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ABSTRACT |

t

Long chain unsaturated fatty acids are ublquitous compounds

in municipal and industrial wastewaters due to their B

~
’

6ccurrence in llplds as compoqgnts/mf triglycerides. In.

6rder to evaluate the acute toxicity of long chain.

~

l [ARe hs] . -
unsaturated fat'ty acids, lqbgratory monitoring. programs have

to be developed.’Two long chain unsaturated fatfy:uc!dsy

v

N ~

oleic and 11nole1c, wvere tested on reinbow trout (&glmg

\
ggix~n 11 Rlchardson) flngerllngs to study the effects of

>

pﬁ‘on acute lethalityf - ﬁ

' pH affecte&kthe.acufe lethality of eqchotoxicant‘but |
was MOfeigrqnounéed»wi;h«oleic acid th&n ;ith l}poleiciacidi
during §>96 hOur té5t’per1pﬁ. In 1grms o£ LC%O-Yalues fhev‘:
foxiéityhof_llhoielq acid ;as abou; 5 fo‘S times greatef;r
than oleic aéid'depending'Updn the<tést pHe

&

This study indicatesgxhat the toxlclty of long chain

& A
vunsaﬁcrated fatty acids to fish depends on’%nvlzonmentnl
,fagtors. such as pH,’us well ‘sfacig moleculaf struct&fe;ﬁ
(Te. nhmber,bt/double bbndsf. and phyéicochemlcnl pr§pé£tles

‘ - o ; N
of fgé acid (1e. degree of lonlzatlon of the acid and th
.‘glkalinl¥y:of fest water)o ' |

-fThe ﬁe&ih; lethalJcbnéentfafion; bf léngvchaln

unsaturated fatty aclds to vainbow trout determined by this"
study are hizher than the long‘chain fatfy acld'J e . ~/;
concentraflons report{d f%r.treafed;etglqents from_sqwi//

wvwastewaferbtreatmgnt plants_lniNor¥h America.

iv
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. , GLOSSARY

A

Applicnthn factor = 'a decimal fraction used to multiply

s

LC50's of organism species for different pollutante in

order to estimate thesconcentration of these pollutants

¢ Tthdt would be harmless to these organism species in
nature (Warren, 1871).

Esterification = The formation of an ester by the chemical
reaction of an acld with an alcohol; e.sg. the action of
ethanol on acetic acid to form ethyl acetate and water
] 3
(Uvarov and Chapnan, 1976).

Incipient lethal level = the concentration of a toxicant at
which 50 percent of the test organisms can live for an
indefinite time (APHA, 1975). .

A}
Maximum allowable toxicant concentration (MATC) = the

concéntration of toxic waste that may be present in the
. - - ) ﬂ
. Teceiving water withodt causing significent harm to its

productivity and all its various uses (APEA, 1975),

[l ’ 4

Median lethal concentration (LCS50) = the concentration of

toxicant that produces S0 percent mortality at a

, def1n§1e time period (APEA, 1575 and Sprague, 1973).

klv.



Median survival time ( NST) = the time required to produce S0

percent mortality - of test organisms for qhqnﬁ

3
»

concentration of toxicant (Duangsawasdi, 1977). A
Safe concentration (SC) = the maximum concentration of a
toxicant that has no observable harmful effects after

e

1ong—term exposure over one or more generations (APHA.

1975).

Saponification = thé hydrolysis of an eqter; the term lé
often éonfised to the hydrolysis of an éster using An
alkali, thus forming a salt (soap In the cace o2 sore of

., the higher fatty acids) and the free ﬁlcohoi (Uvarov and

Chapman, 1976).

xv



I Introduction

Fatty acids are a part of cellular lipids which are commonly
found in 411 types of cells. Lipids are preseﬁt in every.
type of plcnt and animal cell, and often represent a large
parg of the total constituents of speclalized organs of
gldhts and animals. Therefore, severel klnds of fatty acids
and’thelr‘derlvatlves‘(ie. pﬁosphoélycerides and

s

'trlglycerides} are used in a wkde variety of 1ndustries.yf
* Owing to the occurrence of fatty acids in every 1iv%ng
cell, they form a maJoc proportlonvof the waste material
from living cells, For e*ample, fatty acids are a mgdoé'
component cf raw‘domestlc séwageo ¥hen present in soihtion
basvanlons, fatty acids acf.as-sucfcctants(éoapélﬁa?he
speclfic physicochemical propertteslofvfatty ecide .
contribute to thelr lnfluéﬁce.on biologicai systeméuAthfy
acids and their derlvat1§es are dlrccfly‘toxic to acuatic
organlsms_througc various mecﬁanisms.asxdlscussed.!n the
subsequent chcptersa | )
The foxic effcctsvcf fqtfy'acids»chﬂllvirg“organlsms
arc'cxtrcnely complicateq and‘very littlc research wdrk‘has
beenirgbo;ted ln’this areap.Cbnéequently, *he general c;mfof
thevpnésen¥ resecrch was to dxccrimcnfally éfudj‘the to;lc‘
effccts.pt tﬁcsc ccidsxoglcqinbcﬁ tfcct‘andvfhercby-defi&e_
‘ gomc'ucderstcnding-b::thc env1rcnmeﬁtat'élghiticcnce of
these compounds as_tﬁey occ@r'iﬁ mcnlclcai‘acd'indusfrlal

“etfluents.



The speclific obJéctivea were:

1. To evaluatg the acute leihalif; of long chain
unsa;urated fa?t& acias (bleia and linoleic)~as a
functioa of pH +to rainbaw trout_figgerlihgs}

12{"To comﬁare the acute lethality of thife acids to aainbow
trout,fingerlings‘with long‘chain fatty acid" :
concentrations in treated effluentsf

3. To efalaafe,vffom fhefli?érature, the toxlcity mechanism

.. ' . *

of oleic and linoleic acids to fish. . _

4, To study the sources /of variability in laboratory
procedures used . to aqsess the acute toxicity of long

chaln unsaturated fatty acids. » L /’

A literaiubé réview' chaper il was first.carfied out on
theucharacteristics and énvifbnmenial signif!cance af loﬁé
ahain fatty acids and. fhe properfies of fatty acidc. The
review also suﬁmarizes the properties and concentration of

fatty acida iound in typical sewage dischargea (treated
~effluent) in Norfh America. The_to#iq effectsfa:e_also_'
praaentéd.‘z s

Chapter 2 deals with the experimental program and tref

'methodology employed in eeparating tre various effects of

‘:-:the fatty acids on rainbow trout fingerlings.lThe variables

i

investigated were. the pH levels and the stability of’ test
concontration ot tatty acids duging static bioassayo,‘* a"r'
) The'digcuésion.and‘evaluafion of thé‘feét»résulfslare

E paesantqd'in‘Chapter,G. The”posaibility'of tdxicity of long



chain fatty acids due to concentration levels found in
treated effluents are also discussed,

Finally, Chapters 'S5 and .6 deél with the conclusions and
recommehdaflons.'fespect1§ely. S
A.fChnrﬁéteristics.and Environmental Slgnlfiéance'of Long

Chaln Fatty Acids ’

'Qxiﬁniign of Eniix.xéiﬁé
vFatty acid;-vgry 1n'éhdi;J1eﬁgtg fromvucétic acid (Cé)
,to llgnoceflﬁ aclid (Czq) ‘and incluae.varloﬁs derivatives nnd
.‘isomers (Wakit, 1970 and White g1 nl;, 1973).'such aq’
fsaturated, unsaturated. hydroxy\gnq.branchedfchaingpcldé.
Althougﬁ thé‘mosx céhmonvjatfy acids éoniain‘fb 6rH1S~§§fboﬁ
atomé Egawyef aﬁ&yﬁécérty,rlq78 and Gunstone;‘1967). fatty |
-aclds of dltterent chaln lengths (both even and odd) aleo
exlst.but are genérally found ‘at léwef levels in cellular
systems than the C;g and ng fatty acids;ff_ ,‘ ?;: ;.
/" Long chaln Iatfy acids, complngd-as.tnigiyééfidés._
'ﬂvbfév;devthe 1ong tgnm=storage f§f§ o£'energy for hlghe;
i aﬁiﬁqiswlfﬁe'QO§¥ 1ﬁporfaﬁt"hech;nfém by which these storaue'»”
_tatty acids are denradednlé a procese which occurs 1nvalf

f'step-wlse manner and is known as ﬁ-oxldafion (Gurr and

'

'Jnmes, 1971)¢vf
Conn and Stumpt (1972) reported thet in 1952, Green in
 W1econs1n and Lynen ln Munlch announced the Feparatlon,

foy

'Lsolatlon, and'purlthaticnvof”the*tive enzymes reSppnslb1§ ‘



for the f-oxidation of fatty acids. Five reactiore of these

ehzymes'are(}ntegratod 1nto'5'cyc11cal schemes Each turn of
the cycle removes a two carbon unit and the process can Qe'> '

repeated over and over agailr until the carbon chain has been

completely oxidized to two carbon fr&gmehts (Gurr and James;

19700,

. A . .
. 4 . . 1. . . o P
. As mentioneg prevlously; "energy —_rich" molecules can

be yielded by thls oxidatioh. The energetlcs of B—oxidatlon

was shown by Conn and Stumpf (1972) and Davies and

Py

thtlevbod (1979). For.example, ln‘the tptgl combustlon of

palmltic acid (equatlon 1). conslderable energy is released

(FIEU?C lrl), ;  ; :.‘ . : S” 1 }{

C16H3202 4“23_02____f;+416602;+ 16H20 + (=2,340 Kcal)esaa(1)

palmitic acid

N

When'palbitlc acld 18'degradédféﬁzymatLCAllyg OﬂQ‘

R

energy-rich bond ot ATP 1s requlred for the prlmary

ctlvatlon. Four steps ot the cycle are repeatEd'SeVGﬂ fiﬁéégv.

.whlch ylelds energy plus acetyl CoA. Acetyl CoA can: be 
"Q jﬁiﬁnently oxidlzed to Coz‘and Hzo by means of tbe Krebs
. cycle (cltric acld cycle). The net total eneray from this

frbute_le —940 kcal/mole (129 ATP*~7.3 Kcal).;Therefore, the”.

eftlclency ot energy conversatlon ln fatty acid oxldation 15’

MabQutr40 percent’(stryer. 1975)- Hence, lt.becomes»clear.l

why,. fat 13 an etfectlve source of avallable food energy.,-

s



A

.y 0
— (CH 214~ C— CoA.

, // o FAD | » B el
o/ PFADHy — .2 ATPIn Electron Transport Chain

| /"NAD+ ” - o
{\» NADH _— 3 ATP in Electron Transport Chaln o

re. 12 ATP in'Krebs
> H3C C.- CoA ———Cycle'and Electron
- Acetyl CoA Tfansport Chain

[
. H3C (CH D1z C - CoA -

© Figure 1.1 . Fatty Acid Oxidation (Davies and Littlewood, 1979)



synthesis (Gurr and“James,v197i' Gunstoney 1967 and Davies

1hdebéndéntly,=

' Synthesls of Eatiy Acids

Eatty'acldslqre'bullf up by guccessive condehsatldns of

t

\ Qféhrbon units (ecetyl=CoA). The déﬁradatlon of fatty acids
is in many respeétsia;neversalfot their synthesis, although,

" different enzymes are used. - The end producf of fatty acid

dégpad&tlon (oxldaf;§n,dt'fgtty{ncid)'lé acef&l-CbA,'fhe

same molééule that serves’aé'the Bfar%lng matertial for their

w

"synthesis. Howeyér, the bdthway is not an exact reversal,

‘since malonyl CoA is the addltive component uded in

o
o

.and Littleiood, 1979). Also, it 15-1mporfant.thatvsynthesis

_and oxlda}lon»pathwgys»of m61§Eu1es'such_ds fAttyvaclds_

differ, so that ﬁheffwé~pathways cen be regulated
N 4

-Fatty acid‘syhfhesis'beglné when twq_2-ca£bon units

: cdﬁdénéé-fq fdrﬁ ;14fé§tboﬁ_f;fty~gqid.(fliufefl;2)}"Thé 
::{3§éohd{fﬁfg:of }h§iFy§i§‘h¢dé fjo qﬁ;é‘?afﬁqné{i?dnyébfiﬁg
‘{55 §;§arp9ﬁ*f#fty!géfd;td ;.6fc5%p6§'i;néarigélécﬁié} fﬁ¢'
ng—éafbéﬁ'eg;ih:zfdQs:foiah 8;cdfb§n éﬁﬁih;r;ﬁd ihis ;%eé;ise,
'addltlgn continues untii th;‘fatty ;cld typlé;ily ;éntalns
“ 16 or 18 carbon atoms‘(D;vles and Littlewobd,‘1979)p Spec1a1' 

-reqctlona‘are needed‘to;tofnxthe raregiattyracldé'fhaf 

édntdln‘odd.numberé qt:cafboﬁ afonsQ in{he?orlginalbpéid;‘

vhgs an odd number ot carbon atoms such as propionic,»then .

the resulting long chain tatty acld ls also an "odd-chalnL .

»

acldﬂ. It an’ orlglnal branched chaln is used. thgn a
br@néhed chain'fatty'acldwrgaults.‘Thelqvorall chemldtmybqt

Fe v



o . . =~ .. Biotin -~ - } O : 'O . L
W = Acetyl CoA Carboxylase ‘ . ' R
‘HaC—C—CoA + CO, — —>HO - c- CHy - C - CoA*
CAcetylCoA - TN\ MalonylCoA "
BRI | ATP' ADP + P, |

‘' COA=C—CHy- CHQ—CH3 7
. Eour Carbon Chain s
/ ‘CoA c - CHy = c- on - CH?_ - CH3

L / - e Szx Carbon Chain: =

/ . ” . A?j:)‘
-/  :." ' 4';\r‘f' : ‘~  “'a’ :

S AUV | <2NADPH
: ,\\” e / 2NADP* .

CoA C CH2 CH2 CH2 CH2 CH3 - v
v SnxCarbonChaln o - C :

- Figure 1.2 ;iFattyzAcid‘Syqthesis_(DaVies andaLittiéwOod,‘1979)ﬂf:1 "



. B. Chemistry of Fatty Acids

‘.59nq béfweén3cqrbqns¢ Unsaiungted>fatty aciﬁs;can contain

"1975).

~y
q

. thty gcld‘gyntheslsfin hlgher'plants_is.the same as in

4

‘.animals, yeasts and bacteria (Gurr And’Jumes¢-1971).

AN

2 | | e | |
Fatty acids consist of carbon atoms arranged in a

stfulght chain thh-anAQIKyl-group}.(;CH3).qu one_énd and a
llég:boxyl gfbdp5 (-COOH),}at the opposlte end. The'hhfurallyé

- occurring fatty aclds dre'dlvldéd'lhfo saturated acids and

v

s

f‘uhsafunated“uc1dévon;the bdsié of"tﬁe presence or absence of

doubte'bohdé ln;their3hydbocdrhoh'chainsf(Mdrkley: 1967).

f

;All saturated fatty acids contaln the maximum possible

number of hydrogen atoms, while unsaturated compounds,

!'contalr fewer hydrogen atoms and at least one unsatgrated

” 6ﬁé7(mqpoesa¢gb§ted)_brfmo?e dbub1é"bopd (poly-unsaturafed). -
(Da#iés‘aneritfléwoodi 1979);5Naturglly_péCubhln8 S§f bnfgd
 1fdt£§ acids that ﬁa%é“frdm one:%o’éléﬁt.céfbbﬁ_Atbmsihbé,,

R:Jliquid,-wheféds fhosq wlth more than elght carbon atoms are

C&

“”sollds- Stear c acld (18 0) hns.a melting point of 70°C but,f 
T;;with the introduction of" one double bond.‘as lnuclelc4acldﬁﬁ

'; (18.1), the melting polnt drops to 14°L. The addition of'

‘if;for Ilnolelc acld (18 2) whlch has 2 double bonds and 8.

'}_meltlng point of -5°C (Conn and Stumpf,_1972 and Faswan.'[r}

'When ‘a8 double bond le tound ln the hydrocarbon chain of

~6'fatty hcldg geometrlk 1somerlsm occurs. It the radicals_

APl

‘more double bonds fdrther lowersrthe mcltlng polnt,'such'qsﬂV%” T



which aréjbeing~donsidered dre on the same side-of”the>b0nd,

the compound is called "cié",,iflén oppoégl te sldgs. ﬁtﬁphé"

(Barée;?gj ;L41.1977 a?dIStenhazen{ }966). This can be
lllustfatedrwithkolc;c, 11n§1eic and,elqldlc.gcids (thuxe

Physical Bromerties of Eatty Aclds

/

‘ Theﬁsolubllity of. the fatty acids is greater than that‘

of'the qoprespondlng gkycerldes, They are soluble in ull the‘

bommOn’polar dﬁdfnpnpqlaﬁ’organ1Cp801vents (Klrschénéi:i:’°;
1960 and Markley, I967)- Thé'iower‘mémbers are also soluble
ln water.'W1th 1ncreaslng chaln length the acids become

i - . ' -

(¢ acida -('8:0.) at «{30'°c still

:qﬁlte'insoluble 1n w te‘
has a colubllity of 1. 0 (g per 100 z of watar), whéreus-

stearic acid (18 ‘0) has ‘a solublllty of O 00034 at 30°C

(Fasman, 1975) (Tables 1 1 and 1 2)- The_unsgtuqateq acids
'fare.ﬁqu more sokuble}in_o;gqnic solvenfs thdﬁ the
.fcorrespdndlng“s&*ubntéd;acidéy und the solubllity 1ncreases

.with 1ncreaslng degrees of unsaturatlon (Kirschenbnuer. 1360

and Whiﬂe _g_i gl_‘_, ) 1968). ,

e R . s . o

Several factors llmit fatty acid solubllity in yarlousf '

';édlvents. First, the solubility will be 1ncreased wlth
‘ . S D T

increaslng temperature (Balley' 1950. Fasman,'1975 and’fu
‘.v.\ N

Vuarkley, 1967). Sécond, the solubility will be 1ncreased

when the pH of solutlon 12 lncreased. The'most'reliablefand-"

‘the most exfenslve solubillty data on the safurated and

"1unsgtun4tgd_fatty aclds.haVQ[beéqueported py ﬁalley (;950):‘



 F1gure 1. 3

H (CH,); COOH (CH,); COOH
c

. “TianS
e

s

C
RN

H (CHz)7 CHy

. CHyCH,), H

s

Oleic Acid (A% C18:1) .~ . =~ Elaidic Acid (A% C18:1) - -

, H(CH2)7 boOH" o
i C .. .
”clS Toe
_f‘>§c”/ |
» “Ci;. .
R
N

. Linoleic Acid (a%12 C18:2)

.

Geometrlc Isomerlsm‘of 01e1c, E1a1d1c and L1nole1c'fy;v

Ac1ds (Conn and Stumpf- 1971 and Harper et al, 1977)

10




o

e

’ ‘ ¢ ' S ’ o s ’ -, . ) . .'
Table 1.1 Fatty Acids: Physical and Chemical Characteristics ' -
- (Fasman, 1975)- ~ T '
, ) , ,
‘o N -
- ’ B . :v
e . .
i s . ‘ ’
] ' o
\
) '
. "
O Scientific Molecular Molecular Melting Point
- Common Name -Name: Pormula . “'Weight ¢
L . i o °
) U'nsaturat'ed
: B o . ' :
Oleic acid - 9-Octadecenoic C17H23C00H 282.5 : 134 °
_' ” Linoleic acid - Octadecadienoic  Cj,H3,C00H 280.5  -5.2 to -5.0
S * Palmitoleic acid 9-Hexadécenoic C}5HgCOOH . 254.4 =0.5 to 0.5
~ saturated E ‘ o
. 5 4 i - “’"‘\\ . Lo
Palmitic acid. ..: . -Hexadecanocic.. -G 583 1CO0R 256.4 63.1 - &
L2 . B e . : N - . PO K
. KT L ‘. o ; : . ) . o » ] e
‘Stearic acid. Octadecanoic C19H35CO0H 284.5 . ’ 69.6.
- Cyprylic acid: ‘ Octanoic C7H) sCOOH 14402 ¢ 1847
. - Propanoic acid:  propionic . .CoHECOOR * 74.1 =220
Acét»icvé,ci.d_' E Ethanoic s vCl~Vl3COGJ ‘ 6,0.'1' : 16.7 °
. ‘ B . - o S . o ‘,(“_,, X P
. Formic acid - - Methanoic . HCOOH:® - /_/‘16?6 )
. =7 . ; . : '//' . . -
N ‘ \ : ,‘ e TN
. ) . . . Q,_:'
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LT

and Fasman (1975) (Table 1.3)., The relative ;solubilities of

'
unsaturated fatty aclds with diffeRent solvents ere somewhat

v

different from that for saturated fetty acids. The
. . : ’ : F - .
unsaturated fatty aclds, especlially oleic and linoleic acids

differ from the saturated fatty acidse. Oleic and linolelic

acids are relatively insoluble in the polar solvents (ie.

chloroformy, CH3zCl) at 1ow'temperfures and relatively soluble

in weakly polar (ie. carbon disulfide) or non-polar solvents

¥

(le. carbbn tetrachloride, CCL,) (Bailey, 1950). The

¢ ' o
"solubility curves of oleic acid in various solvents are

©
v

shown on Figure 1.4. K

The fatty acids dissociate in agqueous solution like any
other weak acld. The equilibrium expression for the
dissoclation in water may be written (Deaniels and Alberty,

73

1966 and Conn and Stumpf, 1972).

RCOOH———RCO0™ + gt

Ka = [H*][ RCOO=I(Y£)2 .
(RCOOH ]Yha 5
where:
- ~ ;o
-. Ka = The‘ﬁhérmod namic acid dissociation constant
Yt = 1onic activity coefficient

Yha = activify coefficient of the.dndissoclated weak

acld
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Table 1.3 Solubilities of Fatty Acids in Water

. (Fasman, 1975)
'g/acid/100 g water ,
v; ’

Temperature (°C) '

Acids. 0°c 20°¢ 30°c 45°C -~ 60%C
’ \

0.00046  0.00072 0.00083 0.0010  0.0012

Palmitic Acids

Stearic Acids

L . -
0.00018  0.00029 0.00034 . 0.00042 0.0005




Temperature °K

(Balley,

1950)

Normality of Oleic- Ac1d ‘

7(A) ether;
(E) carbon disulfide;
(H)‘methyl acetate; and (I) methyl alcohol

(B) toluene;

(C) butyi aieohol
(F). commerc1al hexane;

34

1.0 I I T T T T
' 7
7
W
e
o ‘
0.1 < =
0.01 -
N
0.001 —
0.0001 .
10.00001 e s ELEI LB L
48 46 44 42 40 38 36
| [T/T]*104
'l.Figure 1.4 - Solub111t§ of Oleic Ac1d in Varlous Solvents

.15

(D) dlchloroethane
(G) acetone;
(Bailey, 1950)
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For many practicai purpcgééjsuch as interpreting
titration curves it is more'COnvenignt'to use th;'appareﬁt
acid dissoclation constant'x;i, ;hLCh 1s‘expfess d ih térmS'
ot édncentratlénso

‘The apparent acid disspclatfon coﬁ;tanf.Ka' depends on
the ionlc strengtg éf-éolution. Aé the eieétrélyte andAaéid
conqenfrat[oﬁ'apérodcﬁ zqro?'Kd approaches Ka?:(ﬁaﬁiels and
‘Albérfy';19§6). |
| Wheﬁ the d!sgoclation éractlon*equdls unlty,Ll.é; the -
amount.bf thissociated'acld équglé thé amount‘gf;ahioh,
‘then the B cohceﬁfratlon equais'tbetdiséodlation conét;nt

of fhe acid, whlch is descrlbed by the Fenderson-uasselbalch

" equation (Karlson,?1965, and Stryer, 1975);

nglRQQQ‘I - log Ka IR ‘ v

pH =
[ RCOOH]
= log[BCOQ~ ] + pKa
- [ rcooH ] o

Ihg ﬁK# o¥ the tirst membér of the. sefles. férmic'#cld’
‘»(1{0) 15 3;79. Acetic acld 2 0) gas a pKa of 4 75 (White g1
aley 1059). The pKa of most of the remalnlng fatty aclds ane
abéut 4. 75 to 5. 0 (Conn and Stumpf. 1972). Stronger qclds
have Iower ﬁKa values und veaker aclds heve highér pKa’

' values.551nce the pKa of most fatty acids is about 4 75, the

‘tltratlon.curve\qndrthq~percentage»of un-ionlzed_



(undissociated) acld versus pH can be plotted (Flzures 1. 5

and 1. 6)0
‘Ine Surfagtant Propertles of Fafty Acid Salis AR

The term surfactant ag defined by Levitt (1967) is a

13

contraction of "surface-active agent" The term embraces
those»organlc chqyicaL;\thpt ;ssist in penetratiﬁg, wetting,
‘em§181:yin€v qlgpefsiqg. aoiuhifiziﬁg,‘fodﬁlng arnd frbthlng'v
aha flnallyfwashlng ;hd sé&uring. Soéé’su;facfantstdo.hét
have‘AIL-theq;fpnopentlés.”rn otheré. trey é#é.mérevpr 1és§
pfpnoupced, aécob#ing t§ the1r'éhem!§hL:cd@po;lt?bn;fl |
Surfgctants 1n¢1ude,§§aps\whidp are derived ffch'iats énd'
6118 by saponit1cgf;oh'w1th soqium h;drﬁxlde'(SAw&er qn&
McCartyv 1978). o | \

The chemlcal property whlch ;héée make;iﬁls‘havé 1n

€

‘ vcommon 15 thelr possesslon of both hydrophobic or lipophilic

Pl

(ollvsoluble) and hydrophillc (water-soluble) propertles.

~The hydrophoblc ends ot a surfactant molecule wlll tend to ‘
dlssolve 1n hydrophobic muterlal globules wlth the

' hydrophilic ends proJecting out 1nto ‘the water: phase_

; o

(Hrudey, 1978). Thls property gllowsvsurfactants to be ‘;J
-.etteétive as cleanlﬁé Qéents because of theirbeffecf of

1emu1;12ying grease and dirt thereb} allowlng them to be‘;*‘
rlnsed out. As a'consequence‘of'theselpfopeftles.

surfactants can be used as oll dlspersants tor emulslfylnzu

and dlsperslng 011 891113'. m)

All'sodlum and,pqtasslum‘aoaps'(sodlum and‘pdtasslum*

e



B e

sk

f Eddivalehis.of NaOH added |
- per mole of acid

~

k Figufe“l;s' T1trat1on of 0 004M Acetlc Ac1d w1th Sod1um Hydroxlde )

at 25°C (Danlels and Alberty, 1966)

18
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"$ un-ionize

T

79,98

d acid

53.32 -
32

26.66 .

0.00

. . T. T - -I., ‘ ‘_-1 -. _r - - ~' : T ‘ T, . v Ii . . . -

Figuréjl;Gc“Percéntage of“Un;ionized Fatty ACids_inlSolutibanSV‘
- pH Calculated from pKa values of 4.75



the 1nterface (Levitt. 1967)' that 15. at thé =Urface or_'

"-garea of contact between two dlfferer phases or forms of

.soap surfactants.“-

‘1967 and Klrschenbauer. 1960)@' 

20

salts of fatty aclda) are soluble toﬂsome_dégree'ln"wateh.

QHowever, if water is hard. ‘the calclumy maﬂneslum, and aﬁy
other multlvalent cations causing hardness will precipitate By

A the soap ln tpe form ot metalllc soap scum (Sawyer and

MeCa?ty,v1978)-

\‘\,Z,. .

2C17H3SCOONQ + C&z*_h’ (Cl7H35COO’2CG‘l+ 2Nﬁ*coooooooooc(’))

'(sodium stearafe) B (calcium_stgar;te)

iTherefoné, soap must be added to precipitate all the ions

‘  caus1ng hardness before lt can. act as a surfactant.

The physlcal propertles of surfactarts 1ake place at

vmatter. Oi the five types of" lnterface. solld/solid, AR
Zsolldlliquld, solld/gas. llquld/liquid. liquid/gas, only tb

“"fsolldlllquld and 11qu1d/11qu1d are of concern 1n terms of f

\‘.

~b.¢1nce 1945 a wlde variety of synthetlc detergents,‘:

- commonly called syndets (Sawyer and McCarty' 1978) have been»é'g'”

accepted as substltutes for soap. Their maJor adVantage is‘“‘

v_that they do not form lnsoluble precipltates as. readlly wlth

s

the ions causing hardness. The synthetlc surfactants are of

DR

three maJor types anlonic,bnonlonlc and catlonlc (Levitt,

A
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Ce Induétrloi Uses and Sources of Fatty Aclids

ol - . Y

§§ S

' Various lipids, 1ncludlng the glycerlde esters or. futs.
:the glyceGChOSphorlc acid esters or phosphatides, and
;rrelated tatty compounde. occur 1n almost every type of plant,_‘

'and animal cell and- often represent a LQrge part of the

total constituents.of speciallzed parts ‘such- as EeedSy nuts;
tubers, animal-livers, 1ntermuscular connective tissue. the;

o

abdominal cavity, and subcutnneous connecfive tissue

'(Markley, 1960). Ve ‘can extract these anlmal and vegetable

o

» fats and oli§ nnd‘obtaln.such‘substances ‘a& corn oil'
cocoout.011, coifon§eedfo11;'pdlm'dii}”tallow.nbocon grcése.
' and 'butt'_gf_‘( Table 1.4).° | o
lnsiuﬁ_u:ul .Qs.es '
Several klnds ot tatty acids and derivatlves are used
‘oﬁﬁinin.vloe va£1e£§ of.ioduotries;jas followo-fgf : o

"1} Surface-Active Derlvatlves, Soaps, and Detergents.“

2;I_Protect1ve and Decorative Coatings. Fatty aclds are used.'

for alkyd resins, fatty acld-modlfied epoxy reqins, and ;Q“ci

.other prlmary coatlng products (Markley 1967).

3. .Petroleum Industry.;The petroleum lndustry 15 a larget'j'"

I S Y

consumer ot chemlcals derlved from fats, prlncipally
surfactants whlch are used 1n such operafions as
"‘drllling and primary recovery of oil. secondary recovery

: : v ~ _
or 011. demulslticatlon of crude petroleum. retlnlng.~
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storage, and transbortation of 041‘(Mark1ey. 1967).

Textile, Paper and Leather Inhuétrlés. Fatty aclds are

23

ﬁseduln'vatloué procesées in these industries, such eas

3

_fdr,lubridanfs{_softeners and finishing agents 1n the

e

toxtlle.industry.lin processing~and coating papers ‘of

' v nll typee ln the paper 1ndustrles and 1n dyeing,

.6;‘f

fat liquoring and finlshing of leather prodqgts in the

tannlng industry (Markley, 1967 and Pattison..1968)..

. Cosmetf3s and Pharmaceutlcals. Fatty acids and thei@

derivatlves are w;dely used 1n cosmetlc formulatlon

(Pattison. 1968), such,as.”lottoqs. rouges; pregms,,

s,»ShampdéS@ powdérs}‘mqscarns, and'halr
. , R ' 3 v
These chemicals have appreclable versatllity

1ents of pharmaceutical pnoducts (harkley.

fbdbcts. Fatty aclds have found llmided

cation 1n foods in c0mparison to their-f

-1cals, particularily certaln fatty estefs,”are use

; -

las addltivpezand lngredients 1n many foods (Marklevvt

u1968)._- =

»

-

spondlng.defivatheéﬂ(Pattisﬁn} 1968). Fatty : ,7“

o

'”Agricultune:_thfylﬁcida.And fheiﬁldeflﬁaf!véé_dfé:usedb"

*figéJcbmpqnenfé off1n§eét1¢Ldés;‘hetbidiqés{”néma¥béidééfuEFH

‘“Andvdeenticldeé.'j

'vRQBBef.IﬁdﬁétrY- Fafty aclds are used in the ;;/;1

. “,ov

'manuta turing p%ocesseé for many synthetlc elastomers.

o

yrag-conponentajoifthé emulslfieps qudﬁid"



'i'plant revealed total waste loads of 0 77 kR Of grease/lo

,enuleion polymerization (P&ttison,'1968).
“'S.e‘Miscellaqeous Usee;tFagtyvacids and their deflve}}veé
cnﬁ be uSed as oomboﬁeﬁ;s of various. products and

industrial prcceéses, sqcn'dsd_mlﬁeral flotation

.processes§ candlemaking, plastlc additives. plasticheré

»and ln testlng methode for physlcal and chemlcal
N :

3 ,
‘ propertles (Markley. 1967_andePattlson§.1968)y

a2 K - R *

¢ ‘ ,v._ .

D. Fatty Acids in Wastewater

~

Viqwannthan gi Ql; (1962) concluded that tbe prlncipal
-G - ST s

fatty acids in domestbc wastewntar and sludge were the

¢ r K .. ~ ) ,v N

saturated,myrlstlcj palmitic, ang‘stequc Bcids. and the ti-'
y T R SN
unsaturated’olelc dnd linoléic acids. These aclds usually .

'”comorlqed over 90 percent of the total fatty aclds in

-westewater.a7f S 5"'f‘~'*‘4
A . . .

The total fatty acld concentratlons uere found to bo

u.;from 1 01 to 1 40 mg/L (average’= 1. 28 mg/L) 1n paper mill v -

:effluentu(xelth, 1976). A wlde range of fatty acid

'concentrations were detected An kraf% pulp and papermlll
S A PO R -‘,v .

ﬁ effluent on the\north shore of Lake Superlor.vPalmltic.

’ezstearic,'arachldlc. behenlc. lignocerlc.'oleic and 11in§1cf

acld were found to be the maJor components (more than 0.1

'-'mg/L). Myrlstlc'_pentadecanolc, heptadecanoic and

'palmltoleic acld vere found to be the minor components (1ess

*?.;than 0.1 mg/L) (Foxy 1977$ {’cf_"._t‘_'f7ff*;f R

v

; ‘J: . S »_.', : ﬁ»
A wnstewater survey of a modern catflsh processlng

e R




b v N I

Iy
B

fish process (Markley, 1974), Grease concepffations wére

found to be from 35,070 mg/L to 35'000 mg7L and fbom 70,900

. - : ,
mg/L to 77 240 mg/L ln wacte 105%% ot beef r#n

.

Eﬁrlng waste,

and. pork renderlng waste, respectively (Dir»slan, 1970)p

Mineral oil concentratlons were found to te from O 8 to
. Lo . N "\% A
f9 6 mg/L (average 4 18 mg/L) and vegetable oil co?centraflon
wasg found to be 1 15 mg/Llin the flnnl'effluent of the Upper

st N

Tame Basin. A séwage sludge analysls of the Upper Tame Basln

[

.revealed total waste loads of 56 25 g of mineral 011 per kg v

“.of dry solxds, 2071 g of vegetable éil per kg of dry

: §
‘vsollds, 6 7 g oﬁ higher fatty ‘acids, per kg of dry col‘ds and

Y-

i

35 5 g of lower fatt% aqids peﬁ kg ‘of dry solids (Bennett el

gl:yf1973). The studles of Farnlngtwn and Quinn (1973).
‘ ‘.

Fedorak (1975) and Coleman (1975) hage ﬁyown that 1ong cha1n~
. N 3 .

fatty aclds (14 % to 18 2) are the maJor fatty ucids 1n raw

. l

, wastewater and treated’efflueht. The dictributxon of thece

long chaln fatty acids are sho%&lin qule 1 S-

.8 B - 3

Hopwood and Rosan (1972) studied protein and fat

"recovery from eff1q§nts and revealed toful waste“ater

concenfratlons of 8 390 mg/L aﬁh 33 mg/L of fut from soap

cracking and barometrlc condenser water of slaugrter hou:e'y

}_fatty aclds ure found to comblne as triglycerlde esters. Tﬁe

fatty acld esters are rapidl hydrolyZpd to yield free fatty
. N :

' uclds (Heukelekian and Muellev, 1958)- Data obtalned by ﬁ”

; Heuke1ek1an end Mueller (1958) showed that oleic. palmitic
'~_and etearic aclds ‘were . degraded at about th& same rate. 

3 -
LRI

.and poultry packlng vastewater and plants respectively.-The -
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Viswanathan g;‘gll (1962) observed, however, that olelcaacid
was degraded much more rapldly than any of the saturated
fatty .acids and that stearic acid w#s pfactlcally ~H‘(
nond;gradable.

Loetir and Roth (1968;‘found that the rate of
degradation of long chain,‘snturated fatty acids decreased
with ln;reased chain lengthe They also observed that the
unsgfhrgted acids were metabolized more’rapldli th;ﬁ their

saturated-counterparts- Data by Maleney and Gerhold (1969)

indicated that the long chain éaturated fatty acids wére

é

metabolized more slowly than either the shorter'chainlabids
or the long chain unsaturates. Novak and Cerlsan. (19¢9)
found that the degradatlén of iohg chain fa*iy acids
constituted the rate-limitl;g step  in anaerobic diéésfefg
when COD removal or ghs”pfoduétigﬁbﬁasltougd to be.
maximized. The ra&g of fgft&IécidAmgthbollém uaé‘lgm{féd by
metabolic, not physical.mconslderetibns- They!also found

& . .
that the production ofy saturated fatty acid intermediates

could occur durlng metabolism of soluble 18»carbon

i -

unsaturated fatty acids, but did not occur when saturated
acids were metabolized.

‘ASchaeffer et als (1977) cohcludeq 4hgt“£ats,‘oils and

-greases (FOG) were particularily resistant to“anaeqoblc_

digestion, and when present in sludge they.caused'excésél9e
accumulation in digeasters and clogged the pores of filters.
FOG could causeréheens. surface and sediment deposits, and.

(4]

exerted a long term BOD which could deplete the dissolved
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)/

oxygen in streams.

Ee« Toxlcity of Fatty Acids . - o

~

Leach and Thakore (1973) wtudied fhe'idéntificgfion of
the constituents of kraft pulping effluent that were toxic
to Juvénile cbhd salmon (Q9ncorhyvnchus kisutch) end found‘
_thaﬁvove£ 803percent o}'the toxicity was ceaused by résln
acld soaps and the remaining toxicity (18 pefcent’ w;s
contributed byisédldm salts of the unsaturated fatfy acids:
palmltolelc. oleic, linoleic, and linolenic acid. Bloass&y
data showed that only sodium’ salt; of the uncaturat:d tutty
aclds (linoleic = 3.57 mg/L, olelc = 1.53 mg/L, linolenic =
‘1 08 mg/L and palmltolelc = 1, 02 mg/L) contrlbuted.l
measurably to unblpached whitewater (UWW) toxicify. Saltsiof
the saturated fatty aclids (lauric =.trace, mynistic = trace,
pnlm;tic = 1.89-mg/£, stearic = 1. 02 mg/L, arachidic = 0. 804
mg/L‘and‘beheﬁic = trQCe) were not toxic to saimon at the’
concentrat&oné.found, nor whén tested Individually at 20
Amg/L- A syntbetic.mixture of the sodium salts of toxic,
unsaturated acids at the correct concentrations in water hed
toxicity-concengrgt;qn_;haractérist1csW1dent1cai tolthe
fst%y'gcidfffgcfiog_is&latéd from'UHW.’There_was a rapid !
decllﬁe-ﬁﬁ'fhe fo;iciti'of fatty aﬁid soaps ﬁhen.dl}gfed
below their concenfratidnbln 100 percentlwag atbgd percent .
concgntratlon;"fish werewdlstressed,andidisorienfed.‘but;'
were;ﬁot killed. The lethal thresholds for fatty acid-soaps

¥

(except oleic acid) were round'to be in the range af 8 and 9
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mg/Le The toxicity ot Cl,_gatty'acid pddlgm'sal*s decréns;d
witﬁ'dimipishlng.dégrbe‘of unsafurationlin'the order |
linoienéte, llﬁdleafe} and oleate, églmifoleété; a ngb
mono-ugsaturated acid, w;s';hé mosf toxic fﬁtty.qcld‘sodp
'tested. The median lethallity (LCS50) of fhese compoun&sbto‘
‘juvenile coho salmon are presenfed-in Tabie 1,6.

Van Bofﬁ éi,gl; (1950) cited that minimum lethal
cqncéntraf#ons for minn§w$ w§re found to be 5 mg/L fafty
k.acid soapss Leach end Tﬁdkofe (i975) concluded that the
concentrations 6fvepqu'stearic ac;é encountered in the
" kraft pulpmill.bleuch plants effluenf'anaiy;ed were very
‘hléh relétlve td’étheé fatty #clds. It is péssib1e~th§t this
compound'might bevfotﬁe& by'reactlong of bleachiné chemicals
with an olﬂlc acld derlvatlve present in a pr§ces= addlfxve,

" such as a pitch dlspersant or a defoamer. The 96~ hour LCS0

of epoxy-stearic to Juvenile ralnbow trout (§glmg

ggiggngzji) was found to be 1.5 mg/L.

Curtis 21 nll (1974) found tha t Eaturated fatty acids

toxicity:to‘brine_shrlmp Ia:vae 1ncreaseq sharply from 6:0

, RS : ' L R R S
(6 carbon saturated acid) to a maximum for 12:0.(12 carbon
safuratédghcld) and then decltned. Nelther LCSO value= nor

-

other comparatlvé toxlclty tigures could bc determlned for

' “14:0, 16 0 and 18:0 acids because of thelr lncreuslsg(

. ‘ . . P .
lnsolubllity $p the br;ne sbrimp»mediumg'Howgver, all thfee
of théeé géi@é‘ﬁoré ieés toxic ;hdn fh? 12:O‘§cid. Fbr‘
gnsafufdted'taéfy acids, toxicity f6 fhe brine shrimp

increased with %ye degree of unsatufaflén; 18%1 and 20:1
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Acute Lethality of Fatty Acids to Fish

Expoxy Stear1c*4

\ LC50, mg/L (time period as indicated) againsﬁ»
Toxicants Juvenile Coho - Juvenile Rainbow
‘ Salmon Minnows Trout - References
Palmitoleate 9;4f1 - »Leach & Thako:e,
l6:1 b o 1973
Oleate ’ 15.0%2 - Leach & Thakore,
18:1 o : ‘1973
Linoleate 11.0*1 - Leach & Thakore,
18:2. o o 1973
\ . ! . .
Linolenate 9.5%1 - Leach & Thakore,
18:3" 11973 .
Fatty Acids 5*3 van Horn et al,
. Soap - 1950 °
 Expoxy- - - 1.5%3 Leach &‘Thakore, ‘
Stearic*4 ‘ 1975 . '
18:0 :
%] = 4-Hour LCSOi'
*2 = 24-Hour 1C50
*3 = 96 ~-Hour LC50 -

They synthe51zed thls fatty acid by ox1d121ng olelc

in CHCl3 with m-chloroperben201c ac1d at 20°C for

4 hours -
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unsaturated acids showed little toxlcity but 18: 2. 18: 3.aed
-20:4 aclde were highly ‘toxice

: Galbraith 11 Ql;~(1971) studied the'to¥icityqf.1atfy-
aclde‘(Sfd to i8:3).to-mieroerganiSms._The‘resultfiﬁdicated l
that finoleic‘(18:2) and‘l;holenlc'(ls:Ss 501dé'were the
most toxlic and caprylic (8: O) was the least toxic (Table
17 )e Sohode et nl; (1974) lndicated that triglycerlde
monohydroperoxlde at llpmole/ml showed almost complete
: lnhlbltoﬁy effect_on the growth”of Eggnenignig QQLL&

FSaxena and Thorstelnson (1971) reported that satereted
fatty acids’ with a chuin length of 10= 13 carbon stoms - showed
the geeatest foxiclty, and olelc;'llnoleic ane‘llnolenlc‘
were the most toxlc of the ensaturated aclds on yellow fever
mosquito larvae, (Agﬁgﬁ agﬂxnii). A sim!ler relationshlp
’vbetween the constltulon of fatty aclds and their acuteee
toxlcity to the ephld (Aghlg xymiggs) was: reported b&
?Tatterstield (1927). L

‘ The toxicity of fetty aclds end ilplds.to higher-
'aﬁlmalq Qere reported by.Cunnlngham.and Laurence (1°73).;e
They 1nd1catedbthat the 96 hour LDSO (medlan effectlve doee. -
_the 1east dosage that should be expected te kill 50 percent

{
1,ot animals that recelved 17) ot cblorinated wbeat 11p1ds in‘"(

N

male, Wlstar rats was tound to be 28, 2 E/kn compared to 20.2 k

vg/kg tor chlorinatad oleic acld, 17, 2 a/kz tor cthrinnted

'llnoleic ‘acld (Table 1 8). Chlorlnated corn 011 bad a

'v96—hour LDSO of 5.7 c/kg in. female rats compared to 11.3

e

b

g/ kg in males. Mays (1é72) leo 1nd1cated that 1ntravenoua.f /f



" Table 1.7
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Acute Lethality of Fatty Acids to Brine Shrimp

' Larvae. (Curtis et al., 1977) and Micro-

organisms (Galbraith et al., 1971) =~ .,

T

' 96~hr LC50(mg/L) - .~ MIC* (mm) against
L ‘against Brine . . - Bacillus - Pseudomonas
Fatty Acids - Shrimp Larvae . -  megaterium = phaseolicola
Caproic (6:0) »0.30 . .. = R
Caprylic (8:0) 0.24 - . 2.00 >3.00
Capric (10:0) 0.036 - .. 1,000 >1.20
Lauric (12:0) 0,005 . 0.15- 0 >1.20
- Myristic (14:0) >0.027. 0.1 >1.:20
~Palmitic (16:0) >0.014 - .. .0.30 - < >1.20
Stearic (18:0) >0.020 . . 0.40 . >1.20°
‘Oleic (18:1), cis 0>0.087 . . 0.05 - .. >1,20
Elaidic (18:1), tran R S 00200 371,20
" Linoleic (18:2) 04033 . 010,027 >1.200
Linolenic (18:3). 0.024. Sooe0.02 0 o>1.200
~ Eicosenic' (20:1) 0.030 e
o Arachldonlc (20 4) .0.015 =-0. 020 CTe T e
'-*MIC m1n1mum 1nh1b1tory concentratlon after 24hours 1n mllllmolejéf ‘

fatty acids per 9.0 ml of 0.5% nutrient broth in capped lSO;x_jlfi
15 mm test tubes and 1n1t1a1 106 mlcroorganlsm cells per ml‘ R



Tabie.l;a 96-Hour LD50 of chlorlnated L1p1ds and

PO

Unsaturated Fatty Acids to Rats
(Cunnlngham and’ Lawrence, 1977) .-

33

Toxicants

96~hr LD50

g of toxicant per. kg of rat-“

e

~ Chlorinated wheat flour lipid -
Ch;bridated*oleic (18;1)”1
‘Chlorinated linoleic (18:2)

N Chidfinétéd linolenic (l8:3)7'f

L.

. 28.2
202
SRSV

10.2

Y

LA




Sﬁrfdéfahfs, ABS (alkylbenzen

34

’

’;1nJéctionQof free fatty acids (FFA)Aprqduced.unCOnscloushess

1n-experimental‘aﬁimgls;_I. EFA causedv&'graquai ceééation'

i N Ao S . '. : o
~.0f respiratory activity of brain cortex slices incubates:

j wlthfélucosé'gnd IIo Serum alﬁumln;(SA) obviated the

lnhlhiflon’oxldutlonichsed’by:FFA anions.

Fo Toxiclty of Other Surfactants

The infbbmﬁflOn_cn_thé'aquafiqitOXicffont;lpﬁg chaiﬁ.
fatty acids is limited. Slhéé”theéé éb@p@undéﬂéuh‘fdncfion
as aanhié;éﬁffﬁcfantéy the’;§;icity'6f'ofh¢f cpmﬁon.qnl§h1c_

sﬁlfoné&eS)?dh& LAS (ftnégf .

j;alkyl culionafes) were reviewed. The synthetic aniﬁnlc ¢“ 

R L

.fsurracfants are generally sodlum salts whlch ionize to yleld 
.Naf plus a negatlvely charged..suftqcé?gpflvgfLoqi(SgWYerjf"
f éHq’¥chrtyv 1978). Thg;common-dnes”qée,ﬁlijsuyjyieskgﬁd“'

{f;sutfonafés} ':' f{ T ;':"  RS S ”.;U;r"3g,“ e

In the past ABS wus derlved from propylene nnd was"_;j"w'

vreeistant to blologlcal attack because of the branched chaln

i

 s%ructure oi-the alkyl:groups,and because’the ben2ene:r1ngsff

“are attached prlnclpally to tertlnry carbon atoms of the

H

branched—chainﬁgroups (Sawyer undﬁMcCarty. 1978). This

muterlal is’ now made largely from’ normal (straight-chaln)

jparattinsg_ nd thus the alkyl chaln 1s not branched and the

P

‘”benzene rlng 18 attached prlmarlly to secondary carbon:j.'

'atobs. Thla Intter materlal has been labeled LAS whlch can

bé;¢§“radgd undar‘péroblc cohd;tions-



vt
{ J

The acuté'toxlclty of LAS to aquatic organlsmsfhas been

reviewed by Swisher et 514 (1964).vand KfmerleAgl ale
‘(1977). Swisher g1 gl; (1°64) repor ted that LAS were,?
relatlvely toxic . to ‘£ieh (blueg£11 fingerlings) when tested
under statiq‘bioassayu The median tolgrance limlf a; a_
féé-ﬁou?’LCSbyygs'fbﬁﬁd tovbéfaronnd 3;0:mg/ﬁ,10;64img/L £br7
 tﬁé'Cjz’and C;.'hombi§g§.Qf LAS{’}esbettivély. TQE& qiéé
reported that these materlals were 80" readily'degra&ed by
 bacter1a1 attack that blueglll fingerllngs 11ved wlth go
ﬁtrouble in efflu?nts trom laboratory contlnuous flow.
actlvated sludgé unltsibelng ted 100 mg/L ‘or mére of:either
 19?§dU9fp,ThQ.}Onger.homoLogsﬂand ﬁore termtnolllsome£sudfkl
‘jkﬁQSe chéﬁi¢éi§;‘wh1ch ;re the mﬂké“to*ic;J;reﬂulso more
rapldly dégradedrunderubacterigl action (Klﬁe}ie gilnl;,
'1977}-~Medinn letﬁal éoncentrati&n (LCSO) of LAS to water-

o ﬂeas (Duhni.n mggng) and fathead mlnnows (E.Lmaxzhnlzs |

 :21gmglg§) may range trom 0 5 to 50 mg/L dependxng malnly

’ upon the chaln lengfh ot the partlcular homolog (Kimerle g1  “§

-

-31;;‘1977).

The acute toxlclty ot ABS to fieh was reported by many :"

tfesearcbers}'First, Hendenson gj nl; (1959) reported the'ff
SRR :
&results of bloassays vlth ABS 1n both hard and scft dilution

’/

35

waters- 96-hour LCSO values tor fathead minnows (Rngnthgs

bnxgmglng) ware on the average 6. 6 mg/L (range 3 6 to 9 2.

. >
!

*@mg/L) in sott 'ater and 4, 3 mg/L (range 3 5 to v.1 mz/L) in W

hard water for four ABS compounds trequently used ln*-

SN '
-'hpusehold.syndetg$ Tests wlth 100 percent ABS in sott wafer

a
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‘ uéiné blueglli;"éa fesi oréahlsmé_produéed'¥be following:
LC50‘§;'24 hr é SJQng/Ly 48 hr =.7f$ me/L, 96'hf = 5;6
.mg/L..The:simiidr'ch;e toxiclfyvfeéf résults were feporféd‘
by Calrns and.Scheier (1962)- The 96 hour LCSO result of thév-

acute bioascay tests with nggmis mggcgghlxus Raf.;and LL

gihpg“gﬁ (Llnn.) were found on the average 17 3 i O 13 mg/L

.(rangei17g15~to 17.44 mg/L ‘aqd 21.89Amg/L, reEpectively

WHLéﬁ wér§ qu1té comp£r35107%¢ those ofvﬁehdensoh et nle
(1950) (Table 1 9). The"foxicity of*ABS waé not gréﬁfly.;'

affecfed by the hardnees of dilutlon water.wThe results[alsd-
1nd1cated that there was no slgniflcant difference between
short term batch te s-and coﬁtlnuoua ftbw.

Cairns and Scheler (1962) also reported the biological p  
safe concentration (BSC) ot ABS for both fisr which were on
the average 5 42 i 0 5 mg/L (range 5 18 to 6 31 mg/L).

‘Sunber-&nd“Thatcher (1963)Talso tound'that cOnCentrafICns'” .f'

3"

below 8 mg/L ABS produced very llttle mortality on some -

aguatlc 1nvertebrate (Hydropsychldae)- ﬂhe 30 day bioassay

!

toxlcity of ABS to bluegill (LgngmLﬁ mggngghicnﬁ) was

2

conducted‘by Lemke and Mount (1963)- Tbe 30 day LCSO ranged

between 15 5 an§§18 3 mg/L of ABS.‘The dlfterence between :

B . p

the 24 hours and 30 day LCSO ranned between 6 5 and 0 5

i

mglL. L o T '_'-..: L



<7

el

9

- Acute Lethality (96-hr LC50, mg/L)

Acute Lethallty of LAS and ABS to FlSh and’,
Water Fleas , ,

LAS .. . -

ABS

‘References

 »§51uegil1_
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IT. Experimental Design
A.;Statement of the Prdbiem'and'ObJecflves‘df the'Stﬁdy

Lo % s .
’ . . . ) . - T

“The long cbaln'fatty acldgvate-ublqulfous\cbmpdﬁn:j/}n
~municipal and industfl%t~wastewaters“because.of their ’
occUrréncelin [Lplds as.components‘of thé-frlglyégrides. o

These compounds are baélcnlly'insolﬁble in water in the acid

 form;~bdt sddlum‘saltsvof the lbhg chain'fafty“tcids (so;pé) 

can dlSpéfsé in wd&er. The fatty acld salts exhlblt% '

'surfactant proﬂg?tiea because of thei% combination of

Y

hydrpphgllc gndfhyd;dpquic1propertiesﬂlntq one mpleéule.

: Tﬁé_sprfdcf&ht propeffiés of[faffy #cldskAfe.vefy sehsitiyq
'Aio pH'ﬁé@auSe the nﬁdlssoé}aied,f@ffyxacidg-ergfvlftugllyj

s

inéolubléa Howévéb}flt 1sf¥he1SUrf£gfanf brﬁpértiés:bfff&ftngxr‘t‘

“Tacld salts whlch would 1ead to an expectatlon of acute
. . S i, . S E
'atoxlclty"to fish,'based on the known toxicity of synthet!cf,

. . . . o . . \, B
B B v B v ke v S
-*surftctants.’i._[ o : _

v f A revlew ot the literature for 1hf0rmatlon on theﬂki
. g o 'I,-

, K
A’toxlclty of fatty aclds or fatty acid salts was conduoﬂed.»”

e s c

'70n1y §w¢fggfgrepces_wefg‘lOthed.whlchhspeclilpally’rgpqrtgdi°

‘ﬁ”téﬁlcifyitoriihﬁfvidﬂal_fgff 'dclds'}6]:1sﬁiiqu¢h”and
Thakore, 1973 and 1875)«
:.Giyeh’A 5ackground’of'#pﬁafenfﬂ' < of31hform5tlbn-oh.u'

:* $the foxicity of tatty acids and tbe maJor 1nfluence which pH"f
i:~exerts upon the physical behavlour of long chain fatty

"Uﬁaclds, thero appeared to he ‘a need to evaluate the acute



39

toxlclty of long chaln xatty acld% as a function of pHe.

Specificntlons for the regulatory appllcation@of acute
K

‘toxiclty testlng allow a {%Iatlvely wlde range of test pH

n

values.‘Hence. a significant 1nfluence ot pH on_an observed

'tox1g1ty.wpuld.have n m&Jot~bearlng on’the'lnferppetation of

test resultse. B ) . : , o
- Y ) . “ ’ - ‘ ) : E - o /, - . . " ]
Therefore, this project was proposed to.conduct 96 .hour

0

stqtié &chteliethdllbloassays uél;é reinbow trout flngerllng

-

sensitivi ty ok acute lethality evaluation of the fatty aclds’’

. ;‘B.'.r:".;._M‘eﬂtrhodo'l(v!éy - ‘ v :- - e .!:

end the common long chain-fatty aclds"(oleic1and.1lnolé1c);

It ghé hoped that the results would provide insight into the

‘possibie‘bdhtrlbutlod whlch fafty fcids &ouldiprovlde'fqy

acute 1ethu1 toxlcity of munlcipal and 1ndusfr1al

;wastewnters3 As well, 1n£6rmathn yas_sought on the .

s

to test pH conditionsev

o

Flsh used 1n this study were rainbow trout%tﬁglmg

ggi;dng;jj Richardson) tlngerllngs of elther sex: with

o . .
N g o

weights nnd 1engths as.indicated 1n Table 2, 1._The longest E

fish ln each test were not more than 1. 5 times the Iength or j" -

\

o the ahortest, as requlred by Standard ﬁethods (APHA. 1975).;;

- The tighqure.trqnsferpqd-fromvtne Toxlcologyvjx o

-

. ﬂ1L&bofgtofy{;ﬁnvlcbn¢éhtsl}?;otéction Sérvléé}‘£¢m§qfoﬁg »

o o -

fAIbertél%q”hh acctlmutionjrddm and wéfefhéldfafxaoc lh}ﬁ :_
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Table 2.1  Weight and Length of Test Fish

&
Test . Standard
Toxicants No. Parameters Means Ranges Deviations
° Oleic Acid 1 Weight* 0.80 0.29-2.10 0.37
' Length* o 4.28 3.30-6.00 0.54
2 weight 0.97 0.30-3.19 0.50
Length . 4.57. - 3.50=7.00 _0.67
3 Weight 0.85  -0.30-1.82 -  0.33
Length 4.51° 3.50=5.60 0.50
4 weight . - 0.52 0.18-1.25 .  0.23
\ Length 3.83 2.90-5.30 - 0.52
5 - Weight 0.55 0.29-6.90 ° ~ 0.18
Length 4.09 3.60-4.70  0.34
Average  Weight 1.22 0.18-3.19 0.56
Length _4.81 2.90-6.00 0.76
"Length 481 . 2.90-6.00 ©  0.75’
Linoleic Acid 1 Weight 0.92 - 0.25-2.30 :  0.49
, Length © "4.30 . 3.10-5.80° 0.73
2 Weight 0.84 ° 0.70-1.10 S 0.34
Length 4.35 4.10-4.80 0.58
3 Weight 1.10 0550-2.19 0.41
v Length 4.71  3.50-6.00 0.56
4 Weight . 1.63 . 0.52-2.70 0.96
Length 5.08" 3.60-6.20" 0.52°°
Average Weight o - 1.12 0.25-2.70 0,36
Length 4.6l .3.10-6.20 0.36
*unit, Weight = gram
Length.= centimeter

<r
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1,000 litre fiberglaaé holding tank at the Zoology

Department, University of Alberta. They received a
' “\ .
DY

continuous flow of dechlorinated tap water (EDTA hardness as

CaCO3 = 116 mqu, conductivity = 225 tho/cm, pH = 6470,

total alkalinity as CaCO3-= 36 méYL. total residual = 180.8

mg/L and turbidity = 0.5 J.T.U.), Holding tanks were

villuﬁinated with fluoresgent lights which were electrically

switched on and éff with g timer to keep & photoperiod cycle -

with épprppiateﬂtw;lightiﬁeriods similar to fhe local ,

conditionsa | | -
?Thlelshnwgre,fed oﬁée d;11y ;t the }ate of about 3
; . -~

A
—0

percent of body weight. Fish were mainteired Iin very gbdd

: .0 < '
- health and no siéniflegnt mortality occurrede. The fish were

‘fditpﬁédf*@ accfli%terto,these“holding conditions for at

)

'least_2 weeks pé;or to experimentation. Feéding was stopped

.48 hours before starting the experiment and the fish were

transferred to the experimental rooms. Water temperature in

S “

the tanks was maintained constant at 12+1°C by a roomw

)
- &

temperature control.

Experimental Conditions .

Test Tanks

The test tanks were circular polyethylene tanks, 4¢ cum.

in diameter and 1Q0 litres in volume. Nineteen test tanks &

bags containing 40'11tres\ot water sample were placed in the
| - e : } ‘
test tinks at the start of each experiment. The bags acted
whe .

9
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Y

as lining to prevent residual contamination of tarks and

were discarded after each experiment.
Stock Solutions Preparation

Fatty acids themselves are not soluble in water. KN
Therefore, a fregh stock solufléh of fatty aqlds (oleic und"
linoleic acids) were directly prepared by reeacting the fatty
acids with sodium hydroxide. The amouht of fatty acids in
S | | . |

sélutlon was carefully controlled. to provide an accurate

concentration of toxiclty required in éach of the ;f\v,

experiments.

Dilution Water Preparation

e

Norm;lly, EDTA har&ﬁess of dechlqupatéd‘tip wate;

would precipitate sonme pf-fatty acids, resuit;np in a

decrease in'céncentratlén and toxicity of thevoriglnel fgtty '

acids. Therefore, the qechlorihated tap ‘water waé dilufe¢

‘with an équal'volumg of distilled water to obtain thg

;equlréd dllut;on water for this Study, The FDTA hardnese as

CaCO;-wns reduced‘from 116 mg/L'fg 60 mg/L.

Expman_tnl‘ ‘me:_gnma ’
R - . | |
To'determlné th; eftec?s of pﬁ on the acute léfﬁalifyf

ot oleic i"d linélelc acids to rainbow trout fipgerlings, a

s@fies Qt\e;gerlments was\dgslgned ﬁéing tte followling

‘"procedures.

a
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"Acute Lethality Studies

L

Rainbdw trout‘fingerlinga whleh were acclimated for 2
weeks 15 the holding tank 'to 9°Cvend were tested with each
fatty acid at 3 levels of pH (6o5. 7.5 and 9.0). five acid
concentratlons were tested at ench pH. Three control pH
tanks and one blank tankvwere set;nt the sanertime. Totally,v
}9 tanks were tested in each experiment.

In eaeh exeer(ment, 190 raiﬂbow treut.fingeflings ;f
elither sex werekequally dlstrlbuted in & random manner 1nto
1q test fanks (10 flsh per tank)- Experiments with each

]

fatty acid at each pH level - were replicated (five replicated

. \\
tests for oleic acid and four repllcated tests for linoleicf

acld). All data from each fatty acid at each pH uere pooled
for statlstical analysis. All tests were run for. 5 g6 bour.
perlod by starting the test on‘Monday morning.and eunning
static bloassay untlﬁg¥r1day mornlng.

Trented fish‘ln,each test tank wefe'cheeked for
mort#iity at‘OaS; i{’2,14, 8, 24, 48.'72 and>96 heuréi Dead
flsh.were removed from the\test tanks and time‘of death,
bweight and length of each fish were recorded. At the end of

‘the 96 hour perlod, all tish that survlved 1n eech test tank

.were sacritlced and welght and length were recorded.
Test Vater Chemical Characteristics

Water cheﬁLstey,characterlstlcs of test water in each

test tank were cbeékeq-tor’dleeolved oxygen, pH and

Y

temperature at 12 hour intervals and EDTA hardness,
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alkalinity, ammonla-nttrogtn‘and ether extractable matter
(EEM) were checked at 24 hour intervals.
: ,The’procedurés'tbr water Cheﬁlstfy analysis were as
follows:
Dissolved oxygen and.temperature wére measured wlith a -

D

2.

model 164000). - ;

3

Dissovled Oxygen Meter (YSI Nodel 544A oxygen meter)s

. pH was ﬁeasured’vlth a pH meter (Hach portable pH meter

C

"EDTA hardness was measured with Standard Method 3J0EE,

EDTA titrimetric method (APHA, 1975), using EDTA

analytical reagent grade and eriochtdme'blaqk T

commercial lndlcator'(Unlﬁer, Habhfchemiég[ACQ.){ o

Alkalinity was measured with Standard Method 403 (APHA,. .

’,1975), using phenolphthalalelh end mixed bromocresol -

.f green-methyl red indicators and 002 N E2SC, titrqnty

‘Ammbnldénltrogen‘was"measured wifh’a‘Specfhonié320'

‘

(Béuéch'ahdbLomb)gvac¢ordlng'tovthé né§s1er1z§fioh;fW'

- me¥hod 418B (APHA, 1975) using zinc.sulfate solution,

stabllizer reagent (roéhellé~sulf,solutibn)} néssleéf7 
 reagent,(HgIz + KI‘ln_KOH)Tandvstaqddrd ammonia> 

soluflpn,;

Fatty acids were extracted by intimate contact with

petrolepm ether in a cdnfinhbué llquld-llquid ektraction,

unltv(Flgurb'QQl andbPlateNZng; Ihe brocédhre-was'aa

»fdll&ws:

Ll
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_Srqndard 45/50 extraction condenser
45/50 Joint

~ 45/50 Joint

" .60cm

\ - Coarse glass ~
frit.

16 'cm‘ - ’

s Tefloh.’ cocted,moghéﬁc stir bar

Mcgnenc mixer o

S —| I -—4cm o o _5‘00 . "f nd ;

- _ ‘ N mi rou ‘
_ | Q cm |- bottom flask =
s , C { 24/40 neck
" Adjustable
~ heating mantle

Figure 2.1  cContinuous Liquid-Liquid Extraction Apparatus ,

45
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- Plate 2.1 Continuous "Liq'ui‘d'-Liq'uid Extr.actiqn' Unit

46
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‘One.llter of weter sample was collected in the

extracflen Bottle. The sample was ucidified with 20

”mL of 1:1 HCl ‘in order to preserve tbe samples- They

‘were then stored in a cooler at SOC.

’ enlt vas set up as shown in Flgure 2 1 and Plate

B

_-Aﬁproxlmately»200 mL of petroléum~etherties added

into a 500 mL round bottom flask and the extraction-

H

lPetrdleum‘etﬁef fes added fo&fheieXffactlohhunit

e

—

. until the solvent (petroleum ether) just began to -

”’HdﬁerfloyiintpijheVSOO'mt:fleék'VLalfhe,élde arﬁg@f:*

:_fhe‘extteéfbﬁ-_

':The magnetic stirrer and reuter were turned on to a

sultable rate until the solvent began to boil

gentlyo The solvent vapour travelled up to the

feondensorseepd the:condensedZSOIVent dreppedbdeiﬁ;e'l

. "the ceﬁter1fube_to'theﬁﬁd{tbmlof the extradfbh; The

1extraction unit vus then left running for nbout 16

-hour51

‘The ether extractuble matter (EEM) 1r *he samples L
vwas;extracted by the solvent over the 16 hour perlodipgff'
.and'overflowed lnto the flask vla the slde arm of

“the extrqctor.

ihé flask was. dlsconnected and the extrnctor was"d

~vcarefu11y tlpped forward to drain about 2/3 of th

petroleum ether layer on the top of the water sample’

‘through the slde arm lnto the 500 mL flasko

|



g T£e §i5§£'gqi§t1on &55 :11?;Pé8 thpopghv#4Q 11ife?:
paper’iﬁto aﬂ;igag 500:mL ilat §6ttomffi§e§; Tre
‘second fla?klwhs pLacéd.dn.éﬁéqtafy.evqﬁéfétOg

. ?BQéh1‘ﬁétévgpﬁr;n)uﬁéghé;téd to a:n{froééﬁvggg;:.

:féyiiﬁd;év;t‘a feﬁﬁer;ture not.exéégﬂing‘6bocilﬁ
 §rder toevaéoratezthe solvenf (about. 5. min.).b

.ih;ﬁta Quccesﬁive iO mLVporflons of petroleum etﬁ?r were .

addedlto the 500 mL tlask. The sétv?nt.vQS'sglrLQd}v

iuand transferred to .a prewelghed 50 mL.flask |
:: ;(accurate to 0 1 mg) uslng a dlsposable pipet. Thea 
'  :50 mL . flasks were ﬁlaced back on the rotary .
‘ -i:év@pog#toriangigvgpérate& tq qryﬁéég;i&béut 3?@16,f3

5 £§ _Théiti;é;gﬁjéférbiéééaaigfé”;ﬁ;;fgh;A$ }65qC_ihv'” 

_order to remove any water (less then 5 mins) and

a §h§¢iw§§¢fpi;¢éa1§5t5 ;'agggicatpn §J§iéhé’gggf; 7  ’

. J;fﬂrhéiqueﬁf?l;gxs3‘g}§f§§iéﬁé&;gngfﬁéjwélghf. |

..'éitréreﬁc§ ;;f§ui;féd in'm}iliﬁg§h§ 16j§r&€r,f§ et

‘the original ether extractable matter (EEM) -

  ic6ncehtrafidn“As ml/ﬁ'oifggﬁpleo7 

' ‘Due to fﬁeicaﬁaclty 11m1ted availabllity éf extraction
"uglts; onlywtour w&tor samplea and & blank»samplebwere_
coltoctod for EEM analysls each d;y.:ot the Iour water
,lgamples, three wete ot‘the middle toxiclty concentrations lﬁ
| ,cgch~pB:l;ve1'anq wero‘colpocted;;ach d#y.»The:tourth_;amppé°
;;yaﬁ é§ll§ét§d tcou a1tg;nate.édncentrafioﬂs‘és ihqléateé'by.

the schedule in Figure 2.2, This gchequlq '§é ¢9“f?°994,f°? y
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]subééqﬁent feéf8 1n'th§ series by starting at tbe“neXtéJ
'saﬁp1e>locafion in tha,figure.

Thé three samples of’middle concentrntlon of each pH
level on the flrst and 1ast day were saved for fatty aclds 3“
1dent1f1cation. The fatty aclds were: 1dent1fied by zas“
chromatography (Hewlett --Packard. 5736A), uiing the,
.external standard techﬁlque with. a flame lonization detoctor

F(FID) and estetl%lcatlon as per the method of Metcalfe g;

,gl; (1968)- The gas chormatography conditions were. as

. r
Ve

.10119w$; . .: ‘.1  »4fT' ?:: '.;f 7} \_;
Coiﬁmh { thés; 1/4" ID.. 6 £t Lonz z
C°‘umnP°CR1ns : 5% sP -233.0-. 100/120 chron@sorb W A
ﬂf9ﬁ?e;§§§rb Gven 185°c S , o |
o InJection Inlet‘250°c
C‘Detector 300°c}
‘? é§é‘?i§V;#5£§ % Carrler (Nz) 30 mL/miﬁ.
dl : 3Q ps;gf;w 
. ;{1515’27~é§1g5;3us
v;Sé;pléfsize ; 2‘P£  _" :f;f;;ﬁ
iiAQfen§;¥i§n;itéyifii§j :':'m

"Chuéxfspeed":~o.sﬁcm/m;ng,;

‘Data rqpresentlng the chemlcal, phyelcal and blologlcal ”fJ

jparameters were colloctod for each bloassay test. A test vas g

'consldered coaplete alther when: all the flsh had dled or'

vhon a perlod ot 96 hours wag passed rogardlese of vhother"

. ¥



v e

’fwere calculated at 96 hour perlod for each experlment by
*uslng the trlmmed Spearman-Karber method (Hamllton gi nl;.

.-..1077). Comparison ot the LCSO value Ior each pH level was

- 581

bsubséquently CalculateJ(tor each set of d&t@._HoweVér,'pHV

was averaged from H* concentration (activlty)<and_fhén'

conyeéfé%;pgck‘td pH vdiueé.'fhe ranges of the pH va lues are

"also presenteds

For”ény:expérlmenty'the mlssing values of EEM at'each

' pH level were calculated as lndicated “in the followlng

,exnmple for the first test 1n seriea. The EEM which were

analyzed for each experlment are presented lr Table 2. 2. The
: =y .

. m1ssing values of EEM at each pH 1eve1 were éalculated ‘by
‘applilng the percentazerEEM decrease, lndic;ted bylthe |
 :measured values for the ml&dle concentratlon or fhé single’
 extra_éoﬁcgntfqtiqnp t9-*hg”knowh*lptflai‘cqncentbatioﬁ

“(Table 2.3).

~f0at¢n1¢fidnfpr;Mealanjteth&} Concentration

 of 1atty ucids that produced SO percent mﬁétolity at u""

 spec1f1c tlme period) and its 95 percent confidence 1ntervalﬁ

]

it

Franklln, 1954)- 

s

3 obtained for lndlvldual tests on each acid
an’ unpalred etudent t-test (p 2 0 05) for

o 0
:H.sgricsy»: [

;

-om every replicated test of each acld at._

‘\”..
The medlan lethal concenﬁratlon LCSO (the concentrafio& b

b

~done by two-way analysls of varlance (p 2 O 05) (Bennatt and”-j.5~‘



Table 2.2 .

Ether Extractable Matter (EEM) Analysis
in Series-(Concentration mg/L)

_pH 8.78 Test Condition

for First f;st

m
[

F.A.C.A.*1

 Time Period (hrs.)

EEM*2

42.0 "

- 56.0

- 75.0.
©100.0
0 135.0.
 Blank

24 48 72

70.2° 65.2 58.2

63.19

2.28
(.66) %3

_pH f{lOfTést‘Condibion;

: _F'

A.C.A.

.. Time Period (hrs.)

-

24.0

24 .48 72

96

F.R.C.AL

Time Perlod (hrs )

. EEM

24 48 33 ;“

:H96

32,0 - - - - - 23,9 -
. 42.0 - 43.5 40.3 36.4  .30.2 25.6.. 35.51
. 56.0. - - - - - -
C 75.0 . - - - e A -
. pH 6. 47 Test Cond1t10n°

$18.0

-~ 24,0

32,0 ¢
2.0

. 56.0

185

32,2

F.A.C.A. a1
“EMM*2°

N

n

fFatty Acxds Concentratlon Added
‘Ether Extractable Matter by Interpolatlon from Zero
. ‘Hour- to Nlnety-51x Hour Perlod v

‘From Averaged Mean Value (S D )

g .



53

R Y

Table 2.3 EEM Calculation Procedure (Example for First Test in Series)
I A i
. .
. pH'8.78 Test Condition
F.A.CiA. o ..+ mime Period {hrs.) : EEM*3
: 0 - wl 24 - ¥ 48 LN S720 . 96 w4
42.0 jo 422 100 3903 93.6 . (36.5) (86.93) 32.6 77.6 . 24.6 58.4 35.45 °
56.0 56.2  100.4 52.4  93.6 . 4877 86.93 43.5 77.6 32.8 58.64 47.28 °
75.0 . (75.3) (100.4)  (70.2) (93.6) . '(65.2) (86.93) (58.2) (77.6) (44.0) (58.64) (63.31)
100.0 ~° 100.4 . 100.4 93.6. 93.6 © 86.9 86.93 77.6 77.6 5B.6 58.64 64.4
135.0 135.5 ° 100.4 °  126.4 93.6  117.4. '86.93 104.8 77.6 . =*2 . - 121.32 -
'pH 7.10 Test ComBition - .
F.A.C.A. , o . Time Period (hcs.) . EEM*3
" o wl T ' ‘48 v T2 A 96w s
24.0 2419 103.57  (2300) (95.83). 20.8  86.67 -17.3° 71.9 . 17.9  74.69  20.63
32.0 .- 0331 0 103.97. 30.7  95.83 - 27.7 . 86.67 - 23.0° - 71.9 (2.9} (74.69) 27.69 .
42.0 © ,  (43.5) (103.57) (40.3) (95:95) (36.4) (86.67) (30.2) (71.9) (25.6) (60.95) (35.36)
56.0 . .57.9 103.57- 53.7 °95.95 ~48.5  86.67 40.3 719  34.1 60.95 47.13
75.0 .- 77.7° 103.57 © 71.9 ~ 95.95 65.0 «286.67 -53.9 T1.9 =%2 T o - 67,57
“ e Ty o e e S
" v JH 6.47 Test Condit'ionf
F.A.C.A. : C o Tine Period dhesa)i oo LT T ~EEH*3
R L T v LN 72 v e
18,0 - (18.5) (102.78) 14.0 77.5 10,2 56.88  14.6 82.5. 5.4 30 12.69
24.0 47 102:78 - 18.6  77.5.  13.7 © 56.88° (19.8) 482.5) 7.2, 30 17.01
32.00 © (32.2) (100.63) (24.8) (77.50) (18:2) (56.88) (14.2) (46.35) (9.6) - (30) -(19.53)
42.0 . 42.37 100,63 32.6 75.5  23.9 ' S6.88. 19.4 46.25 12.6 30  25.84
'56.0 . 56.4° . .100.63 ' 43.4.. 75.5 . i31.6v:*56.88 2. o - TR o [
Number: in’ brackets from EEM Analysis (Table 2. 2) T
v*1 '=.  The percents vary from F.A.C:Ar . . L
§ *2 = Complete mortality 24, hours” before that. txme penod ‘ ! \ .
*3 = EEH Ihterpolatxon Values e ";‘1’
‘ o s 3 s " i
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e;ch of the test pH vu(ues wer; poaled and then the
geometric mean wams determinede.

Median aurvgval-time (MST, time required to produce 50
percent mortgllty for each concentration of fatty acids) and
~1fe 95 pgrcent confidence interval were calculated accobdlng
to the method of Litchfield (1949) and subrequent

mathematical calculation of a ‘linear regression analysis. A

mortality curve for both acids as éonstrucfed between log ©

median survival time (NST) and log concentration of acid.

The rate of mortallty;(theerclprocal.ot the median

©

survival time, 1/MST) tor;olelc-and linoleic ecids in each

concentration were calculated at each pH level.

®

pH Control Method tor Dilution Vater

At pﬁ 6.5; 50 mg/L of NaBCO3 was added as a buffer and
the pH was adjusted with IN HCl at t2 hour intervals. .
At pH 7.5; 100 mg/L of NaHCO3 was added and the pk was

adjusted with IN NaOBR at 12 hour_lntervals.

a4

At pH 8.0; 100 mg/L of NaCO3 was added and fhe pH was

~

adjusted with IN HCl and NaOH at 12 hour intervals.

"Every test tank was ierated using an air compressor.

t

with an airstone in the center of the tank. Diseolved oxygen

wag checked overy'12 hours and the air flow w»as edjusted for

4

ma;ntalnina the dissolvéd'oxyaen in the tank above 9 mg/L.

SIS
B
B



IIT. Results and Dlscusqloh

Ae Results =

lest Fatty Acids Composjition

The chemical composltiona of oleic acld and 1ower grade
1

linolelc acid are presented in Tables J.1 and“ir2 énd with
the corresponding gas chromatogﬁams (using internal standard
technique) in Figures 3.1 and 3.2, From these results, it
can be concluded fhat the purity of olglc aéid wag 87
percent. fhe ma jor remaining components were linoleic acid
(18:2 = 8 percent), palmitic acid (165b =»trace). The phrity
of linolelc acid was‘70 percente The major remaining
components were olelc acid (18:1 ; 29 percent) and ﬁafmltic
acid (16:0 = trac?’. |

“"The results. fron gas chromatograpic identification

. "
&

(using exterﬁal etandard technique) of’tﬁe”fest‘compoupds at
the beglnnl;g an& at 96 QOurs'of expériments aré glven in
Tables 3.3, 3«4 and 3.5. The test oleic acid exibi ted oleic
a;;d (18:1), llnolelc acid (18: 2) palmltic acid (16:0) end:
myristic ‘acid (14:0). The 70 percent test linoleic acid
exibited linoleic acid. (18 2), oleic acld (18 1) and

9
palmitic acid (16:0) and a trace of stearic aclq (18:0)1 The

95 percent test linoleic acid contained linoleic acid (18:2) Y

and oleic acid (18:1) (Figures 3.3, 3.4 anq'3.5).
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: . AV,
. Table 3.1 Test Oleic Acid Composhtion

Approximate Percentage Composition

4

56

Linoleic v Oleic - Palmitic
18:2 18:1 16:0
/ ‘ .
8.0 87.0 Trace

Ay
S

.

Table 3.2 70 Percent Test, Linoleic Acid Composition

1

Approximate Percentage Composition -

Linoleic . " Oleic . Palmitic

18:2 T 18:1 ' ] 16:0

70.0 29.0 ' Trace




Actual Oleic Acid
Amount = 87% |

o

C14:0 (Internal Reference Standard)

|

Detector Response

~

Retention Time

Figure 3.1 Chromatograms of Test Oleic Acid Corﬁpdsition

° -/

/o

57
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" Detector Response

" Actual Linoleic Acid
Amount = 70%
'C14:0 (Internal Reference Standard) -
\\/.
) sﬁf
C1 6: O
Retentlon Tlme

Figure 3.2 Chromatograms of 70 Percent ‘Test L1nole1c Acid

Comp051t10n

S&
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(6.7-7.6) (1.27) (7:7%): - (92.3%) . .
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.Table 3.5 Average Values of 95 Percent Test LanlElC
’ ' Acid. Comp051t10n at Zzero Hour and N1nety~
51x Hour Perlod ‘

Total Fatty Ac1d Concentratlon, mg/L as EEM
(% of Total Fatty Ac1d)

LA
i Time . OIS :
Zero-Hour " .0 o - Ninety-Six Hours

pH of BEM Oleic - Linoleic ' Total = Percentage EEM .0 eic. . Linoleic Total. Percentage. .
‘Water. (S:D.) ~ 1B:1 - 18:23; - Acid "Recovery = (S.D.): _fIB:1~ v 18:2° . -Acid . Recovery

'jggpseS)

8.79 ° 20,9 0.36£.08 4.194.87  4.55. ©  27.28 6.5 .- 0.994.18 0.99. 19.04

’:‘e.egs,o);a_la) (7.9%) (9218 S TR e, (1008)

7.0 12.6 1 0.23%.16. 2.7721.43° 3,00 . . 29,76 .45 . e- e e =
6.5 10,2 . - - 1.1#l.8 - 1.0 S13.35 .l oo EORRA
Lo - (loo%) - L s RRENS IR N S

0.872.09  0.87 - 20.91 " 3.6 ‘=~ __ . e e o

6.5 5.2 , 200913,
S TR § UL 1Y L e .’QE?

s ? Patty'agias‘estets were_noﬁ défgctéd.




_ Detector Response .
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“Zero Hoi'Jr sl S Nine‘fy.'v_Si* HOQfS '

vc)'; ’ .:‘

 .Eiguré 3.3

E "R’etenti'o:n'Tvime

Chromatograms of Oleic Acid Toxicity Test at the; .
Zero Hour and Ninety-Six Hour Period at a pH of 8.69
(Sample diluted to 10 ml in Isooctane) '
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o . : .

' r:ZefO’Hour T Ninét_y-Six Hpg'rs

Detector Response - '

' Retention Time -~~~

AN . V E . o o .
B - . ! : -

C e
, S T B o f@? Ky e
. Figure 3.4 Chromatogranms of 70 Percent Linoleic Acid Toxicity Test

@t the Zero Hour and Ninety-six Hour Period at a pH of
8.74 (Sample diluted to 10.ml in Isococtane) ‘

... . - so

\Q :
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' Dét.é'cvt*orvﬁe.spoh_se 4

Zero Hour -

64

Ninety-Six Hours

. C18:2 -

c18:2

“Figure'3{5;'

" Retention Time

'Ch'romatogré"rhs of 95 Percént Linoleic Acid. Tbkicity' Test

at the Zero Hour and Ninety-six Hour Period at a pPH of
3 79 (Sample diluted to 5 ml in- Isooctane) ‘
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o C L ' 3

The median lethal concentration values (LC50) and 95

percent coqfidencq:1nfenvale'iofioleié and linoleic acids nj 

jbr?e pH 1ewéis aréi?regeﬁfe& in T;blés 3.6 &§& 3e7y
rQ8p¢cglyé1§; Thg.96:hour"LCSO ?aquéyére éxpfgééed asf r
gf;miillgrgﬁs ét éfﬁef exkgdcfabl;fmattqfiiEEﬁsfihé/L)- Tbé*
96;Hou£iLC50 qfjflyej;épl;qﬁféditests ofvotéié Q@f& is
‘f§f§éeﬁfe¢’$g th9 geom§¥h1¢ mganlin Tébf; 3(8,.ﬁhéfeas the
ééihouf LCSO.géogeercamegn_§;iuégﬁﬁf\fﬁé re?liénfgdftgsts"'
étk70'péfdehf &dld,éurltyndn& two‘dubilc;t§¢ f§§fs ét.SS
 peféeﬁ¥;ﬂ¢iq”pQr£tf Qﬁéfzi;én in T;§1e 3;é;‘ | |
o  Ith€ﬁoQidup§Eﬁ§te§~fﬁAf fﬂétméiiality o£;£1éh‘1n 70
fﬁefééﬁtfL;ﬁgleid~§;1d”155t‘I'ias ﬁore'fhnﬁ SO béf&éhf.;i‘§ﬁe‘
'lowest[fest ;onéentraflon (Téble Aé ln‘appeﬁ&lxda Thérefore,

-

thls mortality dnta has to be tnken out. as requ;red.by-'

-Standard Methods (APHA.'1975)o

©n : s R PR P IR

7 ”Fr9P‘thesﬁ.P¢$U1f$},1t”ghnahe{§éen tbat‘fhgfLCSO“vgluesi;’ 
j::ioffdiéi;,géid:a;é.ﬁﬁbfﬁi;ﬁﬁtéi;Vé_t6 8 f1ﬁ;s g;éd¥;; {ﬁ;n' 
‘the LC50§?hlues ot llnoleic acld atbthe same pH level, The  Hj'7_:'.-1?
  LC50 values of 70 percent llnolelc acld are’ approximately ;;' N
 1 5 to 2 5 tlmes greater than the LCSO values of 95 percent

;llnoleic acid at the same pB level, 1nd1catlvg that 11noleic

,”acld 15 the predomlnant %Ftlve agent 1n the 11nole1c acid ;“
- : B T 2 S
';test mix@nroa.f7': ;
The 95 percent confidence intervels of LCS50 geometric:

V.“ﬁégn values for oleic acid to rainbow trbht-dfe"pf@sénted in«~— jv, o

:?9§}9;3Q10y”1heso‘cbntldencg;lﬁthnvpi values represent the = . .
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~Table 3.6 (continued)
Test IV " Test V
. pa , PH, "
- , 8.46  © 7.09 % 6.52 8.76 7.11 . - 6.51 ,
(8:1-9.0). (6.8-7:6) [6.5-6.6) (8.4-9.0) (6.8-7.5) 7(6-.45‘—6.-55)
96-Hour LCSO 860 .0l 3503 93.1 2.6  29.8
S (7331-101.0) (48.0-51. 9)(30.7-40.7) (81. 3-106.6) (34. 4-52.8)(25.3-35.2)
‘Pish Length (cm) 3.5 398 3.75 4.00 4.32 3.90 -
" Standard Deviation . 0.43 0.57 - 0.52 0.35 0.29 -0.26
Pish Weight (gm) - . 0.49 . 0.56 g,% 046 | 0.45 . 0.697 . 0.42 S
_ 8tandard Deviation 0.18 - 0.22 . Y g.22 0.13%" . 0.7 0.8 &
. " : . R . ) - . : . n’ ‘ ) - }l Lo . ;
EDTA Hardness ' 60.13  60.49 ! 60.43 161.08 - 61.03
(mg/L as CacO3) - = oL o S T
i ; . . e R 3 T R
, s‘tanda:duzz:oz 6f Mean' 0.68  © 0.99 1.05 0.32 - 0.78"
’ muolved Qxygen (lg/L) 9.37 . .9.41 9,51, 9.56 9,53
: standazd xzroé ‘ot Hean 0.11 - 0.09 o.11 " 0.06 J0.04 005 L
,-hl‘otal Alkalinity . 121,74 99.72 59.23 114.06 97.48 . - 58,95 - :
©(mg/L as c.co3) : SRR c a Co : :
Standard r.:roz of ne.n S 0.90° v 1.16 0.59 0.56 1.04 032 .
o ] - at un:tinﬁed"éa‘{culible; : L Lo
O 4 ‘ -
- . ) c:'/ Lo




Table 3.7 96-~Hour LCSOﬁvalues and 95 Percent Confidence Intervals
at 10% Trim for Linoleic Acid tovRainbow\Trout Fingerlings

3
i

“

LCS0 Concentration, mg/L as EEM

 Test Il & Test II
s p , pH
‘ 8.74 706 | 6.49 .70 .04 6.49
(8.3-9.0) (6.6-7.5) |(6.45-6.5)  (8.3-9.0) (6.6-7.5) (6.45-6.55)
96-Hour LCS0 .9 103 - . 267 9.2 6.4
o . (19.6-31.2) (8.4-13.7) (21.3-33.4) (7.4-11.5) (5.8-7.1)
Fish Length”(cm) . 4.8 4.26  4.62 4.18 449 4.55
Standard Deviation 0.71 0.75 ©0.64 0.67 0.48  0.42
J .

Tish Weight (gm) 0.76 0.91 111 0.75 0.92 0.89 .
Standard Deviation 0.44 . 0.50 0.49 T 0.39 - 0.29 ¢ 0.21
EDTA Hardness 59.63  59.73 60.17 59.75 59.61°  60.04
(»g/L as TaCO3) : ‘
Standard Error of Mean  0.66  0.50 170 . 119 1.13 1.28
Dissolved Oxygen (mg/L) 9.62  9.60 1 9.66 - . 9.66 9.65  9.73
Standard Brror of Mean  0.23  0.40 0.26 " 0.16 0.17 0.34

* Total Alkalinity '117.45  94.78 50.68 116,29 92.15  50.31

- .{mg/L as CaCOy) ? : -
5 "
Standard Error of Mean 2.14 3.29 0.64 4.35 5.23 0.83

*] Test I and II = 708 Acid: Test III and Test IV = 95% Acid
708 [ re; .
' S . : : '

i
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*2 = 958 Confidence Interval Not Calculable.
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. 2 Table 3.7 (continued) w
" Test III Test IV
Pl ‘ PH
- ~8.76 6.99 6.51 8.82 7.05 6.51
- {8.4-9.0) (6.7-7.5). (6.5-6.6) (8.4-9.0) (6.75-7.60) (65-6.6)

96-Hour LCSQ 10.6 8.2 5.7%2 8.6 6.1 4.8

: . (8.213.6) (6.6-10.2) (6.8-10.9) (4.9-5.6) (4.0-5.7)
Fish Length (cm) 4.57 4.81 4.76 5.08 5.02 5.13
Standard Deviation 0.54 0.58 0.49 0.57 0.45 0.53
Pish Weight (gm) 1.00 1.15° 1.14 1.42 1.39 1.52
Standard Deviation . 0.40 0.42 0.37 0.47 0.38 0.51
EDTA Hardness . 61.52 . 60.47 60.61 59.40 59.90 59.71
(mg/L as CaCoy) e o .
Standard Error of Mean = 1.74 1.33 0.42 0.86 1.17 0.76
Dissolved Oxygen (mg/L) 9.53 9.49 9.61 9.67 . 9.5¢ 9.48
Standard Brror of Mean 0.11 0.06 0.13 0.22 0.12 0.07
Total Alkalinity - 114.34  96.03 50.56 113.08 - 95.54 57.92
(mg/L as CaCO3), .
Standard Error of Mean  2.94 3.25 0.63 1.32 4.37 0.90



e

Table 3.8

o

~.

LC50 Geometric Méan Values and Standard

70

Deviations for Oleic Acid to Rainbow Trout
Fingerlings : :
LC50 concentration, mg/L as EEM
PH .
8.65 7.12 6.46
(8.1-9;09 (6.6-7.6) {6.4-6.6)
96-Hour LC50 77.1 46 .8 27.2
(65.4~-90.9) (43.8-50.0) (22.7-32.7)
_Fish Length (cm) . 4.23 0 4.36 4.17
Standard Error of Mean 0.37 10.30 0.32
Fish Weight (gm) 0.70 "0.74 0.69
Standard Error of Mean . 0.22 0.29 0124i
’fDTA Hardness {wg/L as CaCOj3) 60,24 61.12 Gl.ii
Standard Error of Mean 0.64 1.12 0.29"
Diysolved Oxygen (mg/L); "9.39 9.51 9.43
Standard Error of Mean. " 0.09 0.15 0.07
Total Alkaﬂihity ' S B
(mg/L as CaCUj)- 118.64 . 94.26 59.05
Standard Error of Mean 0.94 0.01 1.05

T
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Table 3.10° 96-Hour LCS0 Geometric Mean Values and 95
s Percent Confidence Intervals for Oleic ‘
Acid to Rainbow Trout Fingerlings
4 .
LC50 Concentration, mg/L as EEM e
pH of Test Water - o LCSOV.‘ - cConfidence
(Ranges) - - +Geometric’ Mean o .- Interval
] :m"’.'-“.‘.'
8.65 o 1 73,9 - 80.4
(8.1-9.0) T -
. 0 o , TR
7.12 7 46.8 ~ 743.8 - 49.8
(6.6-7.6) SRR -
6.46 - 2720 . '24.5 - 30.6
 (6.4-6.6) . S e e
Ve ;



I .

'regulatory purposes- Thus tho confidence }rfervals as well

'1ntervals and rato ot mortallty values tor tish €xposed to

'm9 0 tost conditlon are’ llttle hlgh nxfyan that for the.

v

1LCc50 range within whlch 19 out o: 20 test results should

Y

Y . . "
fall- These valueb . represent a reasonably narrow range about

Lo
v

‘the LCS50 geometric mean values. Normally,,the LCSO values of

any bldnsndy tests. would.vary fvom test to 1est dependlng
upon-many=vd£iabfe fnctors. Flrst, the dlfference in
susceptlblllty of lndlvidual Organisns ib the main 11m111ng
factor (Warren, 1971). Second, the laboratory conditions

PO

will vary from time to time- When con51drelng LCSO values-

'for the natural aquatlc envlronnent. ‘some more varlablef

jfactors would occur resulting ln a vider confidence 1nterva1_*d"'

S Loon e

..around the true LCSO value. Fov example,'the natural aquatic

v

.envlronment will ditter trom the laborhtory condltlons.d_'

Therefore, knowledge of the confldence interval values as- anf

.1nd1catlon of the varlabillty of LCSO determlnation 15

1mportant to enable wise usage to be made of LCSO velues for

! 9

.as the geometrlc mean values. should be consldered for

regulatory® purposes.. ' o N 'ii  '."'l

“

Medlan aurvlval tlme (MST). 95 percent confldence

olelc and Ilnolﬂic apld at three test pH are presented 1n

Taples 3.11, 3.12 and 3.13. MST vnlues at ‘the adJusted qu

adJustod pB 7 § and 6 5 test conditlon. However. MST v
at the adJueted test pH 7 § and 6 5 test conditlon are

approximatoly the same.’Thc MST values lncrcase wlth

". . 1 X SR

decreaslnn tatty acid concentrntlon and range from 2 30 to‘
a . . . ) . i : ‘\p.‘ . 'l.“
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Table 3;il~ Median Survival Time (MST), 95 Percent
' confidence Intervals and Rate. of Mortality 4
(1/MST) of Oleic Acid with Ra1nbow Trout: ',5??

Flngerlings o -

| Test Water = |F.A.C.A.*! ' mg/L° .. MST  Mortality
" (Ranges) . mg/L. ' Tu(SfD.) S hrs. ¢ .+ 1/hrs..

. 8.8 100.0  83.16 . o 71.5%% " 0.014

. sa8 . 13s.0 0 12735 6.98 o ,0.143
(8.4-9.0) . (8.64) . (5.72-8.52) . . o o

709 7500 0 sl.200 90.0*2 . .- 0.011
(6.6-7.6) . oo (7.81) T SR

7.8 wo0.0 - . 75.25 . 4.0 . - 0071
. (6.8-7.6) LU (20465) - (11, 74- 16. 98) : o

7.2 1soe 13300 0 PR L 0.485
(7.0-7.6) - ..o (l.41) ., (1.8-2.68) .. ..

6. 420 3152 93,042 0.0l -
(6.4-6.6) a3y o

68 se T 4802 1 0.058

. 6.49 . 75.0 4.0 - 415 0.241
(6.45-6.6) . - . . (3.89-5.36) R

e e e

e et rrm—
e e — e e S

¢

»

F.A.C.A. *1 = Fatty Acids Concentration Added .
*2. u 95% Confidence Not Calculable
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Ta&ie 3.12° Median Surv1val T1me (MST), ‘95~ Percent COnfldence
: -~ Intervals and Rate of Mortallty (1/MST) of 70

-+ . Percent Lanlelc Acid w1th Ralnbow Trout :
“-ﬂ*Flngerllngs !

‘PHoOf . CooToEEM Rate of
Test Water. jij F.A.C.A.*  ‘mg/L '“f-,ﬁ' Mst . Mortality 5
. {Ranges) o mg/L ' (8. D ) : “hrs. l/hrs.i ,

S 874 5600 46,07 Sooe2301 ,»_Y,05043u

(8.4-9.0) 0 (4.36) ~(21.0-25. 41) Nt

85 0 100,00 97.80 .- '[ e g
(Bi45-9.0). L (2.05) (10.09-14.31) .

700 a2 27.58  7.25 7 p.13s
L (6.6=7.5) Co(3.29) (5;66~9;38)- I

S 72 0 560 . sgag *},-f; 395 0267
S (6.8=7.5) SN *ﬁﬁf Co(2a2) (3. 38 4 27) P L

7.5 01000, 9.50 'f51‘ 2.30. -jjvf‘0;435/“
‘ = o AR T (2 05- 2 58). i

o849 5.6 gsg o 3ey -  0.028
,(6;45-6.5)- ; B 0 (0.48). . (28;74-46§74) Y

S 6.9 - 10,00 ¢ 10.14 10i9 o 0.002
(6.45-6.5) S (033 (8.25-34.39)

.48 '“4v. 8.0 17.62 . .5,2 o oaez
) (0.16) (4.22-6.62) - -

6.5 320 3o 4 1 0.238
o SR A © o (3.76-4795) .~ -
6.5 . 56,0 "51.42 S 300 0 00270

‘ S L (3.45-4L11)

- . o . v ) ~ ' B e
FQA;C;A.**SQFaEtY Acidé’Cbnéenttation Added - J‘,



Table 3.13

76

‘Median Survival Time (MST), 95 Percent -

Confidence Intervals and Rate of Mortality
(l/MST) of 95 Percent Linoleic Acid w1th
Ralnbow Trout’ Flngerllngs o

%

pH of

Test Wateri

(Ranges)

CF.ALCLARL

:’ EEM ‘ ..: .‘ . . "
- mg/L- -

msT

“hrs. ..

- 'Rate'of h
; Mortallty

l/hrs.;»

-(8.6-9.0)

18.0.

o 56.0

10.0

L10.0

: 1830 '*> .,

(sipa)

S
14.900 ..
S(7.20) ¢

5230
(4.53)

967
(4.21)

19.20
lﬁ3t82) [

L3170
C(3.a1)

S gls2
—--‘(1 53)

o 12.50
1.1

20.70.

5

1700

W

C S

L 22.1%2 0

. ".T

4. 8:

(3 B2-5. 67)

[N

B¢
3.2
12,0

5#0

' (4.10-6.10)

2 9
(2 54 3 42)

..

(2.34-4,38)

- (8.89-16.20)

e

L NEE 42- 5'99)\

- _ '" 110.059,
(1401-20.2) 0 o0

0,227

VYV“O-ZOé:i

0.339

-~ 0.313

0.083

0.200

F.A. C.A. *1 = Fatty Acids Concentration Added’
| *2 . 95% Confidence Not Calculable

1

3

"éﬁi =

..’. bl

0.045

S



, 'f3-7 4nd 3-8)3;Euch pointkrepresents'the}medign'sUrv;qu:time,_v“7

o

:thénda,ére-Qpproxlmaj¢ly’thciéahqjlﬁ'ﬁhg fhree»bH_feéf:

s L _T ‘ e 1

)

93.0 hours. In this study, the dlffebeﬁtJécld.cbncentrdtloﬂé_
"were used . at thé'{h:éé pH levels, Therefqre,'the'MST:v51Ues-

cduld,nbt validly”beléompared to indlcﬁfe tﬁe”effect of test

e

pH on acute lethallty of both aclds to rainbow trout..‘

Rate ot mortallty values (I/hrs) increase wlth

-

’increasing,acid concentbatlon@SThe rate ofvmortalltx's

5

.

o

¢onditions . L oo

B SR Lo e

'#Moéfhllty“cuhVes'for olé1¢ Andﬁlindlelé.aéidlto rulﬁboill7

trout flngerling at tq;ee test pH are constructed uslng Log ¥ :g_

L R

fmedlan survlval times and log concentratlons (Figures 8 6,pk

<

‘ (16556uEs)‘ot-fish:at'each,édncedtrétlonfdhd”ierficslﬁbgré':

R
e £

) represent 95 percent confidence lntervals.-',;v'5"j;1

?.

‘nH atfected the acute 1etha11ty of olegg ana 11n”1e1c’

:: °c1d' For b°th fatty ﬂCidSy fhe 96-hour LCSO values lnhall

r

w

three test pH 1evels are found slunlticantly different (P 2

O 05,_two-way analysls of;vargﬁfce).,ﬂowever. the dlfterence‘

"' k‘

The 96~hour LCSO valuée obtained at each ot the test pH

"8

o : values‘wete fbund to be slgnitlcantly ditgerent (P 2 0. 05, 1 f 

A

unpalred student t-tost) bctveon the *WO‘%clds.H" 

3

i

Lk

As '0110 the 70 and 95 percent llnolélc acld, QCéhOuf[.:P'r

e LCSO values were found to be dif!erent tor the adJusted pH

. i
h]

ol

' uhpdirédgétpdgnf t5tépt- preve:4 at” the adJusted pH 7.5

jsgo,tggt,qpnd}tlpn, at the 5. porcent slznlficance level by;fl“___;
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'vﬂtemperafure 12£1°C. ammqnia-nltrogen Less than 0 25 mg/L andﬂdﬁ

/) v- . ’ O
test dondittoﬁ} %ha LCSO yalués vebe‘touhd algdlilqantly
é

©

-different at the 1 percent linnlticance level. The

-«

) level.

.
-q . M o .
. . L ‘o

‘.ditterence at the adJus%ed pH 645 te%tVCondltion were not

o

:aignlticant at the 5 percent IeVG1 by unpuired student

- -

- '

geometric mehn values of oleic ‘and llnolelc aclds at eéch pH C

o

gnmmnsnsa ngim water. - .

The characteristics ot tost uater for both expergments

Al

are presented 1n Table A10 to A2R (in appendlx). The llst ot'

B . : : \

t- test. Flgure 349 summarizes the dlfterence 1n 96-hour LCSO';?@

‘ Y

57

approxlmate valueg are.;dissolved oxygen greater than 9.0_¢;¥;d,31‘*

lmg/L, EDTA hardness upproxlmately 60 0 mg/L as CaCOa, water

dﬁjtotal alkallnity approximataly 120 mg/L. 90 mg/L, nnd 59

&

‘jimg/L as.CaC03 at the adJusted pH 9 0. 7 5 and 6.5 test:

dfe;iﬁct ot pH readJusfment. Iables 3 141~

-

TN ) S R

fﬂiﬁpidéﬁgﬁlon;:; dffd‘df.ffﬁff“::;“ R d,:,“;;!ff

Lo _ DR R e T R - T
LI . B N N . . et o -
R e N S ‘ R o T TR B A

Lo

‘¢9 O and 7 5 test condl 1ons were increused every day by the jf

LoopT

'ijphénolphthalein and tptal alkallnity ot both experiments

: trom the tirst ddy to the last duy of the experlment (86

houﬁ!j (Fluure 3.10).d‘:;fgl';da'\a_;fﬁ"f';\:

R L L TR PR L 5

AIh?“f?S“ltijf199“thls*studyA1nd1¢9*¢9'¢h°? pH fqﬁefﬁf

e WL

:summarize thef;_f

’VcondltionS. reSpectlvely. Only alkallnlty at fhe‘addusted pHgf,.,fv
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v 60 Oleic Acid
50 T )

30

—H

10 -

8.65(7.12 [6.46

——

LC 50' Geometric Mean Value (mg/L as EEM)
é

70% Linoleic Acid

,) 10 |- T 1 o
» . ,, T 95% Linoleic Acid
I J— '

8.43{7.06/6.99 - [8.79{7.10 |6.51

Figure 3.9 LC50 Geometric Mean Values of Oleic and Linoleic Acid
~with Rainbow Trout Fingerlings (Number in histograms
indicate pH test condition)
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the toxicify‘brfoleic';nd;ilnoleic acids to rainbow trout
' flngérlin:s; Thefef;ect of beon the suséeptibibify'of fish,
as indicated by LC50 Ciﬁbles J¢6 to 3.9) were observed in '
the tirst'96 hour perlod; ‘ o 9

A elﬁilar pattern of pH ;rfects.to tﬁat observi& iﬂ
this study has been reported by other inveetigators using
dlfterent toxlcaﬁts on v;rlous fish species. Kraff pulﬁ and-
" paper mlll effluent (Ladd. 1969. and Mcleay et Al;v 1079).

;

and antlmycin (Marking. 1975) are more toxic in acld
eolutlons. whereas zine (Moun;, 1é6§) is more f?xlc gf
alkaling'pﬂ valﬁes. Howevef,‘kQAft-pulp and paper mill
effluents are also more.toxic at the extreme alkaline pH .
values (pH >/¥§3 (Mcleay et g};. 1979)- The . rapld
/\

_mortallties at the extreme alkaline pH values may be due to
’fhe inability otcrainon trout tohtoleratg‘such pH extéémes
(Jordaq'and'Llofd;;19§4ihnd‘ﬁlcher, 1946); |

Acéordlngvfo L1oyd and Jord@m (1964), who hﬁd'been
'studylng factorsvaffectlng the resistence of ralnbow trout
to acid waters, pH values belov 5.0 might be harmful to
";alnbow trout since death could be brought agout by -b”
\acidaemia. ‘The rate.ot mortallty wase r#ised by the preéence
of f;ee cﬁrbon dioxlde in the acid.water.iseveral
iévestigatore have stressed that two possiﬂlevtoxic fac{oré

may arise from acld waste discharge. First. 11 the water has

a high bicarbonafe content. sufflcient free carbon dioxlde

«
e

may be 11berated by the acld to kill fish even though the pH

valuc does not fall to a lovol which would be dangerous in
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the absence of carbon dioxide (Q?udororf and Ratz,- 1950 and
« & \\( _

Lloyd and Jordan. 1964). The amount of carbon,dioxlde

’

"requlred to kill rainbow tréut is about 100 mg)Lkif the

diasolvedkdxyeen contentvot‘tﬁébﬁdtef is aﬁ,tﬂe L

AN ' : .
alr-saturatlon value (Alubaster gi gl;. 1957).-Second, lf
- S

the water hag a low bicarbonate content, the pH valme of the
¥

water may be reduced to a 1ethaL 1evel wltrout llberating a
‘harmful concentration of carbon dioxide (Lloyd and Jgédgnﬂ'

/

£ 1964). The'pﬂ values below 4.0 are likely to be fdxlc }0_1
fish (Doudoroff and Katz, 1950). Lloyd and Jordan (1264)
also suégested that the'res¥stance‘of fish to aéidg might

.alsd be Qﬁilﬁeﬁced by the calclum'conteht‘of tre uate;.
Hardness and alkalinﬁty of wﬂter appear to be inVOIV;d .
in foxicity.qf weak acids.and-hea?y.metals.hCOppeﬁ and zinc
(Ciarke, 1974 aqdfMoﬁht, 1974)_and‘éround—yooq‘mlll effluent
(ﬁlddeiréad:ahd.Wilson"1975) decrénsed in toxicity marked?y
=with increaéiné'hardéeés- ” | | |
R;31ﬁ‘;cidg“g5d loné éhain fatfy*qcldsjhne'the maJog \
'ahd m1norvéonfribgfoys to’the toxi?ityvptiuhﬁlgachgd krdff
.ﬁ411 éff1uéntE{ éegpQCtlve}yt(Lgﬁch'nnd‘Th;kpré;'1973f
ﬁoééfs, 1953 an& ﬁueliérp;hd Waideﬁ, 1974). Théir_t;Xicity 
afe also decreased ma#kedly ;ith iﬁcreaslng hardness and

alkalinlty (Mcleay g; 514, 1979).?A'd1:e¢t dependgnce’ls

only observed when tbe,hardnegs Op»alkAllnLty of test water

; o

exceeds 100 mg/L as CaCO3.
- For‘thlggétudy, th@»teéi water was soft (hardﬁeés = 60 »
mg/L'aJ CaCO3)s Therefore, the calcium, magnesium and any



other ions C&uslng hHardness would not influence the .
precipitation of the sodium salt of fatty acid. The total
alkallnity was less than 100 mg/L ae CaC03 in the adjusted

pH 64 5. and ‘pH 7. 5 test condltlons aend more then 100 mz/L as

CaCO; (= 115 mg/L) 1n ‘the adJusted pH 9.0 test condltion. It
. R

‘can be noted that the alkallnity might appear to be

reSponslble for the decrease in the toxlclty of fatty aclds
to rainbow trout tingerlings at the adJustd pH €0 tecest
'conditlon (Figure 3.11), However. the hlgh LCSO values (leSS

toxlclfy) at the adjusted pH 9. 0 test condi tion mighf be

malnly caused by 'another mechanism whlch will be discussed

A

later.
The dissolved oxygen was kept ‘above 9 O mg/Lfby

aeration. Thls aeratlon contrlbuted to the. precipitatlon of

-

toxicant on.the surface of test wuter. Coneéquently. the

(:

concentratlon of olelc and linoleic acld decreased gradually )

e . e

trOm the tlrst deay to the last day of the exﬁapkﬁent. The
 :h1gher inltial concentratlons dechASed nore rapidly than
the lowe; inltiai conc;ntrations;,Tﬁéreforé, the t;x1c1ty
concentfatlon data we?e ;nt§rpolated dlrectly from thebflrst -
'd;y fo’the 1ast duy data. gs'm;qtlonediih théhgxperLMQntai
:dgslgn. S | |
ﬂ:Other wéter chnracterlstlcs ere not cleagly impllcated
'-1n the toxlélty reaults. Dlaeolved aﬁn&nla,‘or‘ammOnlﬁm
hydroxlde at concentrntlons ot 2 té 7 mg/L as. NH3 is toxlc‘
‘to tl-h. Ihe foxlclty o;‘ammqnla.sglts~1s mucg less_h;tmtul'
 thun the bas“ln-fhe'spﬂe ;;tef; apd'1t§'toXicifY:éah §§ |

A0S S : K
R - BT i

e
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reduced or elimlnated.by the Addltion of acids (boodoroff{

A’IQSO)-‘Hrudey (1978) 1nd1cated thet ammonla in water would

‘begin an equilibrium between NH; arid NH.+ with dependence
upon pHvof water, The hlgher pH will favour NH3 and lover pH
will favour.NH9+. Undissoclated emmonia will exert.the‘toxic
effeot.upon aqgetle’ordanlsme; The Eecommendeq eafe'
concenteatton of ondisSOCiated.ammonia to aqoafic oeganiém
is 0.02 mg/L. A plot of the total ammonla concentoations .

whlch wlll produce an undlssociated ammonia concentration of
<

O 02 mg/L with different pH® ls presented in Figure 3 12. The

ammonla level of test water in this study was lese than 0. 25

K4

mg/L as NHgze Therefore, this emmoriia levels observed would

not be toxic to rainbowitrout fingerlingse.

Bbyslological Effect of H on Toxieity of Lork Chpin Estty

'The.passage-of toxicants across. gill membranes”in,fish
was reported by Hunn and Allen (1974).vThey found that fhis
pasgige wa s governed by physlcal proqgsses and was

predlctable from - the dlssoclation constant of toxicants s

(pKa) and lipld solubility of the chemical. For example.“al

; wenk acld'wes least toxicAto fish‘ai pH S.Soncimilar results

[
) i

‘were reported by Marking (1975), as previously mentioned.
. "VA;-?."

The 1onlzation (pH-pertltion) theory which support tﬁj Hunn

-

and Allen's Theory,‘was reported by Jollow apd Brodle (1q72)

B

!/

and Loomls (1970). Fatty ucids which are ueak acide. ionize»!'

Y

1n alkallne solutlons und the ionized fotm le rot expected

w7
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Flgure 3,12

Total Ammonla Required to Produce an' Un-10n1zed Ammonla

COpcentrat1on of 0.02 mg/L (Hrudey, 1978)

i




to pass through cell nembianeq as readily as the more

"According to this theory and the 10n‘zation curve of

un-ionized fatty acids were ;nversely_proportlonal and:

"conCQntrationAot un—ionized molecgles and,toxiclﬂu\df

L A S 73

R

iipid-soluble un-ionized torm that éxists at the>iover‘pH.
K o

ffatty

acids (Figure 1 6), olelc and’ linolelc aclid would‘lpnlze,
= . 7 o : . ’ .":',:“"

completely*at the adjusted pH 7.5 and .9.0 tgst'cdndl%lode

\ e . . ot

The jonized form would not be .expec ted to pass through a.

1o

‘"rainbow troht's'céll membr&he;-Therefore. the toxlcity éf

N )

" these acids would decrease gradually with increaslrg pH of o

,

~ the: test water (Figure 3. 13) 11 the un-ionized acid was the

'predomlnant-form.AThe LCSO value and the percentage of

TN

nearly log linear throughout the RE range trom 6«4 to 6.8

. . :
[ . v

(F;gﬁ}e 3.14).

R

b 4

° 2

From the Figure 1. 6, oldfc and linoleic acids/would : ~/]

yionlze abéut 98 percent J?’adJusted pH 6.5 test cordltion.‘

« . - e . 0

The 2 percent un-lonlzed form ot these acids would exist in

the" water ‘and migﬁt translocate readily across the gill

‘

‘tlasue and epithelial cells.‘The hlgwer toxiclty at the

2

'adJusted pH 6e 5 test condition mlght be due to a physlcal

«“ . . ‘

‘nccumulatlon of un~lonlzed form between the glll filaments,

foo o f
v R e S S AP O R O

'Oxygén:t Anéfebwﬁyfsome mechinléﬁ} Mankiﬁélt1975)'alscﬁéséd

.‘_

N

 of antlmycin, a weak acld, across the 3111 tisgue of fish-,

- o - \

’3~jBe found that the toxlclty of antlmycin was rel%ted to ‘the

. \
, N
antimycin decreased gradually from pH 65 to 8.5 with> carp,

L 0

i

°, .

'5fbllowed'by~§£pdstef tc'uhe"eplthellum'and mUconsWﬁo inhibit s

‘tha signlflcanco of the translocation of the un-lonlzed form.'
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green sunfish and bluegill, However, the ur-ionized fatty
acids at the adjusted pH 6,5 testicondition is only 2
' percent. Such a low percentage of un-ionlized fatty acids

»

might not concentrate gsufficiently to cause an inhibition of
.oxygen‘trqnffer.ln the gill :hamber.
Aﬁpther physlologlbal action ?f acids was reported byh
Lloyd and Jordan (1964). They rioticed that resinbow trout
developed a slightly opaque fllm over their bodies, but not

on the gills Iin a solution of low pH‘(S-O to 3«3)¢ No

visible damage either to the epithelial cells, or to any

47

other gill tlssue_jccurred. Alsoy in one experiment, eight -
xfalnbow trouts weré overtu;ned in a golutlon of pH value 3.8
.at the end of a 24-hour expgeriment, but these fish recovered
vaftef being transferred'to Elean w;ter (pH of aﬁproximatély
8.2), showing that no permanent damage had been dore.‘Lloyd
and Jordan (19643 also indicated that those rainbow troﬁt
which had overturned in acid scluflohe.had venous blood pH
values low%f than those of the controls (med;an values of
7«00 ard 6.65 compar;d with 3;20 and 7.21, reépect{vely). It
was(é;fe likely' thebefore. that acidaemia would be the .
cause of &eatﬁ'in acidic test waters A similar pattern of
pesults was reported b& Jonas g; als (1962). They found that
wﬁen hydrochlorlic ac{d was 1nJectéd into ‘the venous syétem
of rainbow tfout, fish died if the venous blood,pH.value{vas
Less than 6.%% one minute after injection.

The lowest pH test condition of this study was about

6.5 which i's much higher than Lloyd and Jordan'sg test pH
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(3.0 to 3.3). The-dlfterenée of H* concentfa%ion (activity)
is abéut 1d3.‘Therefore; the effects should bé.d;amatlcally
di fferent in severity. However, the trend of.physlologica}\
action 0f acids might be the same. |

Ine Texicity of Olelc versus Lineleic Acids

The resﬁlts from this study indlcated that lirolelic
acld (18:2) was more toxic to raipbow trcut fingerlings than
olélc ecid (18:1) at the same pH levél.'Tge recent studies
‘qf Leach and Thakore (1873) indiceted that the toxiclity df
Cig fatty acid sodium salts to fish decreased with
diminishing degfee of Qnsaturation in the order linolenate,,
llﬁoleége, and oleats,

A slmilﬁr pattern of toxicity obéervedvin trie study
was also reported by other 1nvestig;tors in }ong’chaln fatty
acids to‘aquatlc orgénlsms. Curtis 1 als (1574) 1nd;cated
that the toxiclty of unsaturated tatty acids to brine shriamp
larvae increased wlfh the degree qf unsaturated ; 18:1 and .
20:1 unsatursated acids showed lltfle-toxlcity, but 18:2,
18:3 un&;20:4.a¢1ds wére,highly toxice
| Galbrqlfh et als (1971),andicaibr§lth and Miller‘
(1973;, 1973b ‘and 1973¢) stgdie;'thé phyeicochemical etfects
Qt long ghqin fatty acidé on bacterial cells and Sacterial
resp}ratlon: They found that tﬁe unsaturated fatty acids
were more active than the saturated fatty aclds and the
actlvit; wasg depepdent on; (ea) isomerism, where elaidic acid

A

(trans isomer, 18:1) required higﬁer concentrations than
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oleic acid (cis isomer, 18:1) and (b) double bonding, where

linoleic acid was more ef!éctlve than oleic acid.

oy

Corparison of the Measured LQ&Q.XaLu: to the LCSO Yalue from

Qihﬁ: Inveastigations

The medien lethal concentration (LCS50) from this study

ore not inconsistent with those of Leach and Thakore ({%73).

o

" Long c;alh fatty acids of the study‘by Leach and fhak%;e
. oW /
*//wé?i prepared in form of sodium salt of acid as'samé a; the
toxicant solution preparation of»&hlé study. The pH of test
water was not reported. The LCS0 value of long chain fatty
acids to Jjuvenile coho saimonvwh;ch,weré calc latéd froh the
data of Leach ;nd Thakore (1973)'.produced-fhe tollbying:
24-hour LCEO0 df oleate = 15,0 mg/L.’4?hour'LC50 éf linoleate
=>11-0 mg/L (fable 1.6)9 | . |
,é;oﬁ this study,- 96-hour LCSO value of oleic acid to-
rainbow trout fingerl;ngs is 27.2 mg/lL as EEM atﬂthé pH of
v6.46 which 1avh1gher9than-thtlvglu§ of Leech And T;;kére
W(IQJSS.YHowever, t@e 96-houi/LCSO value of linole1c §c1d to
rainbow frouf‘flngertings.ié 5.2 mg/L:as EEM At'the~pH-of
6.51 which may be s;mildr to that value of L¢§¢h and Tbhkore

(1973).

Iest Qleic and Lineleic Acids Composition

The results from this study indicated that olelc and

linoleic acids initlially contalned some ghorter chain fatty

4

acids as impurities.
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The gas éhromatqgraphic ana}ysis confirm thg losélof

\;atty acids from solution during the 86 hours tes¥ durat%on.
Béwever,’the‘résulte from this study indica ted that the
compqeitlon,of fatty a?ids at zérﬁ'hour.end nine;y-slx_houf
of each‘acld at fhree bH'1§velé wvere similare. Thereforé. pH‘
did not apparently 1qflueﬁce the.lossyqf individual loné
chalﬁ ungaturate&‘fatty acids.(plelc and‘linoleié)- Alse, °
the laéktqf an obsérvdble differerce 1ﬁ,fatty acid
cémposltlons f?om start (¢o finish indlcaked fhat fhe logs
was‘due to preclpitﬁtlon physical 1oss)(rather than |
mlcréblal“degradation-: . L e
Esterificatign Procedure Evaluation

| _ .

The percentage recdvery of fatty acide in the

gste;ifié&tlon proge;ure‘ranges from‘i9.7} to 48.75 éébcent
for olelc acié, from'1.96 to 73.!5 percent for 70 péf;ent
linoleic acid and from 13,35 ta 27r2é percent t;r 95 percent
Ilnoielc acide:e The peécehtage fechery ;e Qéry'lov in tb?.70
: o . ’ . » AR :
percent 11ﬁolel§_gcld,,6ecause tﬁe ggmple g}ée_ls only 4.4
mg/iuastEN‘(Tab?é.3.4vﬁqévFiguré 3.4).-Th§ éample'éize
1nf1u§ncé»onvb9ron triflﬁbrlde‘héthanél pfqéeéure for

‘ : ;o - L :
" preparing fdtty acid hethylfésténs was‘repobted"by‘Solbmoq

recovery of triglycerides methyl esters of the semple sizes
‘ot 50, 100, 200, 350 mg were founc to be 60.7, 92.1, 95.8
and 98.4 percent}‘réspeétivélyf Therefore, it is readily

!

apparent that sample size is'a dominant factor in the’
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recovery of {he~methy1 egters from llpid.bThé percen te ge
recovery decreasgseg markedly with cecreasing sample size and
becomes less acceptable as . the sample slze becomes smaller.,

In this sthdy,‘most,o} sample ;size concentrations are

lower than 50 mg/L as EEM. For exemple. the percentage

‘recovery of fatty acid methyl esters at the sample size of

45.18 mg/L as EEM ls 73 17 percent while for a semple size‘
of 348 mg/L as EEM, methyl ester recovery ls 59. 84 percento
It is apparent that the esterification recovery on this

sfudy is. comperable to trend reported by Solomon g1 als

(1974).

Q&mna:isgn of Measured LCSQO anne to Eniix Acid
anssnixstign in Ireaisg Exiluenia

W

The regult from this study 1nd1ceted that LCSO velues
of olelc end 11nole1c acid to ralnbow trout fingerlings are
hlgher than long chaln fatty acld concentrations 1n treated

effluent (secondary effluent) from some wasfe treatment

plants in- North Amerlca. The results by Coleman (1975)

lndlceted thet total 1ong chaln fatty acld concentretion ln

the Edmonton Gold Bar Ireetment Plant's effluent wa s found’

to be 1 19 mg/L. The oleic and linoleic acids concentretions

were tound to be 0.199 mg/L (16 9 %) and 0 0eé mg/L (5 1 '%),
respectively (Table 1 S)- The pHE of treeted eifluent was
found to be 7.52° (range 7.1 to 7. 9)e These concentatlons are.

1over then LCSO values for olelc and . 11noleic aclds to
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',concentratlon (SC) and maxlmuu allowable toxlcant
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rainbow trout at the adjusted bH 7.5 test condition (Tables

) 3.6 and 307)0

Ta
I8

Farrington and Quinn (11873) elso analyzed the faffy
acid dlstributionzlnbtreated'etfluent at‘ghqde Island weste
ifrehtﬁent plants‘by ug;dgegas-llqu;eAchreﬁetogbephy andyan
esterlflcation Psvper the method ‘of Metcalfe [ 54 nl; (1968)-
These recults lndicated that the total fatty acld_ |
'concentratiops in treuted_efflueqt we;e found to be 5{58

mg/ Ly 6.71 mg/L and 4.26 mg/L (average ffcm 1.09 and 7.43

mg/L) at Fleld's Polnt, East Provideﬁce‘ahd Weet Warwick -

waste treatment plant.'respectlvely.3The.olelc and Ilnolelci‘

¢ Coe

aeids.eoncenftqtiqns in these treated effluents were found

to be lower thgn 2,83 mg/L and 0.86 ag/L, regpectively

t

_:(Table I-SDq‘The pH offtreated effluents weas hot’reported.

These treated effluent concentrations are'lqwer than LCS0

- values fOr,O‘elc'and,llndleic_QCIds to reinbpw‘trout at the

e
N

" adjusted pH 7.5 test condition (Tebles 145, 346 and 3.7)s

However,-the ldﬁg chalnxfatty acid concentratioh 1nA
treated effluent mlght be hlgher than the safe concentration
f}ﬁﬁ* and maximum allowable toxicant concentration (MATC)

for olelc and llnolelc aclds to rulnbow trouto The safe

'f:coneentfqtlons (MATC)‘for aduatlc_organlem ag an applicatlon”

.of toxieity;bioassay resulte'have peen'proprOEedQ'harhen;

(1871) qiscus$ed fhe‘verldds_ﬁurlable limiting factors in
fhe deveLdpmehtfotfappliegtlen,tactors top'eafe':,_i'

,cOncentration'tnqm 1aboratory bleassay results. First, the
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i

dif!erence in natur§ of aquatlé 6rzanism 1s the main
‘llmltigg fa;for{ Secoqd;‘the cond1t16n 1n fﬁe\léboratory
muSt be dlfferght from ﬁgturaf_aquafic enyironmenf' Ndhy
lnvgstigatore have_sugggsfed the usé of an arb;trary"
abpllc;tion‘iactor of 0§1 to 0;3 to multiplyvthe 48rhour
 LC5O 1n-éstimatlng afshfe concentrgtibn_(QQQ}enr 1971).
quLth{s study, Lf an arblitrary application fgc*dr of
0.1 was seiected, the safé coacentration for oléié.acld and
lldéielc acid'fo rainbow tfout f[ngéflings onld be 4,07 ;nd‘
0.67 mglL as FEM at a pH of 7 06 and 7 10, :éspectiveiy.ﬁfhé.
A%tT“‘concenfration/for llnolelc ls lower than the linoleic
acid p?ﬁcentpgtlbn in the.treuted-effluent fromlgést
Warwlck; éhqdé.léland‘w&Ste treatm¢n¥’piqn§. Therefore. it
can bé;COnpiud§d that the 11ﬁol§i¢ écid&qdnéehtrafion'inA
u tbat'tre&{ed’effiuent mdy-bg toxic to rainbow trout provided
gxﬁésube is'fof an=indetlnite timé-perfod;_fhls}'bf‘éogrsej‘:4
ptoﬁidés nolcoﬁsidefafion‘ggr»¢iiut19n §f“tﬁg»efjlgent‘inﬁ
‘J-néééivlng}yé¥grs-0ﬁ ihéfﬁthe?'hdud;_jj éhpglé'be';qtégvtﬁatt
,.éfxluént;ffoh'fqéq thCessipg lnﬁqgtbiegvm§i gxl§itL¢ﬁ¢£
highéf»céﬁééhti#fiqﬁéfqi 1i§§ie1¢7;ﬁ& oiglé gé!ésf‘

‘Aé wg111 the'pé;cénfagégré@ofgfi;off}oné éha;n ﬁaf?&f f
.',_ciaj esters in .the'_':g.';;,t'é’gifi:c'a,t".i:bq :vx‘.le;h'qd for g.t‘as»: |
'cﬁrom;t6éra§hy‘£ﬁa1§éié.&ére;ﬁot;;eﬁorte&'Eyi¢pléman (1975)-.
Ior Farrlngton and Qulnn (1973).:fhé é;hple 31zéé;1;,bo£6'
:reports by these workers were lesé th;n 10 mg/L (Ta#le 1 5).

‘From the reports by Solomon et Al; (1974) and the

' eaterit;eatLon,procedurg‘evalugt[on'by.thls.study, it éan’bé- 

W
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estlmated that the percentage recovery of long chain fatty

acid eésters. from the reports by Coleman (1975) ‘and

.Farrlngton and Oulnn (197 ) might be less than 50 percent.
,Therefore, the actuaL amount of oleic dnqllieolelc aclds in
.theeeftreated effluents mléht be actuelly_hlghervthen the
: ' o SRR O

safe concentration foebqlelc and linoleic gchs_to‘}ainbov';
?roufo\Further'evqiugfien offkeeated effluenf data_iould:be' 
needed to address thls matter. b

The effect‘of the treated effluent on ttre fatty ‘acid
content’ of rlver water was reported by Coleman (1°7S)u
Coleman (1975) analys;d tﬁe long éhaih‘fatty aeids in tbe
fupsfream:’seeage‘efflueht4slte end.§2q8 kﬁ deWnsfreaﬁ'ffom.
'fhe éewnge‘effluent slte of‘North’SaskatchewanAkiver; The
results‘indicated that treated effluent had llﬁtieleffect:one
.the fatty acid content of the river water; Tre total 1oné
‘ cha1n futty acid coneeetratlons were foend to be 0. 773 mg/L,H

‘1 19 mg/L and 0 319 mg/L upstream of the sewage effluent

‘,discharge, at the discharge site end downstream of the,,'

. P
[y

:dlccharge on the North Saskatchewan Rlver. respectively.3The
]pH of water were found to: be 8 07 (range 7 8 to 8 3), 7 52
(range 7 1 to 8.4) and 7 91 (range 7 7 to ‘B 4) at upstream.“ -

;edischarge site and downstream,brespectlvely. The long chain

vy

1fatty acld dletrlbution in- the North Saskatcrewan River. from»

'.three sample sltes are presented ln Table 3 17. The total fﬁ,

. . : e % - :
tatty acid concentratlon 1n the river water upstream of the

‘{sewage effluent discharge was hlgher than that at downstrenm

: /

ot the dlscharge. The 1ong chaln fatty acid concentraﬁion'h‘

LA
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" mentioned in the o

. . 14 )
. downs tream river.  sgites.

4':reported by Curtls g; l;_(1974)g

. , S 105

be high (1.77 mg/L) in theé bottom sediment at
the downstreay e }Colemdp' 19751. HoweVéf. as'previousty °

teriflcation evaluation, it cen be

‘concluded that the actiual amount of fa%ty’acidS‘fq: such low

concentrations might not be difference in the upstream and’

'Né lnvestlgatidn has beed'reportédvon the toxicity of

Iong'chalh fatty”acids to benthic organism,. Houever, the

[

‘toxiclty of 1ong chain fafty aclds to brlne shrlmp 1arvae

(swlmmlng lnvértebrate) was- reported by Curtis gi gll

t

“(1074). They found that 96—hour LC§0 of lorg chain fatty

aclds (6:0 to 20% 1) to brlne shrimp larvae were found to be.

b'on the range from 0. 014 to O. 30 mg/L (Table 1.7) which are

less than the total long chaln fatty acid condentratio in

‘the'bothm.sedlment downstfeam of the effernt disch.rge lhu

'_the Norfh Saskatchewan ﬁiver. The pH of test water was not

N .

.-

. : ~_



IV. Su--ary'and Conc lusions

) it . { ¢ - :
This. study can be summarized as follows:®

[N,

l..fTwo_long éhain dnsaturafed fatty ncids;boleic acid
fﬂ(cls q— Octad@cenolc with = basic ct*ucture of C|8H3.02,

o

18 1) and Linolelc acid (cls, éls—gl 12—”
Octadgcatrienpic w;th a.bas;c st?ucture'¢1éﬂ3002; 18:2)
.yhicﬁiaée‘common.1§ng“chafn Qnsafﬁrated fatty"aclgégiﬁ
‘the natu:aLleﬂvlronhe5+, w;re fested on rainbo@ﬂtrout
5(<$img ggiédnenli Richarﬂson) fingerllngs toNstudf thé

etfects of pH on acute Lethaliﬁy-

"2; pH affected,the acuteﬂlethality of cgchlloné crain
. - . , : _ o : , S

'Qnsﬁtﬁ}gtéd'fﬁtfy acfd_(as indicated b;'LQSO values),
’Qutvwgs‘mofé_;roﬁ§yncequlth,ol&lc ecid then yifh
i.iinoleic aciavduf1ngua a6 ﬁoﬁf.period.yln épnér;l,‘fléh
&ied'fas%er‘ds‘DH‘decrehéed aéd lower &g ph 1nc;ea=cd'
A .
;‘betwean the pH range of 6. 47 to Se844-
vlark‘pH.§oﬁld lnflueﬁcé'the degreé gf,aci§lf6p¥zd¥;onu Fg&ty~'
;fid% whlch are. weak aclds,'ionizé';ﬁlalkailﬁe  A
nisolutloﬁs. fhe 1on1ze& fatty acfavlc not exbected to‘
.paséfthbougﬁ.celllmeermnés‘as reacily ‘as thé mo;; 
 11pidvso1uble un-ionlzed fatty acld wricr exiqtc fh an
'acld sdlutxon- An observed decrease,in>toxici+y at bigh
'pP levels might be attrlbuted to.a high alkalinlfy.irh
' higher observed toxlclty at pPH 6. 5 may ‘be cauced by .
»enﬁ;ﬁceavﬁqssgg;>byffhe gn-idn!zéd;aclds ibfoﬁgh fhb

cell membrane of the fishe The'mbde‘of:foXEQHQCT1§h fbh
. o o _ v DA T A

106



““to 10.6)y T.1l:(range 6.1 to 8.2)

 8565,~ﬁg12~én#;é.46,ﬁresgect1v§1y-and the 96-hoﬁrzLCSO”

N
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‘ ¢ : : : ,
such absorbed fatty acids requires further elaboration.

4. In terms of] the LéSO vclues; the'toxicity of linoleic

¢ .
-, .

acid was folund to be aboﬁt.S 12;8 tlmes:gf@ﬁter thgn.
 b1é1c acid déggnding upo;'the test‘pH. Tﬁe“difference'ln'
foxicléy between ilnéielc andjolelc acidg may\bel
attrlbuted{gokan 16crease in the .number of déub1e>bonds.;
An anrease‘ih fg; Bumber og ooﬁble bohds mgii?ffegt?thé
}cémﬁbﬁnd's};blllty-xo penétraté cell’ﬁembéaéeé,and reach
the biéchemical target reéeptor 1n'tﬁe body o;mfishg ‘;

Se The béSulfS:from'thls stﬁdy‘lndlcates‘that\rf fhé pE of

&

tréated effluen}s is ebout 6.5, the long chain
uhsatﬁrated’fatfy acid concentratioﬁ_ln_treﬁtéd
'foluenté from some waste treatmeﬁt'plants may be toxic

to rainbow trqﬁt‘prdvlde&véxpOSUré is for an indefinite
. . - T * . - B . 6 -

’ 8

B N : ) . B . - -
s . . ,fAk—\;_

. From the results cbservedviﬁlihis study, it is

tlm€ peF1gdq

concluded that fheygﬁ-hodr LCSO-for_olet; acid.to:%ainbbw

5

trout a;é 77.ih(rangei65.4'to 90.9); 46.8 (renge 43.8 to

S0.0)_and,27.2w(rdngé 22§7 to’32¢7) mg/L:as EEN at a bH of

3

@

;Q!glqes fdfiI1no1E1c,gcia'tobrginbow trout are 9.5 (range 8.6

v
. . . : -
/ 13

and‘5.2'(rhnée‘4a8 t6.5;6).:

I'4

;mg/L'as EEN-at’a pH bt'8-79,y7.1015nd 6;51.:respe9tivély(

-~
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Ve Recommendations-:

Further studies on the effect of pH on toxicity of fatty

T Bl

acids to fish and dther aquatic organisme is strongly

recommended. The bioassay should be,conducted as

follows:
R R

ae 'A 24-hour period bioassay should be cqngucféd and
the gH of th,uater’should‘be read justed every Hour.

or every other hour.

Lo .
° u

‘b- The sites of action and bioche@icgl‘targef‘receptor

- 4

in fish or other aquatic organisms should be

investigated 1n order to cetermine the cause of fish

h

kill., ‘ ‘ o o a
The g?xicity of long chalnbfaftbecids in.treafed s

é:flqut.to'aquatlc‘qggﬁnlsm‘should'be_eﬁaluafedjln.‘
SR | o y o S | |
order to derive the médlaﬂ}lethatlty (LCS0) value, - safe’
concentration and7max1mum'§hl wable toxicant

L A

~concentration of these compogndé in treated ¢ffluents.

“ -} & . : . . S //(‘3“.,_‘ e
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