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An indophenol blue procedure wi.th eombined internal and external standard

type ealibration 1s deseribed. It gives' Teaoonably aecurate and'pracise

measurements·qf ammonia coneentrations' in pollu~ed wators of the types' encoun-

tered in fieh roarin$ tanks and in nnt1;lral ses water•. While both am~ne and :":.
... ~ .. ,' '. . ' ''I.

nitrite interfero in thio rc~ction, ro:d considerably so in those not too frequent.- ; ..:' :'! [
. ;I·.. ..... .::ji.Vq"rt

eases where their concentrations excecd the arnmonia concentration on a nitrogen

atom basis, the interferenee from both, und from the produets l'lhieh may, be form8d. .
~. ~.~~ lj

when thc two are present together, i3 of an indirect Ilsuppresainglf type nnd' not· ",
,:: I

of a direet tYl"e in which the IFB can be produced other than from tl1e a~onia ... ,

nitrogen. Such interference .~an therefore be dealt with quite satisfactorily

by the use of internal standards.

WTRODUC'l' ION

Monsurements Clf ammonia. in.sea water, including polluted nreas ·of the sea

and. in particular. wnter used ~ fiah rearing end fish farming, are of importance

in both nutrition and toxicity studies. The sensitivity needs to be hieh in

some cases, e~g. to follow algal and other systems in which ammohia may be a. . ..."

growth limiting nutrient. In othe~ 9ases reasoriable accuraoy 18 essential

einee the ammoriin toxie1ty threshold of fiah 1s quite sharp. it i8 also. .'. --. . , .,'

convenient for the me~ho4, to be able to operate in'fresh water, sinee in fish
# • •• • •

rearing the f.i~~.may be transferred from one medium to the other. The pollutanta
~ ... .' '-- ;"

may vary wideJ.y::; ..but those "Thieh are most likely to interfere are nitroff8n
containing compo~ds, such ··af·a.mincs..~ aIl!-ino acids, whieh may' either partie1pate

in the chain of reactions e!llpJ,<;>yed in ammonia measurement, diverting 1t. or

brenk down to produce anuno~!\. Hydroff8n. ~utphidc; orten present in anoxio waters,

is mOlm to interfere and must be removed; (And~~~'~n and.'··Rey, 1972.).
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Most c~rrent methods dopend on attack of the ammonia moleeule with chlorine,.

and conversion ~,LHt~ ::p:r>d??\)ip~?-1.1~h ~J.~ftX1-e~~;,of intermedi,l,\.tes" tOI,build .. uP: ~b.
nitrogen into a--faIrly'Iaree'-iiiöiecu'ie"'wh1ch-"can-be ni~asured' c~i~rt~~t-~icaiiy.:···

), f" .'. '. • .- ,. ' ... : ,. ••.. : i

Th1~;~ ~pproa9h' J,r;~~.r[~~Jent sinee the simple procedures; which con be.. ~~yelol?t)d
usin.i'-eonernllY"8vailable instruments, are" Buitable for rapid mensurementa on

the numeroul'J sf.lmplea required to charo~t~;ise an arßa' ;'hÜ~h iny he ~Ubje~~'\~;f'i\'

~p1d natural change, and can be applied before be.cterically 01' othel"\.,ise \,~j.

induced extraneous changes oceur. Rowever, it ha3 the disadvant~ee Of,.,n9t "b.ip.g

self-checking, and since many kinet:i,c factors are involved, requires' '~;'~~M:' ., .
• . • :".'. . . ... ..... • . . ':, (.... 1 .•".- : .• , '. '. ;., ~

control and calibration, the more so ;fiJ~~h·:1nter:terine..~9i'1utants a~··p.~e~~nt~,.:: .
. .J ...0....." .'.".'.. . .

Several type3 of reaetion produeine chromo~10res have been used in ammonia.

measurement e.g. reactions leading to formation of a complex of bia-(;-me.thYl~I

phenyl-5-pyrazolone), (Strickland end Austin, . 1959, Johnstone, 1966), ~d" t~ ~~e
o~"fitifph8nii~inidt;j'cö{ipled ·to· N:([:ri&~hthy~)~~tii~'i~~~\iia~ll~~ Öti~iia~~'carid Kletsch,

.~.. ;...... ,....... ".:" ~..- .. ,.... ,.' ...., •• ,-, •....••• ' .- ,,'•.. - .;';" ~" : ••••. - •••.•.• , ~ • :. •.• \_. ::-;--",\ "I"r-l'~'

1964, 1·1ä~aiinaYa·:and·Nl6hiIil\ira~ {914)~' Unf~ttunateiy· aÜ are'inulÜ-staee~" lrl"~

r;~(;~t::Ye~rs'\h~'ina6ph'e~0{blli~;'(!PB)"~e~~ti~~"~h~s b~en' 'td~6~~e~i"'D:s 't'h~~l~~~i~:;! -
. })i!!" .;.( ..~.. ,'.' ..".! ...~.f. ~i~··.:· l· •• ··);}'i.·.i .~>:'~: .L::",.: .... :'~ ;:i: i::'r' .:. '",: ~\; .. ::": .":~'/~ ; "":.:."; ·,!.i: '::::~:'~~;'1:f

. of most procedures because of its specificity. This involves conversion of the
·~:·~,)){r"''':t''''~'':'· {"'," .; ···.·(·r· r';" "\", ~:·,·r ·. '.: '.. : .. " :..~ '"':';' .,: ' ,. .l·t; .. :..~ ::"'f

~. ammon1a'to möno~hi~;ainine"'a(;t~~it~ble pu', 9'.7:·t·~1'1.5· '(pR"is' ä:1~"i~~o~so~cür
01:!::;O·!~t .li! .: .: ..: 1.;·~1~·:':.t~·-.~,··~~:.·)~}1·!":~.: .::..J:!'~:~·~l:::~;· .~.. . . ~:.:'~.';j' ~l-:~'" j·i~:.~·:~ ;.-. ~: ~ ·:.·r).~· ~··l·\>:\t{·,,: ';'_~:.'-:.:)

i'.:,;~~~~e'2,RH)). ~:; ~~,~ ~~:;~g~ii~~;-~~ ..t~...:dl~:~l~loram;~~~.,.,~d~:;t.~:,~.~c? ~; ~ll:e m~~~~hlo,~~ine
then.. reacta w;ith. phenol or se.lieyelic acid to form !PB throuah a oel-ies of
~te~~di~f~aI ~~~hf:~'~(: 4j~q~:~' '~hi~~·~i~d~·. .Abs'~'~b~~'~:': d~~ to!PB is'"~~a~h!ed "hi

n f· ·:'t·\~ ... ' 'r c';·rv •. ·1.1"l1'.... ',··,'c· ,.. , .. ,....... . . . ,·.····~.~I.:.~t· ._,_.....

64Ö~.·~·~· ,""H~~9';d and 'HUY$~~~' 1970," ~d HarWood änd~K~Jme'~ 1970,'f6~d '~~dium -'.
v~~:.J:··.:·,.' ..:·:. r"S":~:'}' : . J':." ;:~.~r.i.:·: ::. ,,,\(; ~:."'f~,~~":~ .. , : ..<'.....~~~J.:. .'\' I : ....: .:;(,.......<: ....; _: en.

nitroprusside was a more effective catalyst than acetone, usod previously~' .'
. ::;:.) : :~,6tr;~:; ': .":":' .... ,,:,::~ ......

Koroleff, 1970, used aodium nitroprusside with colour developmcnt in the dark;

otherwise high blanks developed. The rcaction was rather S101., and hO.. not1c~~ '
',' .\j , .

marked '.'B~ppresaion.~' of Fosponse ~lhen his. proc:edut'.e was applied to pollu'ted 'wätera
....·9'. [:1:':;: .~(; ::~.f~:~ ..:!, ;. '.';!J,; ~.'., ".::: •...:: .. ,~"r. ":'.,:.;_;')~.: !3"~~ l'~ '.' '1--"';:-, i: ..."" .' .: .(.r'.:

of the. ~ltic Sea. Undoubted1y a faster mein reaction would minimizö' sÜle ef'rects.
""j(1:5J"~I'J:I"':1 ~.~ ."~"." .....•:·w : "'; .• '.~ .. " :, .•..•. ;..\..., .• ,. :. • .":" ' .. , :. ;'\'1'".

-... Solarzano'; '1969~ using e siinitar method to Koröle"ffs i 'employod"a ci'trä1:e"buft'er' e
to ~~e~ent p·~ecipl.tat:i.~ri· ot m~Öle:si\l~\Ydrd~ia;~:~a:t" tb~' hief{~ pI{('i-~qhl~d'f~t;i th~

1~.· ~:.' .:: ..: .. :'. ;;:' '! ~::.. :. ~ f(·;·.· . r;" ~ ,.:(.-;., \..~: r .": ,+ .\; '.'. , ';:, '·l;'":(\f'"

IP13 reaction to go rapidly·tm·iards coinpletion:'~ ._. Degobb:üi,' 1973, . 'studprig..temperature
o. ..:- .. :... .. : '. : " ".:..... r····'·o· ..· . "';"0" .. :. "".,., -,,

effcets on re'action rat"e in' a 'sirriilar system:~'recommenaed'25 . t0"45' C·'~ . Däl" Portt

et, a1. ," J~74~' ir:iprov~~{ on s~i:~i-iano ;:s"'m~thod' 'bj '''i116~eas:ii1k':'the'~' b:t-t'fAte""~onc'entration
-.,~ ;". '..: ~ '._t.:_' .:: ~: .. : : ._; . , ; .• :' ,'.': , , ..•:- •. : ri· ' ":" .

and the so~ium hydroxide. to grit a correct pH·adjustment· for·tlie ihdopnenolJblue
::~:."~~:' •..•:..' ;' :'1.:'.1..' •. :;:'"'i",: .: .... ~.::."':!' ..... , :: .:. ". "i', " ...... ~ ....., .... '- .. " ...:' .. :' ...• ".!+ ~',-"'r""""'"

oxidation (10.4 to 10.5) ·witho1.if·any· pre'c'ipitate formation"'"They -also 'suoj'ect"ed

, t.he. l~~~~ti~~' mi;t~r~·:t.o "~. pe;io;~t:' high" t~~p'~r~i~~~ (;:':'70°6) 't~' h:ll~t~'n'Coi6ti'r
~e~ei'~p~~t~ ::Th~:'~i;;';~ece~t'im~;o'~~~ents ~e~edue' t~' LidcÜcoat,"'Tibbhi;$ ·!.nd

.t. , ..:.:' '.:'.: ':)'. ~" ..j·;·il"~, ..• ~: .. ':.<-. ;., : :.. :. " :.j'·, i: . ' .;.,.; : .::

.. Butler, 1975, who using' Solarzano I s citrate buffer' replaced .the nitroprussi'de
~""':'.:.:.:.. ;;:.... ·;_.(·:~i.:' ..... ::'!'~':<'::'~: ...... '.~,. '·I~'\:·f;"·-':·I :....... \.· .. :i·.\'· ,.\.,.""" "~. .'.;' ... : ..... :

eatalyat by ,f.~x:z:ocyanide, used ·'s·odi.wü· Aichioro isocyanurate as a mo're"'conveni"'eht
. '..' ~ ': ~''':' ·i: .. ·. : ... "t:",·.· "·'··,~..· ..)"1:.··-'!·. ',;' l"'~ ...... ..' .. ;... .... \., '.' .,_",: ....

souree of chlorine than hypochlor'ite (as' d1d Deil Pont ',il.' si) -'t:irld Eubj'ected-th'o'

reaetion 'mixture to UV irradiation instead of working in the dark. The ferro-

. cyanide gave a much lower blank absorbance at 640 nm. It is clear that some

2



nitrogen from the nitroprusside catalyst of the earlier procedures entere the

!PB molecule. In the absence of this wayward nitrogen, the reaction can be

conveniently accelerated by photon energy instead of having to be retarded in

the dark. However, Liddicoat et al appeared unaware of Dal Pont ~ al's work,

both being done at the same time. _>~.~~..
Serious colour suppression had been noted when IPB type methods such as

those of Koroleff and Solarzano had been applied to fish rearing tank waters

in the Lowestoft Laboratory. The method described here, which combines Liddicoat

et al's use of ferrocyanide catalyst and UV irradiation with Dal Pont et al's

~recise pR control, aims at exact control of all conditions of temperature,

re~gent concentrations and ionic activities end UV irradiation to get stability

and reproducability as far as possible in a kinetic system. A combination of

external and internal standard calibration was used to deal empirically with

reagent blank and all types of interference effects except direct ones (if any) •

.~ Temperature WaS held at 300
± 1oe, thus differing from Dal Font et al., to avoid

alkaline hydrolysis of amino acids to ammonia, a process which has been shown to

oceur extensively at hieher temperatures (Grasshof and Johanssoen, 1974). Instead

the reaction Was selectively accelerated by activation energy derived from UV

radiation.

PROCEDURE

50 ml sampIes were filtered through glass fibre paper (Whatman GF/P) into

150 ml pyrex conical f~asks. The following solutions were added in this order,

with mixing between each addition:-

1. 2.00 ml of 10:;' :,henol (A.R.) in ethanol (A.R.).

2. 5.00 ml of chlorinating agent: to m~ke this

A. DiRsolve 200 Mg sodillm dichloro isocyanurate (e3 Cl2 N3 03 Na)

in about 10 01 of water containi~~ 3.~ p, of sodium hydroxide

(A.R.)- dissolved and cooled.

B. Dissolve 40 e of tri sodium citrate (A.R.) in 80 ml of water.

r0~bine A and B, and make up to 100 ml with water.

3. 2.00 ml of O.5~·: solution of potassium ferrocyanide (.LR.). All

solutions were freshly pre~red each day using glass distilled

deionized water.

The fl~sks ware covered with pyrex or'polystyrene covers, and maintained

at 300 e ± 10e on a thermostated hot plate covered with a reflecting surface.

All flasks were irradiated tmiformly with UV light (e.e. by exposine at t ~

below an array of two "!.llen" 365 nm UV Iamps model A 409, each having ho,O

8",15 watt tube type elements before a reflector). The absorbance l.,aS

measured at 640 nm after at least 40 minutes. Internal and external calibration

3
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lines were prepared for,each sampIe by:addine known,additions of"standarcrammoniUm
-'. ~- ~:~r. "', ."J .. "~ ,.' '. ,

.. sulphate solution., "Low ammonia" sea water was uaed :for the external standard
• • ~ ", ~. "'. ~. ~' '. ' I . • ~ -. • ' • - • • •

Ünes, ~d'f:or sample'dilutions ,when.necessary.toobtain auitable'absorbanee
. " ~~, . ' .•~ . t' ~ ,;- "". _', . . . - • ~. ';.' ,l, •

r~ädinga (1, 2, 4 or 10 cm cuvettes were' seleeted)~ When fresh water was analysed
••:~,.~;'.' l,:.,' .. :.~" .~'~ ... ~ " ~ "';, .'.-'" . ,

aea water-'ionic conditiona were produced, when deaired, by add~tionsofpure

reagents(Internal,and external standards must be in the same'medium~). SampIe
: • -. :.'::; \. '. < ,,:',. • - ~".. .' .~..' • •

and roaeent blank meaaurements were.derived trom the'intereepts. Three to five
:: ., ~ .:;" : ... l; .~. 7'"'•.: t ,...... .'"; ... • • . . . ' ..,

sets of absorbance measurements were made at, say, hourly intervals. Good',
""'~.'~.J' .. '~.:...i.."" .... ," •

, .>., "p~cisi~n could be obtained in this way, by takinc mean ammonia values •
..~'~ ..~...'.. ... :: ,. . ... ~ - ~..' .. .-

e'

.,")

" ,

PERFORHAJ1CE , ' "
'.)~~ ~ ." Col'-our devei~;~ent' i~'~a~Emti~ll;'co~pie'te'in 40 minutes, and rema~ns:

': reasonabl~' co~tant' f~r ~~"y' h'ours.;· A' ~~gle' s~t 01' m~asU:re~ents, may be made

atany~t{~e after 40mihut~s, th~ugh b~tter'pr~ci~i~n i~ obt~inable,by~averaging
• 1 ~. -.,'.. " ,.'

. , , ,. s~v~rnl sets. "

,., - :,' "j Ab~ut ~3%' coeffici~ht 01' '~ati~tion 1.8 obtainable with ca:~ ,andgood,
...... """~, ,_c ••~.·., [,.,"1 "~- .: . ': ••..• ':..:: ~~ •

')J 'instrumentation"at anmonia concentrations above 0.1' p!lm N. : ~n, roütine daiiy

.':J" ... :'üse 'f~f:~l'1moriia ~~aatirementa in fish r~~ring tank ,wa~e:r using simple instrumentation,
":thäpre~iEiiönw~,~:as'i~'T~b'le1'.-" ; ,

Comparisons wp.re made between thia IPB method and an ammonia gas electrode

(E.I.L. model 8002-2, used with Radiometer model PHM64 pH!pX meter) on ä ~eries

of aerated fieh ,tank waters and on.near anoxic sea waters pumpedfrom 30 feet
) " --: ,: ',", • ,> ' , ". "', , , ,

below the beach; both,were likely to contain organic nitroeen compounda'and '
'>"j '" ", ' ... ," ' •

• 'nitrite. Ammonia measurement by th~ ele~trode io expected:o be f~ee of,inter-

ference except from sioplese:ui-volatile amines,'which'maypenetrate the membrane. , .
and cause erroneously hieh ammonia values~ The electrode was used with modific-. . . .
ations to the inncr,fillingsolution for,use in aea water as recommended by the

_ ,.I . J . • . - .' . > ~.

makers,and with the recorunended.highpH buffer. ,The latter was mixed with sea
":.d· ~ :: '. '. . .• fI ~ j • ~ •• ' • " •

wnter on an equal volumebasis, because some precipitation occurred at the

recomended,1:2 ratio'1'1ith apparent loss ,01' arunonia,' perhaps:aa insoluble maenesium.~~ '.~ ~ .. ... \ . ~

am~onium phos~at~. Thera is excellent agreement between'the two methods (± 47~)

at ar.unon:f.n,concentrations in the undiluted sea water aboveO.3 ppm:n,'but at.... .' .. , . . . ..' .

concentrntions down,to 0.1 ppm sooe apparently rnndom differences oceur as the
, '" ' ~ ' ":. 1 " ' , '

lirti t of dotection of the electrode i8 approached. ,.-: ',' .
•\ linear,ab~orbnnce/concentration.r(llEl:tionship,ia obtained tdth about 1 abaorb-,

~~'e'e uri:it .~~~ o. 1 ;p~ anm;nia' N ~hen 10. cm cuvettes are, used;, Reaeent blanks tqere

er:~i~~i~nt t'~ 'a~~ut 0.(l1 '~;n ammonia N. "The detection limit ,of ammonia 'in fresh
I, ; ". ;,. .. ' .,' '.' ..,' , .

wateror..se8 water iS,about .001 ,to .002 ppm,N.
Th~ '~eth~d' has, p~yed suitabl~ ror use at sea on resea.-rch vessels~

I".

{~.: ;': ", y I .,", -;:
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.' INTERFERENCES

" Investigation of interferences was then carried out~ attempts bei~ made.. . , ~ .
, to identifi.cau~ative compounda"and to elicit information about the charact-

eriatics ,of interfering' reaetions. Diserimination ~etween dir~'et and·."~uppresaion"

typeinterference waa made ainee the latter ean be dealt with in'prineiplej e~g.

',by control' of eonditions or by yield' traeing;' while the~' former eannot.' ,The'

proeedure was tested in the presence of soma interferanta both 'in the l.ab~ratory
7 . •• • ,

with fiah tank waters, and at Bell. in polluted estuariea, and areaa cif high aDd
, . low plankton' density.'

Simple aliphatie aI:linea - primary, secondary and tertiary, which may be

, derived from exeretary produets or baeterial or autolytie deeomposition produets,.' . ,, , .
of fiah and of many otherorganismB were considered to be likely interferants' in·

the amnonia-indophenol blue reaetion. They are more readily a~tacked,by chlorine

than is ammonia,ns a result of the enhanced nucleophilicity of the nit!ogen atom;

and the resulting produets have atruetures which might participate at variouS

stages in the ehain of reactions lcading to IPB~

The methyl and ethyl primnry, seeondary and tertiary amines were examined"

for possible interference in the ammoni~IPB reaetion by allow~ the reaetion '

to take place in pure sea w~ter eontaining a known addition of ammonia convenient

for ~eaBurement (0.40 ppm ammonia N), in parallel paired experiments with and

without' a ~own addition of eaeh amine in turn. The amines were pres~t at

100 fold excess over the ammonia, 'all coneentrations being expressed on a N

atom basis. All the amines suppressed the indophenol blue reaetion with ammonia

. very strongly, and in the general order ,

primary w:dnes < seeondary amines< tertiary amines.

It maybe noted that with amines at these eoncentrations (and nlso in faet nt·
ten~fold higher concentrationa) the concentrations of the reagents used in the

renetion are not signifieantly affeeted•

The nature of the interferenee was then investigated in more detail using

one of the amines only, dimethylamine, chosen beeause the nitrogen dimethyl

group eonstitutes a eomponent part of the indophenol blue moleeule.

O=8=N- O-<~:: Indophenol Blue

"

5
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The effect of varying concentrations of amine in the range 0 to 1000 ppm N

on the,IPB response to arnmonia was investigated using pure sea vater containing

0.40 ppm ammonia',N. Tbe response of the IPB reactionto ammonia in the presence

or ~e was eXpressed ao a percentage· redu~~ion in colour (Figure 1). Very strong

suppression is noted, even at low amine concentrations, and with even the IPB

formation from the'r~agent blank suppressed at amine co~ce~trations above 25 ppm N.

Uumerical analysis of the type of relationship between amine concen~ration and

IFBresponse to ammonia suggests a third, or possibly fourth power palynomial

flmction (as disti~ct f~m a simple power or exponential relationship)~ This is

consistent 'with only a small or slight suppression effect when ammonia is present

in excess, but a very strong suppression of progresaively increasing intensity as

soon as amine beeomes present in excess. It mayaIso imply the moleeularity of

the process. (nu~ber of atoms of,amine n reaeting with a moleeule of "intermediate").

None of .these amines gave a~y IPB response when pure sea"vater (ammonia free),

to which they bad been added, vas subjected to the standard analytieal procedure.

Consideration ~f means of preventing this interfercnee by destruetion of the ~
amines, or by their eonversion to non-interfering substanees leads to the idea of

treatment with nitrous acid or nitrite. In this way the'primary amines maY'be

convcrted to non-interfering alcohols, the secondary amines to nitroso compounds

,.; (~h.ose'behaviour in the IPB reaetion woul~ need investigation), and the tertiary

.amines to a mixture of nitroso compound and aleohol. It has generally been thought

that nitrite in moderate anounts does not in any way affectthe ammoni~IPB reaetion.

It has been thc eustom to usc most of the above mentioned IPD proeedures for acmoni~

mcasurements in waters which are kno~ to ~ormallY contain'nitrite (frcquently

meascred alongside the amoonia), so~etimes in conecntrations up to 10 times the

anmonia eoneentration (on aNatom basio). However, before proceeding with work

aimed at destroying amines, the possibilities of nitrite interferenee and suppr

ession of the anmoni~IPB reaetion were tested direetly by a set-up exactly similar

to tha~ deseribed above for examining amine suppression. Fieure ~ indieates that ~

very eonsirlerable suppression by nitrite does oeeur, though it is not as strang

as in the ease of any of the a~ines. Again, it i~ not great"oo long as the

nitrite Ir enncentration is less than the aL'lmonia 11 coneentration, but rapidly

increases as the nitrite concentration exeeeds the arnmonia coneentration. Thin

suppression'effect was eonfirmedby looking in the same m~nner at the effect of

inereasing nitrite eoncentration on the !PB reaetion when the standard IFB

proeedure is applied to .fish tank vater eontaining anmonia only from biota

(rish and bacterial filter). In this ease apparent a~onia concentrntions varied

in the different experimentn between .16 ppm n and .28 ppm n~ averaCing .21 ppm U.

Fie;ure 3 shows supprension of a very similar nature to that cf Fi(;ure 2.

6
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To evaluate the praeedure for use at sea it was tested out arid foUnd

saÜsfactory on a range of sea water, types from varlous pOl1ut~d estuarine ,

. situations," ~nd on,water from the open seawith high and lo~ plankt~ndensity.

In all ~ases nitrite measurements were made on the same sampIe, and a parallel

ammonia' measUrement was made on a ~ampleportion to which additional 0.5 ppm

nitrite N had been added. 'The ammonia eoneentration in the sea water varied~

fro~ < .002 to.275 ppm U, an'dthe naturally occurring nttri~e rrOlll. .00003 to
, ' ,

.08 ppm N, depending on Ioeation. Tbe added;nitrite eaused some suppression

of the IPBformed. (Approximately 2%, P .25).

DISCUSSION

The effeets of amines an1 nitrite indieate soureen of intcrfer~nee to !PB

formation from non-ammonia nitrogen whieh may arise in fish rearine tankwater

andin the sea. Tbe levels of nitrite used in the above testswere weIl in

4It exeess.of the levels normally oeeurring in the sea and in fin~ tanks which are

fitted with baeterial filte~. Interferenee from this souree will normallybe

small, though from the.nature of the effeet a sherpIy inereasing suppression

ean oeeur when nitrite in present in exeess of ammonia. A.ten-fold exeess may,
. . '

sometimes develop in thepre-eatablishmen~ phane in fish tanks. It 18 more

difficult to evaluate possible interferenee from amines, partieularly beeause

of their more pronounced effeets. It was unlikcly during the present studies

sinee external and internal standards aereed, butthere is a need to know more'

about the oeeurrenee and eoneentration of aminen in both natural sea water end

fish eultivatlon unito. Further studies to evaluate rossible interference from

, nitrite and amines to nmmonia analysis are desirable at' levels at which all three

constituents typieally oeeur.

The sienifieance of experiments with the ternarysystem at·hieher concentrations

41' is that the possible intermediates formed, enpecially reactive nitrosoamines from

di- and tri-methylaoine, apparently do not eondcnoe (e.cr. at the p-position of

i~dophenol residues), or otherwise.cause introduetionof extraneous N to the !PB
moleeule. Tbe!PB renetion could therefore be the basis cf self-cheeking ammonia

procedures utilizing the isotope dilution or N-traeing prineiple.

A 'further development envisaged is the use of hieh intensity UV irradiation,

at.an ,appropriately chosen activation freque~cy, to reduce IFD development time
nnd inerease sensitivity of mensureme~ts by this reaetion, hieher sensitivity

being oesirable oeensionally.

..'
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Table 1 Precision in routine use of IPB procedure for ammonia determination in fish tank water ••

Regime

A

B

c

D

Type of water

F'resh water during
establishment of
bacterial filter
i.e. high concentrat
ions of organic
nitrogen compounds
and nitrite

Fresh water with
established bacterial
filter i.e. low
concentrations of
organic nitrogen
compounds and nitrite

Sea water during
establishment of
bacterial filter
i.e. high concent
rations of organie
nitrogen compounds
and nitrite

Sea water with
established
bacterial filter i.e.
low concentrations
of organic nitrogen
compounds and nitrite

No. of days
on which sets
of atnrlonia
determinations
were made

13

23

20

80

Range of
ammonia
ccncentrat
ions
pprn N

.75 to 5.4

.045 to .13

.25 to .98

.06 to.33

f.!ean
coefficient
of variation

%

18.5

11.2

Average no. of
determinations
on each sampIe
1. e. r-er day

4.7

2.8

standard error of
mean of each day's
measurements

8.5

4.9

6.7
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Figure .,. Suppression of indophenol blue response to

ammonia by dimethylamine in seawater
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Figure 2. Suppression of indophenol blue response to
ammonia by nitrite ion in seawater
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Figure 3. Suppression of· indophen'ol blue' response to
ammonia produced by f ish in fish tank
water (seawater) by nitrite ion

Ammonia concentration as measured by
standard IPB procedure ranged between
0..16 and 0·28 ppm N,'mean 0·21 ppm N
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