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- ABSTRACT -

A raw sewage stablllzatlon lagoon located near Tucson, Arlaona,_Ie':

-and owned and operated by lea County Sanltary Dlstrlct No._l waS'.
“eubJected to a fouremonth study in an attempt to- determlne whether or -
not the Alkyl Benzene Sulfonate (ABS) 1n raw*sewage enterlng the- |
tlagoon was belng degraded by the. treatment process°
ln the preparatlon of. thls the51s 1t was found that the

. Methylene Blue metnod employed for: ABS determlnatlons in both raw, -;
t'sewage ‘and lagoon water was satlsfactory for the desired degree of

-vaecuracy,r ABS. proflles for the la@oon.lndlcated that concentratlons,"
vrnear the bottom were. 257 to 3@7 hlgher than those near the Surface,
"ilhere was no ev1dence of ABS degradatlon°‘ It was apparent that some -
measure of bulldup in ABS concentratlon was occurrlng in the lagoon \
"Several pOSSlble explanatlons forvthe bulldup were proposed based ;

’ ‘_on the lnterrelatlonshlp of- seepage, evaporatlon, and . effluent flow
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Ghapter I

INTRODUCTIQN

‘ _l,lhﬂ General Disoussion‘_‘ -
7 - ) The.majoritﬁ'of'Sewageftreatment‘prooesses consistg of'providinéh‘
_ an env1ronment by'whlch naturally occurrlng organlsms may’best perform
“the task of reduolng the constltuents of wastes to an innocuous - stateoh
Any portlon of the: waste whlch cannot be -s0 treated poses & threat to
the eff1c1ency'of the processo_ A'raw,Sewage stablllzatlon lagoonlls one
of the many dev1oes employed to create the necessary envlronment
Increa81ng use of synthetlc detergents 81nce'World’War Il has

‘brought about an equally 1ncrea31nﬁ problem for those conoerned with
'lsewage treatment The maJor reason for thls problem 1s the fact that
Alkyl Benzene Sulfonate (ABS), whloh is the basic molecule for most
'synthetlc detergents, does not lend 1tself readlly to blologlcal
decompos:Ltlono - | |

_ The flnal product of sewage treatment is usualLy dlsposed of in
one of two ways° by dllutlon or by allow1ng 1t to séep into the earth

. In elther oase, the effluent is llkely to flnd its way back to our: Water N

supplleso Thls fact. alone emphaSLZes the nece851ty for remov1ng any and"™

‘~'.all materlals that mlgh later prove tox1c or unpalatable to the populace.] v_ 

Further proof of the nece851ty for thorouﬂh treatment is p01nted up by
the reallzatlon that whatever constltuents are not removed by the treat—

‘ ment_process wllluprobably not, be removed)later?by the-actlons;offnature;f“h'



”-152 Porpose and Scope of The51s

The purpose of thls study is to attempt to dlscover what effect
raw'seWage stablllzet;on 1agoons'have on’the concentrations of ABS whlch
are i‘;‘mposeot'.izporivtfl-em.a An ex1st1ng 1nstallatlon will be subJected to a -
:thorough scrutlny'con81st1ng of the followlng°

(l) A oareful analy81s of rawysewage enterlng the lagoon to
t'tdetermlne exactly Whatvconcentratlons of ABS it contalnso

(2) The establlshment of an ABS proflle in the lagoon to dis-. - f
'cover‘how ABS~ooncentratlons vary . as treatmeﬂt progressese

(3) An analy81s of effluents in an’ attempt to arrlve at eome
copcluelon as . to overall treatment eff101enoyor

(h) An attempt to correlate operatlonal daua with appllcable

'_ABS study results°



Ghapter II

: GENERAL ASPEGTS o

B 2;1' “Definitions”,:"
" To auoid‘later misunderetanding;Asone of the terms associated
with'syntheticudetergents,"and their7definitions, are presented as followss -

(1) Surfactant (Surface Actlve Agent) — Any organlc compound

which affects 1nterfac1al ten51on° Although soap 13 such a materlal the
term as generally_used applies,to-theiorganicvderivativee which are used
for,detergents, Wetting agents;rpenetrants,'epreaders,vdispersants,
foamants, or related purposeeot' o B : |

(2) Detergent - A_substance or mlxture that has cleanlng actlon
'due to a comblnatlon of propertles 1nclud1ng the lowerlng of surface
i-ten51on, wettlng, emu151flcatlonj and dlsper81ve actlons@ R
| K (3) §Q;E . metalllc salt or mlxture of salts of ‘the varlous.ﬁ‘:
fattyda01ds of natural 0115 or fatse::.f | |

(4) Svnthetlc Detergent (Svndet) = A non—soap product hav1ng

T detergent propertles° It is compounded from.a manufactured Surfactant

w1th'add1tlve'mater1als to enhance ;ts»detergent and. other characterlst;csg

d(5>‘ AlkyliBengenenSuifonate.(AB$)}—~Tne most common-surfactant
molecule<ueed in>syntnetic'detergentsc*-it coneiets Qf:‘ ‘ |
!a;‘ a‘tetrapropjleneaeide éhéin
. b;; a‘tennenevring_"

¢, a sulfonate radical



2.2 Basic .‘Ch.emiat‘ry_‘ ;

| e Surfaceiactiue agents.are'recogniZedvashsuhstances:whlch'in'
idllute solutlon are respon51ble for wettlng, emul81f1catlon, dlsoer81ng; D
_foamlng,land related phenomenaov For any glven compound to dlsplay

fisurface actlv1ty, there must be present 1n the molecule a hydrophoblc

‘”‘f hydrocarbon portlonp to Whlch 1s attached one or.more hydrophlllc groupsu

?7~81nce most of these compounds dlssoclate 1n solutlon9 1t is p0581ble to {;‘”
claa31fy them 1nto‘anlon1c, catlonlc, and nonlonlc surfactants, accorulng:
to thelr 1onlzatlone, Flgure Zdl lllustratesxa:representatlve molecule

| for each type (l) B ‘ o PR o
With anlonlcs, the molecules dlse001ate in Solutlon.to yleld a

f_ hYdrocarbon anlon’of,large mass and-a catlon of.small mass. The maJorlty
ltlof commer01al surfactants, 1nclud1ng ABS belong‘to.thls classo lThe
molecules of catlonlc surfactants d155001ate dn solutlon to glve & cation..
of large mass:andﬁan*anlon of emall masscquonlonlcs do not dlSSOClate
in solution- ' -

The raW'materlal for Surfactants of the ABS type is propylene,
;Whioh is obtalnedvfrom petroleumg By alkylatlon, the three- carbon
propylenells eXpanded 1nto a longer chaln hydrocarbona. Reaction 15'

1n1t1ated by addltlon of a proton, fromtthe proper catalyst to a propy-

lene molecule to yleld a carbonlum 1on. -

34"*

‘CHBV—f:QH = CH2 R »CH3 — CH — CHB +‘H2+-P04
i B - 200° C. ,
150 pSl

‘Proleene“‘va;‘u o o "Carb;.ion



Typical
Soap
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Anionic
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Cationic

Typical
Nonionic

FIGURE 2.1

STRUCTURES OF TYPICAL SURFACTANTS

Hydrophilic Portion Hydrophobic Portion
+ -

[ Na] [ o0C — CH2 — CH2 ... CHgCH,]
0

[ Na] + "[ 0— 6 - CH? — CH2 eeeCH2CH3;
0

[Cl 1" + AN — ch2ch2 eee CH2CH,]

HO(CHZCHZO)mOC - CH2CH2 " e CH2CH3



The cafboﬁiumtion adds, according to’MarkowhikoffYS Rule, tdvanother

propylene motecule, forming a new carbonium ions

S T o
— CH — CH, — CH. — CH

 th ) »
CH; — CH — CH, + CH, — CH = CH,—=C .

37 73 2 3

2

.Qafb.-ion . Propylene ' Carb, ion

- This. cycle is repeated twice more to yield a twelve—carbon iens .

CH, . VGH o o
3 |3 B +
’ CH, — CH — CH2 ~— CH — CH. — CH — CHZ-— CH —~1CH

3 2 3

Through self-alkylation the ibh’lbses'afprptbn‘fromleithef~Qarbon lor 3"

to yieid tetraprdpylene:

" CHa - CL P
R oooHy CH

R R T - HCL.
,'CHB — CH — CH2 ~— CH ——‘CHZJ——'CH — Cﬁ‘=

- Tetrapropylene

' Halbgenation with HC1 yields tetrapropyléne'chloride:

2‘*f‘?ﬂi—~.UH3_:
e

R — CH

. According to Markownikoff?s Rule, the chlorire may be atfached to either ©

'”, ;f’oafb6n éfarfg;"i



7

An alkylbenzene compound is produced by alkylation of benzene by

the Friedel-Crafts reaction, using aluminum trichloride as a catalyst:

o°c.

Subsequent sulfonation of the alkyl benzene compound yields ABS. The

sulfonation is accomplished by reaction with sulfuric acid to form tetra-

propylbenzenesulfonic acid, which is then treated with sodium hydroxide

to form ABS. The alkyl radical is para-directing.

Room
SOgH + NaOH
The theoretical structural formula formed is: (2)
H H H
HCH HCH H HCH H
H- Cc- C- -C- C- ¢C -C
H H H HCH

3)

SCyNa



However, a report by Continental Oil Company (4) stated that the molecule

actually produced in that companyTs commercial preparation of ABS is:

The most important difference between the two structures is the fact
that the theoretical formula has a tertiary carbon where the side chain
joins the benzene ring, whereas the actual structure contains a quaternary

carbon at that point.

2.3 Bacterial Degradation of ABS

A report by McKinney and Symons (5) has furnished some interesting
facts concerning the degradation of ABS by bacteria. They stated that
bacteria have three common amino acids in their protoplasm which are made
up of a hydrocarbon side chain and a benzene ring: phenylalanine,
tyrosine, and tryptophan. Bacteria can both synthesize and degrade these
three compounds. This indicates that they should be able to degrade ABS.
The sulfonate group seemed to furnish a greater problem, but the limited
information available was favorable. The authors concluded that common
soil and water bacteria can utilize ABS as their sole source of organic
matter. They found further that the failure of certain bacteria to
completely metabolize the ABS molecule is caused primarily by a quaternary
carbon block in the side chain. This quaternary carbon was believed to

exist where the hydrocarbon chain joins the benzene ring.



‘ Gohen (l) states that extens1ve blochemlcal studles by a group

n of resedrchers at Massachusetts Instltute of Teohnology have conolu81vely
3shown that the quaternary csrbon prevents mlcroblal.0X1datlon«;&H§
further stated ‘that 1f the ABS molecule dld not contaln thls qnat@rnary
carbon, nlcroorganlsms would have llttle dlfflculty in decom9051ng and
remov1ng thls compound Irom soiutron

MbKlnney and Symons (5) explalned 1t more completely as follows°

‘ "Ths metabollsm of organlc matter by'actlvated sludge follows
-~ a definite patterno ~With ABS.it is belisved that metabolism -

- starts with the: tenmlnal methyl group on ‘the hydrocarbon side
.chain, Ths: termlnal methyl group 'is. oxidized by engymes: to a'
carboxyl group. From this p01nt the hydrocarbon side. ohaln
. is mebabolized by‘beta oxidabion until it ‘reaches the qnaternary

:"carbonu» The qnatsrnary oarbon prevedts further ox1datlon and

"thereby blocks metabollsmn«:;_:- : o

R “The conoept of a quaternary carbon block is based on the
”fgmechanlsm,of hydrogen removal from organlc ma.tterw In81de the
_;~mlcroorganlsm enzymes rsmove two hydrogen atoms at a. tlme and
. oxidize them to water,_ These hydrogen atoms are removed in

'palrs from.adgacent carbon atoms, “With the quaternary carbon
there is no hydrogen to be. removed 80: that metabollsm.stops

at thls p01nt “The ABS- and;the enzyme -are -bound. together in’

‘a complex and so remal' This means that unless more enzymes

- are-made, the' ABS metabollsm,W1ll oease and free ABS w1ll remaln
in solutlon,“"‘ : : :




‘Chapter III

"PREVIOUS INVESTIGATIONS

5;17' Actlvaied Sludge
| A rev1eW‘of avallable llterature reveals that‘a wealth of
: dfeSearoh has.heen.dQne_1n.an'attempt to*dlscover a-solutlonltovopera—
tional prdblems dn.the'activated sludgedproeessthich havevbeen_'
;athributed te'ABS,‘ Aé'syndeta‘became more-and'mpre pepular wiﬁh theb
publie;iseWage'ﬁ?eatment nlants‘thenwnrld Over began‘to repoft thev
appeafance of excess'froﬁh of foam fonmation en aeration tanks° ‘In
nearly every‘case the.froth was attrlbutedlto 1ncreases in Syndet usage.
- More spe01f10ally5 the Surfactant ABS has proved to be by far the worst
offenderob. . | o
| In~ addltlon to belng un51ghtly, the froth has been found to be
an a001dent<and health hazard The foam.leaves a greasy fllm on.
sunroundlng bulldlngs walkways, and work areas, maklng it dangerous forA,
_personnel to perform thelr usual dutles (6) It has also-been found
"that bacteflal counts in the froth are as, much as twenty tlnes as- great
'>as 1n the llquld phase at the same relatlve p01nt in the aeratlon
bank (7) o | J
Several methods of froth control have been attemphed Among
~these are: the use of antlfoam agents and the use of. Sprays Whlch are
- d;reeted~onto the,foamév‘Qneﬁof'the mgreleuecessful-attacks has:been

 that of suspended solids combrol in the aeration tank. Several: sources

o __haveddiscevened}that_miied liquorhéuepended;eelids.Qoncentrafione:invphe‘};f"ﬁ

‘lo h...‘



11
range of. BOOO to 5000 n@yﬂ.seem to glve at’ least oartlal froth con~ .

trol. (8) (9)

A report by NcGauhey and Kleln (lO) reached the follow1ng con~

‘]clusionsa._ﬁ'.

‘~1a; Those factors Wthh govern ABS removal in the actlvated sludgeld‘a-

process eV1dently'cannot be correlated w1th any'of the factors normally
emplqyed.as controls for,efflclent sewage treatment by the’ processoyr

: hg If the factors whlch govern the ABS removal can be 1solated
and controlled a 51ngle stage actlvated sludge unlt should - cons1stently

remove 5O to 60 percent of: the 1nfluent ABS, whlle a remOVal of 70 per-—

;cent is feas1ble when a second stage is utlllzed

<

3.2 Trlckllng Fllters o

Research 1nto the effect of ABS on’ trlckllng fllter performance o

'has’been more llmlted‘than that 1n'act1vated sludge° Consequently, only

1nconclus1ve results are avallable at the present tlmeg

 Liumb. (11). tested the effects of detergents on.- laboratory trlckllngv

‘fllters and reoorted 1o ev1dence of 81gn1f1cant eflects on - nltrlflcatlon,

fllter appearance, or on surface growths° Sperry (12) snowed that

o 5'1ncreased use of syndets corresponded w1th a, decrease in efflclency of

fgtrlckllng fllters 1n removal of suspended sollds and BOD

McGauhey‘and hleln (lO) conducted studles u81ng laboratory'model
trlckllng fllters w1th reclrculatlon ratlos of 3 1 and 9 l - Although
fllter efflclency‘wasflncreased appre01ably with the hlgher ratlo, 1o
s1gn1f1cant 1ncreaseprnyABS removal occurred " In both cases the remOVal

was abouttZS»percent;j~"



The overall v1ewp01nt concernlng the effect of surfactants on
,trlckllng fllters seems to be that there mlght be a sllght decrease in

- BOD removal efflclency,ln.connectlonjwath 1ncreased syndetrloadfngsm

’3A3 Prlmary Sedlmentatlon _

| Research 1nto the effects of ABS on the efflclency of prlmary |
‘sedlmentatlon has revealed some - 1nterest1ng factso ABS has been reported
as. 1nterfer1ng w1th both sedlmcntatlon and coagulatlon,processese

Manganelll (13) reported that a detergent contalnlng the . surfactant
1ABS caused a decrease 1n suspended Sollds removal and an increase in the
B grease remalnlng 1n the effluent ThlS detergent 1nterfered with floc—"
' culatlon and coagulatlon.when-an 1ron salt was used as a coagulant
_;Sperry"(lZ) studled“treatment plant_operatlon records and

reportedlthatvtheugreat increase7in household detergent use~coincided
w1th a reductlon in the eff1c1ency of primary sedlmentatlon° MCGauhey
and Kleln (lO) found that the max1mum.ABS removal that is llkely to occur

Jin normal prwmary sedwmentatlon tanks is of the order of 2 to 4 percent

However, they observed no 1nterference with normal sedlmentatlono

3 Surface Stripping
Et» Probably'the most efflclent and most effectlve way yet dev1sed

for ABS removal at the sewage treatment plant 1s a process termed

o "surface strlpplng".’ McGauhey and Kleln (lO) 1nvest1gated thls method

and reported encouraglng resultsse'
' Surface strlpplng con31sts of remov1ng froth from the surlace,_
of the sewage belng treated and then burnlnﬁ the froth, Slnce ABS tends

to agglomerate in a foamg greater volumes of froth should take more ABS '



di3 S
tfrom_theaEewagea‘ Frothlng ma&’be 1nduced‘by“aeratlon alone or in J
conjunction wdtnla;foamfng agent_‘ It has been found that foam.produced
by eeratfon;alonefwill burn_more easily'then\that produced with the aid'-
of a foamfng agentq' Houeuer;'gﬁﬁlrenouele Seem to be a little hdgher..
in tne letter caseg_ - )

' McGauhey and Kleln reported further that removals of. 83 2 percent~

~were effected When foam‘was produced by aeratlon only and - 90 percent when -

a foamlng agent Was used They concluded that surface strlpplng would
be’ an economlcalLy fea81ble ABS removal method if it proves necessary to '

‘remove more detergent thanrls_normallyudegraded‘by actfvated sludgec



L Chapter IV

SAMPLING PROCEDURES Al\TD ANATYSES

' A l Lagoon Descrlptlon

The raw sewage stablllzatlon lagoon at which- the magor part of

-thls SUudy'was conducted 1s located 12 mlles morthwest of Tucson, Ar:Lzona° A

btllt is owned and operated by lea County Sanltary Dlstrlct Nou 1 and has
Tbeen in operatlon approx1mately a year and a half - N

The Sanltary Dlstrch 1s respon81ble for the dlsposal of sewage
‘and wastes 1n lea Gounty'whlch do not orlglnate in mun1c1pallt1es’-
" Tts lagooning program 1s an attempt to determlne whether or not thls
' type of treatment is compatlble with. the type of weather and 3011 present
: in’ the area belng served The lagoon now- . serves res1dent1al areas lylng

i:lmmedlately out51de the 01ty llmlts of Tucson, rlfﬁ

Due to rapld development 1n the area, some sectlons of seWer,ﬂ-’f"v"

'v.;uhave not been connected to collector and main. line | sewers. In those'
‘_cases9 sewage 1s allowed to accumulate in local llnes for: 24—hour perlods, B

“after Wthh 1t 1s pumped 1nto trucks The sewage is then.hauled to a

‘ ',,lp01nt some dlstance from.the lagoon and emptled 1nto the maln line,

o Although the use of trucks 1n the manner descrlbed prov1des a shock load

".l51tuatlon at the lagoon, no resultlng 1ll effects have been observed

Sewage enterlng the lagoon 1s almost entlrely domestlc raw sewage° s

The flow 1s metered by'means of “a. PalmereBowlus flume and 8, Leupold~8tevens'
r‘recordere, There are two submerged 1nlet structures, located near the .

i‘;north~end of the lagoon. The lagoon is operated at a depth of 5 feet

oM

n{



. l5bﬁ}.ff3ﬂ

‘at-which'depth lb?has'a water surfaoe'area of two aores;f'FloW'inﬁo the'
lagoon at present is’ approx1mately 60 OOO gallons per daygv A»sketcheoﬁ"'ffff“

the lagoon site: is’ shown in Flgure Lo, T

LR

thg Laboratorj-Prooedures
| A review of avallable llterature falled to produce any ev1denoe'-
that ABS analyses had ever- been made of samples taken from a rawlsewage
stablllzatlon lagoong Howeuer, several procedural outllnes were obtained
(lA) (15) for detectlng ABS concentratlons in both.water and raw sewage; *l.fb
'These,methods‘were compared to determine thelrvrelatlve values with’
reference to the following points:hub.
(l) Aoeuracy‘and;duplioation'of,resulﬁs.,

‘(2)-;Convenience as'routine prooedure'

| (3}- Adaptablllty to the medla belng analyzed
f'The’reoommended procedure (lé) for determlnlng ABS concentratlons 1n sewage
was found to be much too compllcated and tlme consumlng for use.as a . |
routlne method | ‘The method flnally seleeted though not as pre01se,
proved to be effeotlve for the purposes of thls study° lt-ls outllned
a8 followsv ' A
S ME:THYIENE BLtJE ;_m;.THtoD,' ARS MO'DIFICA’]ZION‘ (15) (17). |
APPARATUS: o N |

- Speotrophotometer, for use at 650 mpty prov1d1ng a llght path
oo of at least l cm -

‘lSeparatory funnels, 250 or’ 500 ml
ZFllterlng funnels, long stemmed'
Volumetrlc flasks, 50 ml

“ Plpettes, assorted 51zes

"_f Absorbent cotton-
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©+ REAGENTS:

Methylene blue solutlon — dlssolve O 35 giis., methylene blue 1n-5
_ l one llter of O 0L N sulfurlc a01d

'”Ghloroform; C'Pw‘ |
Sulfurlo A01d 5 N ;;}v't
Stock standard ABS l OO mgﬁnl
berklng standard ABS O OlO mg/ml
PREPARATION oF STANDARDS¢ o |
B Stock Standard°~ Welgh out an amount of PrimarylstandardrﬁBS'
powder equal to- l 000 g, ABS on a lOO bercént'aétive basls;
transfer to a 1, O llter volumetrlc flask and add SOO ml
’ of dlstllled Water SW1rl gently‘until all of-the powder
- is dlssolved let stand for one—half hour or untll most of j1
rthe foam breaks and then.make up to the mark W1th dlstllled
waterd‘ Thls solutlon contalns 1.00 mg/ml° of ABS ,
"Wbrking'Standard; Plpette l0,0_ml§ of thevstock standard‘into .
a 1. d liter'vdlumetric flask and‘make up to markr_‘This |
‘ solutlon contalns O OlO mgymlqvof ABS »Preparehfresh:daily,
| PREPARATTON oF ‘STANDARD CURVE,”h}. | -
(l) Add O l 0; 2, O 5 O lO O 2O O and 25,0 ml. of working .
'standard ABS to separatory funnels and make up. to 100 m_o.
"w1th dlstllled water,- These standards contaln, Q,~,Ol,.
05,»,n0; .20, and .25 g, of 183, |
'”7{é)hiAdd 1.0 ml. of 5 N sulfurlc acid and 5. o mla'of methylenei'
| | iblue solutlon to each separatory funnel and mix,, '
‘r.lﬁ3>3.Add lO ml. of chloroform to each funnel 1nvert and shake S

-:once a seoond for 25 seconds._ Allow the ohloroform



1
layer to separete . | |
5(4)55Draw of f the chloroform layer and fllter through a plug of |
absorbent cotton 1nto a 5O ml, volumetrlc flask Repeat -:‘
" the emtractlon tw1ce more, u31ng 10 ml portlons of_chlorq—h‘ )
form,‘oollectlng the extracts in. the same flask ;lg‘ o
};(S)f Rlnse the cotton plugs w1th chloroform.lnto the 50 ml
| ’"j.volumetrlc flask make up to, the mark Wlth chloroform, mlx:fc::h
-éﬂ'r”well and let stand for 5 lO mlnutes, 4 »
,‘(6>_.Read the optlcal den51ty of the reagent blank and standards
v »agalnst chloroform as a. reference blank at 650 my,ln a-
sultable spectrophotometer and prepare a standard‘Curvea
SAMPLE ANALYSISs | |
xProcedure’for sample enaly51s 1s the same as for preparlng the
‘; standard.curvef If: less than lOO ml allquots -of the sample are
usedg-dllute to;lOO ml, . Prellmlnary analyses should be made to
b.determine’uhat'sample volumes to usé, Duplicate analyses should
 be made to verlfy results o
DISCUSSION°
The method dependslon‘the formatlonAof a blue-colored salt When
methylene blue reacts w1th anlonlc surfactants, Wthh 1nclude not
V-only ABS but alkyl sulfates as Well The sal .is soluble in '7;
1chloroform, and the 1nten81ty of color is proportlo1al to the ;/

‘concentratlonp_ o

};?Béthﬁorganfqfand?inorganioLcompoundsflnterfere with the determina- -

_tiOnstiPositive‘errors are much more common thaninegative._.There—.3 E

;jfore, the readlng obtalned reoresents that of max1mum ABS E

. ‘(." .
) 3
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A sample of'rlver water to whlch was added sufflclent ABSIto |
brlng the concentratlon to=l l mg/l was determlned w1th a
:standard dev1atlon of +- 25 mg/l in AO laboratorles w1th thls’
~ method,’ | e
4.3 Verification of 'S'.tandard Curve
: Investigatione of the selected laboratory method.to Verify itsr
use as a routlne procedure'wele conducted as follows:

(l) Various d1lutlons of the worklng standard ABS in dlstllled
water were subjected to spectrophotometrlc ‘analysis, ' The resultjng
percent transmlttances are tabulated-ln Column 4, Table I and plotted
bas Curve A Flgure 4 2 | - |

(2) It was necessary o flnd whethér or not Curve A.could be
' used for lagoon water analy81se Equal.amounts of a well_mlxed comp081teb-
Asample of lagoon water were added to each of the prepared dllutlons‘

' of (l) The reoults of the analysesvof ‘these eamples are tabulated in .
'Golumn 4 of Table II and plotted as Curve B 1n Figure 4.2. ’ The fact that
‘Curves A and B are parallel shows that al constant ABS concentratlon 1n
the lagoon water waslbelng detected over the entlre range of the curve°
1Thus, -one very 1mportant quallty of the curve has been verlfled

(3) It was aleo necessary to determlne whether or not the selected:‘
method would detect constant'ABS,concentraclons in dlfferent.volumes of -
laéoon water sample. Three of the dllutlons from (l) were seleCted at’
randomw- To each of these were added graduated amounts of the same lagoon
fsample (see Column 2 Table Ill) Analyble“by spectrophotometer ylelded

Vthe results- shown 1n Column 7 of Table III -MaXLmum varlatlon from the

o average is only l 8 percent well Wﬂthln the acceptable llmlts for thls
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' umethodr. The 1n81gn1flcant'var1ance‘of values obtalned.further Verlfleéi
the use’ of Curve A for ABS determlnatlons in lagoou water,
The flnal 1nvest1gatlon 1nvolved gustlflcatlon of the use of

‘gGurve A for raw sewage analy81s,v A.procedure slmllar to that of (2)

' produced the results tabulated in: Table IVTand plotted as’ Curve C in
‘1fF1gure L2 That Gurve G is parallel to Gurve A is obv1ous, and glves ;i
:rlse to the conclu81on that g constant ABS concentratlon.was belng
'detected over the entlre tange of the curve° Further.verlflcatlon uae;i'
obtained as. in step (3) The results of this test ;£é shoun in‘Table_ﬁuf‘
"There is a maximum varlatlon from.the average of O.l9 mg/lg or 2 3
:'percent Thls, agaln, ds uell w1th1u practlcal llmlts of varlance for

'the method



FIGURE 4.1

SPECTROPHOTOMETER CURVES FOR
DETERMINING ABS CONCENTRATIONS

ABS in Distilled Water

ABS in Distilled Water
Lagoon Water

ABS in Distilled Water
Raw Sewage

o 1.0 1.4 1.8

ABS Concentration, Mg/L



TABLE. I
DATA. FOR C[RVE A
‘ “ABS in Dlstllled Water S
R S , : ‘ Adjusted R
- ABS, me/L . Transmlttance ‘ Sens:.tlvity % _Transmittance ;

o R 10000g_'1_ 110000 -
o1 9175 "~'1“ ‘ 1 s
o2 ez 1w
Cos. o mas s
Cmo ;2”?Vi   ; 72;25 {*;¥'1{f REET T ':Izé;é;::-
s S szes > R 1005 S

TABILE II
DATA FOR CURVE B
ABS in Dlstj_lled Water + 3 O ml Lagoon Compo:31te

L N | .. Adjusted
ABS, mg . 7 Transmlttance Sel’lSltZLVltX 4 Transmltta_nce_ o

| O | o ‘V | lOO°O - ' l o . . , j' lOOaO S

0.2 Lt 60,0 U L 0.0

;Q,B'jli,“i“;'T sk f 75ff; ‘”1i7}  ~ 3}f§ '343 N
Lo e st e g .ﬂ'*,~ 16. 8~ﬂ
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TABLE'III
VERIFIGATION OF GURVE &
fagoon . - Adjusted . , ABS in
Known " TWater % o % , Total Lagoon

“‘ALBS, Added,  Trans-  Sensi- = - Trans- ~ ABS, Water,
- mg. ‘ml,  mitbance tivity mittance = mg. mg /L.

002 0 Co8s 1 s 10,02 -
L5000 38 1 38 . 0068 9.6

. ;},1090 e ‘55._ LR 17.5  *;', 0.116 . 9.6

0.05 o 50 1 S O=O5" -
5.0 w2 25 0.097 9.
L1000 .35 2ol T ot 9

0.10 o 73 o2 23 0.010 -
50033 2105 o 9.6
100 b3 k9 0195 9.5

TABIE IV
DATA FOR CURVE C
j ABS in Dlstllled Water + 5 0 ml Raw Sewage Gompos:Lte

B B L AdJusf,ed
ABS, me /L r'% Transmlttance : ‘Sen,sfclvn_tx v - % _Transmitbtance"

o 0.0 -1 .~ 100,0

0.1 - A o N ,'.1 Y
02 s 1 395
o5 S mo 2 250

1.0 'bf, 380 f{ 2 120

2.0 23 3 235



Known

ABS, .

mng.,

| TABLE V
. VBRIFIGATION. OF CURVE A
‘Raw  - o Adjusted
Sewage, . &, , N .
Added, » Trans- * . Sensi-~  Trans-

Total
ABS,
me.,

23

ml, - mittance tivity mittance

0.02

0,05-

0.10°

S

o e 1 e

S50 L5 1 kLS

o 695 2 22

0 50 .1 s

Ls0. e 2 65
10,0 e 2 L L

o T2 a3
5.0 38 2 12

10,0 b2 3 B )

0,02

0,062

0,103

0.05

S 0,091

0,130

0.10

o.u

0,182
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A Samplihg-Procedures.for RamiSewage”
o ‘;Three types ofbraW'sewage_samples were utilized ihvorder to obtainvf_
as accurate an estimate of ABS conoentration as possible:' E
(1) Grab samples taken at the flowemeasurement flume
- (2) Representatlve samples from truck loads of sewage whlch
were pumped into the sewer llne~
(3) Comp081te 24 hour samples
. The samples from the trucks. were to serve as 1ndlcators of the true ABS
concentratlons belng lmposed upou the lagoon° The grab samples were to :
be used as 1ndlcators of- 1nter1m fluctuatlons in ABS concentratlon _ The‘
bcomp051te samples furnlshed a means of refereelug the results of the

other two.

Lo5 Lagoon Sampllng Procedures '

| ‘To establish ABS proflles of the lagoon, nine sampllng stations |
lfmere establlshed_as 1nd1cated 1n,F1gure AQZ At each of these p01nts
sampleSﬁwere takeu-atxdepths of;one foot‘aud four and onerhalf feet° A
‘standard 300 ml, dlssolved oxygen sampler was used.

It was not p0851ble to collect samples at the outfall end of the >‘
.:effluent pipe since that 1s submerged 1n an adjacent lagoou, however, it |
{wastdeclded that conceutratlons at theusurface of Statloh_Q would .

represent very nearly‘thelvalues'iu.the‘effluent

Cdmp081te 2A—hour samples were collected at three of the sampllng .

p01mts onL. several days durlng the study and served as a further check _

»on ABS concentratlons°



FIGURE 4.2
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Ghapter 5

DATA PRESENTATION

‘riﬁelﬁ ‘AééuiheRetjéewaéetl" !
e Flgure 5 1 1s a record of ABS concentretlons found in raW‘sewage
nterlng the lagoon durlng the perlod of study. - Values for both grab
sempLes frem the flume andtrepresentatlve eamples from.trucks are shown.
’:r-The teﬁge‘ef Values feriboth‘cﬁfves is apprOXimateiy the same., 'In !
additieﬁgjseverel maxima and minima on the two curves oceur simultaneouslyt
e?'very;neatlyjsef | -. |

,Figufe 5,2 shews'ABS'eencentfatione.found in raw sewage cemposites;'
’The'range of values eompares favorably witﬁ'those_presented_in Figure 5.1.

It may be eohclﬁded from the close correlation of the three curves
-that analytical techniques and sampling procedureshwere accurate for the .
pufpeses'of this study° The flﬁptgation’in values is an innate character-
‘istic of‘domestic sewagea‘ | |
A 5 2 ABS kel Lagoon o

Flgures 5. 3, 5 by and 5 5 represent ABS proflles in the lagoon,
The'values plotted are averages.of all determlnatlons for the indicated
eamtiihgistatiehso Reference to Flgure 4 2 will establlsh the. 1ocatlonA ;J
t.'of the proflles w1th1n the lagoon,
N '_The use of,averages woeld seeﬁ jﬁétified when one realizes that
v_t:Eheﬁdetention time‘in:thetlegoeh isvapproXimately 50 days. It hardly' 

eeeme feasible that sighificant short teﬁm'jariations in ABS

2
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.cencentrationsﬂsheﬁld‘eccur in an iﬂstailation of this'type -
N The most’ strlklng characterlstlc of the proflles is the dlfference
.ﬁg‘ln values at’ the top “and. bottom in all three flgures° ThlS dlfference
vﬁarles from.2 5%to 3 mg/l at every sampllng p01nt
In Figure 596 overall average Values.have been plotted to yield
one‘seﬁ of‘profileS‘for_the entire lagoon; ,Goneentrations ﬁearAthe
surfede are seen.to’decrease‘slightly from north to sOuth, while'botﬁom
values suggest a reverse trend,
Figure 5.7 is a plot of average ABS . concentrations in.the iagoonﬁ
4.(Stations 2y 5, and 8) as detefmined from.doﬁposite'2h—hour samples.
This curve substaﬁtiatee the aboVe-etafedieuspicion that very 1little
Variation’in concénﬁfaﬁion occurred'durihg the study.
Maximum devietioh from the arithmetic mean of values determined

at any‘one sampllng statlon Was 6 8% at Statlon 7 This percentage is

"well w1th1n accepted llmlts of varlatlon for the Methylene Blue Method .,

- 5°3e Disdﬁssion:ofeReeulfsvvﬁf
‘AverageiAﬁé:eencentration iﬁ raw sewage samples anaLyZed was j
8,70 mg/1, while that in thé lagoon was 11.35 mg/L. An attempt was made
to explain‘the 2565 mg/l;iﬁcreaee'eﬁ‘the basis of’three factorss |
: (l) Evaporetien -

(é)‘ Seepage

'(3,) Bffluent flow
For comparison‘purposeS, a~5o—day'pefiod (approxjmete detention time)
-ffom'October«l8 to-Deeembef 7 was~Seleeﬁed Tor studying the three factors.

‘ During,tﬁai;time the‘average daily,flow of rew sewage into the lagoon
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was 575000 gallons, yielding a:totalfinfluent volume of 2.86 -million
gallons., Evaporatlon_aeoounted for a loSS of 5.28 inches; or 0.29
mj_llion'gallons"'v‘(lé%)° No measurement of seepage was possible, but it
was.hoped that‘some estimate of seepage rate could be arrived at by
studylng the other'faetorsinvolved° | | |

o 'Since no'arrangementbhad been‘made for measuring effluent'flow,
an estlmate‘of the flOW'was made by taklng a crude measure of. flow
ve1001ty through the effluent pipe and measurlng the depth of flow,
'ftResults of thls testy extendlng over a- lO hour perlod, showed a flow'of
‘approx1mately 69 OOO gallons per day, - compared to a peak flOW'of 62 OOO
gallons per day recorded durlng the perlod of study° Extrapolatlon to.
50° days ylelds a. total effluent of 3 35 million gallons° Obviously,
1thls flgure is too’ hlgh, 51nce 1t is greater “than total 1nflowo However, o
1t does shOW'that seepage probably accounts for only a negllglble portlon
of outflow° ’ |

Us1ng an average raW'sewage ABS concentratlon of 8,70 mg/l the

total amount of ABS Whlch entered the lagoon during the 50-day perlod |
,wa53207 lbsa' Assumlng;that the ABS concentratlon in the effluent mas
about the same as'at the surface of'Station 8; or 9.7 mg/l, and'that ac-
'tual effluent flOW'was equal to the dlfference between inflow and evapora~—
tlon, or 2 57 mllllOﬂ gallons, it - was found that 207 lbsaeof ABS was
removed from the lagoon durlng the same perlod Therefore, ABS
,concentratlon in tho lagoon appeared to be held at a constant level
~ This conolus1on is. borne out by the con81stency of values, shown 1n s

‘Flgure 5.7, for lagoon,compositesfanalyzed during‘the study period.



'ane‘questlon.arisesvas to howtthe~increase'inlconcentration |
.came‘apoutjif the Quantitles of AES entering‘and leaning the‘lagccn‘werei‘-
eqpal,.;A look at eVapQration rates-fer_andentire year furnishes;a |
possibleleiplanatlcn; In Table Xlaarerlisted average monthlyjevaporation'
rates for therfucson'area. ﬁighest evapofaticn rates Qccur duning the
'sumner months of May,.June, July, and August If a-SO—day pefioduduring
‘June and July‘were selected for study, total evaporatlon from the lagoon

' could amount to l7 85 1nches, or O, 98 mllllon gallons° Assumlng an in~

7-‘fluent flow of 2 86 mllllen gallons (207 lbs, st ABS), 1t is apparent that"fﬂ

only l,88umlll1cn gallons (136,lbs,tof ABS) wpuld.be lost from“the lagoon
fﬁby,meansucther than enaporatlcn.‘(Thus,”ABS concentrations in-tne lagoon -
i_uculd be‘incfeased;fnom.8,70imé/l t0413t2 mg/l,‘ During periéds.of lowest
evaporatlon rates, ABS conccntratlons probably snould decrease slightly.

- If the: average value of 6, 08 inches per month Ais used it may be shown ‘

‘that ABS concentratlon in the lagoon will increase from 8,70 mg/l to

‘: lO 8 mg/l in a 50 ~day perlod On the . ba31s of these flgures, it secems.
l'reasonable to conclude that a gradual bulldup ins ABS concentratlon is

f(thaklng place°

Slnce the lagoon had been in operatlon for approx1mately one . ‘year SO

prior to 1n1t1atlon of thls study, the qpestlon might p0881bly arise as‘"
to why'the ABS concentratlon has 1ncreased only 2. 65 mg/l : The explana—

" tion may be found by a study of seepage rates. At the time of lagoon |
'(constructlon, soil- samples were taken at the751te and subgected to
upermeability tests (l?) A coefflclent of permeablllty of 0.085 feet
‘per day per foot of head was- determlned for untreated SOll samples° Soil‘

vtreated w1th 0. 57 (by dry Welght) bentonlte or cement 1nd1cated a
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;fidecreased coefflclent of O Ol95 'When the'lagoonywasubuilt; no treatment}” L

was employed/except for some compactlon howeverg the very flne solids‘
resultlng from.sedlmentatlon and benthal decompos1tlon probably had about .
N ‘the same seallng effect as bentonlte or portland cement Thls seallng .
process takes tlme, however, and untll sufflclent solids. had accumulated
‘to prov1de a . seal, seepage rates were qulte hlgh During the time this ‘
seepage was occurrlng, more ABS was leav1ng the lagoon than at: the time
..of thls study° Due to the hlgher conoentratlons\near the bottom ;'
N (Flgure 5 6), water lost by seepage would have had a hlgher ABS content L
-&ﬁthan that flow1ng through the effluent plpe° | | ,
Another condltlon obtalnlng, and worthy of eXplanatlon, was the
" strlklng dlfference 1n ABS concentratlon 1n the vertlcal proflle° - One”
"posslble:cause for this.phenomenon mlght stem frompsettllng, No litera—'h
.jtureﬂwaS‘found to substantlate this hypothesls, but it ls possible that
“the ABS mlght e adsorbed to partlculate matter 1n the: lagoongv Then, as
=;the sollds settle, the ‘adsorbed ABS is carrled toward the bottom'w1th them,.:'
A-second explanatlon could poss1bly oe-attrlbuted to 1nterferencesvﬂ':
'1n analytlcal procedures. lnterferlng substances could havelbeen in B
h:greater concentratlon near the bottom; or: mlght hawe‘been dlslodged‘from -

_«the bottom.and 1ntofsuspen51on 1n the’course‘of sampllng;. The sampllng

device: was allowed to rest on the bottom of the lagoon whlle bottom samples,,”l

b‘dwere belng taken

Some thought was glven to the poss1b1l1ty that, if baoterlal
decomp051tlon~of ABS were taklng»place in the lagoon, degradatlon near
“the. surface where dlssolved oxygen concentratlons were hlghest

(Flgure 5 8), mlght bé more rapld than at greater depthsa HoweVer, since
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it appearsathaf nobdecomposition;of the molecule is occurring, that

‘ . :thedfy wés‘th explored further.
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"+ ‘was not possible, however.

Chapter &

" CONCLUSTONS AND SUGGESTIONS FOR FURTHER STUDY

6 1 Methods of Analy31s and. Sampllng :

B It wa:s found that the Methylene Blue methoq employed in ABS
determlnatlons wWas deflnltely satlsfactory for the degree of accuracy
‘required 1n”thls study; .Thls statement held true for both raw sewage :

. and lagoethatefYaﬁelyees,; E%eluetieﬁ_ef interferences in the method

' Samplingﬁpreeeduree‘end.eampleAselectiens.Werekjuetified’ty the
-cohsietency‘ef.results, A fether wide fluctuation ef values”ﬁas observed‘
eln the'faw seWage, but,that~may‘be attribﬁted te;the normal,fluctuations'

in domestic sewage characteristics,

6.2 ABS Profiles

The mar ked dlfference betWeen ABS concentrétlons at’ the surface
-and near the bottom.of the lagoon did not lend itself to a satlsfactory
‘explanatlon Further 1nvest1gatlons are‘necessary to evaluate the real
;eauses for that varlatlon,v Two p0531ble eXplanatlons based onysettllng»

.and determlnatlve 1nterferences were forwarded

'6;3a O?eralltTfeatment'“

| It‘was eetablisted, that, iﬁ alljprobability, no reductieﬁe in
ABS concentration ﬁas*effected by the treatmeht process., On the contrary,
_’there was an.lncrease in concentratlon 1n the lagoon over that in the raw
"sewage.‘ Probable reasohs were given for the 1ncrease, based on |

o
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‘evaporatlon rates, seepage, and effluent flow, The'hnildup will probahly
'contlnue W1th tlme untll ABS concentratlon in the effluent 1s high enough
to‘permltjthe remoyal’oﬁvABSHas‘fastfas it enters the lagoon.;-At'that

_point the concentration will probably remain constant.

6.4 ;SuggestionsvforiFnrther Stndy'l
_ The~following is a.list of.orojects‘which‘the author believes -
to be worthy of further 1nvest1gatlon. | o
(1) Long~term studles of varlatlon 1n ABS concentratlon in lagoons
to determlne whether or not an annual bulldup does occur and, if so,

_.whether or not a constant value w1ll eventually be reached

(2) Smaller scaleﬂlnvestlgatlons of lagoons w1th controlled seep- S

Wlage, evaporatlon, effluent llOW, and ABS loadlng in an attempt to find
the answers to some of'the?questlons Wthh arose durlng the preparatlon
,of.this thesis,‘ | | |

(3) Attempts to develop a surfactant molecule which will perform
as well as- ABS and yet be subJect to more rapld baCUerlal degradatlon

(h) Further attempts to dlscover exactly'what organlsms are mest
prof1c1ent 1n metabollzlng ABS and to flnd a medlum An - whlch those
organlsms w1ll abound | S ‘

‘(5) Studles to deternlne whether or not the presence of ABS”

1nterferes w1th the metabollc processes of blologlc systems°
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Arlthmetlc Mean = 8 73 Mg/L

. Max DeVIatjon From A, M. 133%,.
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9
'8;8f_j
8.9
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9.2
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9.k

- 10,3
995
73

S8

- 925

8.3
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7.0
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S—
X
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8,60 :
8.92

9.20
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‘ §;05 v}
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. TABLE VII . |
| ABS IN RAW SEWAGE

" REPRESENTATIVE SAMPLES FROM TRUCKS =~

PR o aBs, Me/L o -
‘Date e L T =3

,\594}%6%j1 ;3. ;,;fi}*  ‘:‘"fsyosf;l‘j‘éwn‘ rt'.fé;5 g a0, -

gs6 BT B X v1'8f031;, 7féb |
‘.‘9427=61 SR o 106 1.0 ﬂlo,5' 10470 R
Clos0-6r - e A 6les . 6.8

| »ti158;61H1 > 13 I 3,'7&45,. S £ Y
b0l a0 C10i25 104 10,25,

121861 . 93 9.3 - 930

Arithmetic Mean = 8.53 Mg/L' .

Max, Deviation From A .M, = 25%



L . Date

- 9-6/7-61

:9¥2Q/21461

10-1%/13-61'
‘10—2§/27—61 :
© 11-16/17-61

12—7/8961

TABLE VITT

- ABS IN RAW SEWACE

2,~HOUR COMPOSITES

. KBS, Mg/l
I T S

97 9.9

9»53’ » | 8.9 -

7.9 8.1

5.7 6.2
8.35 8.3

Arithmetic Mean = 8,73 Mg/L

10.0

N

%

o Max, ,:Devia;oi@ri‘ From A,M, ‘T— 32%. :

Avee
9.87

9,10

8,00

5.95

- 8.35

© 0060 10475 11,000 11,12
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' Sample
Date No,

9-14-61  (Top)
1

2

3
Avg.

(Bottom)
1
2
3
Avg,

(Top)
1

2

3
Avg.

10-4-61

(Bottom)
1
2

3
Avg.

10-25-61 (Top)
1

2
Avg.

(Bottom)
1

2
Avg,

11-13-61 (Top)
1
2

Avg.

(Bottom)
1
2
Avg.

12-4-61  {Top)
1

2
Avg.

(Bottom)
1
2
Avg.

Arith. Mean
(Top)

(Bottom)

TABLE IX

| ABS TN TAGOON GRAB SAMPLES

Sta, 6

8

Sta. 1 Sta. 2 | Sta. 3 Sta. L Sta. 5 Sta. 7 Sta., Sta. 9
0.3 10.5 ¢ 103 10.1 10,0 10.25 9.8 9.6 10.05
10.3 10.8 10.55 9.9 9,8 9.9 9.8 - 10.2
10.5 10.7 - 10.2 9.9 10.0 9,6 9.8 -
10.37 10,67 10.43 10.07 9.9 10,05 9.73 9,70 10,13
12.75 12,6 12.75 12.6 12,9 12.8 12.0 12.8 13.1
12,5 12.3 12.6 12.6 12.7 12.75 11.8 12.8 12.9
12.4 12.2 12.0 12.65 13.1 - 11.9 12.8 13.4
12,55 12.37 12.75 12.62 12.90 12.78 11.90 12,80 13.13
10.1 10,5 10,2 10.1 9.7 10.0 9.75 9.7 10,1
10.0 10,75 10.4 10.3 9.8 10.0 9.8 9,85 10.0
10.3 10.6 10.6 9,95 9.9 - 9.85 9.7 -
10.13 10.62 10,40 10.12 9.80 10,00 9,80 9.75 10.05
12.6 12.8 12,9 12.9 12.7 - 12.7 12.5 12.9 13.1
12,7 12.5 - 13.1 12.9 12.6 12.7 - 12.8
- - - 12.5 12.9 12.0 12.85 12,8 -
12,65 12,65 12.90 12.83 12.83 12.43 12,68 12,85 12.95
10,0 10.55 10.3 10.1 9.75 10,05 9.8 9.8 10.2
10.2 10,7 10.65 10.3 9.95 10.1 - 9.8 9.75 -
10.10 10.63 10.48 10.20 9,85 10,03 9.80 9.78 10.20
12.8 - 12.8 13.0 12.95 12.55 12.7 12,0 12.75
12.8 13.2 - - ~ 12,55 13.0 13.0
12.80 13.00 13.0 12.95 12.55 12.63 12,50 12.87
9.8 10.5 10.5 10.05 9.8 - 9,8 9.7 10.0
10,1 10.75 10.5 -~ 9.6 10.2 9.8 9.75 -
9.95 10,63 10.50 10.05 9,20 10.2 9,80 9.73 -
12.75 12.9 12.8 - 13.1 12,9 12.8 - 13.2
- 12.95 12,85 13.0 - 13.0 13.1 13.0 13.0
12.75 12.93 12.83 13.0 13.1 12,95 12.95 13.0 13.1
9.9 10.3 10.2 9,8 9.75 10.1 9.5 9.45 9.6
10.1 10,55 10.25 9.6 9.9 9.8 - 9.4 9.7
10,0 10.42 = 10.23 9.70 9.87 10,25 9.5 9.43 9,65
12.7 12.8 12,75 12.85  12.9 13,1 13.0 12.95 13.15
12.75 12.8 12.8 13,1 13.2 - 13.05 13,25 -
12.73 12,80 12.78 12.97 13.05 13.1 13.03 13,10 13.15
10,13 10.60 10.40 10.03 9,82 10,04 9.75 9,68 9.97
12.68 12.65 12,84 12.83 12.94 12,71 12,66 12,83 13.04

__Arithmetic Mean (A1l Values) = 11.42

Max. Deviation From A, M. = 24L%

9%



- Date

9-6/1-61

»9*2Q/2l—6l |

1Q-1%/13—61

10—2§/27—61‘

 11;1§/17—61
e

ABS CONCENTRATIONS TN LAGOON
- 24-HOUR COMPOSITES

 Statiom -_;S.tation Station

2 5. . .8
11,66 11.35  10.90
11.90 “ii°50” 10.77

10.95 11,68 11.22

"11,73,' 11.30 10.82

158 11400 11,05

12,05 1148 10,93

" Arithmetic Mean = 11.35 ..

" Max, ‘]jexlriat‘ién FromAM = - 12%.

11.31
1139
11,28
11.28
11.34 |
1148

o



.Months

frJanuaﬁy

TABLE XI *

s

AVERAGE MONTHLY EVAPORATION: RATES

 February

’;Marqh
Capril
i'Juﬁé 
 JuLyf;
‘FAugﬁst

‘ Sgptembef
Ogtpbér |
NoVéﬁber
Décéﬁbgr

Average

EWaporation? Inches
2.02
2.72
-5,10’

.51

3v9°37";
1120
'io;31
8.25
7.05
5.08
2.93
0,96

6,08

“3F
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