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ABSTRACT

In the present paper an attempt was made to study the extent of AOX
formation as secondary pollutants from the lignin of the paper mill efflu-
ent under existing conditions of chloride level, anmonia level, PH and
temperature. It wasfound at PH of 6-8 and natural room temperature con-
ditions there was a rise of AOX content up to 17% within 12 hours and
32% of increase after 24 h when chloride ion concentration 30 mg/L and
ammoniawas not present. Where asin presence of 15 mg/L of anmonia
there was an increase up to 2% in 12 hours and 44%risein 24 hours. The
theoretically possible chloro- compounds from lignin building blocks were
designed and their agueous solubility at pH 7, log P, log D, adsorption
coefficient and BCF values were obtained from computational methods
using ACD lab soft ware and were compared to evaluate environmental
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concern possibilities.

INTRODUCTION

Lignin produced during pul ping processfor paper-
making isan environmental concern for the pulp and
paper industry™™. Thelignin contained in fiber iscon-
vetedintothio- andakdi-ligninduringtheKraft pulping
processand to lignosulfatesin the sulfite pul ping pro-
cessfor papermaking. Ligninisrespons blefor thecolour
of paper mill waste effluents. Dischargeof coloured ef-
fluentsfrom the pul p and paper millsisnot only aseri-
ous aesthetic problem@, but alsointerfereswith algal
and aguatic plant productivity by limitinglight transmit-
tance’¥. Environmentd protection regul ationsarelimit-
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ing the discharge of coloured wasteeffluentsintore-
ceiving waters. Ligninisnot decomposed by biodegra-
dation through bacteria. Thereforethey accumulatein
nature and persist for along time. Bleaching through
HOCI iscommonly adapted to removethecolour of or
to sterilizewater. But thereisachance of chlorination
toligninand to the hydrolysis products derived from
lignin. Theseresultstheformation of the secondary pol-
|utantslike chlorinated organic molecul esthat are car-
cinogenic,

Chemicals

All chemicalsof analytical grade chemicalsand
doubledigtilled water were used.
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Experimental detailsand analytical methods

Stock solution of aqueous chlorine approximately
0.05M was prepared by bubbling chlorinegasinto dis-
tilled water and stored at 5°C temperature. The aque-
ous chlorine solution was standardized by iodine-thio-
ulfatetitration using starch asindicator. Organic soluble
lignin (OSL) wasisolated through procedurefollowed
by Tsuneo Kondo®. was taken in each of the three
conicd flasksof 1L capacity having 500 ml of digtilled
water. 1.7g of sodium chloride was added to 2™ and
3¢flasks. 4 x 10*molesof ammoniasol ution was added
to 3 flask. In thisway four sets of each consists of
threeflaskswere prepared. They labeled as0, 6, 12,
24. All weredlowed to stand undisturbed. After 6 hours
of durationfrom the set [abeled as6 theligninwasiso-
lated and subjected to AOX determination by pyroly-
S s-titrimetric method as specified in 21% Edition Stan-
dard Methodsfor the examination of water and waste
water APHA, Wahington, D.C (2005)®. Similarly 12
and 24 |abel ed flaskswerw too analyzed. Possiblelig-
nin buildingblock structureswere drawnthroughACD
lab soft ware and theoretical values of pK aqueous
solubility, log p, log d and adsorption coefficient were
obtai ned from soft were service provided by ACD |ab.

RESULTS

Thevauesof AOX after giveninintervasisgiven
TABLE 1. Thebar graph of vduesareshowninfigure 1.
TABLE 1: AOX valuein pg/gof lignin

S.no time 1st flask  2nd flask 2nd flask
1 0 186 195 195
2 After 6 h 187 212 212
3 After 12h 189 237 237
4 After 24 h 192 269 269
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Figurel: Bar graph of AOX valuesobtained for three
different conditionsi.e., in presenceof residual chlorine,
in presence of residual chlorineand chlorideionand in
presenceof residual chlorine, chlorideion, and ammonia
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The possible structures are numbered from (1 to
78). Thevalueslog P, log D, Aqueous solubility at pH
7, adsorption coefficient and BCF obtained form soft-
ware devel oped by Quantitative StructureActivity Re-
lationship”® Model softwarearegivenin TABLE 2.

DISCUSSION

Thereispracticaly negligibleorganic-chlorine con-
tent when agueous chlorinea onewaspresent with lig-
nin. (Error 7%) In presence of chlorideion, after 6 h,
therewasariseof 8%inAOX vdue. Smilarly after 12
hand 24 h therewas an increase of 21% and 27%in
AOX vauerespectively. Thisobservation supports
H*+Cl'+HOCI «>Cl,+H,0

Equilibriumwas displaced far enoughto right so
that asignificant reaction occurs between mol ecular
chlorineand lignin. Theremay be atendency to under
go oxidativeruptureof aromatic ring but inthe present
paper our discussionislimited to chloro-organic matter
formation.

In presence of ammoniatheincreasein AOX was
isfound to be 4%, 16% and 36% respectively after 6h,
12h and 24h. When ammoniawaspresent it reactswith
chlorinefaster thanligninto giveNH,Cl. It appearsthat
NH,Cl reactswith lignin more effectively than Chlo-
rine. So therewas an increase of 36%inAOX.

Bio concentration factor (BCF) isthe concentra-
tion of aparticular chemica in atissue per concentra-
tion of chemical inwater (reported asL/kg).

Thisphysica property characterizestheaccumula-
tion of pollutantsthrough chemica partitioningfromthe
agueous phaseinto an organic phase.

BCF=C_/C,
C, isconcentration of X inorganism, C_isConcentration of X
in environment

A partition coefficient (P) or distribution coefficient
(D) istheratio of concentrations of acompound inthe
two phasesof amixtureof two immisciblesolventsat
equilibriumt®. Hence these coefficientsareameasure
of differentia solubility of the compound between these
two solvents. Hydrophobic drugswith high partition
coefficientsare preferentially distributed to hydropho-
bic compartments such aslipid bi-layersof cellswhile
hydrophilic drugs (low partition coefficients) preferen-
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TABLE : 2Computational generated log p, log d, solubility, adsor ption coif and BCF

Structural log log Solubility = Adsorption BCE Structural log log Solubility  Adsorption BCE
unit P D pH7 Clef unit P D pH7 Clef
1 1.86 1.9 2.79 245 15.3 40 098 1 0.42 80.8 3.25
2 243 24 0.8 489 40.4 41 1.77 1.7 0.1 205 12.2
3 3.01 238 0.33 677 74.7 42 0.56 0.6 0.61 48.1 157
4 163 1.6 3.07 182 10.1 43 1.27 1.3 0.33 117 5.45
5 242 24 0.63 487 40.2 44 122 1.2 0.38 109 4.93
6 127 1.3 3.55 117 5.42 45 1.06 1.1 0.69 90.1 3.79
7 1.26 1.29 0.92 115 531 46 162 1.6 0.2 175 9.66
8 18 18 0.32 204 12.3 47 219 1.9 0.11 179 13.1
9 233 2.2 0.11 361 285 48 274 24 0.03 353 34.1
10 0.49 05 2.05 43.8 1.38 49 331 3 0.0084 708 90.9
11 242 24 0.14 489 40.3 50 333 3 0.014 723 93.7
12 31 3 0.043 990 115 51 0.65 0.6 0.75 53.7 1.83
13 349 34 0.018 1476 208 52 144 14 0.16 139 7.04
14 39 37 0.01 2062 354 53 0 O 1.2 23.7 1
15 118 1.2 0.085 105 4.68 54 436 44  0.00001 5571 1202
16 0.25 0.3 1.74 325 1 55 26 26 0.064 620 56
17 0.82 0.8 3.29 66.1 2.45 56 289 3 0.03 784 64
18 202 2 0.23 297 20 57 271 2.7 0.033 704 66.8
19 257 2.6 0.077 568 50.5 58 3.2 3.19 0.023 846 89
20 3.14 28 0.055 501 59.1 59 35 35 0.002 952 103
21 3.7 333 0.016 931 145 60 42 419  0.0006 1026 127
22 16 16 0.27 177 970 61 118 1.1 0.072 156 10
23 239 24 0.066 454 36.8 62 22 218 0.03 163 15
24 229 23 0.16 416 321 63 24 2.39 0.002 169 25
25 2.84 28 0.073 804 81.8 64 26 256 0.0001 172 37
26 34 34 0.023 1612 216 65 3.1 299 0.00001 183 46
27 33 33 0.038 1463 187 66 3.1 3.11 0.000001 199 59
28 454 45 0.0073 1960 463 67 3.5 3.48 1E-07 206 73
29 17 17 0.33 199 114 68 184 18 0.049 239 14.8
30 249 25 0.079 514 43.7 69 22 2 0.0033 258 26
31 3.27 33 0.018 1377 173 70 24 237  0.0002 345 56
32 3.5 347 0.012 1425 189 71 0.87 0.9 0.0036 91 2.3
33 424 42 0.002 1634 218 72 2.8 2.7 0.000019 456 69
34 434 43 0.0006 1689 223 73 3.4 3.37 0.00001 568 86
35 0.87 0.9 0.67 70.3 2.67 74 3.8 3.77  0.00001 679 105
36 15 15 0.31 158 8.26 75 4.2 419 0.000001 906 214
37 207 2 0.1 299 20.7 76 163 1.6 0.051 184 10.3
38 264 2.2 0.084 234 215 77 19 1.89 0.006 199 19
39 342 29 0.018 579 785 78 2.2 2.19 0.003 229 26

tialy arefound in hydrophilic compartmentssuch as
blood serum.

Normally oneof thesolventschoseniswater while
the second is hydrophobic such as octanol. The parti-
tion coefficientisaratio of concentrationsof un-ionized
compound between the two solutiong.

L og P oct/wat =log({solute}octanol/[solute] unionized water)

Thelogarithm of theratio of thesum of concentra-
tionsof thesolute’svariousformsin one solvent, tothe
sum of the concentrationsof itsformsintheother sol-
ventiscaledlogD.

L og D= log[solute] octanol/[solute]ionized water +[solute]
neutral water

Thehydrophobicity of acompound cangivescien-
tistsanindication of how easily acompound might be
taken upin groundwater to pollutewaterways, and its
toxicity to animalsand aquatic lifeé™. Log P, log D,
absorption coefficient and BCF decreases by methoxyl
groups.

Aqueoussol ubility isincreased by methoxyl group
subgtitutions. In chlorinesubstitution moleculethelog
P, log D, absorption coefficient and BCF increasesand
aqueous sol ubility decreaseson increasing no of chlo-
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39

Sructures are numbered from (25-42)

970. Arylisochroman (57), dibenzodioxocin (49) are
formed by 5-5/B-0O-4(a-0O-4) linkage and
benzodioxane (31) isformed by B-O-4(a-O-5)link is
found to havesignificant BCF vaues. Benzdioxane (61)

rineatoms. On comparing thevaueattributed to differ-
ent dimersand trimer formed by different possiblelink-
ages, Theresinol (22) isformed through 3-f or a-O-
v” linkageisfound to be having thehighest BCFi.e,,
——=—0= OCHEMICAL TECHNOLOGY
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Sructures are numbered from (61-78)

and spirodienone (68) havelesssignificant BCF. The
structures (7), (15), (40), and (71) have little BCF.
phenylcoumaran (16) isformed through -5 (a-O-4)
link has BCFvaue 1. Aqueoussolubility isfound to be

decreasing from monomer to dimer and to trimer.
Among dimersphenyl-coumaran isfound to hashigh
aqueous solubility. Sothoughit hasvery lessBCF the
solubility factor playsroleinbio accumulation. Though
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BCF value hasastrong correlation with log P and ad-
sorption coefficient va uesthedibenzodioxocinhasmore
log p/adsorption coefficient valuesbut posseslessBCF
valuethan benzodioxane. It isobserved that there will
be drastic change in properties whenever structural
change caused dueto ring closing occursthrough eimi-
nation of HCI (13—15, 60—61, 64—65, 66—67,
70—71and 73—74). All such changes are character-
ized by increasein solubility and decreasein other con-
Sidered parameters.

High potential BCF>1000; moderate potential 1000
>BCF>250; low potential 250>BCF on thiscriteria
22 and 54(border line case) have high potential 14 and
28 have moderate potentia and remaining arelow po-
tential moleculesto enter into food chain of ecosys-
tem..

For un-ionizablecompounds, log P=log D for most
of the casethis conditionisobserved.

CONCLUSIONS

Thelignin materid reactswith residua chlorineto
generate secondary pollutants.

Therearedifferent chloro substituted derivatives
depend up structure aspects. Ontheir physiologica and
environmental characteristicsthey may get enter into
food chain. Log P, log D, absorption coefficient and
BCF decreases by methoxyl groups. Aqueous solubil-
ity increases by methoxyl groups. In chlorine substitu-
tion moleculethelog P, log D, absorption coefficient
and BCF increases and aqueous solubility decreases
onincreasing no of chlorineatoms. Therewill bedras-
tic changein propertieswhenever structural change
caused dueto ring closng occursthrough € imination of
HCI.
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