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INTRODUCTION

!luch recent in terest has been shown in the development of rapid
methods of determining small quantities of oil in water. The standard
method for determination of grease and oil (Ref 1 , p. 513) employs
partition extraction or Soxhlet extraction with Freon and determines the
amount extracted by weighing the residue left after evaporation of the
Freon solution. The method most generally used in the laboratory for
the analysis of oil in water is a tentative standard method (Ref 1,
p. 513), which also employs partition extraction with Freon but deter-
mines the

1amount of oil extracted by infrared spectroscopy using the2,930 cm absorption peak of the aliphatic carbon-hydrogen linkages of
the oil (Ref 2). Freon will also extract some non-oily organic materials ;
if these are polar materials , such as fatty acids or many detergents,
the problem can partially be corrected by absorption of these materials
on silica gel (Ref 1 , p. 520).

Other methods that have been used or studied have measured oil by
its fluorescence , by ultraviolet absorption , or by the turbidity or
opacity of oily emulsions , but these properties vary for different oils
or depend on the particle size of the oil , and they may be affected by
other suspended materials. Some of these methods have been automated ,
but problems have been encountered in obtaining representative samples
and in contamination of samples by oil from prior samples.

Another potential method of analyzing oil is by determination of
the organic carbon contributed by the oil to the oily water sample.

C Apparently,  this method had received little attention when work was
first started at the Civil Engineering Laboratory (CEL). Since that
time the method has also been studied at the Naval Academy (Ref 3) and
an automated prototype apparatus has been constructed at the Naval
Postgraduate School (Ref 4,5).

A potential problem with this method is the difficulty of obtaining
+ a representative and uniform sample. Though this is a problem common to

other methods , it may be more important in this case because small
samples must be obtained and injected into the organic carbon analyzer.
The problem might be solved by homogenizing the oily water sample with
an emulsifier and correcting for the carbon added by the emulsifier,
The potential usefulness of this method was investigated , and the results
are presented in this report.
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EX I’ER I M E N ’l ’Al . WORK

~~ C C .i I’bOil An.i 1 y ze I’

A Be’c kma u Modt° 1 9 iS  Tot a 1 0 rga I I I  c Ca t’boti Aliti 1 y ze r ( Sec kma n I i t s  t I ’Il

mnen t s , Proce ss t ) iv  i s  i e s n , F’ui lt’ t’ton , C At  I t I’ . ) was used t o m ’ d e t c ’r m i n i  ng
e’a rbon con t VIIt s (I” i gti i’c’ 1 ‘1 . ‘l’he’ o I -ga Hi C Ca I’boil con t (‘Il t was oh t a i ned by
subt ract ing t he ’ in ot ’ga miic ’ cat-homi f rom the’ tota I carbon, ‘l’he’ tot a l *

ca m ’bon ‘hantIe’ 1 of  t ii is in st rument , wh I cli cor mv e ’r t  S a I I ca rhorl to carbon
n it ox i tie • had .1 ct~ r i lmi  e ’ combu st  i on t nbc’ he 1 ci a t  950°C Lila t coilt a i ned .i
t’øh~i I t  OX I  ti e ’ cat  .t i ys t oti pum ice s . ‘Fiie’ 110 rgan i t ’ cha l lne  I , wil l ch c o n v e r t  S
e’ .I I ’Il o m i a  t c ’ s  to ca rbon di  ox i tie’ • had a Py rex tea cti On I, nbc h e l d  a t  ISO°C
t h a t  cont  .11 ti ed phosp h o r i c  .ic I ci s upport  e’d on q u a r t z  CII I p~~ •

‘r ile’ c- a I r  it ’  r gas was  “ ‘/1’ to a it .
“ cont a 111 1 ug l ess than 1 ppm each of

5 , 1  rht ) I i  d i  ox i t ie’ , c,i rhot i  motlox ide ’ , Ot ’ h y dr o c’a rh oti . ‘~h i s e’a rn er gas was
passed t h r o u g h  e’j e ’h e’ l lannel  a t  151) m I / m i l l  ant i  It served .11 so to regenerate
t hit ’ coii ,i i t ox ide’ ca t  a I ys t . ‘r ile’ samp les  we re’ i nj ect eel t h r o u g h  i tlj i’ct ion

- i p o r t s  d i  t’ect ly into t ile’ combu st  i C C t l or r eac t  ion t ubes wi t.h sp r i n g — l o a d e ’ el
il.iin i i  t on  sy r I ilges (11am i i  t o n  Company , Reno , Ne’v , ) hay i t~g m i c romet e’r—ael j us t eel +

c.ipac it i t ’s  of ’ up to  200 ~i l  . ‘th e’ m i tI i rnum t i m e ’  be ’t wet ’mi i n  j e ’ct i Ot I S W 35 3
m i n u t e s  lot’ samp les  o t  50 p1 om ’ greater and 2 mitlute s for samp les  35 p1
o m ’ siii.t lie’ r . ‘the ’ sy r t uge was .i i w a y s  i use’ rt e’ei Hi tile’ same’ t’ot at  I ona I
~~OS I t  i 011 .i lId was reinovet i 7 S(’(’e) iidS :1 ft c’ I ’ t IN’ i Ilj e Ct I on . 1’Ile’ cai ’ri er gas
,i ti ti i’e’,ic ’t ion prod uct s f rom e’a ’h combust l Oll 01’ react  ion  t ube’ passe’d
t Ii rough a condense I ’ whIt’ i-c e’xcess w a t e r  wa s  re’move’ei . ‘i ’he’ mo i st a i r
e ’ e?i i t .1 i n  i mig tile’ ca rhotl di  ox i tie’ pro d uced from t he  samp 1 t’ then  passed
t h rough  a channe l se I e’ct v,i I ye’ and j i l t  0 a notl ei i spe r s i Vt ’ i l l  f ra reel atia 1 yze’ i
( Beckman Mode’ 1 2 I SB )  wli I cli p roduced an e I ee ’t ri ca I si gna l pr opor t 01111 1
t O  t h e ’  e ’a rb on d i  ox i tic’ conce’flt i-at i o n .  Til is signal was recorded on a +
100—mV , 10— ine’h st m ’ip e’h a rt  i’ecortfr r (Bee’ k man Mode ’ I 1005 ) a t  a ch at ’ t
speed of 0. 1 I t l  . 1mm

‘ro red uce err ors in reproducibility, an aver age of at  least two
t’t’ .id i ngs (usually t ii ret’ 01’ I flO Fe’ for o i l  y samp le ’s)  W3S t a k en .  Tile’ clia Ft
r ead i n~ s cami be dec t’e.m seei by unno t  Iced sma I i  a i r b u b b l e s  i tI the’ syringe
ot ’ ine ’reaseet by I lIl t that may be’ drawn into the syringe . Thit s  , peaks
w i t  hi dcvi at i O ils  ot  mo t’e’ t h iat l I ti ll it t t’om t ile’ average for st andare l s , or
more ’ t h a n  I . S un i t s fr o m  t lie ave rage’ le r o i l y  s amp I e’s • were genera II y
e’ I i m i n a t  eel f ron~ t lie cal cu 1 at  ions  .

‘Fiie’ pe’ak he’ i ght produced by t h e  samp le’ W a s conver t ed  t o  the ca rhot l
cotlt ent by compa r i son wit ii a ca liii I’a t ion  curve  of ’ p eak h e i g ht  Vt’ rsu s
s ’ .t i’be~mi e’ont e’tit i t I lU l i i i grams pe i’ l i t  et’ . Tile’ c a l l  b r at  ion c-urve’ was
pr ep a re el d a i l y wit ii St .inda rd Sd I t i t i Ot IS 5~~i4t i t I  i tig t tic’ expected range (11’

t he Iltikt lowtl samp I’s ( f o r  examp le’ , 5 . 10 . 10, 30 . atid 40 mg/ I ) , wi til tile
s.ime’ vol limes as tile ’ samp le ’ s (25 to I 00 p1) , with t he’ same cart -icr gas
f l o w  (ISO m i/miti ) , and wit h the same’ ~~ii i li se’tt ing for t he’ i n t t ’areei
.ina 1 yze F (will cii was ad ,j us t eel I or neat- I y t u I I range t e l l’ t he li i ghe St
st ~iüe1a rd soluti on , t ~‘~1 I c- a II y 40 mg/I) . ‘l’hit’ t’a liii i . t  t ion CII rVeS we i-c

e’sSe t it l a i t y  st. ra i ght I ines .it I ower t’Oilt’ t ’nt l I t  I ems 1, 1 oi examp le’ • tip to
JO mg/ i when 15 p1 we’ rc’ I n j  e’e ’t eel ) but had re’eluc ’eel S I ope’S a t  h i  ghe’ r
t’Ol iCe’l it  I - a t  I Oils , and gm - e ’a t e l ’  e’ l i i ’ V ml t ti n ’ S .4 t Ii I gu t’ r I t l j  re t  i on  I eve’ i s

I
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t o  - s t I l t1  a ppa  I ’ e’ut 1 v m a i m L i  c ’t di t ’ e’tI 1’s’ the’  t ) s  t c ’ t’ I d  - ) W I t  ii I c’IIIOV,ll’ I~’ hI , i * t n ’
_ i S Se ’il l t I  L y  t h a t  t i t  t ile ’ I — qua t ’ t ~~~~~ t’ Pt’ Ft~X t ’t ’It t J t lie’ I ’ L I I  l i l t  S lte’ ~i A l t  J

St  a~~t isi t’ct Ma Sc ’ I ~ I a l  - V _ m t I t I l l S  p I e ’ t u t u  i t st  I V e’xpe ’  I I II ic ’t i  t S We ’ I C’ ~~~~ t c ’  t ’ iii ed w i t  hi
,l V , l i i C t V  c ’t  c ’ tl s ,inc t e’ittii l s tt d e ’ l s ,  l’

~ i ’tc ’ _ i I Iy . to 500 111 1 o f  cie’ill l uic ’ t . Ili. ’c’ci
w a t t ’ I %~‘~i5  $cit le ’ ti ci lIl e’s l S l i t t ’ di s i l f lc ’Ult t  0 t ac l i ie ’olis SC ’ I itt t ~‘it of e ’IIllt 1St I it ’ I -

Th e so (tit toil was st I t it ’d t o  p i c I ~~’ I cit ’ t ho t o u g h  iii L X I  lug W I t  Iie ’tit .uj~i~ t e e ’ t , t l ’  I c ’
o~iiii t o  1 1114 t t O l l  • J lid t ti e’ tO t .1 I c ’J r i to i t ( ‘ ( I t t  t e l l  I W5i S (It’ I e’ 1 111 1 iie ’d , A i , , ’e’ i gtie’ti

d t ’O~~ 0 t ~I t I was  cielde’d a i td WJ S h 1 e’ i ie ie ’ ei .1 t ttt l I s pe’e’ct t o t 2 tI l t I lU I C’S , a iiii
he’ 1 0 t a I c , l  i’bon Colt t Cli t WaS a g.m t i t  u t ’  t t ’ 1 111 1 itt ’d .1 ft e’ t I lie’ I ti _ t m c i t  s~ pp e. .l I t ’d -
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lie ’ li lt  xt Ut ’ e’ W as  h I  c’itdt’eI t 01’ ,~ tii t lInt e’s 5i t i l l ghi spe’t ’d . ‘I ’hc ’ _ t t s , w i t  ii
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Bexa it e ’ so lilt I t~~lS c i t  t’llitl Is i L i  e’m .‘&)t) p1 cact i ~itut  d i  s p r m m s t ’eI w It ii ,m
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ha t  t ht’ he’~ ke’ rs Wc’ t’e’ ke’pt i i i  .111 t I li l’ t git t  pOS t t  t ott . I)e’tn t I l t ’  1, 4 Ii z,e’tl w. m ( C ’  t
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e a ch  w t t h ,m 100—wa t t t i l t  i’ d SOIl  t s ’ p t ’ohe’ (Se~t i I c ’ l)t Sllle’illil I .11 OF 301) liia it ii t ,m c t  ii I t ’d
by At ’ t e’k Svs t e’iflS I ’ O i llo t , t t t 011 , F5i I’Ill t Ilgd.l It’ , N . ~ ’ . ‘I , ,IIicl t ite’ lil t xl lit - c’s We’ I t ’

-W he’ i e’ app I ’ d ’ll I ’ i _ i t t ’  , s o  I’ tn’ s’ t 10115 t 01’ t he’ se’ ~inio t it i t  S We’ I c ’ macit’ I I I  the’
p l o t  I t ’ d t ’e)iid’ t ’tit  1 . 1 1  i 0 i i 5  t i f  t h e  st ~i i ie I~i t t i Se ’ h I l t  10115 to pfOdiIl s’t’ c a l  t t ’i ’ , tt  i O I t

Cur v t ’ s t i tat  S t  .1 i t  ed s i t  t lie’ tn t e’I’s’t’pt ot t ile’ , ix c’s



•u misi I y :t~ci - ‘I ’hc’ r e ’sti I t s of stic ii an exp e l- i ment s i t C ’  S it owli i l l  Tai l It’ I . ‘th e’
.1 V t ’ 1 , 1  gc ’ t ’ecove’ ry w5t s o8 . 7%, wi t ti st s t 5 t  ucla i ’d dcv i at m oem , o • of  6 . I a tid a
u’ e I a t  I Ve’ st ,t l t t t s i rd  de’v I 5i t Loll , Rl)S , of  8 .  9% ,

Whc’n ., , .1—1118 el rop of Navy spc’e’ 1,1  1 t nt’ h oi I (NSI”O ) was siclde’d to 400
ml ot  stein I lie ’ ra I i  ze’d wat  e’t ’ c o n t a i n i n g  aq tme ’ous ‘I’ t’ l g  1 ( 0 1  1 5 S 9  ( 2 0 . 6 mgI I
t~~t Iboil ) , (tie’ bI.i ek oil oit two oct ’,u S i  t i l lS ci roppe’d t o  t itt’ hot t oni atnt becam e
We’ 11 —in i xe’d W I  t 11 a Sotu m c I) i slnc’mtl i’ ,t t ot’, The’ in i xt  ut’es gave tot a t  cmi rb ott
va l u i t ’ s of  2 8 .  —. ,t t i d 28.  2 • Ca t hou I I I  0 %  1 va I ites of 7 ,8  and 7 .6 , atid e’Xpe’ F l —

mnt ’iit a l l  v de’ t c’t ’tn mie ’d o t  I cotmt e’ti t s of C) 
- 2 5mm u d 9 .0  mg/ 1 , I ’e’spt’ ct i v e t  y ; t o m

t he ’ I t )  - mg/ I A l l  I We’ I gime ’d oitt • t best’ We ’ t ’e’ I’e’d ’OVt ’ F L  CS ot  86% .iiid 84% ,
+ I ’ e’ S p r s t  i v e l v  . On .mtiotite’ t’ os’s’,tS t o t m  a d rop of N SFO t ’e’ma i ne’d o i m top of t it e’

wa  t e’ F a t i d e’rn u I s  t t me’ I a itd con let h o t  he’ nil xe’d aeie’qua t ely by t he’ Sott i

1) 1 sme’rni~ r at  or -

Use’ of Ll It r~isott c M(’c’ilsll t i cii I ItOlDO & t d tm I ~ t’~

A I’o I yt von , Type P1’— 20 (Br  I tlkflial it i I t ts I runie ’tlt S , West b u r g ,  N . Y
(F i g u r e ’  2 )  was use’d for t tte re’ma u u tde’r of’ e ’xp e ’rmi uielits re’po rted be l ow .
Tb ts tiornoge’ti I .‘c’ I’ has h i  8t1— spt ’cet 1110(01 ’ t o  wti I cli i s  a t  t muc tie ’d a “gc’lic’l~ l 101 .

The’ gene’ m,m t 0 i (‘t i l l s  i st s of a s t a t  or (a 20—cm— 1011$, 2 — c -in— d I  amt’t e’ t’ t title
w i t h ~i se ’rie ’s of  11—n un— h i gh ve’t’t ica l op en i n g s  at  t tit ’ b o t t o m  t ’nei , i i i d long
\‘ e ’t ’t Is ’ ,t I op e’ut 1 iigs oti two Si de’s m u d  a rot or (a cotlce’nt rt C rod with
Iw o  10—n un —t i m g ti h I  sIule ’s a t  t h e ’  hot  t oni • hel ci I It p 1 act ’ W i t  ii a bea r i n g  si i iov e ’
t ile ’ h ’ l  astc ’s ) . ‘l’he’ h i g h— spe ’ed revo lu t i oit of t he’ h I  sid e’S pmi S t t ile 0~~t’U i tugs
oti ti le’ St ,t t or p ~ov ides hot it she’a r i itg .ict j o lt  mu tid u t  t r a son Ic ene’ rgy mtncl
r . l p l d l y C u  t ’ c u l a t e ’ s  t ite ’ surrounding l i q u i d .

‘Flit ’ r e ’su l t s  of t he’ ~tt ia l y s t s  of  i n t L n i a t c ’  m i l i x t t i v e ’ s  of w h i t e  nltnel ’.iL

ot  I .i imd t ’mu 1st l i e ’ 1’ homoge’tl i ic’d wit ii t ilt’ Po I y t roil si Fe’ shown in  ‘I’ah Ic’ 4 -
Equa I q u c it i t  t t i e ’ s  of e’mu I s i  t i  e’r ( I  —n I l pot’ t 10115 of a sol tit ion ot  I . 14 gm/ I
ill I’ rc’dln II 1 1 We ’ It ’ slddlt’ (i to squsi t’e’ , 4—oz , WI de—m o tu t it tlot t 1 es , stnd v a r y  u t ig
qu a l t t  i t i e’s 0 t wh i t e’ rn I lie’ l’~t I oil (Ilone , 1— , 2 _ 

• 
,1— , att el 4—mi port 1 011$ sit

7 SO—m ug I sol ut I on il l Fi’t’ou i ) we’ re’ adel e’cI . ‘I’tie sol ut  ions  we’ Fe’ m m xe’eI liv

flu I ti ~tg I 1 .1 t I OIl ,ii ict We’ Ic ’ e ’VJp O F t  t e’d t II a wa tel ’ liii t h m it 60°C at id kept t tt
t ile’ b.u t h UIl eJe ’r a f l o w  of  500 niL /111111 of Ill t I’ogt’li t o t ’ .111 addi  t b u m  1 10
ill I l l . ‘ro e’.ICli s a m p l e ’, 150 ml  o t watt’ i w i  s adde ’d , and e’ach 81 i x l i i  Fe’ W,t S
Ittiinogt ’n i it ’d t o t ’ I minute , A t  Icr set t hu g  of t tie fo ams  • t tie’ t m i n i i  ( l i t  it ’s
o t  t h e ’  sol  u t  Ion s We’re’ rnt’dI SiiFe’ dl and t ile’ t o t a l  cai-holl c otit t’llt S W ei’e’ del t’t’—
811 flt’et . The’ ave I’age’ va I tic ’ of t he’ I’es’oVe’ i -i es l i s t  eel ii i  Table’ 4 was 81 . 1%
h’, 4~~~; RDS , 5,11%) ,

I” f L e e t  sit Samp l e ’ Si  it’ on Ca I ’liol i Ana l yze ’ I’ Resp onse’

A sstmp le’ ot whi t e m i n e r,t l o i l  (15 mg/ 1 ~ eunuls i t  t ed  w i t h  Te’rgi t o l
I’i— S— S (10 mg /I (‘al-bol l)  t i i  eie’mine’ral ized W a t e r  Was t IlJt ’( ’tt ’d itlto the ’
Tot .il Ot - g~tt i  i c  Ca 1-1)011 Analyze i- t II sample s I Zt ’S c’t It) to  70 p1 - Ca re’ wa s
t a k e n  t h a t  t he’ I r ont  por t  ton of t h e ’  sy n t i ~ge was itlse’r te’d III t h e ’ sante’

~i c i s i  t 1(1 11 e’vc’n wh e’ii nile romt’t e’ F se’ 1 t l l t $ S  We’ i’t’ change’d . ‘rite’ cit.i Ft i’ e’ad I mig s
I or i’ ,u r I ( i l l s  vo l t uiie’s we’re ’
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Mic rot i t e r s  Units

10 23.8 -
‘15 31 .8

20 40.0
25 47 .5
30 55.5
35 1)2. 3
40 68,7
45 74 .5
50 78,4
55 83.8 1.
110 85.5
70 97 ,0

These va l ues ire p lo tted iii F i $U re 3. i’he sl opt’ for a ii ne’ ci r~iwn t iiroug lt
the values for samples of 10 to 30 p 1 was 1,57. The slope for a li n e’
drawn through the values for samp les of 40 to 70 p1 wa s 0. 92 .  The
u lIC reme nt a t  respot~se per mi c ro l  i t  e’r at  the  it i ghe’r inject I øn volumes was
t h e r e f o r e  o n l y  59% as grea t  ~t s  i t  was ,i t  the l owe r i n j e ’C t  ion vo l umt ’s.

All o r g a n i c  carbon statis1 ~ rd s o l u t i o n , c o l l t a i t l i t lg 20 mg/ I  of carbon
. ts potassium acid p h t h a l a t e , was similarly i nj e c t e d . The’ c h a r t  r e’ad imlgs
f o r  v a r i o u s  volumes were :

M i c r o l  iters Units

10 16 .7
20 29.8
30 42 .6
40 54.9
50 66.7
60 78 .1
10 88 .3
80 98 .2

These values a rt’ also plotted in Figure 3. The ’ s lopes  for 10 to 30 p1
and 40 to  70 p1 are 1.30 and 1. 12 , re ’spect i v e ly ;  at ld the  l a t t e r  v a l u e ’ is
86% of the former value .

Ana l y s i s  of O i l  in  Water

From a 2 — m I  eli spos mu b Ic g l a s s  s y r i n g e  w i t  ti a 2 7— g a u g e ’ iic’t’d Ic , a drop
of whit e mineral o i l  was add ed to  300 ml of ’ dem t llt’I’a I iie’ei W a t e u ~ i t t  a
square , 8—o z  , wide—mouth b o t t l e , g i v i n g  an o i l  c o n t e n t  of ’ abou t  15 m g / i
Th e sy r inge  was h a n d l ed w i t h  t’orceps and was Weighle’ei before .tnct at’t e r
each a d d i t  ion ; ha t t d l  ing  of the s y r i n g e  w i t h o u t  eiis p e ti sit tg o i l  and re—
we i gh ing  gave’ we i ghts  r e p roduc ib l e  w i t h i n  0.05 nlg . To th e  o i l y  n t i x t i t r e ,
2 ml of aqueous Terg i t o l  I S — S — S  ( 2 . 2 8  mg,’l , c a l c u l a t e d  to  c o n t a i n  1 ,S00
mg/I of ’ carbon , w h i c h  d i d  not d i s s o l v e  comp l e t e l y  bitt formed a 1111 1 fo rm ,
l i g ht , m i l k y  suspens ion)  was added with a pip ettor h a v i n g  a POl Ye’t ily lt’Ile’



t i p .  ‘l’lue’ m i x t u r e ’  w a s  e m u l s i t  Ie ’d w ith the Polytromu iiomog eiui -it’ m ’ f o r  I
U i  itU t e ’ , ( lit ’ t o , i iui  wa s  ,m I I ow’i’d to  se’ t t  le  , ,t mud t he’ tot •i i c ,m t h ou con I (‘ci t s~’ ,m S

unea s t m reef - I’ i’oni t lit’ v a t  ue’ obt ,i  i mte ’d , the ’ ave rage ’ s m  r h o m u  c o m u t  c ’mi t 01 sinl ii .t r I v
t’e’,u t e’d w’ ,u t t ’  r s _ i m p I C S W i t  bout oil (b u t  1 e’ss v ig o r o u s  lv  nm i xe’d to prod l i s’e

less foam) was subtr ,ts ’ ted to  g i v e  tile’ s’ .t t ’b om u a t t r i b u t a b l e ’  to  t h e ’  o i l  -

The’ I ,ttt cr V , i l Ii t’  W J S  multipl i ed by 1 , 1 8 t o  give the t’xp ermmuu e’nt~t ll y
d el e’ i’m I rue’d o i l  comm t e’ii t - The resu Its of such an expe r i nuetit are  s howti i i i
I , u b  It’ S - ihe , mve ’ r.ugt ’ t’ecovc’ t’y was 8,1 - 3% (0 , 1) 5) -

t he  re’SU I t s  01 ,i S m i  I .t r eX~ie r i fmi t ’iit Pt ’ r I o  rmned W i t  bout the add i t  i on
0 I c ’muuu 151 I i t ’ 1’ .1 F e ’ sit owit i i i  Table ’  6, The’ ave rage t-ecove ry was 59% (o , 17)  -

The’ m ’ t ’su 1 t s of  , i i i  exp er imne’mi t w i t it Navy d i s t  i l l  ate fue’ I in  de’ini tIe rat—
i . ’t ’d w’,tt em ’ .ut s’omucCmit rat b itS of abou t  12 and 14 mu g / i  (1 amid 3 d r o p s , +
re’spe’U t i ye l v )  ~m rt’ shown i i i  Tab li’ 7 - Au emuls i f I er was miga in used , at ud
t h e  iver .igt’ ree’ovm ’ru es we’re 81% amtd 70%, respect ivt’ly .

Resui Its of  au exper  im emu t w u lit N a v y  cii s t i l l  ate f’ue 1 at cOui ce t l t r a t  i 01)5

o f  tip to 100 mg/ i ,i re shown i t t  Table 8.
Sonic’ ,m de lit mon m u l exp erim uuents were’ performed witit 800 nil  of w a t e r

(um i st oa d of t u e 300 ml of wate’r) in  a 1—liter Erleumeyer I task to produce
m i x t u r e ’ s of l owe’r- oil C o t i t e n t  -

Atia l y S i s  o f O i l  in  Seaw at er

011w se’,uw ,mt er was mmmdc ’ by adding about 12 and 34 mg/I of Navy
~lt st i 1 I,utt ’ fu e’l t o  300 nil o f ’ filtered seawater. After tile a d d i t i o n  of
emtmls ifi e r , ti le’ mix ttires were holuuogermized as in the previous e x p e r i nm e n t .
the’ orig iti.u l st’.mwater and the emulsified mixtures were analyzed for
tot .il c,i rhon and for i t~orgatt i C Ca rhomi . The I tio rgatt C (‘a rhon Vat ue’s were
subt racted I rom the’ t o t a l  ca rbon  v a l u e s  to  ob ta  in the orgat uic carbon
d’oti telu ts, From t he’ o r g a t l i c  ca rbon  c o n t e m lt s  of t h e  m i x t u r e s  were  subt  u’ .uct e ’d
t h e  1.85 mg/ i o r g a n i c ’ carbon c on t e n t  of the  s e a w a t e r  p l u s  tile 7 . 95 m g/ l
or g .t tu  i c  ca rb om i  co t t t e nt  s-out r i h u t e e l  by t h e  2 m l  of e m u l s  i f i e r  added* t oç obt - t i n  the org~utui C c,l rhon contributed by the oil - Ttue results are shown
i t t  T.mh It’ ‘4, Th e’ ~vt’ rage recoveries of t he two cotlcetit rat i otis were 77%
ait d 65%, respect ivel y ,

The resul ts of ,m similar experimet l t performe’d with white mim ler al
0 1  1 are showul in  Table 10. The correct ioti for organic carbon cont rihuted
by the seawater ,mnd emulsifier was tile va lue found for such a samp l e .
The r ecove r i e s  t o r  tile IS and 46 mg/i white mitt era l oil samp les we re 77%

j and btl% , respective l y.

DISCUSSION

General  P r i u c i ,p les

The method u nder s tudy  for  the d e t e r m i n a t i o n  of o i l  i n  w a t e r  would
elete rmi me t he  organic carbon cotltent of the sample  t ha t  is  a t t r i b u t a b l e
to tIm e oil amId , by m u l t i p l y i n g  by an appropriate factor , to convert this

*‘I’he 7 .95  m g / I  for 2 ml of emtilsifier was calculated from the 15,9 mg/I
contr ibuted by 4 m l  ill t he  p r i o r  exper imen t  shown i l l  Table  8,
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s . i  t ’h ou i  s o l i t  e ’ui t I 0 tile ’ 01 I t ’ c~t t t  t ’ t i (  , t o  a I l o w  (lit’ wi t i l t 1  u’~mw ’~m I o f  t it i u lou - mu m

i i  1 91i t ~ t S t o m ’ mii i e’ e ’ t u Oil  t u t t o  t i l e ’ c’ t ’ g _ i u i  I s~ s’J t ’I ) s ) u i  a tm _ i l y .’e ’ m , t il e ’ o i I v  w’.m t et
s .m i mm t ) Ic ’ w’om m ItI he’ hut’mutoge ’ui m .‘ed t.’ m I hi I t ic ’ i m e l  of .mu i e ’mui Is m t u eu • .iz it i (hit’
t . i  u ’b oui  ~~~u l (  t ’ u i (  d ’ O i t t  i t h u t  t’ i I ’v ( lie ’ e’uuuu Is m I m e t ’ won Id bc’ stmh ( m ’,mt ’t i’d f t oni +
( li e ’ t o t  ,m 1 o u g . m t u  i t ’ c ’ ,i m ’ b ou i  va l i i i ’ I o t m u u t i  l iv ~uu u , m I vs  i s

I’hu e I ,i c’ t or  t li.m t wi I I t ’ou i V e ’ t’ t f lit ’ ca F l ) t ) u i  cs ) ui I e ’ t i t  o f  ( li e ’ t) I I to I hue ’
0 i I s’oitt c u t  u s (lIe’ i - _ i t  10 o f  t hue t of a I we’ i glut o I I lie’ o m  I t o  (hue’ We’ I g u t  t~ I
(lie’ c ’ ,i t h o u  i l l  (itt’ 01 1 , f o r  i tu st .Itt~’ e ’ - l o u  t lit ’ Il yci t’os ’a m ’boui s’t’t .iui e ’ , 1 

I8~ 18’
lii s I _u s’t o t  i s (lie’ no lt ’t ’m i l a m ’ we’ 1 g l u t  ( , ‘ l )  cliv m cit ’cI by t lie’ we m glut of

I N  c’ . i i t ’ o u i  , i t om s  ( _ ‘ l ( l , wlui s ’ii i s  1 , 1 8 ,  s ’e ’ t , I u u e ’  1 5  .1 n u a ) o t ’ (‘ t ) i t S t i ( I i e ’ u i t  5) 1

t h t s t  m l  I , i e’ f ue ’ l • ,mn d lot ’ o t i u e ’t’ hy d u o c ’ ,m u ’ l i o u t  o i l s  ( lie’ s’ou ’ t ’ e s p o u u d t t u g  f . i s ’t o t ’

W o t i  itI not tit I f e ’r sub s t .mu u t m a  I l v
I n  ( lie ’ s i mui p I t ’s t c ’,m se ’ , whe’re’ t ilt ’ s.mnip It’ s oils i st s of  slit  l v  01 1 ,m nd

w’.u( i ’m , i t shuoti 1sf be’ tu t ’d’t ’SS. i  I ’ t o  ci e ’( e ’t’u uui t ie ’ Ott Iv  t hi’ tot ,i i s’.i t ’h~~ii s ’ ou t t e’tt t
o t t lie emuut i Is i i t ’d s _ m nu p  1 e’ - N i m b I  t’.us ’t i sl um of l iii ’ c ’ .t I s’ti l .it e’d s’~ t hou s’Ouit em i t
s o u L  r i but e-’d by a ktiowti .iunoiuiit 0 1  emiut i l s  i I ie ’ r ,utItlt ’ cl t o  t lit ’ known v o l  Umu t ’ o f
s_ i m p  I e’ w’o t m  I d  g l v i ’ t ile’ t a i’bouu s’ont e’utt s’ouit t’i but c’s! by t lie ’ oi I -

It the’ o i  iv w’,it e ’t’ samp le’ , m l s o s- o t t ( m u u u t s  ltiou ’ gmu t u i s  s ’ . i t ’l) s) t t . i t e ’S , .is ,I t ’e ’

~ 
t’ eSe’uit i t t  5e’,iwa t e’ I’ .1 u t t i  I i ’e’sli w’,i t e’ F , t hu e’ i ito u’g_ tt i i 4,’ s’ ,i i ’i iout Cs) i l t  c ’t it  ,i 1 so
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+ t he samp l es  were t he re t ,, re p r epa red  in  a b l e n d e r , and the  w h o l e  con ten t
of t h e  b l e n d e r  was used as the  samp l e .  The e m u l s i f i e r  was f i r s t  added

+ 1  t o  t he  w at e r  arid i t s  carbon c o n c en t r a t i o n  measured  be fo re  the  o i l  was
as1d~ cJ stropwise f rom a weighed syringe .

Various experiments were performed with Navy special fuel oil
( N S F O ) ,  witiu Navy d istillate fue l (NDF), and with white mineral oi l ,~
Various emulsifiers were also used , i n c l u d i n g  Nokomis  no ,  3 , w h i c h  i~
used f o r  e m u l s i f y i n g  o i l  s p i l l s  a t  sea , and s eve ra l  e m u l s i l i e r s  s u p p l i e d
by F r a m , I n c .  f o r  e m u l s i f y i n g  o i l  w i t h  an o i l  t e s t  k i t ,  O t h e r  e m u l s i f i e r s
used i n c l u d e  Ae rosol 01, Ter g it o l  NPX , and the series T e r git o l  15-S-3 ,
l S -S- S , l S- S-7 , and  15-S-9.  The l a t t e r  s e r i e s  consists of nonionic
surfactants manufactured by U n i o n  C a r b i d e  C o . ,  in w h i c h  the s o l u b i l i t y
i t t  w a t e r  changes  f rom very  s l i g h t l y sol uble  to  very  s o l u b l e  as the
l e n g t h  of a po l yethylene oxide side chain is increased.

One p r o b l e m  encoun te red  in the e x p e r i m e n t s  w i t h  b l e n d e d  samples was
the  p r o d u c t i o n  of foam , w h i c h  a p p a r e n t l y was hi gh in  carbon con ten t
because i t  l e f t  less t h a n  the  expected amount  of carbon in the li qu id
m i x t u r e .  Samp l i n g  b e f o r e  the  foam d i s appea red  thus  gave lowe r carbon
v a l u e s  a t t r i b u t a b l e  to t h e  o i l  and l owe r c a l c u l a t e d  o i l  con ten t s  or
r e c o v e r i e s .  (The recovery  is  the percen tage  of o i l  found , compared to
t he  known amount  of o i l  a d d e d . )  The recover ies  were o f t e n  in the v i c i n i t y
of 80% f o r  o i l  c o n t e n t s  of a b o u t  10 to 100 mg/ i  but  va r i ed  f rom va lues
be low 50% to o c c a s i o n a l  v a l u e s  a p p r o a c h i n g  150%. Examp les of some
r e s u l t s  a re  shown in Table 1.

I t  was b e l i e v e d  t h a t  the p o t e n t i a l  accu racy  of the method could be
b e t t e r  d e t e r m i n e d  by i n t i m a t e l y m i x i n g  known amounts  of e m u l s i f i e r s  w i t h
known amoun t s  of o i l  and then  a d d i n g  w a t e r , e m u i s i f y ing the m i x t u r e , and

+ a n a l y z i n g  fo r  carbon . The e m u l s i f i e r  and the o i l , in hexane so lu t ion ,
were p laced i n t o  1/2 -p i n t , w ide -mou th  Mason j a r s , and the so lvent  was
evaporated. The white mineral oil used for these experiments did  not
e v a p o r a t e  unde r  the c o n d i t i o n s  used .  A f t e r  the  a d d i t i o n  of water ,
b l e n d e r  b lades  were a t t a ched  to the Mason j a r s  and the m i x t u r e s  were
e m u l s i f i e d .  M i x t u r e s  c o n t a i n i n g  0 , 5 , and  10 mg/ l  of o i l  and selected
amount s  of e m u l s i f i e r  were p r e p a r e d .

By t h i s  method , recoveries of abou t  70% to 95% were ob ta ined , but
occas iona l  h i g h appa rent  recoveries  of up to 270% were a l so  o b t a i n e d .
The l a t t e r  appea red to be caused by the seepage i n to  the m i x t u r e  of
grease  f rom the  b l e n d e r  b lade  bea r ings . An examp le of the r e su l t s  of
such expe r imen t s  is shown in Table  2.

To prevent  con tamina t ion  f rom the blender  blade b e a r i n g s , new
expe r imen t s  w i t h  evapora ted  o i l  and e m u l s i f i e r  samples were pe r fo rmed
using an ultrasonic generator to produce the emul s ions . This  gene ra to r
had the  a d d i t i o n a l  advan tage  of p roduc ing  much less foam than  the  b l e n d e r ,
To reduce the e l e c t r o n i c  noise  level of the Total  Organ ic  Carbon A n a l y z e r ,
the g a i n  of the  i n s t r u m e n t  was reduced and the sample  was increased f rom
50 to 100 p1 .  The r e p e a t a b i l i t y  of the method was improved (as  i1l”~~t r a t e d
by the experiment shown in Table 3), but the recoveries were onl y ~bout
70% . In the exper iment  i l l u s t r a t e d , the ca rbon  content  c o n t r i b u t e d  by

~Thi s  is a l so  cal led l i q u i d  pe t ro l a tmim .
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the emulsifier was hi gher than that contributed by the oil. It was
found in subsequent experiments that emulsions that were stable for 1
day could be produced with emulsifier concentrations that contributed
about one-half as much carbon content as the oi l  con t r ibu ted  and tha t
reasonably stable emulsions could be made with lower emulsifier content.

A d i sadvantage  of the probe- type u l t r a s o n i c  generator  is tha t  most
of the energy is dissipated at the tip of the probe and little agitation
occurs in other portions of the liquid. Thus , when dispersion of a drop
of NSFO was a t tempted , the b lack  oi l  on the g lass at the s u r f a c e  of the
li quid and also oil  on the probe i t se l f  sometimes was not d i spe r sed .
Both 150- and 300-watt u l t r a s o n i c  genera to r s  showed th i s  problem .
Sometimes the drop of NSFO went to the bottom of the bo t t l e  c o n t a i n i n g
d i l u t e  e m u l s i f i e r  solut ion and was we l l -mixed . In one experiment  w i t h
10 mg/ i  of NSFO and 50-p1 samp les , 85% recoveries were obtained .

A Po ly t ron  u l t r a s o n i c  generator  was obta ined for  subsequent experi-
ments .  This mix ing  ins t rument  has a hi gh-speed impel le r  tha t  provides
both mechan ica l  and u l t r a s o n i c  energy . Much more a g i t a t i o n  is provided
by the Poly t ron  than by the u l t r a s o n i c  probe generators , but more foam
and a i r  en t ra inment  are also produced.  Therefore , a f t e r  m i x i n g  of the
sample , i t  was necessary to a l l o w  the e n t r a i n e d  a i r  to r ise and to a l low
the foam to se t t le .

A v a r i e t y  of experiments were per formed wi th  i n t ima te  mix tu res  of
wh i t e  mine ra l  oil and e m u l s i f i e r s  to develop optimum condi t ions  3f
compara t ive ly  low foaming but  adequate  e m u l s i f i c a t i o n . The oil and
e m u l s i f i e r  were measured out in Freon 113 so lu t ions , which  could be
evaporated at lower temperatures than the hexane solut ions . The amount
of o i l  added gave f rom 0 to 20 mg/ l  in the 150 ml of emu l s i f i ed  m i x t u r e .
The amount of e m u l s i f i e r  added was kept constant  in any one experiment
and was such as to provide about 5 to 15 mg/ i  of carbon to each sample .

1’ The e m u l s i f i e r  that  gave the least  foam was Tergi tol  15-S-5. At
concen t ra t ions  c o n t r i b u t i n g  5 and 10 mg/ i  of carbon and mixed for  1
m i n u t e , the foams se t t led in about 1/2 and 1 hour , respect ive ly ,  when no

I oi l  was present , but sett led in about 7 and 30 minu tes  when 10 mg/ i of
oil  was present . When no oil is present , the s t i r r i n g  can be g r ea t l y
reduced to reduce foaming ,  and the carbon con t r ibu ted  by the e m u l s i f i e r
would not have to be determined fo r  each ana l ys is  if the same concen t r a t i on
is always used . Terg i tol  15-S-3 would probably g ive even less foam but
is so wa te r - i n so lub l e  tha t it could not be used in a p r a c t i c a l  app l i c a t i o n
employing onl y aqueous reagents.

One exper iment  wi th  5 to 20 mg/ i  of whi te  minera l  oi l  i n t i m a t e ly
mixed w i t h  e m u l s i f e r  gave average recoveries of 81% w i t h  a s t andard
dev ia t ion  of only 4.5 (as shown in Table 4 ) .  However , in o ther  experi-
ments , recoveries were not as reproducib le ;  one experiment gave va lues
of 45% to 88% . Genera l l y ,  in th i s  series of exper iments , the recoveries
ranged f rom 69% to 81%.

U l t i m a t e l y  the object ive  was the ana lys i s  of o i l y  wa te r , which
would be performed by adding a known amount of e m u l s i f i e r , e m u l s i f y ing
the mixture , and analyzing for organic carbon . This procedure was
simulated in the next series of experiments in which a weighed drop of
white mineral oil in 300 ml of demineralized water (a concentration of
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.mbou t  15 m g / I )  was euuuui l s i  l i ed  a f t  e’r add i t lou t  of ae~ueous ‘I’e’ rg i to !  1 5 — S — S
solut i o u u . Recoveries for the w h i t e  uui i utera l oil were ’  q u i t e  r e p r o d u c i b l e
b ei t  ave ’r ageet  o n l y  58% ( w i  lit ~m stan sl~i rtl deviat loll of 3) .r T h e  m e t h o d  was t’hte ’c keel by rep ! .ici uig t hue w h i t e  ml  ute ra I oil Wi I hi
pot ,mss  1 11111 a (‘1(1 p hI ha late’ , wit i cli is t he  d iem i ca I used to st anda i’d I zc’ I lie ’
T o t a l  Orgauu i t’ Ca rboti Analyz er. By subt  ract ion of the e’arhon in  the
emu lsi fit ’ r a n ti use of’ thtt’ factor of 2,125 ((hue molecular wei ght divid e’et
by the tot al atomic we’ighuts of t h e carbotu a t o m s ) ,  the recoveries f or t h e
pot a ssi nun a c it ! phil tta late’ ave rage’sI 94%. ‘rltus , t tie met hod appea red sound
but t h e w h i t e ’  ml  tuera I oil appa n l y was not couuverted to carbon dioxide
as w e l l  as t h e  pot assiiinu ac i d  plt thalat e .

It was  suspes’t e’d t h at perhaps the inject lout level of 100 p1 mi ght
have been I on it I git to obtain comp 1 etc combus t j ol t  of t h e  oil , even ttuought
lu ij edt ioru levels .us hi i gtu as 200 p1 are  recoutimeuided for samp les l ow iui
carbomt . To ctueck t h i s  possibility, samp les o f emul s i f ied whi te mineral
oil were li t je’ct eel at vat -lo cus levels from 10 to 100 p1 . As shown in
Fi gure 3 , a strotig s-hattge’ in the slope of the curve occurs at about 35
p 1 , amid t h e response pe’r microl iter is uniich l ower at hi gtter samp le
levels , Fou ’ ttte oil amid emulsifier mixture , the slope from 40 to 70 p1
was onl y 59% of (tue slope from 10 to 30 p 1 . These results indicate titat
uue arl y one-half of t he’ emulsified oil beyond 35 p1 t h at was injected was

- ‘ not cottve’rted to carhou1 dioxide .
lit the’ Beckmati Mode l 915 Total Organic Carbon Ana lyzer , the samp le

is vaporized autd combustt’d m u  a tube at 950°C. Apparen tly, a sample of
almut 35 p1 of water produces sufficient steam to fill the front portiotu
ol tite tube’ and also the portion holding the catalyst. Ally additional
aniounit injected is swept throug h ttte catalyst too rapidl y to be comp le tel y
oxidized. The emulsified oil is less comp le tely oxidized utuder thtese
conditions than is a potassium acid pht ltalate standard . For this standard
solutioti th ere is also a break in the curve , but the slope fr om 40 to 70
p1 is 86% of the slope from 10 to 30 p1 . If the standard solution had
shiown the same reductiott itt response as the oil emulsion , the low recov-
on es at hi gher injec t ion level would not have been not iced .

Subsequent  experiments were performed with 25- antI 35-p1 samp les .
Althoug h ttte forme r amount would more surely fall on the straig ht portioti
of the’ curve , the la tter would g ive a hu ighe r si gnal- to-noise ratio and
was choseti because of noise problems in the nondispers i ve infra red
a n a l y z e r .  With 35—pt samples of 15 mg/I of white mineral oil emulsified
in water , ait average recovery of 83% was obtaiuued , wi th a s ta ndard
deviation , a, of 6.5. Wittu 100 p1 samp les , the same mix ture gave an
average recovery of 58% (a = 5.5). In other experiments with 25-p1 +
samp les , recoveries of 88% (a = 8.5) were obtained , but the di f f erence
could he wi thin experimental error.

The add ition of emulsifier to obtain good samples and t he  subtractio uu
of the organic carbon itt the emulsifier adds aut additional error.
Experimett ts were therefore performed withtout emulsifier to determine
whettuer use of the emulsifier was worthwhile. In one experiment with 15
mg/I of whtite minera l oil in  deminera lized water , recoveries of 36% to
79% were obtaint’d (as shown in Table 6), and these values would have

10

~~ L ,~~~~~



L been event l owe r i i  a con red I ott had been made f o r  ca rbot t j u t  t hte elemi ne r—
al i zee l water. In anothter expeninuetut w i t h u  f i v e  samp les , a s i m i l a r  i t u c r ea s e

- I itt recoveries , from mu Si to 86%, was ob ta ined i n  the set of samp les. I t
is not known whuether oil was absorbed on the Pol yt ron mixer. In other
experiments with smaller uuumhers of samples , recoveries r a n g i n g  from 71%
to 93% were  obta iuteel . The reproeluc ib ilities of peak heights in multi p le
i nj e ’c t i on s  of one samp le  were quite poor , w i t h  s t ant l a rd  d e v i a t i o n s
r a t i g i n g  f r o m  I to  3 u n i t s  (compared to be l ow 1 un t i t  f o r  e m ul s i f e d  samp les).
Sometimes succeedimug iitjections gave increasing ly l owe r peaks . Lower
pe’aks were also obtained when samp les were held in the syringe for atuy
a p p r e c i a b l e  t i m e  b e f o r e  b e i n g  i nj e c t e d  in t o  the anal y ze r .

With 35—p l sauuuples of 12 mg/ I of Navy distillate fuel iii demiuter al-
Ized water , a recovery of 81% (a = 1.8) was obtained . There was a
uteg li gible d i f f erence be tween the recovery of the original oil and the
re covery of ar ti f icial ly weathered oil that had lost 25% of the more
volatile portion . The recovery values for weathered NDF were lowe r at
higher concen tr a t ions , possibly because of incomple te combustion.
Recovery values at different oil concentrations were as follows : 4
mg/ l, 86%; 1? mg/u , 81%, 32 mg/ I , 70%; 100 mg/ I , 68%. Some of these
results are shown in Tables 7 and 8.

In the experiments with demineralized water , the carbott impurities
itt the water totaled only about I mg/i . If only the oily water samp les
wer e avai lable for anal ysis and co rrec t ions were made only for the
emulsifier added , the results of the oil analyses would be expected to
be too high by about 1 mg/l. But in the analyses where blanks (with
emulsif ier but wi thout oil) were run , a correc t ion was made for any
carbotu in the ori gitta l water by sub t rac t ing not only the carbon con t ributed
by the emu ls i fier but , instead , subtracting the carbon content of the
aqueous solution containing the emulsifier ,

In seawater the organic carbon content was about 1.7 mg/ I , or only
-
~~~ sli ghtly highe r than that of the demineralized water , but the total

carbon content was about 28 mg/ I because of the hi gh inorganic carbon
content contributed by the carbonates and bicarbonates in seawater.
Therefore , in experiments with seawater , both total carbon and inorganic
carb on we re measured , and calculations were made wi th the difference
between these values , which is the organic carbon .~

In seawater experimettts with samp les con taining 11 and 34 mg/i of
Navy distillate fuel , recoveries of 77% and 65%, respectivel y, were
obtained when corrections were made for the organic carbon in the seawater.
These results are shown in Table 9.

In a similar experimen t with seawater containing 15 and 46 mg/i of
whi te minera l oil , recoveries of 77% and 69% were obtained. These
results are shown in Table 10.

*Because the original seawater was available , calcula tions cou ld have
been made using onl y the total carbon values , but these would have been
mi sleading because in the emulsification of the oily seawater samp les ,
the i norganic carbon content was reduced by about 2 mg/ I.
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In the above expenimeutt , tite difference between the average o i l
c’oflteutt s of the two sets of samp les was 31 mg/ l , and th t e  d i f f e r e n c e
between the average amounts of oil found experimentally was 20 mg/I.
Thus , ttte recovery for the additiouua l white mineral oil added was out l y
65%. lii the prior experiment with Navy distillate fue l , thte differeutce
itt thue average concentrations was 23 mg/I; and (hue difter eutce i t t  results
was 14 mg/ I , or a recovery of 59%. in  thue  d e m in e r al i z e d  w a t e r  ex p er i m e u u t
discuss ed earlier (whtere 12 aiud 32 mg/ l of Navy distillate fue l gave
recoveries of 81% aute l  70%), the differeutc e jut couucentra tiott of 20 mg/I
gave a eli I leremice i mi results of 14.5 mg/I , or a recovery of 65%.

Sign i ~~~ a_ u~ce o Results

This method of determining oil in water -- by homogeuui zittg the
samp l e wit h ait emu lsifier ttuat adds a known carbon content , detenuuti niutg
t hte orgauuic c’arbott cout tributed by the oil , and calcula tiutg the oil
contetut cauu he useful provided limi tat ions of the me thod a re kept in
uuu iutd . It has been ituvestigated as a nuattual method rathe r than aut automated
muiet hod.

In the experimeu uts performed , the amounts of soluble orgattic materi als
itt thte water were very sinai! atud were corrected for. Under these rela-
l ively ideal condi t ions , and for oil conteutts of about IS mg/ I , ttue oil
content found by ana l ysis was generally near 80% to 85% of the oil
conteitt added to thte saunples. At oil cotutents o about SO to 100 mg/l ,
tue recoveries were about 65%.

The low recoveries could he caused by iutcomplete combus tiou u of the
oils. Most orgattic compounds are readily converted to carbon dioxide in
t tte bight temperature furuuace attd produce hi gh recoveries , generally itt
excess of 99% (Ref 6). It appears from the experiments th at oils are
tto t as readily oxidized and , besides giving lowe r recover i es , may al so
give less reproducible results.

If th e oil recoveries were always low but consistent , they wout l el
presetu t no ana lyt ical  problems . Thus , if the recoveries were always 83%
using a fac tor of 1.18 , one could use a conversion factor of 1.18 -? 83%
or 1.39 - to calculate the oil contents for 100% recoveries. The recoveri es
of 65% for samp les containing about 50 mg/i of oil would theut become
recoveries of 76%. A hi gher conversion fac tor may be appropria t e f o r
h i gher conceuttrations of oil (for example , a fac tor of 1.18 ~

- 65%, on
1.82); hut there were not sufficient experimental data to suggest .m
curve for a chang itug fac tor with changing carbon content att rihutabl e’ to
t he oi l .

The reprodu cib i l ities of the recoveries for samples in a siitgle
experimen t , wi th oil concentrations uto hig her titan 20 mg/l , were ofteu t
such tha t the relative standard deviations* were cotus iderabl y less thua u i
10%.

~The rela tive standard deviation is the standard deviation divided by
the average value ; thus , for example , in Table 5, the standard ele’viat totu
of 6.5 for (tie average recovery of 83. 3% is a relative st autda ret dev i .i t i ouu
of  7 .8% .

_ _



‘Fhe ’r e are’ mauty pot etit I a 1 sources  f o r  l a ck  of re ’pt ’oduc i b  II i t y I uu t he ’
operation of (hu e Tot .i I Ot’gaui i c Ca rb ou i  Ann I yze’ r . T h e  spec 111cc! rt ’pe’a I a l t  i i i  I y
of (ii i S appa t ’a ( i t s  , (i i’ i’~’pe ~( t V~’ I uij t’(’ t I Ot iS  ( I t  I lit’ same samnti It’, I S
±2% of full scale’ at 50 mg/I ca rhtoui lu L I  s c a l e  nuid ±5% of I n  I I  sca Ic
at  10 mg/ I carbon l u l l  sea Ic. * Utide’ r good cotid I t I otis , m u c h  be’ t (c i
repeat  ah i  i l l  t y i s  p O SS  j u l  ~ . ‘Ftu eus , t hue st an ie ta i’d dcv i a L i ouis of (tie’ chu~t rt
i’e’ael u tugs itt t hue expe r I utteuut s wit ii e’utue m I s  i l l  ~el o i l s were getie’ ret II y iii I hue
u-a uge of (1. 5% t o I . 0% of lull s ca Ic. At 40 mg/ 1 l u l l  s -a he ’ , whi I cli w~u s
.1 ratuge’ oft cut u sed , .i 1% e’ r nor wou 1(1 be 0.4 mg/ I . If t he’ ci’ n or in
t h e  dcl t’ rm I nat l o u  of the carbon in t h e  cmii I s i l  u t ’ cl seultup he ~iutl iii I hue’
enu u I s  i f  m e . r we ic hot hi 1% hut i uu o p p o s i t e ’  i i i  red C o ti s  , t hu e’ tot a l e. n-ron
would Lie (1.8 mg/ I o f  ca nbot u o r  about  I uug/ 1 of ot 1

‘Fbi’ e’ n’ no u-s jets t di scusseel nui glut getie ra 11 y be suuta 11cr be’cjuse’
averages of at least two reaeliutgs we’re a lways I akeuu ; but  • it iuior gauu i c
18 rhomu u s umteasim n-cd amid subt ract ed f rom the  tot a 1 c-a r’bon va 1 mit’s , th u i s
.idt!s t e l  the’ p o t e n t  ia 1 errors ceuuseel by utucerta jilt it’s in t hue chuart
neat ! i tugs . I tu some’ e’xpe n I me’tut s , I nip rope t ope’u-a t I out of I Ite I n t l t a  red
a u u a  lyze’ n- aehied to  I hte P rob leun s by i tic re’as I tug t h e n o i s e  I eve Is

‘I tte’ chart ne’aet i t ugs or peak hue I ghtt s obt a i tied w i thu t hee-’ Tot a I Organic
Ca rhen Analyzer are convert e’el to canbomi coitte ’uit s by couutpa n i  sent w i t  hi
the peak hue i gtt t s produced by St attda ret so I ut i onus . T h u s  , t lie accuracy
of  the uuieasumreuui enut s is no great et t luau t he’ accuracy of the st aiudat’d
sol cit Otis . The m t  t e~ t can elet e’ r i orate wit hi t i use . Flue’ o rgami Ic St antda rets
may deve lop bat’ter i a 1 growth t o  g ive erra t I c ie’~ d ittgs . l ut e i-gaul Ic
ca rhout st .mnueta rds may change by several in i l l  i grants pee’ l it en lit 1 week
it the cent a i tee’ t’ is tuot t i glut I y c l  ose’d because th e sol ut i omu abso rlts

+ c a rbotu di ox i de I’ rem the’ a i r
lit add i t ion to the errors i n  de It’ run i item t i out 01’ (hue ca i-b out cotit c u t  s

errors ceci l d occur  tine’ t o  ret enut tout of o i l  or e’ntu Is if i t ’  i by t hue’ l’o 1 y I rout
and poss i h Ic trails fe’ u- to ethic r samp It’s . ‘Fh e’ Pot yt romu was a g i t a te d
twice with water immediate’ I y a t ’teu- e’aclt seumuip l e’ mixing; aitet aft e r use
with oily water not coitt ain ini g euu iu l sifi e ’ r , It was ag itat ed witht dilute
em it Is i l ’ier so 1 cit i on tine! thietu with waler . I t t  add it i ott t o t hu e ot he’ r
e’ r no i-s ci is cu s  seti , a 1% er r o r  iii  ut ica s nm remt ’t i t of I hue ’ w,m It ’ m ’ used , of  t he’
oil we’ igheel out , or of - t he e’mu 1s1 l i e ’  r added cou ld  eac -hi acid a 1% t’ u - u - on ’
o t hue reproduc i h i l l  i t  y between ot he’rw 1st ’  i d e u u t  i ca l  samp h e ’ s  used itt t hue

n’xperimeuits.
Reproduc lb i i i  t it ’s of t he’ recover 1 t’s w i thu re lat I ye’ st .utuda ret dcv ma l i  onus

of’ cons ide nab 1 y less than 10% wit hi i n  a Si mu g It’ expe’r imn eitt a i-c I ttum s .is
good as can he’ hoped for. There we’re tuot stif f i c i  e’uut expe’ r inueutt 5 p e t  to i-h ued
tunic r i deuut I cci I coutd i t louis to es tab I I  sIt re’p n’oeiuc i hi l it I es he’ t wt’e’mu di ftc’ n’e’tu I
exp er  imne uit s . Utude r good expe r I me’ttt al comic ! i t  i out S , t huese’ i~t’ I , u t u  ye’ st autcia r et
dcvi at louts are es I m m  t eel as probabl y uuot unuchu greaten’ t hta it 10% whit’ u’t’ out I y
t otal c’a rbon is measu red ou’ IS% whit’ i-c’ t cit a I tutuel i no u-geuu t mc ca u-botu a i- c’
me’asured.

i thu a Mod e I 865 uuouuet i spe rs uye iii I rum reel atua I yze r , I lust cad of  t hut ’
Model 21 SB used i n  t he’se expe u- imt ’utt s , t hue’ re’pe’at alt I i i  t y is Intp roved
a t  the Iowe’i range’s tunic! is spee,’i I i t ’ d as ±5% of t e m i I sc.m l e’ at S mg/ I
f u l l  sc~m It’
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The precision of a meth od is  the r e p r o d u c i b i l i t y  and catt  he expressed
as the relative ’ standard deviation. The accuracy  of a method is the
agreemen t between the amoun t  measured and the amount presem it and can be’
expressed as the percetutage measured , whu ictu is thue sam e as the recovery .
Thus , the accuracy uuider ideal cottditior u s was 85% for IS—mg/i oil sanmp le’s
and 65~ for 50-mg/ l samp les if the ttteoretic a l factor of 1.18 was used.
Th e average accuracies would have been 100% and 76%, respec t iv e l y, if a
factor of I .39 had beeit used.

The accur~ucy of thuis atettuod ef determining o i l  itt water would be
reduced if interfering organic materials were present for wtu i ch a correc-
t i o t u  cou ld  not be m a d e .  Thte deminera lized water and the filtered seawater
used ~oui tained about 1.5 mg/I of organic carbon. If this soluble orgattic
ca rbon h ad not been correc ted for , a posit ive error of about 2 mg/ i of
oil would have resulted. For IS 5mg/i of oil , 15 mg/ l would have heeuu
found instead of 13 ing/ l if a factor of 1.18 were used , antd 17 mg/ i
wou ld have been foutud itustead of 15 mg/I if a fat-tor of 1.39 had been
used .

When used without a correction for dissolved carbon in tuon-oi ly
ma ter ia ls , the method thtus gives only a unaxiuttum lim it for the oil content
rather than thte actua l oil content. if the estimates of the precisio nt
are correc t and a factor of 1.39 is used , a sample determined to contaitu
9 mg/ i of oil by this method could contain up to 10 mg/I of oil if no
soluble orgatuic ma terials were present ; or it could contain lesser
amoun ts (or even no oil at all) if sufficiet ut soluble organic materials
were presen t. In some cases , determination of a maximum limit for tiue
oil conten t mi ght be all tha t is required .

It ’ appreciable unknown amount s of dissolved organic ma ter ia ls  are
presetit in the samples , these would have to be ‘-orrected for to determimme’
the oil conten t. Some procedure would have to be established to measure’
the soluble organic carbon content and subtract it front the total organic
carbon content. This problem was outside of the scope of tlte present
i nves ti gation. However , one possible solution would be to remove insoluble’
oil from a duplicate sample by fil t ra t ion and to determine t hue d i f ference
between the organic carbon contents of the unfiltered and filtered
samples . If complete removal of oil by fil trationt were possible , the
method would determine the inso [uble oil in the sample rather thati thue
total oil , but the insoluble oil is the oil that generall y is m ost
objectionable and the only oil that a separator can remove .

In a preliminary experimen t , water cotltaining 1 .3 ntg/ l total carboum
was shaken wi th white mineral oil equivaletut to 100 aug11. Part of thle
mix ture’ was filtered through Whatman 2V filter paper , and the filtrate
had a total carbon content of 5.3 mg/l. Whethe r tt u is additional 4.0
mg/ l represen ts only soluble oil or whethe r ittsoluble oil was not conm-
ple tely removed was not established . This approactt for making a correc-
tion for all soluble orgatuic materials and tttus determinitlg the ittsoluh le
oil in the sample may be feasible if the oil is not too well emulsified ,
but much more experimen tation would be uteeded .

En the experiments described in this report , the iuu ix in g time for
each samp le after the addition of emulsifier was 1 minute , but this
could perhaps be reduced . Sample injec tiotus must be spaced at least
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CONCLUSIONS

1 . Total organu ic carbouu analysis cant be useful as a manuuai method for
thue determi nation of oil in water , provided thue limitations of the
mmtethod are taken into account.

,‘ . The use of atu emulsifier to provide a more homogeneous mixture of
thue oil .mn ud water , antd subsequent correction for the carbotu added , g ives
unore reproducible analytical results than ana l ysis wi thout the emci lsifie ’r,

3 Under  idea l laboratory conditions , oil of up to 15 mg/ i (or ppm) was
ana lyzed with re -overies of about 85% anid relative standard deviations
bel ow 10%.

4. At oil contetuts of about SO mg/l , the recoveries were about 65%.

5. The oil apparenttly was not comp le te l y combusted to carbon d i o x i d e  i n
the’ Beckman Total Organic Carbon Analyzer. Therefore , the theore t ica l
conversion factor of 1.18 from carboit found in the oil to oil present
m ight be too low . A value of 1.39 would , out the average , have g iven u the
theoretica l amount of oil for IS-mg/i samples attd 76% recoveries for
SO-mg/ I samp les.

6 . Organic carbon con t ributed by non-oily material will give high
resul t s and mus t be correc ted for . 11 no correc t ions are made , tlte
method will g ive only an upper limi t for the oi l  con tent.

7. The analysis of a filtered samp le may be sui table as a method of
correc ting for dissolved orgatlic nuaterials.

8. The method investigated is nuonu-automated and requires reasonable
laboratory skill ,

9. After the instrument is standardized , au estimated working time’ of
IS minutes is required per sample , and the elapsed t ime is about 25

m inutes for an average sample. (The time requirements could be reduced
under  some c i r c u m s t a n c e s . )

10. Although compara t ively good accuracy and precision are possible
under ideal cond it ions , as noted earl ier , fur ther s tudy of the method
under anticipated coitditions of use would be desirable before using the
method as an analytical procedure.
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