (14).

This pre11m1nary graph 1nd1cates that the control solutions (sqlid squares)

1
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Figure (12): Gran's plot to determine the first equivalence point of

FA8 using the data in Figure (10).

.could be fitted to a straight line whereas the Atrazine in the. FA solutions
(solid diamonds and tridngles) could be fitted to two separate strafght

lines. The control solutions were fitted by 11neér'regress1oﬁ to an

equation with intercept (b). 6.20, slope (m) 1.22 and correlation (r) e

" 0.992. The first eight FA solutions were fitted to an equation with
b= 3.05, m= 0.266 and r = 0.984. The last five FA solutions were fitted -

N\
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.Figure (13): Gran's plot to determine the éecond equivalence point of

FA8 using the data in Figure (10).

to, another éﬁuation with'b = -28.6, m = 1.28 and r = 0,991. From these
eduations the total Atrazine concentrations were calculated and then
11;ted in Table (10). These calculated values and the corresponding stock
solution volumes weré‘uged to prepéfe the titration graph in figure‘(15).
In both the preliminary (Figure (14)) and fitted (Figure (15)) titration
graphs, ‘the solid diamonds represent the points-béfore the equivalence
point and the.solid triangles represent the poipts after the equivalence

. point. Similarly fitted titration graphs were p;epared for experiments

. done at other bH values. These results are presented in Appendix (I).
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sting the titration graphs, tha amount of Atrazine bound for each
volpme of total Atrazine added to a‘sgmple can be obtained by subtracting
the quantity-of Atrazine in the FA solution from that in the control
so]utiﬁn. Figare (165 shows the total Atraz;ne bound as a function of ¢
the volume of .stock Atrazmne added for seven of the nine pH va]ues tested
It should be noted that t1trat1on graphs without solid diamonds in ad
Appendix (I) (at pH va]ues of 6.00 and 8.00) indicate that no Atrazine
binds to FA at those part%cy{;;\pH values. Also, the graphs without solid

triangles indicate that the equivé]ence points were not reached in these

titrations.

Each curve in Figure (16) shows a maximum complexing capacity, CL’
at the plateau. At pH values of 1.36, 1.72, 2.28, 2.77, 3.21, 3.50 and
4.50 the respective complexing capacities from Figure (16) are 35.4, 31.6
12.8, 16.0, 14.0, 27.6 and 4.6 uymoles per gram FA. Figure (17) shows a
plot of the complexing capacity versus the pH at whicﬁ each experiment was

done (solid squares).

4.0.3a CALCULATION OF EQUILIBRIUM FUNCTIONS. IN A LOW IONIC STRENGTH
MEDIUM . |

»

Since these experiments were all done at fixed pH values and varying
Atrazine concentrations, then, the unprotonated equilibrium function, KO’
can be calculated from equation (2-46) of Chapter 2. The protonated
equilibrium function, K], can be calculated from equation (2-6é) of
Chapter 2. For pH values of 4.00 and greater equation (2-62) does not
apply, since no protonafed Atrazine exist. Using the data from Figure (15)
for the experiment done at pH 1.36, the relevant values needed fo

calculate K0 and K] from equations (2-46) and (2-62), respectively, are

v
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1

given in Table (11). It should be noted that the parameters MT' M], MO’

XTr X7 and Xg have the same meaning as jn Chapter 2. MT is the experi-

“mentally determined total Atrazine; MO was obtained from equation (1-6) of

2

Chapter 1;~M] was obtained by the difference between MT and Mo; the Ka

value, as described before, is 2.45 x 1072,

The comcentration of FA, C,
used was 1.0000 gram per litre which transforms to 4.99 x 103 umole of -
Type A functional groups per litre. MTB’ total Atrazine bound, was ob-
tained by subtracting MT in the FA solution from MT in the cortgsponding
control solution; the amount bound is théﬁ expressed in ymole per litre;
X was, the}m, obtained, b’ dividing MTB by 4.990 x 103 umole of Type A
functional groups per 1itrei M1B was obtained by subtracting the quantity

of pfotonated‘Atrazine, My, of the FA solution from that of.the: control;

X]» wWas, then, calculated similarly to X7 This procedure was repeated

* _in order to calculate Xg-

The above calculations were done, only, foz solutions before the
equivalence point in Figure (15). Beyond the equivalence point, X

‘ [
becomes independent of the Atrazine concentrations in solution.

From equations (2-4) and (2-12),

\

5 —_ IMC M - -
Koxg = [M—O— x—gﬁ] =M (4-8)
08
&
~and from equations (2-5) and (2-56),
M,C M
= | 1 1B ' -
Ry = [M]Bx c]- M (4-9)
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Hence, by plotting MO versus x; from 'I_'a‘ble (”.),"5("Kx0)/3xT can.be obfainéd
as the slope for any poin{(xT,MO) on the graph; K0 can then be obtained

" from equation (2-46); ayg Was evaluated for each bH value from e;;uation
(2-9). Figure (18) represents the plots for the titration graphs in Figure.
(15) and Appendix (I). Since K0 represents the disseciatipn equilibrium
function, then, 1/K, 1s the formation equilibrium function for }he
Atrazine-FA complex.  Gibbs free energy values were calculated frqm the
formation constant at 25°C. In all calculations, the hydrogen ion ‘concent-
ratjons were corrected to activity values. From Figure (18) it can be seen
that the graphs are all linear, therefore, they were fitted to linear
least square equations in order to obtain_the s1ope.s. Table (12) shows

the pH,\the s the correlation coefficient (r) for the 1eas£ square fit,

a(Koxo)‘/axT, Ky» and (86° + RT Inr) for the bound unprptonated Atrazine.

* Similar calculdtions were done *for the bound protonated Atrazine -for
the titration graphs of Figure (15) and Appendix (I). Figure (19) repre-
sents the grabhs for the M1 versus xp plots. Again, these g}aphs we}'e
linear, and, hence, fitted to linear least square equations.m The results

for these calculations are also listed {n Table (12).

The K0 values may be related to the thermodynamic equilibrium

constant; K, in the following way: ' ' ¢
Ko
FA+ At =  (FA-At) (4=10)
. i
y .
;e ] ___[’_"_Q_B_][ Mos ] ; (4-11)
N . 0 CMo( YCYMO . '. . . >
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Therefore,
K = . YM -
0= (1/K0) 0B (8-12)
‘ YoM )
If,
e Y .
r={ Mo (4-13)
YeoY
c™, .
Then, . Ky = (1/K0) T « ‘(4-14)
AG° = —RT In(]/Ko)r (4-15)
Therefore,
-(a6% + RT Inr) = RT In(1/K,) (4-16)

Oniy/for 9ifh§é‘solutions can I be:assumed to be close to‘unity. Since
the FA cﬁncentrations used in the project are considered to be reasonably
high (31), then}’}he vc value in equation (3-13) ff less than unity. Since
no activity coefficients data are available for FA, an exact value for

‘yC could not be obtained. Hence, the RTInr term in equation (4-16) had
to be retajned and reported in Table (12). Simi]af]y, the equation for

the protonated Atrazine’ case can bé derived.

4.0.4 ATRAZINE VARIATION AT CONSTANT pH AND HIGH IONIC STRENGTH
(0.100 M KC1)

From the experiments done in Section 3.3.4b; preliminary titration
_graphs (similar to that in Figure {14)) were prepared so as to obtain

the fitted titration graphs (§1milar to that in Figure (15)). The fitted

b}
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‘titration graphs are presented in Appendix (11). From these graphs, the
amount of total Atrazine bound were ‘determined as a function of fhe vo]ume

of stock solution added. Figure (20) shows a plot of toégl Atrazine bound
versus the volume of stock solution added. pH values of 4.55, 5.45, 6.48,
7.62, 8.49, and 10.25 show no significant binding of Atrazfne. Froﬁﬂ

Figure (20), the complexing capaéity at pH values of 1.27, 1.83, 2.77 and

3.82 are 34.4, 21.0, 11.9, and 3.85 umole per gram FA, reSpeEtive1y. The

triangles in Figure (17) shows a plot of tﬁe.comp]exing capacity versus

the pH at which each experiment was done.

4.0.4a CALCULATION OF EQUILIBRIUM FUNCTIONS IN A HIGH IONIC STRENGTH MEDIUM(

Using the titration graphs in Append{x (I1),-the same calculations
as were done*in Section 4.0.3a were repeated here. Figure (21) represents
the Plot of KOXO versus yr for the complexed unprotonated Atrazine and
Figure (22) représents the b]ot of R1x1 Versus X7 for the compiexed
protonated Atrazine: Table (13) gives the calculated formation functions
and fréé énérgies for these complexes. It should be notéd here that
Atrazine binding was observed at a pH value of 3.82 (see Figure (20)).
Howevér, no data points could have been obtained before the equivalence
point in the titration graph (see pH 3.82 in Appendix (I})). Hence, no

values for KO and K1 can be reported for pH 3:282.

4.0.5 EFFECT OF FA CONCENTRATION ON ATRAZINE BINDING AT A pH VALUE OF

3.50 IN THE PRESENCE AND ABSENCE OF 0.100 M KC1

Appendix (III) shows the' titration graphs for vacying concentrations
-of FA in the absence of KC1 at pH 3.50. The graph for the FA concentration
of 1.0000 gram per litre is given in Appendix (I):. No binding of Atrazine

was oBserved at FA concentrations of 0.2000, 0.4000 and 0.5000 gram per

' M N ?



3 )
*843 11 /wb 0000°! = V4 124 W 00L'0 40 8dudsaud ay3 u} sanpea yd
&8 SNOLJEA J@ JURAIL} BULZRUIY JO BWN|OA JO UO}IDOUNS © SR PUNOG BULZRULIY e300} :(02) so.SmI

\

w auizea 0 aunjo
r._..v _325 LOA

Qs GE 0g 62 0z st 01 5
. o v
- ¢
) ~ ‘ a? N
28t W ) | | N N N N A ¢ A . g
* ‘ .
¢ :
TS n
. * "3
Lz ¢ .0 ¢ ¢ ¢ v &
v >
= 54 5
(-4
4 ol
- . 3
m 02 o
£8-1 v v v v v - v - Mz
(= 9
- ..-\HI
q . sz 3,
o
e
[7=]
™) . 3
e >
. -~
. = n :
2T m ] Lse




87

“12% W 00L°0 Ul 2uop B84dM sjuawiaddxa 3yl -san|er Hd snolueA je
Ix snsuan oxom 30 301d e wouy ‘auyzeaay pajeuojoudun 404 .pxa:oxouva Jo uopjenajey :(12) aunbi4
Lo X 1x ,
vnn cxm L c-N 3 N-N A “-P L ‘PP A :P o “ '] w
. —y— .
—v | v
¢
Leh
) -5
’ .
\ .
£8°1 o) X
*
o
x
- m
[-
, 51 3,
[¢]
=
o
o

-0¢

- a Paﬂéu#

fre



88

o

‘194 W 00L°0 U} Suop 3u3M mp:miwsmaxm ayl -saneA Hd SnOjaEA 3P

Ix snsaen Px_u 30 30|d e wouy ‘aduizealy pajeuojoad .oy hxa\ﬁpxpuvm 30 uojjernaje] :(22) m&:mwm

%_xhx )
cnn 1 pN 1 N,N ) & n- [ '-F I i °- [l ’ c ) | “
4
. L2
. 2
g
1‘
-lx-
cES
Ix
S,
=
(=]
L2
. | 2
pm
c : 8 3
—; é




89

1L Ol X I - 0L X 40°6 6660 , 0L X 98§ S€6°0 112
€51 0L X 8L ¢ 0L X 60°2 666°0 5 0L X ¥8° 5290 £8°1
85l 0L X 187§ e 0L X 2L°L 6660 c0L X 6L°1 ZLE"0 12°1
(arow/LCy) me
(1urry + 9v)-| (310w/1) ly/1 (L/3|0w) by - 4 (1/3Louw) }lw:m 8o Hd
SULZeJ]y Pojeuololq paxa|dwo) -
LLL L0L X 1071 <Ol X 70°6 6660 cOUX 9¢°8 S€6°0 112
€5l 0L X 9Ly ¢ 0L X 01°2 666°0 cOLX 1EL | §29°0 £8° 1
8§l LOL X 6L°5 e 0L X £L°1 666°0 5O X BE'S 21E0 12°1
(3tow/Ex) Lye
(aurd + 9v)- | (atow/1) /1| (1/arom) O 4= L (7arom) (°xy)e iy Hd
3ulZea3y pajeuojoiduy paxs[dwo)
> . N ‘

P

S19% W 00L°0 40 9oudsaad 3yz up sanjea Qo SNOLJeA 7B BULZEJJY Paleuoload
£ .
pue pajeuojosdun paxafdwod 404 S3L643U3 344 puR SUOLIDUNS UOLIBULIOS Y] JO UOLJBULWAANSQ” :(E£]) 3lqe)



90

O — ND KCL

+ — 0.100 M KCL O

2 &

Cd
O

-h
"

BOUND ATRAZINE(umole/gm FA)

@ ® ® + +
.2 -4 ] r Y,
CONCENTRATION OF FA (gm/litre)

Figure (23)% Binding Capacity of Atrazine as a function of FA concentration

at pH 3.50.

litre. For FA concentrat1ons of 0.8000 and 1.0000 gram per litre, the

respect1ve comp]ex1ng capacities are 14.5 and.27.6 umo]e per gram FA

Append1x (IV) shows the titration graphs for varying concentrations
of FA in the presence of 0.100 M KC1 at pH 3.50. No binding of Atrazine

was observed for the FA concentrations studied.

Figure‘(23) shows plots of the complexing capacity versus the conc-

entration of FA. The circles show binding in the absence of KC1 while

- . a N
A [ - -
g



9]
the pluses show binding in the presence of KC1.

|
4.0.6 ATRAZINE VARIATION IN THE PRESENCE OF CONSTANT COPPER (11)

CONCENTRATION AND AT CONSTANT pH

For the experiments in Section 3.3.4e3 copper (IT) was added in
amounts approximately equivalent to the Type A carboxy1i£ sites (4.99
.mmole/gm FA) and in amounts']ess than the Type 1 carboxylic sites (3.0 to
3.3 mmole/gm FA). Table (5) of Chapter 3 lists the total copper (IT)
concentrations added at each pH value. The experiments done at pH 1.19
and 2.38 had copper (I1) concentrations less than the Type 1 sites (an
average of 1.055 mmole/litre) while experiments done at pH 1.38, 2.14,
3.02, 3.96, 4.04 and 5.23 had copper (II) concentrations which were close
to the Type A ;ites (an average of 4.744 mmole/litre).” The equj]ibrium
free copper (11) concentration for each experiment is given in column three
of Table (5). The amount of copper (II) bound is given in column four of

Table (5). " oy

The Atrazine titration graph for each of the pHvalues in Table (5)

is given in Appendix (V).

4.0.6a TREATMENT OF COPPER (I1) RESULT

The weighted average stability cons;ant,'R4, and the differential
stability constant, K4, ¢an be ca]culateé for the data in Table (5). But
bg:ore these calculations can be done, Gamble's (31) integral equation
(4-19) has to be rearranged sq as to bbtain a form which is applibab]e
to the experimental data present in Table (5). The reafrangment is as

2+

follows: the reaction of FA bidentate site (SH™) with Cu® is given in

reaction (4-17).

-~




- 2+ K4 +
SH + C(Cu = SCu+ H (4-17)

Y,

‘The weighted average stability constant is,

ma.a ‘
ol e

where,
me —mo]ari;cy\of the complex
a, = acti'vity of the hydrogen ion concentration
Moy — mp]am’ ty,o? singly ionized chelation site

My — molarity of free metal ion in solution

’The integral equation for the weighted average stability constant is,

Ky =- |:1 1 ]J'K4 dxc (4-19)
TXCTXsH S

2 0
where,
X =Mc/Cg C (4-20)
XgH= Mgy/Cg (4-21)
XeH = -
SH, _mSHz/c5 (4-22)
where,

Cg —total chelating sites .= 5.43 rrmo;le/gm FA

mSH—mo1ér1'ty of fully protonated chelation s1ites
2

ot PRR S
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For a’constant amount of xg,, » equation (4-19) can be transformed into a
2 J
differential equation (4-23).

6l0-xgog %]\ G

But, it can be shown “that,

;§;‘ o 4 _
(]-XG;{’%\%HZ)K‘I'_ XC ['n%'] (4 24)

Equation (4-23% will then become equation (4-25). -~
. \ N

K =_(d[xc(aH/'"M.)] ’ .(4-25)

4 \ dXC

Hence, a plot of XC(aH/mM) versus x. will give the differential stability

constant K4 as the slope.

The data in Table (5) were converted into the parameters in equation
(4-25). These parameters are Tisted in Tgb]e (14). A ptrogram called
POLYCU (see Section %.1. 2b for the testing of this program) was written to
fit XC(aH/mCu2+) against Xe to a fourth degree polynomial (Appendix (VI).
K4 and the free energy were calculated from the polynomial. Thg K4 and freg
- energy values for pH 1.19 and 2.38 were obtained by intenpo]qting from the
polynorniial representing the other data in Tab1e (14). Figure (24) repre-

. e

sents a plot of (1-x.- XSH )R versus x..

“

4.0.6b TREATMENT OF ATRAZINE RESULT '

From the titration graphs in mppendix (V) the complexing capacities ‘ '
at pH 1.19, 1.38, 2.14 and 2.38 were 10.3, 15.1, 7.00, and 10.0 umole per
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120 -

Figure (24): Calculation of K4, the differential function for copper-

fulvate comp]exes: FA = 1.000 gm/1.
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. Table (14): Deterﬁination of K4 for Copper (II)-fulvate complexes at

various pH values. FA = 1.000 gm/7. . -
e | PH | eay me 2+ x 10%] x (ay/m 2)| K, | -(2624 RTIng)

(mole/1) (mole/1) - ‘ (Kj/mole)
0.0246| 1.19] 6.46x10°%]  9.40 1.69 *40.3 8.96 .
0.0810| 2.38] 6.17x1073|  5.96 10.567 *26.0 7.89
0.124 | 1.38] 4.17x1072|  40.2 1.29 17.2 7.02
0.189 | 2.14| 7.22x107%|  38.7 0.353 8.00 5.13
0.278 | 3.02] 9.55x10"%  31.8 0.0834 1.20 0.454
0.479 | 3.96| 1.10x107% 201 0.0262 | 1.00
0.517 | 4.04]9.12x107°| 18.1 0.0260 0.170f - ---
0.707 | 5.23] 5.89x107°%] 1.2 0.00373 S

] .
X )= 5.02 - 48.0x, + 1.65 x 1053 - 2.41 x 1083 + 1.26 x 1053 ¢ 0,137

(mCuz‘)

* — these values were caicu]ated from the 4th dégree polynomial.

gram FA respectively. For pH values of 3.02, 3.96, 4.04 and 5.23 no bind-
ing of Atrazine was observed. Figure (17) shows a plot of the complexing
capacity versus the pH (solid diaﬁonds) for an average copper (II) conc-

entration of 4.74 x 10-3 M. ‘ \

KO and K] values were determined in the same way as was done in

-

Section 4.0.3a}for Atrazine variation at constant pH. Table (15) lists the

values ca]culg ed from the titr&tion graphs in Appendix (V).

ot

4.0.7 GOPPER (I1) VARIATION AT CONSTANT‘QH IN_THE PRESENCE OF A CONSTANT

AMOUNT OF ATRAZINE .

From the duplicate experiments in Section 3.3.4f, titration graphs

Ve

are prepared which are similar to those in Section 4.0.3a. These graphé

are shown in Appendix (VII). The comp]exind‘capacities for Graphs A and B
> \

s

gt e
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are 2.97 and 2.71 mmole Cuz* per gram FA respectively.

¢
A]

Using the equilibrium copper (I1) concentrations before the equiva-
lence point for graph A in Appendix (VII), the differential stability
constants were calculated. Table (16) gives the values needed for the

calculation of K4 according to equation (4-25).

The program POLYCU was used to fi£ a polynomial to the data points
(XG’XC(aH/mCu2+))‘i” Table (16). A %ourth degree polynomia{’was the begt
fit to the data points. The first derivati&e of the polynomial gives the
K4 value at a particular X value. Table (16) has the calculated values

of K4; -(AQf+-RT Inﬁ), and the fourth degree bolynomia]\fit.

Similar calculations were repeated for graph B.in Appendix (VII). ‘

[

The data‘were fitted bes% by a third degree Po1ynomia1: Xé(aH/mCu2+) :
1,296 - 5.103 xo + 10793 o - 7.734 X, +2.083 x 1072, For xc_values of
0.0?89, 0.146, 0.228, 0.309 and 0.473 the K4 values calculated were 3.90,
2.41, 1.32, 0.561, 0.104 and 0.00, respectively. Figure (25) show plots
of (1-XC-XSH2)g4versus XC fof both experiments. The solid triangles
represent data points for titration graph A while the solid squares

‘ reﬁresent data points from titration graph B. Free energy vafues ranged

from -3.36 to -0.443 when calculated from the differential constant.

Table (17) shows the initial and final Atrazine conéentrations for
the equijlibrated FAwso1ﬁgums in graph A of Appendix (VII). The total
copper (IT) concentrations in the table refer to the six control solutions
in graph A. The.contrql solution with 80.5 x 10‘2 mmole per litre was .not
included in graph A. Table'(17) demonstrates that no Atrazine was bound
to FA at pH 3.86 in the presence of varying amounts of copper (11).

" Similar results were obtained from graph B.
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0.6 -

0.4 - -

0.24

o) . 0.2 0.3 0.4 0.5 0.6
. Xe
Figure (25): Calculation of K4. the differential function for copper (I1)-
L fulvate complexes at pH 3.86 and FA = 0.1000 gm/1.

A and‘B represent duplicate experiments.
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Table (16) : Determination of K, for Copper (II)-fulvate
| complexes for ay = 1.39 x 1074 and FA = 0.1000 gm/t. -~

{ *

me, 2 x 10° Xc xc(ap/mey2 )| K, | -(460 +RTIng) ‘
(mole/1) |- (K3/mole)

0.80 0.0866 1.509 10.8 5.87

1.34 0.115 1.200 7.97. | 5.12

2.90 0.182 0.875 3.51 3.10

5.50 0.271 0.687 1. 04 0.0961

8.00 0.346 0.603 0.685 -

10.50 0.432 0.573 0.600 -

13.00 0.516 0.553 | -- -- |
xCr;;E;’y= 2.926 - 23.47x + g3.9ox§ —-1?1.5x§ +T117.ox§

t

+3.021 x 10°%

4.0.8 pH VARIATION FOR_CONSTANT ATRAZINE CONCENTRATION 'AND LOW IONIC

STRENGTH

The filtrates‘for the experiments in Section 3.3.4g were not adjus ted
to pH 4 and higher so as to c&nveri protonafed Atrazine (< pH 4.6) to the
unprotonated form. Figuré (26) shows the equilibrium unprotonated

- Atrazine concentrations in the controls (triang]és) qu in the FA sofu-
tions (circles) as a function of the pH of the solutipns.‘ Henée. the
amount of Atrazine bound at each pH can be obtained by subtracting-the
amount in the FA solution fsgm thag in the control solution.. The bound

Atrazine fromkFigure (26).'theréfore. only represents the unprotonated |

form. The bound protonated Atrazine could not.be.determined from these



100

Table(17): Equilibrium Atrazine concentrations for varying concentrations

of Copper (II) in titration graph A in Abpendix (VII)

Total Copper (11) Initial Atrazine Final Atrazine
# Concentration - Concentration Concentration
(mMo]e/1i§re) (uMole/litre) ~ (uMole/Titre)
x 10
] 3.6. 27.0 | 27.1
2 10.6 v27.2 26.9
3 24.6 27.2 27.4
4 -38.6 ' _ 27.0 27.8
5 52.6 ' 26.7 271
© 8 66.6 ‘ 27.3 26.4
7 80.5 27.1 26.6
AVE. 27.1 + Q.17 27.0 + 0.42
experiments.

Figu}e (27) represent plots for the amount of unprotonated Atrazine
\boupd per gram of FA versus the pH of the solution. Triplicate experiments
were done; two a@ the same Atraiine concentration and the other at a
higher Atrazine concentration. What is clear f?bm the ‘graphs in Figure

(27) is that the shapes are similar to the graph in Figure (17) which has

13
'

.no KC1, even though two different experimental approaches were taken.

The equi]ibrium'functio;% derived in Chapter 2 cannot be applied to
fhege é&perimentsu Using. the non state function, equation (2-26), gives
both positive and negative ya1ues‘for KO; a neg&five value for K0 1s,not
possible. "Usﬁng equatioﬁ (2-49) is also not possible, since that equation
assumes X7 is constant as pH varies. AlSo, above pH 4, the expression

in equatfon (2-53) is always zero, since g is always one (above pH 4).

o
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m Atrazine concentration=2.30 x 19'5 M

A Atrazine concentration=2.30 x 10_5 M

A ¢ Atrazine concentration=3 42 x 10'5 M

pH
Figure(27): Bound unprotonated Atrazine as a function of pH for three

independent experiments. FA=1.0000 gm/litre.
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Figure (28): Equilibrium total Atrazine concentrations as a function of
pH. FA = 1.0000 gm/1itre. Concentration of KC1 = 0.100 M.
Atrazine = 2.46 x 1070 M. Total volume = 50.00 ml.

i

4.0.9 pH VARIATION FOR CONSTANT ATRAZINE CONCENTRATION AND HIGH IONIC

STRENGTH (0.100 M KC1)

For the experiments in Section 3.3.4h the equilibrium total Atrazine
concentration was plotted against the pH of the respective solution
(Figure (28)). The amount of Atrazine bound (both protonated and un-
protondted) is obtained by subtracting the éuantity in the FA so]ut;on

" from that in the control solution at the same pH values.

"?S‘
3 Figure (29) represent plots of the amount of total Atrazine bound

‘.
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P = o

ATRAZINE BOUND (umole/gm FA )

L]

Figure (29): Total Atrazine bound as a function of pH in the presence of

0.100 M KC1 for three.independent experiments.

)
B - Atrazine concentration 2.46 x 10°° M

A - Atrazine concentration 2.46 x 107° M
¢ - Atrazine concentration 2.46 x 107> M

FA - 1.0000 gm/litre.

per gram of FA versus the pH of the solutions. "The general trend in

Figure (29) is consistant with that of Figure (17) for the KC1 case.

LY
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4.1.0 DISCUSS'IONl OF RESULTS

4.1.1 EVALUATION OF THE BATCH ULTRAFILTRATION METHOD

Grice and Hayes (3) have reported the use of abatch ultrafiltration
method (BUM), which they called "pressure filtration". They said, "The
amounts of herbicidé bound by humic substances were estimated by measuring
the radTE?btivity in solution before and after pressure f11téring 5 ml of
supernatent through a 25 millimetre diameter Diaflow Ultrafilter PM-10-
membrane". It is important to note, however, that they did not test the

method for membrane sorption and rejection problems.

Some of the YM-2 membranes used in this S?OJect were subjected to
repeatéﬂ methanol extraction. The extract for each ﬁembrane was tested
for the presence of Atrazine by gas chromatography.  No traces of Atrazine
was found to be present in these extracts. Hence, the YM-2 membrane did

not absorb any Atrazine.

Rejection of Atrazine in the FA solutions (if any occurs) by the YM-2
membranes are corrected for by subjecting control solutions to the same
filtration process as the FA solutions. Therefore, Atrazine rejected in
the FA solutions will also be rejected in the control solutions assuming

FA does not play any part in the rejection pﬁocess. This is the same

ﬂ‘technique used by Roy and Miles (60) to correct for membrane rejection of

\

‘a solute. This is called a "point by point" correction technique for

: rejection of a solute by the membrane.

The reproducibility and reliability of the BUM was tested in one
way by carrying out the duplicate experiments in Section 3.3.4f of Chapter
3. The results from these experiments were presentéd in Section 4.0.7 of

Chapter 4. The average complexing capacity for the two experiments is
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2.84 mmole Cu2+'pér gram FA at a pH value of 3.86 in the absence of KC1.

Langford et al. (61) and Lee (62) reported a binding capacity of 2.6 mmole

2+

Cu™ per gram FA at a pH of 3.50 for a FA concentration of 0.100 gram per

lTitre. According to Langford et al. the binding Capacfty is sensitive to
: *

,pH, ionic strength and the concentration of FA. The higher the pH the

higher will be the binding capacity. The higher binding capacity obtained

in the present study for Cu2+ at pH 3.86 is, therefore, not surprising.

Table(17A) shows a comparison for the amount of Cu2+lbound, Xco and K4 for

. varying amounts of total copper (II) added during a titration. The ex-

perimental values wére obtained form Appendix (VII) (graph A) and Table (16)
while the reference values were obtained from Lee (62). The K4 values

for the reference data were obtained by using the polynomial at the'bottom
of Table (16). This table demonstrates thatlfor the same amount of total
copper (II1) added similar values for the amount of copper (II) bound, Xco
and K4 are obtained. Hence, copper (II) binding resﬁ1ts for the Armadale

FA are comparabie even though they are done'by different experimental

procedures.

The titration graphs introduced.in Section 4.0.0 can also be plotted
in a different way so as to obtain the complexing‘capacity. Shuman et al.
(63) ‘have plotted the uncomplexed sorbate concentration versus the total
sorbate concentration in order to obtain the complexing capacity, CL’ for
the sorbent. Tuschall et al. (64) and Greter et al. (65) have used P
differential pulse anodic stripping voltammetry techniques to determine
the C for copper (11) complexing to organic matter. Figure (30) shows a
plot of the equilibrium uncomplexed copper (II) versus the total copper

added for the data in graph A of Appendix (VII). The C, obtained from

¥
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TaQle (17A): A comparison of xcl and K4 values from Table (16) with that of

Reference (62). FA = 0.1000 gm/litre.

Experimental; pH = 3.86 Reference (62); pH = 3.50

Total Cu2+ Bound Cg2+ Bound Ct:rz+ .

et | " e | ke [MAE x| K

0.550 4.70 0.0866{ 10.8 4.80 0.0884 | 10.6
0.758 6.24 0.115 7.97 6.00 0.1 8.96
1.28 9.90 0.182 | 3.51| 11.4 0.210 2.39
2.00 14.7 0.271 1.04 14.4 0.265 1.%2
2.68 18.8 0.364 0.685| 18.4 0.339 0.700

3.40 23.5 0.432 0.600| 19.8 0.365 -—

4.10 28.0 , 0.516 -- 20.1 0.370 --

* === K, was calculated from the polynomial in Table (16).

Figure (30) for bound cu® is 4.40 x 1072 mmole per Titre or 4.40 mole
per gram FA. This value is 48% higher than the binding capacity obtained
from graph A of Appendix (VII) (2.'97 mmole per gram FA). A closer exam-
ination of graph A in Appendix {VII) shows that CL in Figure (30) includes

2 mmole per litre) plus the true

2

the concentration from ab(14.3 x 10°
amount of copper (II) bound, bc(29.7 x 10”° mmole per 1itre). Hence, the
titration graph in Figure (30) overestimates the binding capacity‘for FA.
It is, also, not possible to use Figyre (30) for equilibrium ca'lcu]ations‘\
as was done with graph A in Appendix (VII), i.e., such plots are unreliable

4

as has been shown by several authors (66,67,68,69).

Even though this method (BUM) has been shown to be reliable and
reproducible it is very time consuming since it involves many steps before
" the final results can be obtained. The method also consumes a large

quantity of FA which is an expensive mater'l:ﬂ. i.e., to obtain enough data

r
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points so as to construct a titration graph one has to use at least 0.7.'
gram of FA. A method wvich is less time consuming, Qses less FA, and is

more automated thgn the BUM is the continuous flow ultrafiltration method
(CFUM). - The pq%sj?i]ity of replacing Bib with.CFUM was tried. The result

from CFUM are evaluated in Chapter 5.

4.1.2 INTERACTION OF ATRAZINE WITH FA.TYPE A STTES

, N

From the results in Section 4.0.1, Atrazine exists in t%e unprotonated

and protonated forms at pH 4 and lower. Unprotonated Atrazine exists at

pH 4 and higher. Protpnated Atrazine exists atpH 0.1 and Tower. However, ' /

between pH 3.1 and 4 it was difficult to experimentally observe any proto-

nated Atrazine since the amount present was 3% or less.

From Section 4.0.2 it was shown that the Armadale FAB“used for the
work in the project was §imilar to the FA1 batch used by Gamble (28,29)

for acidometric titrations. .

4.1.2a EXTENT OF BINDING

Figuré (17); shows® the extgnt of Atrazine binding to FA under various
’experimentél conditions. The figure shows that binding is generally higher
..in the absence of bath KC1 and §u2+. Between KC1 and tu®* , binding is
_higher in the‘prgsence of KC1 #han in the presence of Cu?*. In-the absence
of both KC1 and Cu2+ binding starts at aQoﬁt pH 5 and increases asﬂQH
decréases~except'for a minimum at'about pH 2.8. TIh.the preéence of 0.100‘M

KCT, binding'siarts at about pH 4.6.and increases as pH decreases. In the

3 2+

presence of 4.74 x 10"~ M Cu® , binding starts at about pH 3.2 énd increases (

as pH-decreases.
"'from the results in Section 4.0.8 the extent of Atrazine binding

o

R . /

A e T

o

et
o
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(Figure (27)) is about 2.5 to 3.5 times less than shown by the curve with
~the solid squares in Figure (17). The concentration of Atrazine used to
equilibrate the samples for the curves in Figure (27) is about 3-times less,
rf‘ . than that for the Atrazine stock solutions (78.9 + 14 x LO_GM) used to
prepare the titration graphs which gave the curve in Figure (17) (the curve
R | w1th the so]1d squares). Hence, the extent of binding increases as the

& .
concentration of Atrazine increases. However, once the equivalence point -

(or saturation point) is reached in a t%tration, biqding be comes indepéghent
' of the Atrazine concentration. The curve with the solid diamonds in
'Figurea(Z;) was equi]ib;ated with a‘higher concentration of Atrazine, hence, .
a 1arger am6unt of Atéazine‘i§?§8und combaréd‘to the other gurvés in the
_same figure. Bindingustgrts at ;bout pH 5.3 and it increases &s pH decreﬁses.
The binding trend is similar to tﬁat iniFigure (17) for the case without
KC1 and Cu2+. This similarity is not surprising since the on]y difference 2
between the two experimental designs is the concentration of'Afrazine used.
. However, the dﬁives 1n Figure (27) are onl; for bound unprotonated Atraz1ne a
whereas the curve in Figure {17) 1s for bound unprotonated and pratonated '

Atrazine.

A simi]ar’comparfsbﬁ can be made for the curve with 0.100 M KC1 in .
Figure (17) and those in Figure (29). Again a sma]ler concentration
Qpbout 3 times 1ess) of Atrazine was used to equ111brate the samples which -
o’ ggve the binding curve in Figure (29). Thenefore. the 3 to 4 times
increase in biqqing in Figure (17) is expected. ‘It should be noted that
the curve wigh the solid diamonds in Figure (29) was vobtained from an
experiment which used the FA1 fulvic acid whereas the curves with the °
solid. squares and ériaﬁg]eéuwere'done with the FA8 fulvic acid (the same

FA that was used to obtain the curve with 0.100 M KC1 present in Figure (7).

. PR e
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Binding beyond pH 4 for Fhe curves with the solid triangles and squares

in Figure (29) was unexpected. However, the binding trend is the same-
for both Figures (17) and (29), i.e., as pHdecreases from about pH 4.5

the b1nd1ng of Atraz1ne increases.,

From the above d1scuss1on all binding of Atraz1ne to FA takes p1ace

‘5e1ow -pH 5.4 except for the two curves in F1gure (29)1 Since binding

' generally increases as pH decregses, then, one can associate the Type A

carboxyl sites with the binding of Atrazine. ?‘

4.1.2b:COMPLEXING WITH THE TYPE A SITES 0

The pKA values for the Type A carboxyl groups will give an indication’

of the pH range at which FA becomes protonated. If this pH range is the
same rangé at which Atrazine binds to FA, then, one can say that Atrazine
binds by hydrégen bonds to the Type A sites. Gamble's (29) equation (1-7)
in Chapter ‘1 was used to eva]uate ‘the d1ssoc1at1on constants KA’ for the
.Type A acidic groups. In order to calculate KA’ a plot of (1 aA)R versus
@ has to be made and the'first derivative taken from the fifteg curve.

A polynomial regression program, called POLYAC, was written to fit all
",'functions that needed a first defivative. The program POLYAC was tested
to .make sure it was carry1ng out the correct calculations. Table (13)
compares the coeff1c1ents of a 4th degree po]ynom1a] fit by POLYAC for
values obtained from Reference (70). There is no significant d1fference
between the values in the table. One can, therefore, conclude that POLYAC

>

is acceptable.

“Using the data in Table (9), (1-ay)R, was calculated and tabulated
in Table (19). The program POLYAC (Appenﬂix (V1)) was then used to fit"
(]ﬁGA)RA versus a, from Table (19) to a polynomial that give the smallest
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Table (18): Comparison of coefficients of a fourth degree polynomial

fit obtained for POLYAC with that of Reference (70).

" COEFFICIENTS POLYAC " REFERENCE (70)

A(0) 6. 31569 6.316

A(1) - 4.23011 " - '4.230

A(2) 6.95477 , 6.955

A(3) - 1.49302 ] 1 1.493

A(4) 7.60754- 7.608
Variance of ' Variance of
fit = 0.25713 . fit = 0.257

variance @ fit. The brogram takes the first derivative of the fitted

¥

-

polynomial at the experimental points and then eva]uates'KA according to
equation (1-7). Table (19) gives calculated Kps PKps and the fitted
éqgation for the data. The standard deviation of the equation is also
'givén at the bottom of Table (19). The bKA range for the T}pe A carboxylic
acids is 1.74 to 4.08. Atrazine binds to FA at about pH 5.4 and lower.
'Th;refbre,'hydrogen bonds could be responsible for Atrazine binding. :
Figure (11) also 1pdicates thqt the Type A sites bécqne protonated at pH
5.85 and lower. The figure further-shews-that there'ére roughly: two kinds
of protonation sites. Thé pH rangé of 3.4 to 5;85 represent one kind of
sites and fqr pH values less éhan 3.4 a second kind.of Typé A sités exist..
The latter sites are what Gamble (28,29) probably refers to as Type 1

sites, the former sites represent all the other Type A sites.

::j'Tha amount of Type A sites which are responsible for binding Atrazine

N

s rathgr-sha]l. Figure (31) shows a plot of the percentage oé‘Type A

sifeEiodCupied by Atrazine as a function of pH for the data in Figure (17).

—

v

k.
el e e
gt
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Table (19): Dgtermination of pKA for Type"A carboxylic acid groups.

4 3

pH ap ‘ (1—0A)RA x 10 Ky X 10 - pFA .
(moles/Titre) "(moles/litre)

2.99 0.408 4.122 18.18 1.74 -

3.31 0.420 2.051 9.87 2.0

3.35 0.430 1.877 5.40 2.21

3.70 | 0.49 0.988 0.799 | 3.10

4.01 | 0.565  |.. - 0.551. 0.488 3.31

4.0 | 0.588 T 0.462 0.404 | 3.39

4.43 | 0.659 0.245 0.206 3.69

4.63 | 0.708 0.167 0.123 3.91

4.73 | 0.733 ¢ 0.135 0.098 | 4.00

4.91 0.782 0.097 - 0.082 4.08 :
(1-ap)R, £ 1.50215 % 107 - 5.61167 x 1072, + 7.13622 x 107%% -

3.06888 x 1073 .+ 5.9648 x 1077

A_maximum of 0.7% of the Type A sites (4.99 mmole/gm FA) are involved in
' pihding at a pH value of 1.36 for both the KCI dhd in the absence of KC1

2 casés, For the Cu2+

and Cu case, only about 0.3% of the Type A sites
bind Atrazine for a pH value of 1.36. Hence, Atrazine binds to a small
and specific set of Type A fulvic acid sites.

- If a correlation is made between the complexing cépacities,and thq

+ .
2 are absent

protonation 6ﬁ the‘Type A sites for the case where KC1 and Cu
in Figure {17), a graph Hooking Tike Figure (32) results. The sblid line
represefits the true experimental data while the dashed line in.the figure
is a linear regression least square fit to the data points. The equation
for the least square fit is éL = -0.7205 +-35.107(1JQA); the correlation coeffi-

cient of the fit is 0.837. Two questions cén be asked about the experimental
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points in Figure (32). Are the data all on a curve-with a complicated
shape as shown by the solid 1ine ? Or qre they simply scattered off the
straight line ? The Fomp]icated shape curve can be justified if one
c;nsiders Atrazine to be binding to two different kinds of Type A sites.
Those Type A sites above (1—aA)equa1s 0.48 (at and below pH 3.4) are the
Gamble's Type I sites. The remainder of the Type A sites are binding
Atrazine below (1-aA)equals 0.48 (at and above pH 3.4). Therefore, the
k}nds of binding sites bbserved here are in the same pH regions as the
two kinds of protonation sites observed in Figure (11). On the other hand,
if a simple general trend is accepted for Atrazine binding to the Type A
sites, then, the data points off the straight line in Figure (32) can be:

considered as due to experimental scatter.

The results from Figure (2]) reinforce the complicated curve shape in
Figure (32). If the percentage\éf Atrazine bound is plotted against the
pH for the solid triangle case in Figure (27), a curve results which looks
1ike that in Figure (33) {solid squares). A curve for the percentage of
protonation of the Type A groups (the (1-aA) curve in Fidure (11)) as a
function of pH is also given in Fig%@% (33). The curves in Figure (33)
are the same as the curve in Figure (32) except‘that the (1-aA) axis is
changed into a pH éxis. The increased Atrazine binding from pH 3.4 and
Tower is related to the protonation of the Type 1 groups. The binding
between pH 3.4 and 5.4 is related to the other Type A groups which are not
1nc1udea in the Type 1. Hence, the complicated curve shapes in Figures (32)

and (33) do have chemical explanations.

4,1.2c EFFECT OF AGGREGATION ON BINDING

»

P

From Chapter 1 Section 1.2.1 it was shown that FA aggregates with
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u-- % Atrézine bound.

60+

PER CENT

501

40

304

204

104

1 2 . 3 4 5

pH

Figure (33): A comparison of the %‘Atrazine bound on the Type A
carboxyiie acid groaps and the extent (%) of protonation
of the Type A groups. b
Atrazine concentration = 2,30 x 1075 M

FA concentration = 1.0000 gm/litre

17

l -.




118
decreasing pH and in the presence of KC1 and Cu2+(32,33).

With decreasing pH, there is a small amount of FA aggregation (aggre-
gation reaches a plateau - the solid circles in Figure (4)), hence, the
protonated Type A sites are still available for hydrogen bonding. Since
the larger FA particles were shown to be responsible for aggregating, hence,
removing possible hydrogen bonding sites which ?inds Atrazine, then, one
can predict that it was the smaller FA particles which are responsible
for binding Atrazine. From Figure (31) it was shown that only a small
amount (< 0.7%) of these small FA particles are responsible for binding
to Atrazine in the absence of KCl1 and Cu2+. The binding sites cover the
whole spectrum of the Type A sites (both the Type 1 and the remaining
Type A groups - see Figure (33)).

The presence of 0.100 M KC1 in FA solutions causes two effects.
First, the high’ionic strength of the medium causes the small FA particles
to aggregate extensively at pH 5 and lower. This aggregation no d;ubt
involves hydrogen bonding (32,33). Therefore, there is a reduction of
hydrogen ponding sites available for binding Atrazine in a high ionic
strength hedium at low pH values. The second_effect is that K* in KC1
makes the Type A carboxylic acid groups becomes more acidic, hence, causing
thgm to dissociate at pH values less than 5.85 in Figure (11). The
conséquence of the increased acidity of the Type A groups (29,71) is that
there will be a reduction of the amount of available protonated Type A
sites. Hencé, a reduction of Atrazine binding is expected. Work by Chen

" and Schnitzer (72,73) also support the aggregation of FA at low pH values

in the presence of KCl.

The removal of protonated Type A sites by KC1 caused a reduction in
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binding of Atrazine to FA at the higher pH values in Figure (17). Fof

the curve with no KC1 or Cuz*, Atrazine starts binding at about pH 5; in
the presence of 0.10Q M KC1, Atrazine starts binding at about pH 4.5; this
shift in binding from pH‘5 to pH 4.5 can be due to the Type A sites becom-
ing more acidic, hence, sites are protonated af a lower pH in the presence
of KC1. Atrazine binding due to sites ‘other than the Type 1 sites are
almost lost in the presence of KC1. This is indicated by the absence of
the maximum at about pH 3.5 which is present for the case where KC1 and
Cu2+ are absent. However, at about pH 2.5 and lower binding in the
presence of KC1 is almost the same as binding in the absencé of KC1 and

2+

Cu This is expected, since H* competes effectively to protonate the

Type A sites as pH decreases.

The effect of KC1 on Atrazine binding as FA concentration is varied
is shown in Figure (23). This figure %11ustrates that no Atrazine is
bound to FA at pH 3.50 in the presence of 0.100 M KC1. However, in. the
absence of KCI binding is observed for FA concentrations of 0.800 and
1.0000 gram per litre. Therefore, FA aggregation and (or) increased
acidity of the Type A groups in fhe presence of KC1 caused a reduction

of Atrazine binding.

When the curves in Figure (29) are compared with the KC1 curve in
Figure (17), one can see that the binding trends with pH are similar.
Again, the results in Figure (29) can be explained in terms of FA aggrega-
tion and (or) increased acidity of the Type A groups, hence, causing a
reduction of Atrazine binding between pH 2.5 and 5. The reduction in .
binding is more noticeable if one compares the curves in F{gure (27) with

that in Figure (29). The data for both of these figures were obtained
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from experiments which used similar concentrations of Atrazine. It is
obvious from both figures that the maxima at about pH 3.5 in Figure (27)

is missing in Figure (29).

However, there are discrepancies amoné the KC1 results obtained in
Figures (17), (23) and (29). In Figure (17), Atrazine is bound at pH 4.5
and less. In Figure (23), no Atrazine was bound at pH 3.50 for the FA
concentration of 1.0000 gm per litre, whereas a complexing capacity of
- 5.0 umole/gm FA is observed in Figure (17) for the same experimental
conditions. Also, two experimental results, in Figure (29) show Atrazine
binding beyond pH 4. The causes for the discrepancies among the three
figures are unknown at present. Further investigations are needed in order
to find the reasons for the inconsistant results. One possibility which
" can shoy Atrazfne binding beyond pH 4 is hydrophobic interaction. From
the work of Takagishi et al. (74,75,76,77) electro]ytes‘such as LiC1, NaCl,
.501 etﬁ., cause the polyelectrolyte to attain a more compact conformation.

The' compact polymer, then, has clusters of nonpd]ar parts whicﬁ can offer
-3 very favourable environment for formation of hydrophobic bqnds between
the cosolute (Atrazine) and the polyelectrolyte (FA). The above phenomenon
is also suggested by Kagawa et al. (78,79), Mittal (80), and Katachalsky
(81). Work done by Ghosh and Schnitzer (82) alsosuggests thatFA forms
clusters of hydrophobic sites in the presence of NaCl. A number of authors
(83,84,85,86,87,88) have suggested that FA binds organic‘compounds hydro-
phobically. But a recent study by Carter and Suffet (89) showed that the
nonpolar pesticides Lindane and DDT do not bind significantly to the non-
polar clusters of FA., These aythors further suggested that the hydrophobic
character of FA depends on the clean up procedure used in preparing FA.

This suggéstion may have merit in the light of the present KC1 results.
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The controversy, therefore, continues as to the hydrophobic character of

FA. . @

/s

/

Atrazine Ginding in the presence of an average of 4.744 mmole/gm FA
of Cu2+ is shown in Figure (17). Binding occurs at about pH 3.2 or less.
From the work of Underdown et al. (32,33) it was shown that Cu2+ binds
first to the Type 1 sites (about 3.0 to 3.3 mmole/gm FA) without much
increase of FA aggregation. HoweQer, beyond this, copper (II) is
used to connect (cross-link) aggregates which are already large, hence,
causing extensive aggregation (Figure (5) Chapter 1). aCu2+ binding'and
hence aggregation completely blocks the Type A sites which are responsible
for binding Atrazine between pH 3.2 and 5 as is shown in Figure (17).
However, below pH 3.2, H* competes effectively against Cu2+ to protonate

the Type A sites. Hence, the binding of Atrazine at pH 3.2 and lower.

As pH decreases (Below 3.2),Atrazine binding increases.

From the results presented here, one can say that FA bind; by
hydrogen bonding to Atrazine. Once the protonated Type A sites becomes
deprotonated or are involved in hydrogen bonding through aggregation,
then, there is a réauction in Atrazine biﬁding. The possibility of
protonated Atrazine binding ionically to the deprotonated Type A sites
also exists. lonic bonds between protonated Atrazine and FA can only take
place at pH 4 and lower.

4.1.2d MECHANISMS FOR BINDING , \

”

From the results obtained in the present study, one can only speculate

as to the binding processes involved. The mechanism by which s-triazines
' LY

interact with humic substances has been quite controversal in the litera-

N

ture. This controversy can bg\expécted since humic substances are mixtures

»

A
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rather than pure compounds.

Table (20): Elemental composition (%) and major oxygen-containing
functional groups (mmole per gram) in humic substances.

(Taken from reference (17)).

Elemental . .
Composition(%) Soil Fulvic Acid Soil Humic Acid S0i1 Humin
C 142.5 - 50.9(49.5)" 53.8 - 60.4 55.4 - 56.3
H 3.3 4 5.9(4.60)" 3.7- 5.8 | 55- 6.0
N 0.7 - 2.8(0.58)" | 1.6- 4.1 . 4.6 - 5.1 -
S 0.1 - 1.7 0.4 - 1.1 0.7 - 0.8
0 44.8 - 47.3 31.9 - 36.8 31.8 - 33.8
Fdnctiona]
Groups (mmole/gm) ]
Carboxyl 7.7 - 9.1(7.40)" 1.5 - 4.7 2.6 - 3.8
Phenolic OH 2.7 - 5.7 ©2.1¢ 5.7 2.1 - 2.4
Alcoholic O .- 3.4.- 4.9 0.2 - 3.5 -
Carbony! 1.1 - 3 0.9 - 5.2 4.8 5.7
Total Acidity |11.8 - 14.2 5.7 - 10.2 5.0 - 5.9

* -- Numbers in parenthesis are values obtained for- the FA used in this

- work. ' s : ‘

According to the Titerature (17), the three humic fractions (fulvic
acid, humic acid, and humin), appear to be struc;hraily similar. Table (203
"shows the elemental composition and major oxygen-containing fqpctiona]
groups in humic substances. From this table it can be seen that they differ -
in elehenta] analysis and functiéna] group content, with FA containing
more oxygen but less cargon and nifroéen, and having a highen‘contént of.
oxygen-containing functional groups (e.g., -COOH, -OH, -é-O) per.unit

v
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weight. FA has the lowest molecular,weight of the three fractions. Weber
and Wiison (90) also reported that the total acidity and garboxyT values

are higher in FA than in HA irrespective of their source. !

Weber et al. (91) and Dunigan and Mclntoﬁh (92) did b%nding studies
between s-triazines and soil organic matter (Section 1.2.0 of Chapter 1).
They found that the carboxylic groups in the humic materials were respons-
ible for b{nding the s-%riazines. Since from Table (20),,FA has a higher
range of tofa] acidity (11.8 to 14.2 mmole per gram) it would be expected
to complex more s-tr%azines than eithér HA (5.7 to 10.2 mmo]e'acjd groups
per gram) or humin (5.0 to 5.9 mmole acidagroups per gram). Alsg, the

_complexes which are formed will be more mobile in the FA fraction than in
the, other two fractions, i.e., the humic acids are soluble in dilute
a]ga11ne solution but are precipitated in acidic medium, fulvic acids are
soluble in both acidic and basic media, and humins are insoluble in both
acidic and basic media. So com?]exes which are formed between FAKand )

ns—Eriazines are more likely to mobilize from soi]s‘and'enter our lakes
and }ivérs. Complexes that are formed with HA will remain in the top soil
in an acidic medium; however, in a basic medium, thes% complexes would

be mobilized {nto the lakes and rivers. When complexes a}e formed with

-

humin they will remain in the top soi1L%§ insoluble products.

""Some ideas of thé meEhanisms of binding involved between sftriazines
and humic* substances can be obtained for_ the~literature (91,92,93,94).
It appears that hydrogen bonding‘and ion exchange are mainly involved in
complex formation; however, the possibility of other mechanisms‘such as
physical adsorption (van der Waals forces éhd hydrophdbic bonding), charge
transfer and chemisorption caqnot be ruled out. Su1i1vaq et al.ﬁ(95)_

L'proposed from detailed IR studies that the amines on Atrazine form

are

]
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h;drogen and ionic bonds with carbonyl and carboxyl *groups on humic acid.
The proton from the carboxyl group of humic acid{(HA) was transferred
tb one of the amine groups so as to form an }onic bond. Reaction (4-25)

‘shows the complex formed. Recent spectroscopic studies by Senesi and

< ATRAZINE , s \ HUMIC ACID ATRAZINE-HUMIC

Testini (96) suggest thag hydrogen and jonic bonds are mainly responsible

for s-triazines complexﬁng to HA. Even when spectroscopic methods are

used to charact€r1ze the humic acid-s-triazine bind!ng processes, the
N_resu1ts obtalngd are very doubtful (95,96). The reaSOn for this d1fficu1ty

is because only a ;;all amount, of complex is formed and, hence, cannot be

detected (without complications) by present.spectroscopic methods. Since

FA-has similar fynctional groups to HA (Table (20)) it would.be expected

that comp]exes with similar binding mechanisms will be formed.

From the work done in this project it can be said that on\y the Type
A carboxyl groups-of FA are responsible for binding Atrazine. The binding :

P

is mé1n1y through hydrogen bonding and possibly weak fonic bonds. Depending

' on the pH raﬁge. different mechanisms are operative in the binding process. If l

.
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R-COOH represents a carboxylic acid group from the FA-structure in Figure (3)
v ’ :
of Chapter 1, then, one or more of the following mechanisms would apply

in a pafrticular pH region.

. . ] ' :
+ + - -
At +H 0T = AT+ H,0 . ~ (4-26)
R-COOH + H,0 = R-COU +  H,0" (4-27)
R-CO0" + AtHY = R-CO0 AtHT ' (4-28) "
R-COOH + At = R-C00-H---At  (8-29)
R-CO0 AtHT + H30+= R-COOH + AtHt + H,0 (4-30)
R-cO0 At + W™ = (R-C007) M +nAtHt O (8-31)
R-CO0-H---At + M = (R-cO0™) M+ nAt + it T (8-32)
R-COOH + M™+ e (RGO M Ani* (4-33)
) . :
' - I-l+
R-C00-H---At + H ;0= RCOOH + AtH* + 1,0 (4-34)
- ot o teeag)
R-COOH + AtH'== R-COOH---AtH - (4-35)
#
R-COOH---AtH" + W™ (R-C00™) M +AtH*+ nitt . (4-36)
where M"+ are cations other than ‘H30+, such’ as Na+. K+. and Cu2+ w_ith

. . -
-t T .
R <
. hd
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Va]encé n". Reactions-with protonated Atrazine can only occur at about
.pH 4 and lower (see (]-a]B) curve in Figurg (1)): Reactions with unproto-
nated Atrazine cin take p]aée at about’pH 0.1 and higher (see a;g Curve

in Figure (1)). The Type A groups in FA are all deprotonated at about,

pH 5.85 (see (]-aA) curve in Figure (11)). .From about pH 3.4 and lower,
there is protonation of the Type 1 c;rboxy]ic sites; between pH 3.4 and
5.85'there is protonation of the rest of the Type A‘sites (;ee @y curve in
" Figure (11)). Therefore at pH 4 and lower ionic bonds between protonatéd
; Atrazine and deprotona&ed Type A sites can occur (reaction (4-28)) Also
hydrogen bonds between protonated Atrazine and protonated Type A sites

can occur (reaction (4-35)) Reaction (4-29) shows the hydrogen bond
formed betWeen unprotonated Atrazine and a protonated Type A site. Many
competitive react1ons can take place for weak compliexes, i.e., reactien
(4-30) shows that the hydronium ion can replace protonated Atrazine to
give a protonated Type A site; reaction (4-31) shows a metal fon replacing
protonated Atrazine to give'a metal-fulvate complex; reaction (4-32)

shows a metal ion replacing the hydrogen-bonded unprotonated Atrazine to
give a metal-fulvate complex; reaction (4-34) shows ashydropfum ion
replacing hydrogen-bonded unprotonated Atrazine to give a protonated

Type A site; and reaction (4-36) shows a metal ion replacing hydrogen-
bonded protonated Atrazine‘to give a metal-fulvate complex.

¥ in Figure (17) shows the binding of

The curve without KC1 and Cu
unprotonated Atrézine from pH 5 and lower (réaction (4-29)) and also the
-binding of‘protonated Atrazine from pH 4 and lower (reactions (4-28) and
(4-35)). The curve with 0.100 M°KC1 in the same figure reﬁresents the
same reactions as above except‘that the reduced binding of Atrazine is

due to aggregation of the FA part\c]es and é]sd increased acidity of Ehe
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Type A groups (reaction (4-27)). The curve with 4.34 X 10'3 M Cuz+ shows
the same binding mechanisms aé the other two, but this time Cu2+ compe tes
effectively for the Type A sites above pH 3.2 according to reactions
(4-31), (4-32) and (4-36); however, below pH 3.2 there is mutual competi:
tion for the Type A sites by Cu2+'(reaction (4-33)) and H30+ (reverse of

reaction (4-27)); once the Type A sites are protonated, binding by reactions

k(4-29) and (4-35) is possible; hence, the binding of Atrazine below pH 3.2

in the presence of Cu2+:

‘For the experiments that prodbced the curves in Figure (27), only
the equi11bra$ed unprotonated Atrazing was. determined. Hence, the
Atrazine that is bound is in the unprotonated form (reaction (4-29)). The
same binding mechanisms hold for the curves in Figure (29) as for the KCI
curve in Figure (17). The binding mechanism above pH 4 in Figure (29) is
not known; but as discussed before this binding-could be due Fo hydro- .

phobic interactions.

Most of the work discussed so far has shown that Atrazine binding is

strictly pH dependent, i.e., in the absence of protonated Type A groups

no binding js observed. Binding of other s-triazines is also pH depen-

dent. Weber et al. (91) showed that four structurally related s-triazines$
were adsorbed to soil organib matter in the greatest amounts at pH 1ev;1s
in the vicinity of their respective pKa values. Table (21) shows the
correspondence between pKa, pH at which-maximum'binding was observed, and
the amount of herbicide bound. The results in Figures (27) and (29) for
Atrazine are similar to those in Table (21). About the same experimental
conditions as used in Table (21) were used for Atrazine. At a pH of

about 1.6 (pKa for Atrazine is 1.62) in Figures (27) and (29) approximately

7 wmole per gram FA of Atrazine was bound. S0, Atrazine'binding is of
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the same magnitude as for the other s-triazines. However, there were no maxima

‘atpH 1.6 in either Figures (27) and (29). Iﬁstead binding increases
contihuou§1y as pH‘decreases. This trend was attributgd to increasing
protonation of the Type 1 sites as pH decreases below 3.4. The binding
of the s-triazines above pH 5 in Table (21) was due to the presence of
humic acid and humin in the'organic‘matter. The pKa for humic

acid is 4 to 5.5 (97) compared to 1.74 to 4.08 (Table (19)) for the
Armadale FA. Considering that s-t}iazines bind in the pKa Eange fo;
carboxylic acid groups, then, the pH range for binding will be greater

" in soil organic matter than in fulvic acid which is only a component of

soil organic matter.

Table (21)%: The pKa, the pH at which maximum binding is observed,-

and the amount of herbicide bound (Taken from reference (91)).

s-triazine pKa pr Amount Bound ©
Propazine 1.85 ®| 1.9 . 3.5
Prometryne 4.05 4.3 . 8.3
Prome tone - 4.28 4.4 | 7.0
Hydroxypropazine 5.20 5.5 > 8
a --- 40 ml of 25 x 10'6»M herbicide was used to equilibrate 100 mg
- of organic matter (or about 2 gram per litre).
b --- pH value at which maximum binding was observed.
¢ -=- _in units of umole per gram organic matter.

From the work of Weber et al. (91) it was also shown that as the
pKa increases for methoxy-é-triazines the complexing capacities also

increase. Table (22) shows the binding of four methoxy-s-triazines and

e a
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their respective pKa's. From the structures (98) of the methoxy-s-triazines

in Tab]e‘ZZ), it can be éeen that as alkyl groups are subst\:ituted for hyd-
rogen on the nitrogens in the 4 or 6 positions (Section 1.1.1) the basicity (pKa)
increases. The implicatidn here is that s-triazines act as Lewis bases

and the protons on the carboxylic acid groups act as Lewis acids. In a

similar fashion we can say that the protonated Type A sites in FA are

Lewis acidg'aqd that Atrazine acts as a Lewis base. So in our titration

graphs we are titrating the Type A sites with Atrazine. These titration

graphs can only be done with very sensitive probes such as gas chromatography.

3

TabTe“(22): The complexing capacjties of four methoxy-s-triazines Bnd

their respective pKd values. (Taken form reference (91)}.

methoxy-s-friazines pKa Complexing Capacity®
Simetone = - 405 | 6.2

Prometone 4.28 7.0

Trietatone 4.51 8.0

Tetraetatone 4.76 9.0 s
a --- 1in units of umole per gram organic matter.

Y

1

In a study doné by Dunigan and 1£Intosh (92) it was found that

Atrazine binds more to humic acid (2.22 umole per gram at pH 6.8) than

on nucleic acid (0.18 umoie per gram) or protein (0.28 umole per gram).
Nucleic dcids and proteins contain functional groups which’should be very
" reactive and binding of Atrazine, theoretica&]y. should have been quite
high: ‘The Tow binding values found for ‘these compounds wete explained

‘as probably due to the potentially reactive sites being invoived in inter-

"
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"molecular hydrogen bonding.

The work of Armstrong et al. (99) showed that Atrazine hydrogen
bonded to a protonated carboxyl resin called Bio-Rex 70. When the carbox-
ylic acid groups were deprotonated the binding of Atrazine was reduced

correspondingly. -

One can summarize this section by saying that Atrazine only binds
to the Type A carboxylic acid éites. The binding mechanism is mainly
by hydrogen bonds. The Type A sites act as Lewis acids and the Atrazine
ring nitrogen(s) act as Lewis bases. If the protons on the Type A sites
are removed through dissociation, aggregation, or chelation, then, Atrazine
binding is reduced correspondingly. There is also the possibility of weak
1oﬁic bonds being formed between protonated Atrazine and deprotonated

Type A sites.

4.1.3 EQUILIBRIUM FUNCTIONS: COMPLEXING OF ATRAZINE AND CHELATION
OF COPPER (I1)

The weighted average differential functions for Atrazine, l/RO and

'ﬂ/R] obtained from equations (2-12) and£(2-56) respectively, were calculated
for the data in Tables (10) and (11) and listed in Table (23). Figure

(34) shows a plot of total Atrazine added versus 1/20 (solid squares) and
1/R] (solid triangles). This plot indicates that both 1/K0 and 1/K] are
dependent on'the total Atrazine added to the system. As the total Atrazine
increases the weighted average functions also increases. This means that ,
as the Atrazine concentration increases the complexes formed are stronger.
‘At the higher total Atraziné concentrations the.weighted average functions
tend to approach a limiting value. This nonlinear relationship means that

the weighted average functions are seeing different égd stronger binding



131

.

g

2751 2€s | 0582 2°sl ees | o009t 85°0€

- 0761 o6y | oL-zz 0°SlL b | 2vzL 1242

691 pov | 26°8L 691 9 | ¥9°0t 21° 12

Lol 2y | sest ® kv |88 16711

pyl s | ps-zl vl o6 |90z 28°v1

L9 pee | 9876 L'l % | 12°s 19711
(atow/y) (3tow/L) f oL x (a1ow/ M) | (aL0w/|) pOL X [(v4 wb/3jour) pappe
(ULLd +9V)- Lyt x (qurg+,0v)-|f Oyt Ox autzeaqy (e30]

3ulzedly pajeuolodd paxajduo?)

aupzeayy umam:owo;acr paxa|duwo)

“(11) pue (0L) satqer uy eyep auz dos ly/i pue Oy/y jo uopzeus

i

|

w1233g :(€2) 3lqel




e Lo«

\ S 132
540-

510 m--

4804

450

|

1/K (1/mole)
-+
~nN
o

390,

3604

3301

5 10 15 20 25 30
Total Atrazine added (umole/gm FA)
Figure (34): Variation of 1/R0 and 1/R] as a function of total Atrazine
added for data obtained from Tab1es (10) and (11).

oH = 1.36 and FA = 1.000 gn/litre.
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sites as total Atrazine increases. Once all the sites are complexed, tpen,
a plateau should, theoretically, be obtained in Figure (34). It is
suggested here, that the plateau values for 1/KO and 1/R.l are the diff-
erential equilibrium functions 1/K0 and 1/K], respectively. Hence, the
differential equilibrium functions are only giving the values for the
strongest binding sites at é particular pH value, i.e., the value for both
'I/K0 and 1/K, for the data in Tables (10) aﬁd (11) is 746 litre per mole.

In general, the 1/K values are always higher than the highest 1/K values

-

\ .
for the experiments done in this project. -

Thé trend in Figure (34) indicates a binding mechanism similar to
that of proteins (100,101,102); That is, as,Atrazine is added to the
system, Atrazine binding tends to unfold the aggregated FA molecules,
hence, exposing protonated Type A carboxylic acid sites which, then, bind
more Atrazine.. The new sites eqused are stronger Type A sites which
bind Atrazine even more strongly than did the init%a] sites, hence, the
increased 1/R values. Once all the binding §1tes are saturated wjth
Atrazine mo]ecufes, binding stops and the equivalence point is obtained.
The above explanation 1is quite reasonable since FA aggregates at high
concentrations (31,32,33,37,82,103). FA behaves like spherical colloids
at high concentrations (» 1 gram per 1itre) and flexible linear colloids

at low concentrations (37,82).

From the above discussion, then, the 1/K values represent the strongest
binding, sites at a particular pH value. It means that the differential
H

) functﬁon'aoes'not distinguish between the FA sites at a fixed pH as does

the weighted average function (1/K).
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4.1.3a COMPLEXING OF UNPROTONATED ATRAZINE

From Tables (12) and (13) the differential equilibrium functions .
(]/KO) are plotted against the pH for the binding of the unprotonated
Atrazine case (Figure (35)). From Figure (35) it can be seen that the
trend of the 1/K0 values with pH for the case with no KC1 is similar.to
that in Figure (17) for the case with no Ktl or Cu2+: One can, then,

draw similar conclusions form Figure (35) as were drawn from Figure (17).

' That is, from pH 5 and lower the protonated Type A carboxylic acid groups
are responsible for binding the unprotonated Atrazine (reaction (4-29)).
Below pH of about 2.3 binding is due to the Type 1 sites. Above pH 2.3
binding is due to thé Type A sites which a?e not included in the Type 1
sites. The noticeable large maximum at about pH 3.5 is due to the inherent
character of the differential equilibrium function. As discussed in

Section 4.1.3, this function represents binding to the strongest sites at

a particular pH value, hence, the high ,value for 1/K0 at pH 3.5.

The curve for the presence of 0.100 M-KC1 is Similar to the curve in
Figure (175 with 0.100 M KC]. The l/Ko values increases as pH decreases
from pH 4. The same explanation holds for Atrazine binding as in
Figure (17). The presence of KC1 causes the Type A groups to become more
acidic, hence, the shifting of binding from pH 5 to pH 4 and lower. KCI1
also causes aggregation of the smaller FA particles, thus, making the
protonated Type A sites less accessible to the unprotonated Atrazine.

Hence, the reduction of binding between pH 2.2 and 5 as has been observed

in the absence of KC1 in Figure (35).

The differential functions for the complexes formed in the absence

of KC1 varied from 30.6 to 1.37 x 103 1itre/mole. In the presence of KC1,
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Figure (35): Unprotonated Atrazine differential equilibrium function

as a function of ﬁH.at 25°¢C.
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the differential functions varied from 101 to 571 litre/mole. From these

values of 1/K0 it can be said that the complexes formed are weak ones.

0 ]

4.1.3b COMPLEXING OF PROTONATED ATRAZINE >

From Tables (12) and (13) the differential equilibria (1/K]) are
plotted against the pH for the binding of the protonated Atrazine case
(Figurg (36)). Figure (36) shows that the l/ﬁ values are at pH 4 and l
lower. The larger 1/K] values ‘between pH 2.7 and 4 for the no KC1 case
are due to the biﬁding of the protonated Atrazine to the protonated Type
A sites (exc]ud{ng the Type 1 sites) according to reactions (4-28) and
(4-35). Below pH 2.7, protonated Atrazine binding is due to the Type 1

sites.

In the presence of 0.100 M KC1, pr‘otonated,Atrazine binding is
reduced between pH 2.7.and 4. This reduction in binding is again due to
the increased,acidity and gggregation of thg Type A groups in the presence
of KC1. Reactions (4-28) and (4-35) are also responsib}e for protonated
Atrazine binding. Most of the binding, however, can be associated with
reaction (4-35), i.e., since Type A sites become deprotonafed in the
presence of KC1, then, there should be more ionic bonds with protonated ‘
Atrazine (4-28). However, a reduction of binding is observed. Therefore,
~Atrazine binding to the Type A sites can, in general, be mainly éssociated

to hydrogen bonding.

The range of 1/K] Qa]ues in the absence of KC1 is 53.7'to 1.19 x 'IO3
litre/mole. In the presence of KC1 the range is 111 to 581 litre/mole.
These 1/K] va]hes indicate that weak complexes are formed between protonated

Type A groups. ‘ . : .

A
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4.1.3¢c ”CH_ELAQN OF - COPPER (I1)

Using the data in Tables (14) and (16) the values of K, are plotted

1 against Xc and given in Figure (37). From the figure it can be seen that
. for.]ow copffer kII) loading of the FA sites (xC < 0.3) the differential
equi]ibrium ?antion, K4, is much higher than at h?gh Toading. At high

loading of‘copper-(II) onto FA (xc > 0.5), the K4'va1ue§ become ambiguous
and evén negative numbers can be obtained. This ambiguity could be due

to‘; lack of sufficient data potnts. Howeve?;‘these resgfts are consjstant

with those oBtained by Langford et al. (61), Lee (62), Cheam (104) and
Ch;am and. Gamble (105) for copper (II})-fulvic systems. The curves in
Figure (37) indicate that copper (II) binds to the strongest FA sites

first and the weakest sites last.

The curvé with the solid triangles is for the data in Table (14) while
the curve with the solid’squares i%s gbr the data in Table (16) These
curves cannot ‘be compared quant1tat1ve1y. since, d1fferent concentrat1ons
of FA were used in each cas? and, also, the curve with the solid squares

‘Qa§ obtained for a sfggle titration graph at a fixed pH va1ﬁe while the

_curve with the so]idﬁﬁ;?inglas was obtained from several pH values for a

fixed amount of copperI1) and varying Atrazine concentrat1ons However,
from the curve with the solid triangles it can be seen tbat as the pH

becomes Tower (smalleﬁ X¢ ) the K vajyes- increase. This trend implies

that at the lower pH valggs most of the- strong carboxylic s1tes are

. deprotonated.

4.1.3d COMPLEXING-OF ATRAZINE IN THE PRESENCE OF COPPER (I1)

From the data in Table (15) the differential equilibrium functions
are p\otted against the pH and given'in Figure (38). This figure shows

. .
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Figure (37): A plot of Kqs the dﬁf*eréntia] equilibr;umlfuhpiiol for

Cu{Il)-fulvate complex. .

A - 1.0000gm FA/1 in the presence of a fixed amdhnt.of'

Cu(II) at various pH values (Table (1af).

B - 0.1000 gm FA/T titrated with Cu(1l) at pH 3.86
(Table (16)).
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Figure (38): Atrazine differential equ%libﬁium fuhétions as a function

3 M Cu24:q
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- of pH in the presence of 4.74 x 10°

ihat both the protonated (1/K]) ard dnprotonated'(]/Ko) functions have
the.same values at the same pH. At about pH 3 and hjghet no Atrazine binds
“to FA." From Figures (35) and (36) Atrazine does not bindifrom pH 4 and
higher in thé presence of KC1. It means, as discussed for Figure (17),
that~c6pﬁer (I1) is ﬁgre effective/than KC1 in prevent1n§ Atrazine from
binding to the FA Type A pgotonated‘sztes. Copper (II) :chelates with the
sites that are responsible }or binding Atrazine (31;32.33)'yhereas KC1
decreases the binding of Atrazing by . making the Type A §1tes more acidic
and also aggregating'the,FA particles. The differential functions in the
presence of 561 are h?ghér‘than the differential functions in the presence
of copper (II) for the same pH va]qesi This fact is also demonstrated {n

Figure (17) for the complexing capacities. 'Hence, stronger complexes are

P Y
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formed in the presence of KC1 than in the presence of copper (II).
At about pH 2 and lower in Figure (38) it seems as though the strength
of the Atrazine-FA %3mp1exes begin to decrease, hence, suggesting that

the copper (I1)-FA interactions in this pH region are becoming stronger.

From the data in Tables (14) and (15), curves are drawn for 1/Kg and K,

versus y (Figure (39)). The curves in Figure (39) can only be compared ﬂ
for their t}ehds since the dimensions for 1/K, (1itre/mole) and Kq
(unitless) are different. These. curves, however, reinforce the predicted
trend in Figure (38). Below X¢ of about 0.08, copper (II) binds stronger
to the Type A sites. than At}azine, hence the increase in K4 and the
decrease in 1]KO as X¢ decreases. Both 1/K0 and K4 decrease as X¢ increases
from about 0.08. These resalts imply that the amount of complexing sites
for FA are highly dependent on the history of FA, i.p., an FA which has

a high metal ion content will block the Atrazine binding sites - assuming
that the metal ions biﬁd stronger to the Type A sites than Atrazine. s
Chan et al. (106) showed thé} when Fe(1ll) or Al (11I) are bound to FA, ‘
the complexing capacity for that FA is reduced. Gamble et al. (31) showed -
' £Hatas Xc becomes very‘éma]1, K4 becomes strikingly 1arge; e.g., fdr}

4

X © 0.018ﬂ, a value of K4 = 5.90 x 10" is obtained. It is, therefore,

not difficult to appreciate what K4 will be when X¢ approach a value of
10'4 which is close to the values (see Xps Xg and x, in Table (11)) for
Atrazine'binding to the Type A sites. From Figure (39) it can be seen
that at'xc equai to about 0.08'and lower, Atrazine complexes are getting
weaker and copper (I1) chelates are getting strongen, Therefore, copper
(I1) will tend to replace all bound Atrazine on the strongest Type A

sites as Xe approach 10'4. This postulate is true for experiments done at
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about pH 3.2 and higher (see Figures (17) and (38)). However, Be]ow

pH 3.2, H+'competes with copper (IT) for the carboxylic acid sites, hence, -

the binding of Atrazine at these pH values. The competing reactions
" ‘between Atrazine'and‘copper (IT) for the Type A sites are reactions (4-31),

© (4-32) and (4-36). t

Figure (40) shows a comparison~f0r the binding trends of Eopper (11)
and Atrazine to FA. This figure exemplifies the reversal of binding at
Tow and high fractions of bound species. The ‘data for curve A was taken
~ from Table (17) while the data for curve B was taken for, Table (23). The
explanations for the bind%ngftrends in these curves were given before
(Sections 4.1.3 and 4.1.3c), i.e., the different%a1 equilibrium function
(K,) increases as ic decrea§es for copper (II) while the weighted average

4

differential function (L/KO) increases as Xg increases for unprotonated
A

%Eiizine. ‘ . ' :
P M r

4.1.4 STANDARD GIBBS FREE ENERGY ESTIMATES AT 25 + 1 °c.

The discdﬁsion in‘the prévious sectioﬁs has shown ‘that the mechan-
isms most likely to be involved in the Atrazine binding to the .Type A
sites are (a) hydrogen bonding (b) ionic bonding and (c) hydrophobic
bonding. The energy range for hydrogen bond fo}mation is 9 to 42 Kj/mole.
The distinction between ionic bonds and hydrogen bonds is sometimes |
arbitrary and the energies of ionic bonds may fall within the rangenfor
hydrogen bonds (107,108). The range of hydroﬁﬁobic bond energies is from

'

4.18 to 8.36 Kj/mole (108,109).

Table (24) shows aYSummary of the ranges of standard Gibbs free
energies for three of the experimental conditions studied in this project.

These values show that,on1y hydrogen and ionic bonds are responsible for

’
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Table (24): Estimates of the standard Gibbs free energies at 25 + | oc¢

for the interactions between Atrazine and fulvic acid under

<+

various experimental conditions.

Experimental , Range of 1/K , Range of(
Conditions (litre/mole) -(AGP+RTINr)
' . (Kj/mole)
No metal ion 30.6 to 7.37x10° 8.48 to 16.4 -
(Table (12)) . . 1
KCT (0.700 M) 101 to 581 11.7 to 15.8 -
(Table (]3)) A ’ “
+ (4.78x10"3m) 101 o 113 1.2 to 11.5
J(Table (15))

binding Atrazine to the Type A sites. From a previous discussion it was

shown that Atrazime binds mainly by hydrogen bonding and very little, if any,

by ionic bonds. According to Vickerstaff (107), one hydrogen bond. be tween
Atrazine and organic matter is about 16.3 Kj/mole. The energy data in
Table (24), therefore, reflects ; single h}drogen bond between Atrazine

.4 and fulvic acid.. Therefore, only one of the nitrogens in Atrazine acts
as a Lewis base to the protonated Type A ﬁites. Organic chemists (13,45)

seem to think that the nitrogen in the 5-position of Atrazine is responsi-

; R‘b1e for the hydrogen bond formation.

]
y

. ' The work of Bailey et al. (11)shows that Atrazine has a driving
force of 17 Kj/mole for protonated montmorillorite clay and 10.5 Kj/mole

for sodium montmorillorite clay. ‘The removal of protons from the clay
.

causes a simultaneous weaking of the driving force for Atrazine binding.

2+

By analogy, the introduction of KC1 and Cu’ to FA also Eauses a reduction

£
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in the dniving force of binding between Atrazine and FA (comparing o&]y

the highest free energy values in Table (24)). From Table (24) this
reduction of the driving force is. small*in the case of KC1, e.g.,‘comparing
only the highest free energy values, the energy difference is 0.6 Kj/mole.
In the presence of KC1 it wds shown that Atrazine binding decreased because
of 1pcreased qcidity of the Type A.groups and also because pf aggregation
of the FA‘particles. It was also shown by Gamble (110) ;ndAGamble et al.
(111) that K+'1on binds with a driving force of about 17.8 Kj/mole to FA.

L.

Whether or not the k¥ ions in KC1 took part in any binding with’ FA is still

24: the reduction of the

2

subject to speculation. In the presence of Cu
drivfng force is about 4.9 Kj/mole. It was shown that Cu +'does bind

to FA, hence, the reduction in the Atrazine driving force for binding.

For a Tower concentration of copper (II) present (1.055 x 10_3 M Cu2+3 the
driving force for -Atrazine binding increases to about 13.4 Kj/mole.

Henée, Atrazine binding shows a copper (II) concentration dependence, i.e.,
‘the highE€r the cobper (1) Fqncentration present the smaller the driving

force for Atrazine binding.

In summary tﬁe driving force for Atrazine binding depends on the
ionic strength of the system. Copper (II) chelates with the Type A sites
qhich are resﬁonsible for binding A;razine. This che]aikoﬁ causes a
weakening of the hydrogen bond fo:g;tion betﬁeen Atrazine and FA.

'Hydrogen bondlformation between Atrazine and FA is pH dependent. From

!

.about pH 5 and lower hydrogen bond formation generally increases as pH

decreases.
4.1.5 mmcnmummmﬂumf,_mun_umm
A numbér of authors (112,113,114,115,116,117) have stated that

Atrazine is hydrolyzed tp hydroxyatrazine in acidi¢ media. Since hydroxy-

L TE— =

Ea‘_ag,_e«t'& Tn -
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atrazine is a nonphytotoxic compound it means that the prevention of

Atrazine hydrolysis is critical.

The studies by Armstrong et al. (112) indicate that when carboxylic
acid groups hydrogen bond to Atrazine, hydroxyatrazine is formed as a
catalyzed product: Russell et al. (113) has shown that Atrazine was

hydrolyzed by montmorilionite clay % acidic media. Khan et al. (114,115,

- 116,117) studied the hydrolysis of Atrazine in the presence of 1 gram per

litre of FA and found that as pH increases the half 1ife of Atrazine
increases. At pH 2.8-the half 1ife was 24.4 days and at pH 7.0 it was

56.3 days. Therefore, Atrazine is a]sq hydrolyzed more in a FA medium
which is acidic. A1l of the above studies suggest that Atrazine hydrolysis

is through a hydrogen bonding mechanism.

The present work also reinforces the findings of Khan et al. (116,117).
As“pH decreases from about 5, the bihdiné of Atrazine throuéh hydrogen
bonding also 5ncreases. "With incregséd hydrogen bonding there is increased
hydrolysis of Atrazine. At high ionic strengths and in the presence of
metal ions which binds to the Type A sites, it was shoﬁn that reduced
binding was observed anJ hence reduced hydrolysis of Atrazine is predicted.

The binding of Atrazine to FA, therefore, has an economical impact. For

Atrazine to be effective as a’weedicide it has to be sprayed on soils

which are low in organic matter. Another possibility is that Atrazine

can be sprayed on soils which are high in organic matter but the ionic
strength or the metal ion content must be high in those soi]s. A dangerous
and costly possibility ig the spraying of high concentrations of Atrazine
to soils which are rich in organic matter. The last possibility can

cause increased pollution of lakes and rivers through flooding of sprayed

fields.
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According to Reuter et al. (118) FA concentrations in natural wafers
range from 1 to 100 milligram per litre. Using this concentration range
one c;h predict the degree of cohp]exation of Atrazine to the Type A
sites of FA. Assuming that unprotonated Atrazine exists in the environ-
ment at a concentration of 1.86 x 10'6 mole per litre for a pH value of
3.51 (as§ume an acidic envi;bnment) and, that,'l/K0 = 1/R0 = 468 litre per
mole (see Table (12)), then, the fraction of Atrazine-FA complex formed
dgan be -calculated from equatio;\ (2-12). C 1is the concentration of Type A
sites (4.99 mmole per’gram FA). Figure (41) shows a plot of % Atrézine
complexed as a function of micromole Type A sites per litre of solution.
This figure indicates that Atrazine binding is quite dependent on the
concentrations of fulvic acid. A FA concentration of 10 mg pefAlitre
is representative of streams and lakes. This amount of‘FA corresponds to

2.5 % of Atrazine complexed. Similar calculations can be done with other

weighted average and différeniia] functions.

Figure (41) is a critically important type of correlation that is
totally lacking in the existing literature. The experimental results are
described directly and stoichiémetrically in terms of those particular
functional groups that are resﬁonsib]é for the complexing. The existing
Jiterature:des;}iptions of -pesticides/herbicides binding to masses of
polydisperse polyelectrolyte are chemically blind, "black box", empirical
descriptions which représent nothing except the particular experiments
out of which they have come. Because they lack generality, they lack the
capacity for predictive calculations. The fundamental importance of
Figure (41) is that it represents a big step towards the removal of that
practical difficg]ty. | °
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Figure (41):

100 200 300 40Q 500
Protonated Type A Carboxyl Groups(umoles/litre)
Percent unprotonated Atrazine complexed as a function of
the concentration of protonated Type_A carboxyl groups.
Total unprotonated Atrazine concentration is 1.86 x 10'6

mole per litre.
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" CHAPTER 5

EVALUATION OF THE CONTINUOUS FLOW ULTRAFILTRATION METHOD

5.0.0 INTRODUCTION

As discussed.in Chapter 4 the Batch Ultrafiltration Method (BUM) was

costly since it utilized about 0.7 gram of FA to produce one titration‘
graph. FA is an expensive materigl and, hence, a method which uses a
small amount of it w;uid be preferred over the BUM. Also the BUM involves
many steps before the final results are obtained and, hence, 1t is time
consuming. The continuous Flow Ultrafiltration Meth&d (CFUM) used by
Grice et al. (43), Crawford et al. (119) and Bl#@tt et al. (120) for

binding studies offered an alternative possibility which is cheaper, more

automated and less time consuming.
5.1.0 EXPERIMENTAL
5.1.1 APPARATUS

Figure (42) sths the CFUM apparatus which was ﬁsed to study the
binding of Atrazine onto FA. It consisted of an Amicon Ultrafiltration
cell (Model # 8010) which was connected to a polyethylene reservoir (made
by the author to withstand high pressures) with @ 250-m1 sorbate capacity.
The cell has a pressure valve which was used to remove trapped air in the
system. An Amicon UMZ.membrane was assembled as directed in the operation
manual (54). Stirring was carried out magneticalfy.~ An air gap of 4 cm
" was Jeft between.thé cell and the magnetic stirrer 'so as to minimize heat
transfer to’Epﬁ cell contents. The helium gas {oxygen-free) was used to

pressurize the sorbase through the ultrafiltration cell.

P

s



151
FILTRATION
CELL . '
[]/ - -
HELUM | - ' R ) )
CYLINDER
. : . 13
oot <
z . FRACTIONATING
Z| o COLLECTOR
|
RESERVOIR MAGNETIC .

STIRRER

Figure (42): Continuous flow ultrafiltration apparatus. ' \ -
j -

5.1.2 SORPTION STUDIES

A typical sorption experiment was as follows. The cell was filled
to capacity (]3.6 ml1) by pouring the‘0.7692 gm FA/100 m1 solution through .
a fill port at the top‘of the cell. Atrazine gtbgk)so1ution (Section 3.2.6a)
was addgq fo the reservoir which was; then, sealed properly to prevent |
helium gas ‘leakage. Befdre the experiment commenced air was removed from
the cell by means of a pressdre relief valve thch was at the:same position
as the fill port at the top of/;he cell. Atrazine solution was then
passed through the cell system at a helium pressure of 40 lb/inz. The
eluate samples,yere co]lbcééd by means.of the Braun fraciionating co}lector.
A flow rate of 7.0 ml/hour was maintained. Preliminary studies have
‘indicated that 25 fractions of eluate containing 8.0 mi/fraction, was
enough volume to saturate the quantity of FA in the cell. Hence.ﬁa
typical sorption run took about 28 hours. The dashed M ine before DF 1in
Figure (43) represents a typiéa] sorption curve for Atrazine onto FA and
the membrane. Thero]id 1ine before DF represents the sorption curgz for

4
Atrazine onto the.UM2 membrane; this curve was determined by placing i
13.0 ml of H,0 in the cell instead of the FA stock solution; it corrects 1
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> Figure (43): Typical sorption (before line DF) and desorption (after
) line DF) curves for Atrazine in the absence of FA (s_o'lid
1ine) and in the presence of FA (dashed line).
’ ¢
for any sorption due to the membrane. Grice et al. (43) refer to these

. curves as "Wash in" curves.

" 5.1.3 QESORPTION STUDIES

o, é

* The reservoir and i is connections which contained the Atrazine stock
SOIutfon in the 'sorption study was rp;ﬂaced by another reservoir and its
éonnections which contained nanopure water. Air 1n"the system was again
mﬁoved as discussed befc'nje; \ Thg watér was passed through the cell wjtp .
helium at a pressure of 40 1b/inZ. Fractions were collected-as before vfdr
the sorption studfes. Again, about 25 fractions were collected with c‘;\ch_

~ fraction having a volume of 8.0 ml. The d‘shed line after DF in Figure (43)

. representy a typical desorption curve for Atrazine bound onto FA and the
" mambrane. The solid 1ine aftar DF in Figure (43) represents the desorption

N .
’
N T U o v T
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cugve for Atrazine bound onto the membrane in the presence of water in the

cell this curve corrects for desorption due to the membfﬁﬁe

5.1.4 DETERMINATION OF ATRAZINE BY GC

The vo]una of each fraction in a Continuous Flow exper1ment was deter-

m1ned by’ weighing. ‘ | . -

'Each fraction was evaporated to dryness on 2 rotarylévaporafor. fhe
restdue was, then, taken up in 3.00 ml of pesticide grade methanol and
analysed for Atrazine by\ GC aceording to the procedure described in Section
'3.3.3a, i.e., a calibration curve was pfepared for each experimént and the

corresponding free Atrazine concentration was determined for each fraction.

" - The results for these experiments are given in Section 5.2.0.-

-

5.2.0 RESULTS AND DISCUSSION °

5.2.1 RESULTS

Appendix (VIL1) gives the sorption and de;orption curves for the
pinding of;Atrazine.onto FA at pH values between 2.10 and 5.93. The turves
plotted with the solid squares are the sorption curves while the curves
plotted wfth the~solid triangles are the desorption curves. Only a sorption
cJ\Ve was done for E in Appendix (VIII) Curves O and P in Appendix (Vlll)
“represent duplicate experiments which determine the extent of Atrazine UM2

14

membrane 1nteractions.

-

§ -
From the sorbtion and desorption curvej in Appendix (VIII), the eqdfli-

brium Atrazine concentration, the amount of Atrazine sorbed, the amount of
Atrazine desorbed and the binding capacity for & part1cul!r pH value can be
determined. In order to perform these calcu]ations the following equat1ons
were used. According to Grice et al. (43) and Crawford nt al. (119) the

. LS

i it %=
.
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amount of Atrazine bound can be calculated from the diafiltration profiles
in Figure (43) and Appendix (VIII). For the sorption profile in Figure (43)

the amount of Atrazine bound, Lb' is given by equation (5-1):

] ‘
n
|- by = Vdutcmax_fcndvn - ¥, (5-1)
0
where,
'\ .
Vout - total vo]ume of effluent collected.
' 'Cmax - influent concentration of Atrazine from the
reservoir, .
Cn - effluent Atrazine concentration in each
fraction. .
] - total volume up to fraction n.

v - volume of ultrafiltration cell which was
13.0 millilitres.

-

~ For the desorption profile in Figure (43) the amount of Atrazine
sorbed, Ld’ after removal of the n*" f}actiOn, is given by equation (5-2):

~ ) : . t‘ ' _,~4 L
Lg = (Lyy + V) = [V, = VG - (5-2)
Uy . | ;

Ay

where, - : ’ - A .
Ltb“' total amount of Atrazine sorbed.

¢y - the concentration of free 1igand inside the
" cell at the end of collecting fraction n. - .

LT V, - total volume up to fraction t.,
| . \by

S A
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The other parameters‘in equation (S-Zi have the same meaning as in equation
(5-1). The integral in both of these equations can‘be evaluated by taking
the area under their respective sorption ;rofﬁle. The total amount of
Atrazine desorbed, Ltd:‘ﬁ;;ch was sorbed in the same‘expe(iment is given in

equation (5-3) (di.e., when vci and Ld in equation (5-2) are equal to zero):

t .
Ltd = ﬁ]dvt - vcmax' o . (5-3)
0

From Appendix (VII1) the values of vout"cn’ C{. and Mout (values for

©

[3

the integrals in equations (5-1), (5-2) and (5-3)) have been calculated

ana entered into Table 25 of Appendix (IX). The total amount of Atrazine
‘sorbed (Ltb) and (Ltd) was calculated according to equations (5-1) and
(5-3) anek entered into Table (26) for various pH values. It should be
noted that for experiments 0 and P in Table (26), only, Atrazine diafiltra-
tion profiles were done (no FA preéent in the cell), hence, khe amount ‘

i

bound could only be expressed in-units of umole.

5.2.2 DISCUSSION OF RESULTS

From Appendix (VIII), the diafiltration profiles experimentally
obtained_are similar to those theoretically expected (Figire (43)). From

Table (26) the following can be deduced:

(a) the pH changes during a diafiltration profile;

(b) the total amount of Atrazine sorbed, L, , is less than the total
amount of Atrazine desorbed, Ltd’ in 81% of the experiments;

(c) for two experiments with the same experimental conditions (e.g.,
pH, FA Fonéentragion gtc.). the amounts sorbed and desorbed are significantly
different. ' ' '

. .
. c.

ﬂ‘ 4 ‘ . R T

A 4
A * '
. .
0 N . Es
*
.
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i
/Z%ble (26 ): Total Atrazine sorbed and desorbed at
- i

valyes using the CFUM.
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various pH

Amount Amount Excess
Sorbed, Desorbed, Desorbed

Appendix pH , Leb Lt

(1X) Before | After | (umole/gmFA) | (umole/gmFA) (umole/gmFA)

A 2.10 | 2.60 22.0 14.2 --

B 2.10 | 2.30 | ~19.9 34.4 }4.5

C 2.28 -- 5.52 8.29 2.77

D 2.30 | 2.50 6.0 . 8.67 2.66

E . |2.35 7-//’ 8.51 -- --

F 2.50 | -- 10.4 . 30.8 20..4
VG 2.50 | 2.72 36.9 57.6 20.7
/ H 2.60 | 2.75 7.47 16.6 9.13
o 2.90 | 3.06 0.110 18.3 18.2

J 2.93 | 3.12 6.01 22.7 16.7

K 3.25 | 3.10 31.0 76.0 45.0

L 3.67 | 3.55 4.10 51.1 47.0

M 4.05 | 3.88 11.0 47.3 36.3

N 4.32 | 4.25 <2.20 51.1 534

o*  |s.92 |.-- 0.680 0.513 o

pr 5.93 | -- -3.00x10°3|  1.74 1.74

* . Obtéined from diafijtration profiles for Atrazine only.

The quantities are in units of micromoles.
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From the above deductions it can be said that the CFUM cannot be used

to stydy the binding of Atrazine onto FA.

The inconsistant results obtained in Appendix (VIII) and Table (26)

are not surprising. Blatt et al. (120) .and others (121,122,123) found

. that experimental nonreproducibility could be caused by membrane rejection

of the sorbate, membrang interaction with(the sOrbate: fluctuation of the
celY volume, void volume and fraction vo*dme. Preliminary exBerimentatiop
had\ruled out problems due to membrane interaction, fraction volume
(determined by weighing), and .the cell volume. Blatt et al. proposed that
membrane rejection could be experimentally obtained for wash-in curves by

equation (5-4):

7 In Fmax - Vout =V (5-4)
Crax = “n Vo
.Wheret

V' - the apparent ;oid volume of the System.

’ VO - the average sample volume in the cell during
the run.

A ¥

For wash-in curves, membranes rejection could be obtained from equation

(5-5): ﬁ

C . Vo |

ma out (5-5)
|l )= | -M— )
n TG A ‘
i

*

»

By plotting I"(Cmax’(cﬁak" Cn)) and In (cmax/cl) versus Vo s ?p and V'

[ ]

-

|
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can be obtdined from the slope aﬁd intercept of the plots, respectively. -
If VO is greater than the cell vo&ume (13.0 m1)), then, the membrane is
rejecting the Atrazine. The data from Tables (25-B) And (25-0) in Appendix
(1X) were fitted to equations (5-4) and (5-5). Figure (44) shows the
graphs for the wash-in (sorption) data while Figure (45) shows the graphs
for the wash-out (desorption) data. Only the linear sections in Figure (44)
were used to determine VO and V'. For Figure (45), only, the curve with
the solid squares could be used fo determine VO and V'. Table (27) 1list
these values. The‘yoid vo\ume; in Table (27) are either negative or small
compared to the fraction volume (an average of 7. 50 mi]lilitres5 and the
vo]ume of the cell; hence, V' does not seem to contrlbute any error to

the CFUM The calculated volumes of the cell, VO’ are s1gn1f1c5htﬂy

different from the true volume of the cell (13.0 m111111tres), thus,

$
Ny

indicating that there is rejection of Atrazine by the UM-2 membrane.
. 3\
Blatt et al. (120) suggested that the rejection of a membrane can be

corrected for by introducfnb the reflection coefiicient, o, into equations

(5-4) -and (5-5).

o =1' - (C/C) . (5-6)'

a

When Cn equals CA. it means that'iﬁe membrane is not rejecting
the solute. When Cé‘is'greater than Cn it means that the membrane is
rejgc£ing the solute. For the wash-in curve, equation (S-f) correct§ for
solute rejection while for the wash-out curve equation (5-8) corrects for

rejection (120). ‘ ; : R
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Table (27): Determination of V' and Vo from the data in Tables (25-B)
' and (25-0) in Appendix (IX).

Table (25-B) Table (2570)
Experiment V'(ml) Vo(ml) V(ml) Vo('mlj .
Sorption 0.03 47.5 ) -6.50 ' 28.3 ’
-Desorption . -- == -2.00 20.8
/b : .
In E:max - vout v 1-0) . (5-7)
Cmax - Cn Yy ‘

max J-K ‘out ~ .{1-a ‘ (5-8)

In fulture r?search. corrections should be made for membrane rejection.
Roy and Miles (60) sug;;ested that point by point correhction could be made
for membrane rejection. This me'thod involves running a diafiltration
profile for the Atrazine alone. For every fraction collected in the .
presence of FA the amount of Atrazine rejected is deducted. This is
exactly the same technique which is used in the BUM, i.e., controls are
done simultaneously with the FA solutions, so that if there 1s any rejec-

*

tion b‘y the membrane it will be corrected for by the controls. However,
<
it must be rememered that the BUM used YM-2 rather than UM-2 membranes.

Figure (45) shows that there are linear regions for both curves. |
These results are different from those of Blatt et al. (120) who obtained
one line for his plots. However, .Roy and Miles (60) obtain similar plots -
to that in Figure (45) for the binding of nucleosides onto polynucleotides.

\ ',

ik st 15

LY
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The 1inear region between AB was described as the washing out of the

excess Atrazine in the cell; the BC region represents the dissociation of .

the complex formed.between Atrazine and FA; CD represents elution of the
&1

dissociated 1igand. The difference between the 'points B and C represents

the total amount of Atrazine bound. For the curve with the so'Hd‘
v » ' .
t(‘ .

~
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triangles in Figure (45) the Atrazine bound is 0.627 umo]e'wh11e that
with the solid squares gives 0.474 umole of Atraziné bound. Since the
solid squares curve is for Atrazine alone in the cell, it is expected to
bind less. The determination of binding data by plots similar to Figure (45)

needs more investigation.

' From the literature survey it was found that the CFUM method is
susceptible to a lot of experimental difficu]ties.'”For binding of micro-
mole quantities, the errors incurred by these difficulties are very sign-.
ificant. In the -BUM, one has'greater control of experimental parameters
(pH; correction for rejection of the membrane; cell volume is not sign-
ificant; the fraction volume was always constant since it was co11ecfed ‘
manually; temperature variation wag not significant since a sample takes
only about an hour to filter). If thé CFUM can be perfected, the data
obtained from it can be treated in the same wéy as the data obtained from

BUM. €

*
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CONCLUS;ONS

3 [

The work presented in this thesis has examined the interaction between
Atrazine and a well characterized fulvic acid which was obtained from
Armadale, Prince Edward Island. It is-now possible to predict ihe conditions '

-

under which Atrazine will bind to fulvic acid.

0f the two methods used to do binding stiudies, the BUM gave results
which were more accurate. The CFUM is susceptible to difficulties which*
produce non-reproducible results. Us{ng the BUM, one could control more
readily experimental parameters which were difficult to handle in the CFUM.
However, the BUM used about seven times more fulvic acid to produce the
same result as the CFUM. The BUM'is also more time consuming' and more

mechanical. _ o

Atrazine can exist in two forms depending on the pH of the system.
From about pH 0.1 and higher unprotonated Atrazine exists in aqueous solution.

Protonated Atrazine exists in aqueous solution from about pH 4 and’ Tower.

The fulvic acid used here had identica"l fupct’iona] groups to that
characterized by Gamble (28,29,30). There was 5.08 mmole Type A carboxylic
acid groups per- gram of FA and-2.33 mmole Type B groups per gram of FA.
Protonation of the Type A carboxylic acid groups start at about pH 5.85.
The Type 1 groups are the strongest carboxylic ac1d; in the Type A groups.
Pro};onation of the Type'1 groups starts at about pH 3.4.

Atrazine only 1nteracfed with the pmtonat@d Type A carboxylic acid

. ‘
groups. Unprotonated Atrazine interacted %rom gbout pH 5 and lower yhereas

v

protonated Atrazine interacted from about pH 4 and lower. .

2+

In the absence. of KC1, Cu 'an;d agq'regation. the Atrazine binding
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‘range in'values from 30.6 to 1.37 x 10
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-

trend witﬂ pH. shows that two kinds of Type.A sites are responsible for
binding Atrazine. From pH 3.4 and Tower there is a positive correlation
between the protonated Type 1 sites and Bound Atrazine whereas between pH
3.4 and 5 there i5 a positive correlation between the Type A sites which
are not included in the Typghl sites and bound Atrazine. The maximum
complexing capacity observed is about 0.7 mole % of the total Type A
carboxylic acid groups. The differential equilibrium functions (1/K)

3 litre.per mole. The standard Gibbs
free energies range in values from 8.48 to 16.4 Kj/mole. This is the

magnitude expected for weak physical forces such as hydrogen bonding.

In the presence of 0.100 M KC1, hydrogen bonded aggregation of the

.fulvic acid becomes important for more than about 3 mmoles per gram of

the protonated Type A carboxyl groups. This reduces the number of proto-
nated carboxyl groups available to the Atrazine. Atrazine binding starts—
at about pH 4.5‘and it increases as pH decreasesﬂ The maximum binding
capacity is about 0.7 mole ¥ to the Type A sites. The equilibrium
differential functions range in values from 101 to 581 11Fre per mole.

The standard Gibbs free energies range in values from 11.7 to 15.8 Kj/mole.
These thermodynamic values are essentially the same as"thosg for the cases

2'*;and aggregation. Binding is therefore by

where there are no KC1, Cu
hydrogen bonding between the protonated Type A carboxylic acid groups and ,
the lone pair of electrons on the nitrogen in the 5-position in the

Atrazine ring.
'

Cu(II) chelation makes the ca%boxy] groups unavailable to Atrazine
by at least two processes: (a) by b1ch1ng carboxyl groups, especially the

Tyﬁé 1, that are ortho to phenolic groups, Cu(I{) chelation reduces the
\

o -
¥ »

-
-
- »
-
il sl 1 > S
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Atrazine complexing capacity, (b) by causing aggregation with carboxyls
other than the Type 1 groups. Atrazine binding is 'lost above pH 3.2.
Cu(Il) chg]ation reduces both the Atrazine comp]exing capacities {nd the
estimated free energies. The maximum comp]exi.ng capacity is aBout 0.3%
which is less than half of the previou’s two cases. The 1/K values ran'ge

from 101 to 113 litre per mole. The Gibbs free energy values range from

11.2 to 11.5 Kj/moTe.

Protonated Type A carboxylic acid groups act as Lewis acids wherea$
the lone pair of e]ect,ns in the 5-position of the Atrazine ring acts; as
a Lewis base. Once the protohated Type A groups beéome deprotonated or
are used up through aggregation among the FA particles or are used for
che'la‘tion, then, a reduction of Atrazine binding is observed. Chelation
of the protonated Type A sites is more effective in -reduc;ing Atrazine N

binding to FA than the presence of high ionic strength.
: }

In the absence of metal ions or aggregation, exactly the same proto-
nated Type A carboxyl groups are responsible for Atrazine hydrolysis to
hydroxyatrazine. There must, therefore, be & direct correlation between

.the hydrolysis rate constant, and the md]arity of complexed Atrazine.

The differential equilibrium functions can be used to predict the
concentration of the com;;lex formed once the FA and Atrazine concentrations

are known.

t

LY

Synonymous tr‘eﬁds arg¢ obtained for K4 for decreasing Xe and for B
decFeasing ‘pH values. As pH decreases for the same qmcent&a}jm of .copper(11)
(1.06 x 1073 Mor 4.74 x 1073 M) the va1ues®k4' 1ncreasé (see. Table (14)‘).
K4- also increases as Xe decreases. The maximum value obtained for l.(4 is

40.3 which gives a 'free energy of 8.96 Kj/mole. , -
. ' . . W
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CLAIMS TO ORIGINAL RESEARCH

£
¢ i\

1)'A batch Wltrafiltration method (BUM) has been developed which can
be used to obtain titration .graphs for the weak complexes formed

between Atrazine and the protonated Type A carboxy]ic'agid groups.

¥

2) Atrazine'on1y complexes with the protona(ed Type A carboxylic acid -

groups. -

3) Chelation, high ionic gtrength aﬁd aggregation of the FA particles
reduces thé binding of Atrazine to the protonated Type A carboxylic

acid-groups.

. ‘
“ . . %

4) Differential equilibrium functions (1/K) are obtained which cam
be used for predictive calculations under various experiﬁenta] :

-~ conditions.

5) Atrazine binds by hydrogen bdnding to the protonated Type A

carboxylic acid groﬁps.

»
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SUGGESTIONS FOR FUTURE RESEARCH

i

The present study is a preliminary investigation of the interaction

of<Atrazine with fulvic acid under various experimental conditions. Further

studies are required so as to have a comp]ete understanding, of the Ehemistry

of FA towards pesticides/herbicides. It is suggested that the following

be done:

1)

More research be done on the CFUM so as to have a method which is

cheaper and less time consuming.

Similar work as was done with Atrazine should be done with other
s-triazines so as to see if the protonated Type:A sites behavé as'

Lewts acids.

e
A3 4

Further work is needed for Atrazihe'bihding in the présence of
~— . " .
KC1. This work should be done above pH 4 so as to check for

"hydrophobic interactions.

4

Some Rayleighlight scattering experiments should be done in order

to see if FA unfolds as fdt31 Atrazine concentrations increase.

At low pH studies (pH < 4) the presence of the hydrolyzed ‘product,
hydroxyatrazine, -should be analyzed for. This would indicate if"

hydrolysis is through a hydrogen bbnding mechanism or not.

A fulvic acid from.a location other than-A?mada]e,Prince Edward

Island should be used for‘binding studies. In this way a comparison - .

.

can be made between the two results so as to see if the same

cobc1u§ions can be drawn.

/
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APPENDIX (1) .

e

¢ .
Fitted titration graphs for FA at different pH values# The

number at the bottoh right hand corner of each page represents

the pH at which the experimgnt was done, 7
P
FA_- 1.000 gn/litre
b - intercept of a Yine ’
‘ m - slope of a Hﬁe p o )
r - corredation factor of a line
B - Atrazine control solutions

@ - Atrazine solutions before the equivalence point
A - Atrazine solutions after the equivalence point

Volume of solution = 50:00 ml
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APPENDIX (II)

Titratiﬁn graphs for FA at different pH values in the.presence
of 0.100 M KC1. The pH of each experiment is indicated at the

bottom right hand corner of each graph.

FA - 1.000 gm/litre

b - intercept of a line

m - slope of a line

.r ] correlation factor of a line
B - Atrazine control solutions

4 - Atrazine solutions before the equivalence point

A - Atrazine solutions after the equiva]énce point
o

Volume of solution = 50.00 m

o
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APPENDIX (II1) f |

3

Titration grapﬁs for varying FA concentrations at a pH value of

.ot

3.50 ‘and at low 1:om'c strength. ¢

~

b - interéept of a, line

' m - sfope of a line '
r- cc;rrelat'ion factor of a line ‘ .
W - Atrazine control solutfions

[l ‘ -

¢ - Atrazine so]utid'ns before the equivalence point
A- Atrazine solutions after the equivalefice point

Volume of solution = 50.00 ml
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APPENDIX (IV)

Titration graphs for varying FA concentrations at a pH value of 3.50

" and 0.100 M KC1.

Nt

b - intercept of a line
m - slope of a line

r - correlation factor of a line

W - Atrazine control sol ut{ons

& - Atrazine solutions before the. equivalence point
A- Atrazine solutions after’the equivalence point |

Volume of solution = 50.00 ml

-
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APPENDIX (V)

«

Titration graphs for FA at different pH values in the pre‘sencé' N
: of copper (11).
n  FA-1.000 gm/litre -
b - intercept of a 1ine
m - s]\opemof a line
r- correlakion factor of a Tine
“ B - Atrazine control solutions
« 4= Atrazine solutions before the equivalence point )
A- Atrazine solutions after the equivalence point
Table (5) gives the initial and final copper (II) concentrations
at each pH value. .
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APPENDIX (VI)

)

Computer programs used for calculations in the thesis

(1) PoOLYCU -

(2) POLYAC

216
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217

(1) _POLYCU

C STARCON --MOHAMMED-- SURMITTED FROM JEF.
FROGRAM FOLYFIT(INFUT OUTPUT’TAFFJ—TNPUTyTﬁrré QUTFUT)Y
COMMON SIZE(100)
COMMON/YCOI1R/LF
INTEGER MORDER;IDERSWyIZsIFyIR
INTEGER NsMsL (S0)yLFyNNsNMsNK« IK
REAL ALFHA(S0)yRETA(S0) yACOEF(S0) yFAD(2)
REAL X(S0)sY(S50)sW(S0)»LI(30)F(30)+C(50)
REAL 'K(S50)sG(S0) yAMER(T0) y INC(SO) sFIC(I0) +IX (S0
REAL A(SO0)»B(S50)syC1(50),Z(350)sFACYSUMsVARSIIIFF
REAL H(S0)sAHsKIByFHyRKOI(S0) yFX(S0)»IT
REAL XT(50),AA(50) yKRAR(S0) »DELTAG(S0)
EQUIVALENCE (H!MORUER)!(D(SO)’QCOEF(JO))
DATA SAME/9999./sNE/S/

READ NUMBER OF DATA FOINTS NNsN,yDEGREE OF FOLY.rM
DEGREE+1 » NM

o0 o

READX yNN
READIXN

FOLYNOMIALS OF ONE TO NI ARE FITTED
READX NI

aono aoo0n

READ IN X AND' Y VALUE AND AS SIGN UNIT WEIGHT

ARC=1,0000
IDERSW=1
[0 10 IM=1,NN i
READ(S,22) X(IM)
10 CONTINUE -
. DO 12 IN=1,NN - -
READ(Ss44) Y(IN)
12 CONTINUE

I0 &6 I=1sNN
W(I)=ARC
b CONTINUE
NK=1 .
N0 129 IK= irNﬂ
M=IK
NM=NK+IK
€ ' ‘
g CALL FOLYNOMIAL FIT DATA
CALL VCO1A (XsYsWsZsNrAsRsCrOByHsLsM)
c ‘
C FINI' THE. VARTANCE OF THE FOLYNOMIAL FIT
c

8UM=0.,0000



éﬁr

51
52
53
594
SS
56
97

101

1 FTN 5.14552
PROGRAM POLYFIT 74/835 O0OPT=0

o8
S9
60

61

62

63
64
65
-1
67
68
&9
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

85’

846
87
88
89
90
21
92
93
94

99
96

ool

13

cOOOn

aodw
o

115

0OO0-9v
- Lo/

112

i20

DO 1 IT=1sNN ,
DIFF=Y(IT)>-Z(IT)

SUM= SUM+DIFF*DIFF
CONTINUE

VAR=SUM/ (N-M-1)

WRITE(6y101) VAR
FORMAT(//’THE VARIANCE OF THE FIT IS'!E13 é6)

84/03/08. 18.32.37 PAGE 2

WRITE(4,80)

*

CALCULATES THE COEFICIENTS OF THE POLYNOMIAL

FORMAT(//* . = DeID) 72
DO 13 ID=1,NM
CALL PEOBA (AsBsCyrDsM)
WRITE(4266) DCID)
CONTINUE .

WRITE(S:61)

EVALUATES THE FUNCTION AND THE FIRST DERIVATIVE OF

THE FUNCTION

FORMAT(//’ F(X) . F{XX)

DO 30 IS=1,NN

CALL PEO%A (HDRDER;ALPHArBETAvACOEF:X(IS)rFAD IDERSW)

F(IS)=FAD(1)
DX(IS)=FAD(2)

-

-WRITE(46981) F(IS)»DX(IS)

CONTINUE

CALCULATES DIFFERENTIAL STARILITY CONSTANT
WRITEC(S9115) ‘

RO 90 IR=1sNN

KOIC(IR)=-DX(IR)
WRITE(&6y62) KOICIR)
CONTINUE

FORMAT(//”’ - KOI(MOLES/L) 771

CALCULATES THE FREE ENERGY

WRITE(S65112) .
FORMATC(//’ DELTAG(KJUULFS/M) *77)
DO 99 IY=1,NN

IF(KOI(IY).LE.0.0000)60 TO 120 <
DELTAG(IY)=-5.68526XALOG1O(KOICIY)) AN
CONTINUE

\\ | ‘
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97
98 99
99 22
100 44
101 66
102 81
103 &2
104 91
105 C
106 €
107 C
108
109
110
111"
112
113
114 129

1 FTN 5.1+552

WRITE(4:91) DELTAG(IY) ’ fﬂ -
CONTINUE C h
FORMAT (E12, 4) ' : : .
FORMAT (E12.4)

FORMAT (10X sE12,6)

FORMAT (10X sE12.4r5X,E12,4)

FORMAT (10X yE12.4),

FORMAT (10X yE12,4) .

PLOTS THE CALCULATED Y VALUE AGAINST THE X VALUE

CALL MODE(3s7.25»SAMEsSAME)
CALL MODE(7sSAMEs7.»SAME)

CALL SCAN(XsKOIs—NEr440)
CALL DRAW(X,yKOIsNEv441)

CALL AXES(16.2s‘CHI AXIS(ﬁOLE/G)'rii.Ov'KOISMOLE/G)’)

CALL DRAW(O.ry0.r129000) -
CONTINUE )

84/03/08. 18.32.37 PAGE ' 3 v

PROGRAM FOLYFIT 74/835 OPT=0

115
116
117

118

CALL DRAW(C0y0r0,9999)
CALL EXIT
RETURN

END . )

G, e nw

[P
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(2) POLYAC .
16 STABCUN ~-MOHAMMEID*=-~ SUBMITTED FROM- JEF.
2 FROGRAM POLYFIT(INFUT,DUTFUT,»TAPES= INFUTyTAFEé OUTFUT) )
3 COMMON SIZE(100) ,
4 - COMMON/VCO1R/LF ]
g INTEGER MORDERyIDERSWyIZyIFsIR
6 INTEGER NyMrL(50) sLFy NRsNM
7 REAL ALFHA{S50)yBETAC(50)yACOEF(S0) sFAD(2)
g REAL X(S0)sY(S50) W(S50)sD(S50)rF(50),C(50)
9 REAL K(50)sB(50)»AMB(S0) s INC(50) »FIC(S0) »DX(50) .
10 REAL A(S0) sB(S0)»C1(50)+Z(50)+FACsSUMsVARyDIFF %
11 REAL H(50) yAHYKIEsPHsKOI(S0) sFX(S0)»IT
12 REAL XT(50)sAA(S0)KBAR(50) yDELTAG(50)
13 . EQUIVALENGCE (MyMORDER) y (D(50)yACOEF(50))
14 DATA sans/zggg\/,nsx7/
15 C : ' w
16 C READ NUMBER OF DATA PDINTS NN;N:HEGREE OF POLY.sM
17 C DEGREE+1 » NM
18 C . .
19 READXsNN , st
2 REATIX s NM . ) ‘ o
21 READX N
a2 . READX M
23 ¢ - )
24 C READ IN X AND Y VALUE AND ASSIGN UNIT WEIGHT
25 €
24 ARC=1,0000 . -
27 IDERSW=1 .o . . . 14
28 DO 10 IM=1,NN
29 READ(S5,22) X(IM)
30 10 CONTINUE
31 DO 12 IN=1,NN
32 READ(Ss44) Y(IN) ~
33 12 CONTINUE
‘34 DO & I=1/NN
a5 W(I)=ARC
36 6 CONTINUE
37 ¢C . ' '
38 C CALL FOLYNOMIAL TO FIT DATA
39 C ,. : ‘
40 CALL VCOI1A (XyYrWrZsNeAYRYC»GrHal o M)
41 C : ’
42 ¢ FIND THE VARIANCE OF THE POLYNOMIAL FIT

t



qg

R}

£y

44
45
46

47 -

48
49
50
51
92
53
54
59
9é
97

+ 58

o9
60
61
62
&3
64
45
66

67 -
68

69
70
71
72
73
74
75
76
77
78
79
80

81

82
83
84
85
"86
87
88
8%
70
91

92

101

OO0

0

©+ 1 FINSSV14552 ‘
FROGRAM FOLYFIT 74/835_ OPT=0

13.

cO0OnOn

108

88

. WRITE(6,111)
‘D0 88 IA=1sNN - '

221

SUM=0.0000 .

DO 1 IT=1sNN
DIFF=Y(ITY-ZC(IT)
SUM=SUM+DIFFXQIFF.
CONTINUE

VAR=SUM/ (N-M~1)
WRITE(6,101) VAR
FORMAT(//"THE VARIANCE OF THE FIT IS’:E13 &)
WRITE(6:80)

CALCULATES THE COEFICIENTS OF THE POLYNOMIAL

FORMAT (/7" nam )
00 13 I0=1,NM . '
84/03/06. 17.59.3%9 PAGE 2

M

CALL PEOS8A (AyYRyCyDyM)
WRITE(&6xhé) DIIDD
CONTINUE
WRITE(é4rb61)

EVALUATES. THE FUNCTION AND THE FIRST DERIVATIVE OF
THE FUNCTION, :

-

FORMAT(//* , FOX) FIXX) 73
DD 30 IS=1sNN

CALL FEO%A (MORDERrALPHAvBETArACDEFvX(IS)rFADvIDERSU)"

F(IS)=FAD(1) .
DX(IS)=FAD(2)
WRITE(6rB1) F(IS)sDX(IS)

_CONTINUE S e

CALCULATES DIFFERENTIAL INSTABILITY CONSTANT

WRITE(6¢115) .
FORMATC(/ /7 KOI(MOLES/L) 17)
DO 90 IR=1yNN- . :
KOI(IR)=-DX(IR) -

WRITE(6y62) KOICIR) ~

. CONTINUE

CALCULATES THE DIFFERENTfAL STABILITY

FORMAT(//" KBAR (L/MOLES) Y1)
IF(KOI(IA).LE.0.0000)G0 TO 108
KBAR(IA)=1.,0000/K0I(IA)

CONTINUE . Y
WRITE(S6y89) KRARCIA) . ’
CONTINUE .



93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
1 FTN 5.1+

o0

112

120

99
22
44
31
36
66
81
62
89
91
c

c

=
S92

CALCULATES THE FREE ENERGY

WRITE(6,112)
FORMAT(//"
DO 99 IY=1yNN
IF (KEAR(IY) .LE.0.0000)G0 TO 120
DELTAGCIY)=-5,68526XAL0G10 (KBARCIY)) .
CONTINUE '
WRITE(6,91) DELTAG(IY) :
CONTINUE
FORMAT(E12.4)
FORMAT(E12,4)
FORMAT(E12.4) //

»

DELTAG(KJOULES/M)

FORMAT{E12.4)
FORMAT (10X sE12.6)
FORMAT(10X+E12.4y5XsE12.4)
FORMAT(10XrE12.4)

_FORMAT(10X+E12,4)

FORMAT(10X+E12.4)

PLOTS THE CALCULATED Y VALUE AGAINST THE X VALUE

84/03/06. 17.59.39 PAGE 3

FROGRAM FOLYFIT 74/835 OFT=0

115
116
L 117
‘118
119
120
121
122
123
124
125

c

]

»

CALL MODE(3s7.25ySANEySAME)
CALL MODE(7ySAME+7. fsaME)
CALL SCAN(X,»KOIy~NEy440)
CALL DRAW(XsKOIsyNEr441)

<

/7))

CALL AXES(9.3y’ALFA AXIS’y11. 5!’KOI(L/MOLE) )]

CALL DRAW(O.20.»1y2000)

CALL IIRAW(O»0+0y?99?)

CALL EXIT :

RETURN -
END

.
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APPENDIX (VII)

«
.,

Titration graph for'FA at a pH value of 3.86 in the presence

of Atrazine.

*

FA - 0.1000 gm/Titre

b - intercept“ of a line

m - slope of a line

r - correlation factor of a line

8 - Atrazine control solutions

*- Atraijne solutions before the equivalence point

A

Atrazine so1ut\ions after the equivalence point

Volume of so]utio}d‘= 50.00 ml

- )
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~ APPENDIX (VIII)

Sorption and desorption curves for Atrazine at different pH

values.

Volume of filtration cell = 13.00 ml
FA - 0.10000 gm per 13.00 ml

.- sorption curves

A - deSorption curves

0,P - experiments which determine the Atrazine-UM2
interaction

226



’ . . o e et tremnnra £ e D
.

h

]
M s
<

N ‘. [1w] mm‘30> 31vn13 : ) | ; :
o~ .
00 st .o0sh sgh OO SL 0S ST O “stb 0k SZb 000 §L 05 ST 0O ,
: . ) ,
. - . . 3
: , u
x
Iorg
01-2=Hd o
3
)
4 "
g =
H
. 3
- b
A - 'eN
(v) -

-—



228

002

[1w] 3wn10A 31vn13
slL  ost szb ool

4

sLb 0}

sz}

00}

SL

01-2 =Hd

(8) —

L]

(24

[onpi/or0m ] 04 X "5



229

[1w] ann10A 3LVAI3 -
00z S0 oSk SZb 00b - SL 05 G2

4 ry

O
w
[ o)
-
]
-

: Sb szl o00L §L 05 ST o

' 21

)

[oup/orom ] 00 ¥ D




230

[1w] ann10A 31vn3
0z & oSk Szb 00b SL  OS ST

SLh- 0SL SZL @b SL 0§ ST O

D

T
[oagpijo1om ] 0 * s




231

=
[1w] awnioA 31vn3
&.N m.n_. osl mm— e.e— SL 0s 14

L

GLb 05L SZL 00b §L 05 ST O

-
(o}
>
»
) o
- [+ ]
ge-z=Hd - ) —
Ly, 3
o
®
-
0 F .
[ ]
—a
\ 8
Loz oo




232

.
) DU ———

[iw] anwnoA 31vA3

Stk osk segl ook SL 0S §¢ ’ st oSk szl 00F SL s sz 0

=d

‘1ot
N
=2
iz
d | : , 2 -
062 —
=H Lyy 3
-9
. o
» o
o F
[ ]
e
BN -81
. IGW L0Z N
o (1) 2z



233

[1w] 3wn10A 31vnia : g

00z~ SIb o5k szt o0b SL° 05 SZ O SLb O5h SZ 0L L 0S 62

.

3

Coupsorow ] 0 x 2




Ay
» . .
HEl Tt CPVEReI, R . P S e e v
.
R

[1w] 3nN10A 31vnT3
002 SLb oSl S21 00K SL 05  SZ

[ A ' A

234
- ©

stk oSk

.. | S
g . . ¢!

[oa /010w ] OB X %




235

~

° -

[1w] 3wn10A 3Lvni3 :
00z S0 oSt Szl 00b SL 0S5  SZ

L)
(24
P~
-
3
L

SZL 00 SL 05 ST o

—r

D S

cp By tem

-



236

002

[1w] 3wn10A. 31vN13
Sl oSl

SZb- 00b- SL ‘t 05

74

. *

o,

boszk o0b gL 0§ . S

e

.

£6°2=Hd

ES

A i
* -

“

L R

o oA,



237

002

[1w] 3WN10A - 3Lvna

0s) -

szl

00}

§L

stb - oSt Sgb 00b L

VN




238

[1w] awnloA 31vn13
00z SLb oSt ~gzk 00 SL  OS

o

+0e

[O;OII Jorow ] 9OL *\ub

o e m——c—



239

00¢

« [lw] 3WMOA 3ivma
su - ogl

szi - 00}

i

[oasorom ] 04 x 3




240

«

H_ E“_ JNNTOA 3LlvNid
002 SL1 oSl sz 00b SL 0S8 ST

L 4 A A v A

SLL oS szi  o0b SL 0s ¢ o

-Zi

z6 v =Hd
" F

Y
[
-

\

.

t.:mmow 10 E)



241

002

[1w] IWNI0A aivnia

. m.h— ) o.m—. mm— o.ew mp c.m m.N @ mm }
@
(g )
- |
»x
-l
gm=pd | | . =
£6'S=H o | w M e 3
i - - ml
[ Y
o m
_ : " I
®
- —
E : N\ Loz

- 4



[1w] awnioA 3ivni3
SLb osh Szb  00b ¢ SL

- —

26s=Hd

.
2 [

SLL 0SL szl 0oL SL 05 §2 O

s

I X

v

® =
[miu?lﬂ"

e




APPENDIX (1X)

Sorption and desorption data from Appendix (VIII).
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Table (25-R): Sorption and desofption values for the evalua-

tion of the amount of Atrazine bound to FA

at pH 2.10.
SORPTION ‘ DESORPTION
‘(\
v cx10® | M. .x107 | v c.x 10° Im_.x 107
out n out out 1 out ‘
(m1) (mole/1) (mole) (m1) (mole/1) (mole)
7.50 ‘2.60 1.95 7.50 12.00 9.00
15.00 5.78 6.28 15.00 9.38 16.04
22.50 8.60 - 12.74 22.50 7.40 21.59
30.00 11.00 20.98 30.00 5.90 26.02
37.50 13.20 30.88 37.50 4.60 29.46
45.00 15.10 42 .21 45.00 3.62 32.18
52.50 16.58 54.64 52.50 2.78 34.26
60.00 17.80 68.00 60.00 2.00 35.76
67,50 18.78 82.08 67.50 1.38 36.80
75.00 19.10 96.40 75.00 0.92 37.49
’ . 82.50 ,0.70 38.02° -
20,00 0.44 38.35
97.50 0.36 38.62
105.00 0.22 38.78
112.50 0.18 38.92
120,00 0.15 39.03
127.50 . 0.00 39.03
Sorbed = 22.0 umole/gm FA Desorbed = 14.2 umole/gm FA
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Table (25-B): Sorption and desorption values for the evalua-

tion of the amount of Atrazine bound to FA at

pH 2.10.
SORPTION DESORPTION
3
5 5 7

Vout Cnx 10 Moutx 10 Vout c1x 10 Moutx 10
(m1k] (mole/1) (mole) (m1) (mole/1) (mole)
7.50 1.94 1.46 7.50 10.20 7.65
15.00 3.10 3.78 15.00 0.56 14.82
22.50 4.08 6.84 22.50 8.30 21.04
30.00 >4.90" 10.52 30.00 6.92 26.23
27.50 5.80 14.87 37.50 5§.50 30.36
45.00 6.60 19.82 45.00 4,52 . 33.75
52.50 7.38 25.36 52.50 3.60 36.45
60.00 8.40 31.66 60.00 2.82 38.56
67.50 8.78 38.24 67.50 2.30 40.29
75.00 9.42 45,31 75.00 1.88 41.70
82.50 10.05 52.85 82.50 1.60 42.90
90.00 10.40 60.65 90.00 1.38 43.94
. 97.50 1.18 44,82
105.00 0.94 45.52
1¥2.50 0.79 46.11

-1.120.00 0.60 46.56 -
127.50 0.56 46.97
135.001 - 0.40 47.27
132.50 0.32 47.5]
150.00 0.22 47.68
" 157.50 0.18 47 .82
165.00 0.15 47.93
172.50 0.00 47.93

Sorbed =19.9 umole/gm FA

-

Desorbed = 34.4 uymole/gm FA
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Table (25-C): Sorption and desorption values for the evalua-

tion of the amount of Atrazine bound to FA at

pH 2.28.
SORPTION DESORPTION
5 7 : 5 7
Vout Cnx 10 Moutx 10 Vout-. Cix 10 Moutx 10
(m1) (mole/1) (moTe) (m1) (mole/1) (mole)
¢ 7.50 2.88 2.16 7.50 8.30 6.22
15.00 4.40 5.46 15.00 4.42 9.54
22.50 5.71 9.74 22.50 3.18 11.92
30.00 .6.90 14.92 30.00 2.42 13.74
37.50 7.70 20.50 - 37.50 1.90 15.16
45.00 8.32 26.74 45.00 1.60 16.36
52.50 8.94 33.44 52.50 1.35 17.37
"@0.00 9.46 40.54 4 60.00 1.10 17 .38
67.50 9.80 47.89 ° | 67.50 0.90 18.06
- . 75.00° 0.78 18.64
82.50 0.62 19.11
20.00 0.55 19.52
97.50]- 0.40 19.82
105.00 0.38 20.11
112.50 -0.24 20.92
120.00. 0.22 20.46
127.50 0.20 20.61.
135.060 0.18 20.74
142.50 0.16 20.86
150.00. 0.14 20.96
157.50 0.05 +21.00
165.00. 0.05 21.03
172.50 | 0.00 21.03
Sorbed = 5.52 umole/gm FA Desorbed= 8.29 umole/gm FA
-y

e e ks
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Table (25-D): Sorption and desorption values for the evalua-

tion of the amount of Atrazine bound to 'FA at

pH 2.30.
SORPTION DESORPTION .

. 5 7 , 5 7
Vout Cnx 10 Moutx 10 Vout Ctx 10 Moutx 10
(m1) (mole/1) (mole) (m1) (mole/1) (mole)
7.50 2.82 2.12 7.50 670 5.02

15.00 4,50 5.50 15.00 4.98 8.76

22.50 5.720 - 9.78 22.50 3.80 11.61

30.00 6.5 14.72 30.00 2.98 13.84 ..

37.50 7.38 20.26 37.50 2.28 15.55 ™

45.00 7.98 26.24 ' *45.00 .1.80 16.90

52.50 8.42 32.56 52.50 1.40 17.95

60.00 8.80° 39.16 - 60.00 1.02 18.71

67.50 "9,10 45.99 67.50. 0.8 19.32

75.00 9.28 52.95 75.00 0.62 . 19.78

82.50 9.42 60.02 82.50 0.58 20.22

90.00 9.50 67.14 90.00 " 0.42 20.54

’ . 97.50 0.30 20.76

8 105.00 -0.12 20.85

112.50 0.10 20.92

120.00 0.08 +20.98

127.50 0.05 21.02

135.00 0.00 21.02

Sorbed = 6.01 umole/gm FA . Desorbed =8.67 umole/gm FA

.1
A .

LTty

Sewers 4
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-Table (25-E): Sorption values for the,eva]uat)on of the -

amount of Atrazine bound to FA at pH 2.35.

SORPTION DESORPTION
5 7 5 7
Vout| Cnp* 107 | Moyex 10 Vout | 64x.10 Mout* 10 i
(m1)]" (mole/1) (mole) (m1) (mole/1) (mole)
7.50 3.18 2.38
15.00 4.84 6.01
22.50 6.10 10.58
30.00 7.02 15.84
37.50 7.78 21.68
45.00 8.38 27.96 °
-52.50 8.81 3?.56
60.00 9,22 41.48
67.50 9.58 48.66 |~ ™
75.00 *9.80 56.01 :
. 82.50 10.00 63.51
90.00 10.16 71.13
1 97.50 10.30 78.86
105.00. 10.34 86.62
Sorbed = 8.51 umole/gm FA .
%8
J
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_Table (és-F): Sorption and desorption values for the evalua-

.tion of the amount of Atrazine bound to FA at

’ pH 2.50. . s -
SORPTION . DESORPTION

5 7 5 7

; ] vdut Cﬁx 10 Moutx 10 Vout 013 107 . Moutx 10
y (m1)] (wole/1) |- (mole) ~(md) (mole/1) (mole) -

7.50 2.42 1.82 7.50 8.40- 6.30
. 15.00 3.95 4.78 15.00 8.10 12.38
22.50 5.00 8.53 22.50 *7.56 18.05
30.60 5.83 12.90 30.00 6.38 22.84
' x 37.50 6.50 17.78 37.50 4.75 26.40
. 45.00 7.07 23.08 45.00 3.78 29.24
. 52.50 7.50 28.7 52.50 3.00 31.49
. 60.00 7.88 34.62 60.00 2.55 33.40
67.50 8.18 40.76 67.50 2.10 34.98
75.00 8.39 47.05 75.00 1.80 36.33
82.50 8.46 50.40 82.50 1.58 37.52
90.00 8.75 56.96 90.00 1.36. 38.54
: 97.50 1.20 39.44
105.00 1.05 r~ 40.23
. 112.50 0.90 40.09

120.00 0.80 40.69 .
. 127.50 0.66 41.18
135.00 0.58 41.62
142.50 0.40 41.92
, 150.00 Ox26 42.12
. ¢« 11V87.50 0.10 42.20
1¥ Sorbed =10.4 umole/gm FA Desorbed = 30.8 umole/gm FA
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~

’ Table (25-5): Sorption and desorption yalues for the evalua-

tion of the amount of Atrazine bound to FA at

pH 2.50.
"SORPTION ~ DESORPTION .
5 7 ' ' 5. 7

Vout' Cnx 10 Moutx,lo vout C,x 10 "outx 10
(m1)| (mole/1) | (mole) (m1). | (mole/1) |[(mole)
7.50 3.78 " 2.84 7.50 18.50 13.88
15.00 7.00 8.09 15.00 18.45 27.72
~22.50 9.00 14.84 22.50 15.50 39.34
30.00 10.32 22.58 30.00 11.32 47.83
. 37.50 11.3¢9 31.12 37.50 8.10 53.91
45.00 12.32 40. 36 45.00 6.20 58.56
52.50 13.10 50.18 52.50 + 4,98 62.30
60.00 13.75 60.49 60.00 - 4,00 65.30
67.50 14.38 71.28 67.50 3.30 67.78
*75.00 15.10 82.61 75.00 2.78 -69.86
*82.50 15§.72 | ;94.40 . 82.50 2.39 71.65
90.00 16.20 106.55 » 90.00 2.00 73.1%
97.50 16.66 119.04 97.50 1.1 74.43
05.00 “17.20 131.94 105.00 1.46 75.52
12.50} ' 17.38 144 .98 112.50 1.23 76.44
20.00, 17.60 158.18 120.00 N 1.04 77.22
27.50 17.85 171.57 127.50 0.92 77.91
35.00 18.14 185.18 135.00 0.80 78.51
42.50 18.20 198.83 142.50 0.7 79.04
50.00 18.20 212.48 150.00 0.62 79.581
) 157.50 0.50 79.88

' 165.00 0.42 80.20
122.50 0.37 80.48
180.00 0.30 80.71

187.50 0.28 80.92
195.00 0.20 81.07
202.50 0.18, 81.21

‘! 210.00 0.10 81.28

! - 1217.5 0.00 B1.28

A .
Sorbed = 36.9 umole/gm FA Desorbed = 57.6 umole/gm FA
)
‘ »
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A3

,Iab1e (25;H): Sorption and desorption values for the evalua-

tion of the amount of Atrazine bound to FA at

pH 2.60. .
SORPTION DESORPTION
5 7 : 5 7
Vout Cnx 10 "outx 10 :’vobt Ctx\10 Moutx 10 ‘
(m1) (mole/1) (mole) (m1) (mole/1) |[(mole) .
7.50 © 2.08 1.56, 7.50 7.38 5.54
15.00 4.00 4.56 15.00 5.64 9.77
22.50 5.60 8.76 22.50 N 4.52 13.16
30.00 ~6.70 13.78 30.00 3.70 15.94
37.50 7.55 19.44 37.50 3.10 .18.26
45.00 8.20 25.59 45,00 2.56 20.18
52.50 8.68 32.10 52.50 2.10 21.76
60,00 .10 38.92 60.00 1.78 23.10
67.50 9.39 45.96 67.50 1.48 24.21
75.00 .60 53.16 75.00 1.23 256.13
82.50 9.78 60.50 82.50 1.19 26.02
©0.00 0.99 26.76
97.50 - 0.85 27.40
105.00 0.70 27.92
112.50 0.60 28.37
120.00 . 0.48 28.73
1127.50 0.37 . 29.00
135.00 . D.25 29.18
142.50 0.17 29.32
150.00 0.00 29.32
Sorbed. = 7.47 umole/gm FA Desorbed =16.6 wmole/gm FA

LS R TP N
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Al

Table (25-1): Sorption and desorption values for the evalua-

—_— tion of the‘amount of Atraz1qe bound to FA at
pH 2.92.
N SORPTION DESORPTION
105 5 ' 7
vout Cnx 10 Moutx 10 vout C1x 10 "outx 10
(m1) (mole/1) (mole) (m1) (mole/1) (mole)

7.50 3.65 2.74 7.50 14.50 10.95
15.00 9.00 9.49 15.00 9.58 19.14
22.50 12.62 18,96 ° 22.50 '6.95 23.35
30.00 ,14.80 30.06 30.00] 5.10 27.18
37.50 15.42 41.62 37.50 5.65 31.42
45.00 15.83 53.49 45.00 2.65 33.4)
52.50 16.20 - 65.64 52.50 1.94 34.86
60.00 16.42 77.96 60.00 1.40° 35.91
67.50 16.54 90. 36 67.50 1.00 36.66
75.00 16.60 102:81 75.00 0.80 37.26
82.50} 0.70 37.79
90.00 0.58 38.22
97.50 0.45 38.56
-~ 105.00 -0.40 38.86
' . 1;2.50 0.37 39.14
120.00 0.30 39.36
-127.50 0.24 39.54

135,00 0.20 39.6¢°
. 142.50 0.20 39.84
150.00 0.00 39.84

L

Sorbed=0.110 umole/gm FA

Desorbed = 18.3 umole/gm FA

[ Y.
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Tab1e.(25-J): Sorption and desorption values for the evalua-

A

tion of the amount of Atrazine bound to FA at

pH 2.93. (]
SORPTION DESORPTION f
5 7 5 7

Vout Cnx,JO "out‘.lo ‘ Vout Ctx 10~ "outx 10

(m1) (mole/1) (mole) - (ml) (mole/1) (mole)
7.50 2.20 1.65 7.50 1.52 5.64
15.00 3.90 4.58 15.00 6.00 10.14
22.50 5.37 8.61 22.50 4,92 13.83
30.00 6.44 + 13.44 30.00 4,08 16.89
37.50 7.40 18.99 37.50 3.37 19.42
45,00 9.10 25.06 45.00 2.80 21.52
52.50 8.63 31.53 52.50 2.40 23.32
60.00 |- 9.00 38.28 60.00 2.10 24.90
67.50 9.28 45 .24 67.50 1.80 26.25
75.00 8.37 52.27 75.00 1.60 27.45
B2.50 9.40 59.32 82.50 1.45 28.54
. . 90.00 1.30 29.52
97.50 1.18 30.40
105,00 1.02 31.16
112.50 0.90 31.84
120.00 0.80 32.44
127.50 0.70 32.96
135.00 0.58 33.40
142.50 0.45 33.74
., 150.00 0.40 34.04
— 157.50 0.30 34.26
165.00 0.25 34.45
172.50 0.20 34.60
180.00 0.18 34.74
187.50 0.15 . 34.85
195.00 0.12 34.94
202.50 *0.00 34,94

Sorbed = 6.01 umole/gm FA

oy

Desorbed = 22.7 umole/gm FA

!

f
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Table (25-K): Sorption and desorption values for the evalua-

tion of the amount of Atrazine bound to FA at

PH 3.25.
SORPTION . DESORPTION
5 7 5 7

Vout Cnx 10 Houtx 10 vout C1x 10 Moutx.IO

(m1) (mole/1) (mole) (m1) (mole/1) (mole)
7.50 2.70 2.02 7.50 17.80 13.35
15,00 5.70 +6.30 15.00 17.00 26.10
22.50 8.00 12.30 22.50 15%.80 37.95
30.00 10.02 18.82 30.00 14 .45 48.78
37.50 11.80 28.67 37.50 12.97 58.51
45.00 13.30 38.64 45.00 11.30 66.99
52.50 14,58 49 .58 52.50 9.50 74 .12
60.00 15.20 60.98 60.00 7.72 79.9
67.50 15.68 72.78 67.50 6.17. 84 .54
75.00 16.08 84.80 75.00 4.72 88.08
82.50 16.40 97.10 82.50 3.75 90.89
90.00 16,70 109.62 90.00 *3.05 93.18
97.50 16.95 122.33 ~97.50 2.44 95. 0
105.00 17.20 135.23 105.00 1.97 96.49
112.50 17.39 148.27 112.50 1.50 97.62
120.00 17.57 161 .45 120.00 1.05 98.41
127.50 17.70 174.72 127.50 0.68 L 93.92
135.00 17.80 - 188.07 135.00 0.37 99.20
142.50 17.90 201.50 142.50 0.16 99.32
150.00 17.95 214 .96 150.00 0.00 99,32

Sorbed = 31.0' umole/gm FA

Desorbed =76.0 umole/gm FAS




255

Table (25-L): Sorption andidesorption values for the evalua-

"’,’j

tion of the amount of Atrazine bound to FA at

pH 3.76.
SORPTION DESORPTION
5 7 5 7
vout Cnx 10 "outx 10 vout C,x 10 "outx 10
(m1) (mole/1) (mole) (m1) (moTe/1) (mole)
7.50 6.58 4.94 7.50 18.20 . 13.65
15.00 10.90 ‘1312 15.00 17.78 26.98
22.50 13.20 23.02. 22.50 14,20 37.63
30.00 14.62 33.98 30.00 11.00 45.88
37.50 15,55 45.64 37.50 8.20 52.03
45.00 16.23 57.81 45.00 6.56 56.95
52.50 16.80 70.41 52.50 5.28 : 60.91
60.00 17.25 . 83.35 60.00 4.20 64.06
67.50 17.6% » 96.56 67.50 '3.3; 66.59
75.00 17.94 110.02 75.00 2. 68:50
82.50 18.20 123.67 82.50 1.98 69.99
90.00 18.35 137.43 90.00 1.55 71.15
97.50 -18.38 151.22 97.50 1 1.20 72.05
105.00 |- 0.98 72.78
o 112.50 0.70 73.30
123.00 0.50 73-.68
127.50 0,38 73.97
135.00 0.30 74.20
142.50 0.22 74,36
“1150.00 0.20 74.51
157.50 0.18 74.6\
165.00 0.15 74.75
172.50 0.15 74.86
180.00 0.14 74.96
187.50 0.00 74.96
Sorbed = 4.10 umole/gm FA Desorbed =51.1 umole/gm FA

>
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Table (25-M):

- 256

tion of the amount of Atrazine bound to FA at

Sorption and desorption values for the evalua- '

pH 4.05.
SORPTION DESORPTION
5 7 5 7

Vout Cnx 10 Mout® 10 Vout Cix 10 Mout™ 10

(m1) (mple/1) (mole) (m1) (mole/1) (mole)
7.50 6.20 4.65 7.50 20.55 15.41
15.00 9.50 11.78 15.00 18.98 29.64
22.50 12.00 20.78 22.50 14.92 40,83
30.00 14.00 31.28 30.00 12.00 49,83
37.50 16.16 43.40 37.50 7.90 5%.76
45.00 17..75 56.71 45.00 6.15 60.37
52.50 18.83 70.83 52.50 4.83 63.99
60.00 19.70 85.61 60.00 3.84 66.87
67.50 20.565 101.02 67.50 2.98 . 69.1M
75.00 2.30 70.84
82:50 1.70 -~ 72.12
90.00 1.20 73.02
97.50 0.80 73.62
105.00 0.40 73.92
112.50 0.10 74.00

Sorbed =11.0.- umole/gm FA

Desorbed = 47.3 umole/gm FA

}
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Tadle (25-N): Sorption and desorption values for the evalua-

tion of the amount of 'Atrazine bound to FA at

pH 4.32.
SORPTION DESORPTION
v cx10° | mo.x107] v c.x 10° M .x 107
out n - out out 1 ! out
(m1) (mole/1) (mole) (m1) (mole/1) (mole)
7.50 7.40 5.55 7.50 18.00 13.50
15.00 11.40 14.10 15.00 16.00 25.50
22.50 13.50 24.22 22.50 13.10 35.32
30.00 14.79 35.31 30.00 10.78 43.38
37.50 15.58 46.99 37.50 8.70 49,91
45.00 16.18 59.12 45.00 6.60 54.86
52.50 16.63 71.59 ¢ 52.50 5.00 58.61
60.00 16.97 ga.32 " ¥| 60.00 a.05 61.65
67.50 17.20° 97.22 67.50 3.28 64.11
75.00 17.42 110.28 75.00 2.70 66.14
~ . 82.50 2.27 6284
90.00 1.90 €9.26
97.50 1.60 70.46
. 105.00 1.30 71.44
112.50 1.05 72.23
120.00 0.82 72.84
127.50 0.60 73.29
135.00| - 0.40 73.59
142.50 - 0.20 73.74
150.00 0.00 73.74
Sorbed= -2.28 umole/gm FA Desorbed =51.1 umole/gm FA
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Table {25-0): Sorption and qeéorption values for the evalua-

. tion of the amount of Atrazine bound at pH 5.92.

SORPTION DESORPTION
! 5 7 5 7
“but cnx 10 "outx 10 Vout C,x 10_ "outx 10
(m1) (mole/1) (mole) . (m1) (mole/1) (mole)
7.50 4.83 3.62 7.50 7.20 5.40
15.00 6.70 8.64 15.00 5.30 9.38
22.50 7.95 14.60 22.50 3.68 12.14
30.00 .88 21.26 30.00 2.58 14.08
37.50 9.70 28.54 | 37.50 1.84 15.46
45.00 10.23 36.21 45.00 1.46 16.56
52.50 10.70 44,24 52.50 1.18 17.44
60.00 11.08 52.53 60.00 0.97 18.17.
67.50 11.30 61.01 67.50 0.80 18.77
75.00 11.55 61.67 75.00 0.65 19.26
82.50 11.70 78.44 82.50 0.55 19.67
90.00 11.82 87.31 90.00 0.46 20.02
97.50 11.96 96.28 97.50 0.40 20.32
105.00 12.02 105. 30 105.00 . 0.30 20.54
112.50 12.10 114.38 112.50 0.22 20.71
120.00 12.18 123.52 120.00 0.17 20.84
127.50 0.10 20.92
135.00 0.05 20.96
"142.50 0.00 20.96
Sorbed = 0.680 wmole = Desorbed = 0.513 umole
[] / b , {r\
B * -
* /
4
. &
- ‘ !

~ Wﬂ»ﬁ Ay
.
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Table (25-P): Sorption and desorption values for the evalua-

tion of the amount of Atrazine~bound at pH 5.93.

SORPTION DESORPTION
5 7 i 5 7
Vout Cnx 10 "outx 107 Vout C1x 10 "outx 10
(m1) (mole/1) | (mole) (ml1) (mole/1) (mole)

7.50 5.00 3.75 7.50 8.60 6.45
15.00 6.85 8.89 15.00 6.60 11.40
22.50 8.20 15.04 22.50 5.40 15.45
30.00 9.00 21.79 30.00 4.20 18.60
37.50 9.80 29.14 37.50 3.60 21.30
45.00 10.40 36.94 45,00 3.00 23.55
52.50 10.90 45,11 52.50 2.50 25.43
60.00 ]*[30 53.95 .} 62.50 1.80 26.78
67.50 19.40 62.14 . -] 72.50 1.50 28.58
. ’ . B2.50 .1.20 29.78
) 52.50 0.90 30.68
102.50 0.65 31.33
< 112.50- 0.55 31.88
. 122.50 0.24 32.12
127.50 0.00 32.21

Sorbed = =3.00 x 10°° wmole Desorbed =1.74 umole
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