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"Abstract of the .Thesis"

I"'"

Nitrilotriace.tic Acid-in Seawater:
. "Determination and Biodegradability

by , .
.r. David Stonehouse

. \ .
Nit.rilotriac·eti.c ,acid (NTA), N(CH2C02H)y, ".haa beer:'-. t'he

. subject',of considerable r8lSearch' and public 'interest ,o";;r

the pa's,t t:ew ye'ars ~ > The need tq predict the e~'lVironmental

im~act ?f NTA became_,nece:Jsary when "t~i.s Ch~m,.~~al Was pre­

pared ~s a :r:eplacement for polyphosphatcs i.tl hou,sehold. _
• '. t,

. detergents apd tbis instigated ·the bulk of recent research

on tl:1io compound •. A sUIll:lDary of this research r given ,in the

'Introduction Sllctio'n o'f thi.s thesis, 3hpws that little· work

._'had b~en done_in'st~dyit18 the effect. NToA might'have on th~

~m~ine e~';"'ironment. 0 _ .

OUr contribu.~iO~ to t~iS area 'of're~earph inC!Udeg','the'
", '. .....

de"':,elopnef1t of a., .gas chr,omatagraphic meth9d of. analysts

capable of (i~te'rmining NTA below <the ppm leyel.in sea~atei'.

This metholf should facilitate .fUrther ,studies of"',NTA' in

se,swater. The ~aiyticaJ./ procei~e deyelop_ed wsa- then -put.

to use in a study ?f the biodegr~dability of NTA ,-in ·~ea~ater.

which is also described i11 thiEj _thesis.

-.<
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iiit;.ilo.trla_c~,t1C ~C1d~ (NT,A) t :r1(CH2 C02H) 3' has. boeD ",the."

, eUbje~~.of '~onsidera.bl~ r~search and public: interest oy~r

the: paat- fB't:years'."BefQre.- ~ti~ time the chi~;' use' of NTA',

was .as a' 't!trantiO' ~he18llletr:j.c titrat~one~ where -'it ran',s
.... l-"; ,','
. poor'.Be~O.~d-~, popularity _.to the wel~: known etliylenediMll.n~-
.. , .. ' . ..' . I _ .

,.;: . tetz;a-ace.t,ic Qe;1d. (EDTA). T.he· n'eed t9 pr,edio....t ':t'he. env1~oil-

'IIJen11al'impact o'f NTA, If it' were to replaoEr phosphatee in
I. '" '. " .

.houBe~ald . de1;evgenta, "1n~~igtl;ted the bulk. of r~cent research

on this -COIdp'Gund. :The .pr.o·posal. to u,ae NTA ~B' a detergent,

'm!-iider g,rew ,o-dt..of twb factors. (1,) Algae' blooms res\11ti~'

in eutrophication of lakes we~e'-bl,a.ined oA..high phosphate

J.evels - as mu,ch- as 7(},<14,,16 of. th.isophospb,ate was aBi'd t~. . .
or~g~te as deterg.ent pP.OB~ate.. Acting on: this' i.~"orma-

~i~~ t~~ce:nad~ government 'l~ite~li dll{~rgent Ph~.~p~~te:'.:
ie~~ls' to 20j(. as of _August 1, 1970. and' 5~ Be "Of JanW&:ry 'l~

,~97_2'~' '(2) The· development -of commerc"ially feasible methods

o.f pr.oducing'NT~ofrom the relatirely ~.nexpe·nBfve starting'

materi,als, ammonia,· 'formaldehyde, ~d hydrogen .'cyan1d~., com:"

bided with. auccess'fu). t.e~tingl?- ot- NTA in act;ua:l. deterg~n1;

forntulatidn~, made NTA 'the ch~ice'of the large. detergent

~~ufacturerB ~ho~ld, th~y be 'forced' to remove or,.Fed~ce the. "

phosphates in .their prodUCts.

'r ,or

.'



In this aectiol). a t;lummary wil.l. be 'm'ada of ,environmentally

·re~a~.~d(eScar~.hon NTA un,der im:~e ~ead:i,ngs: '(1) Ge.ner~ '.

'Environmental Studies - inc1udiIl8 b:fMegradabi'lity. an9- tox-. \ '

icity; :(2) NT! -.Seawater Studies"; and '0) AnalyticalllletliO'da"

for .De~enniriation of NTA.

, .. Our own. contt:ibution ,to.' this ~e.a\o~ r~aearch .re~.r.eae~tB.

~t~e beginning ,of .a study of the impa.ct· ~,NT~' on a col~ '~ea­

water env~~onm·ent. It i:Wlu~~a development of a G~C. method

for' deterni~ation of'I'{TA below·the pS;ts· per ;~ii.liO~ l~""el

" in' se'awa~,er and a study. of the biodegradability of this com­

pound'in "p?lluted" and "nOn-poll~te,d" sea'(ater.

1. . General Environmental S1:Udies

B~fore 1970· NTA was finding significant us:, in" deterge~tB

. in S~eden '~ uso limited use in the United Stat'es. At :the

end of ,that ~e~, however, manuf~cturers in th!'l U.S.A. d~scon-

t~ued the, use of NTA 'in response to a $.tatement ,that, ~in the' \.. . .
presence ,of ,cadmium and cethylmercUrY, ,~TA had caused a eigh-

'. . .... '

if'icant increase n embryo 'abnorma1ities in experimental anim-
": ala1.7 • Sinc that 'time, use' of' NTA in dett:l;rgent's has alsP'

O
-

. I _ .
been disco tinued in Sweden. In. Canada, where' the 51'· pho,spha~e

I . . . ." . '
limit is in effect, th.ere' i's, ~o I.egal impediment to NT~ uae18 • ,

T~e cm:ent r;n~iroriment~·Protec.tiol'l:Agency (miA) 'P9li~.~9 is ,

to attaok the phosphatl;l-eutrophicati.on"problem by phosphat.e

elimination t~Ougll vralil'~~'reatment ra.~her than I;.ePlacem~n-t
I' '. .' . '
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· of, phosphate. by a ~ompoW1d Of still quest10nable. safety.

The two c~ief' caus(;!is' of cpncern in the- aafety 'ev~lua-

· t~ol'J. o:f NT~ are direct ·tor:1c~:tY o~ N~A (actnany'N~3NTA) spd

the abil,ity of NTA, ae. ~~Y: strong c~elati~ agent, to trar!3.-·

port"or mob~,lize toxic J~avy metala. . " _
. - ~ \' . . ,

The "Proctor and G~ble Camp.any has carried out many .

· 1ioxi~ity eVa:l~~~io~lrUdie8 on NTA usine: _eXJle~~e~talf18:bb~~ ,t»

story animal.a. Over a go day test pef'iod uS,ing ,rats, dogs,

rabbits 'and 'mOnk~~1YS, 'Nixon20 reports LD50' values (.~.lO -

", 2.33 g,ikg) showi~ NTA to be' on,ly lIl-oderately ~oxic' ~he~ ~­

gested. In 'sub-acu~~ oral toxicity tests he reported- kidney

"'lesions bf'var_yi~, sever.ity on1y ~t .verJr higH (7500. ppm or

greater) N.TA level.s and no other significant abnormalities.

Tb~se 90' day ,test~ were followe·a. by a two year rat-feeding

S~dY w~th similar resul.ts-2:1 i'-a,long with the add;tiOnal

observa~ion that" increased le~e16 of ~inc were depov.ted in

./ the bOrie~ ,~f test avimals. Apparently this had no adverse ,

eff~~t on'the animai.s. Nolen, ..'et. al.. 22 , conduct~d'a repro-'
I .. '. " •

du~tion and teratolog( study involving .or~ inge'Btip~ of

high le~~~a (0.1 or, 0.'5% of 'diet) of NT! over two generations

o(ratii; The~ reported ;h8.~ NTA., was neither embryotoxic nor

t:~~atOgeni~ in th~ r{t or in similar ·teats .conducte~ with

r~bbits. Another study fQr .the PrOctor and Gamble ,company

·was carried out ·by.Ml~h~el.and Wakim23 who studied the metab­

olism qf NTA in ra.ts and alao ill a rabbit, .d?g and monkey.
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. '"/:, 'rhei~ r~s:ults showed", that, NT! was aba,Orbed' readily by t~e

gast~.o'intestina1.- 'tract of ~hr.r:~ta eRd dogs but" pod.y ,tram
. :.' '~. '..

tho.1tract at the rabbit Q!l.d monkey. These workers' reported
, , - - .,' " ' \

that no more- than three percent of the NTA administered re-

ll1ain~d ~ t~e'bOdy.a:f~er 72 b~~S, lllost'BPpear~ in the'

. bone' as the caicium .chelate. Since. this' ;rBprC'Sented only

0.007'1> of ~b~ ~o~t:·ci·i·.c~Oium- turned ov~r'~b; the body·~.

"2'4- hOur~:-' they '~~eved it ·hRS·nO lji~ificant' effec~ on, b.one

development. . - ..

similar tOXiC01o~'~cal.ds-is hav~.'been-collected by 'at'her

.wo~kerB and EJUmmarized' by ~&:iewB on tna .8Ubje~tq,24,25;
",. -, -; .. " \ '. , .

. however, the interpretation of t~e~e.JiatB ~s 'not l!l1.ways con- ;

sis~ant.· Ash~orth 8nd'Calv~24' 3~ated ·that. th~ ~ticipa"ted

i~';el of 1ntake 'by/humans w~uld b~ no mors than 1/20·,060 of '

the, 'lowest leve"1- that'.had pr~du.ced adverss effects in rats,.

,,-bile' EPs'tein2'5 gave an estimated adult Safet~ f~~O~:T~f .

.115.'

It appears' tba~ less "ork. ~as be~n',do~e in evaluating

the effect of .NTA ,on aqua,tic organisms "'hiel! may b~ expo",ed

to NTA en~·eri.Dg their 'e~vironme~t'frolll; d:ome~t~c 4vage o~t~
no"s", ,The pub1ished resu.J. ta' of Pollard15t ,who stated that'

conc~ntratioris Of' 100 mg/~ NT,6. were spe" to. fBth\ad !'1nnO'!B,

""ere er1t1ci.zed ,by ThO,,17 io.r co~taining a lack ~f e per1-

me.ntal parameters. Thom had simtlar :criticism for 'th~ ~ork ._l

of J8IicoVi~md' Mann26, who repor1;ed let~ai concentrations
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from 260 - J4~' mg/l IfTA 'for trout, ee~:8 and' gupi2iea, andf'.or

t}1!1; of 'GUdernatsch~?; wtio re~rted 500 mgi'l N8
3

NTA"' had n~'
. etreC1i 'on guppi-ee over an'So hOur: 1088'10 period.- Nine'tY"six

.hO~ ·to1erance te.t. ~y ~iann,,;;Bn28 o~ 17" .~.Ci.' of .quatic }
{ ... ....

lnVe;r;ebrates,.8.Yjd 2 9pecii!~.. of amphib.i~8_were carried OU~. : . (

with param~t~Bb.ther than concentration of N83NtA beirig

monl tared. .He, c·o.ficiuded·'-t~at NTA W88 n~t 'directiy ' toxic,. at

least to 500 mg/l., and that the ·deatha. of teat animals re- ~,

sulte~ in nearly all .c~8es from an increase .in J;H caused "by. . .
.tho' ~y~rol;8i,8 of Na~NTA•. An~als could', tolerate muc~ higher'

concentr..atio:,-s. 0.'£ )i8;)NTA in highl.Y 'bu~re~ed hard .w~ter8 than

in sQft 'waters and m~r:t.alitY.always oee'urad' a~ p~ 9.7 re~ard-

. less of the level.. of N83"rA.

, Eps'tein25 ,1.6 ~~pre'S3;d_concern that NTA might ,prove

. ,4ahge~~us., if not as the free adid or trisodium' salt._ then,

as a re~t of its de~~d.it.ion products or ~.the form,of ,

h's&:vy lIletal. che~~t'es. Th~ po~'S~biiitY C?:t: increa.se4 nitra~e

levels in weter due to NT! biod~gradat10n as well as the

~bancie of - imi·do4.i8.cetic· ac~d (IDA) producj;ion, wiich,' in' t~e
'., pres'en~~ 'af n~trite could .pro~uce -8. ce.rce~ogenic ni,tro~am1ne

'29. '"er~ hie' Cbi'Elf causee. of ·conc.ern here'. ~e~,r:t~ by othe~
workere indi~'ated thai: "SI,lch problems are unlikely .to occur

in:the .env~ronin~~ for, wbil.e Trott, Henw~od a.nd L~for~30 ..

r.9Po:r::t 'a~all y1eld,8 of IDA .1;1 ph9todecolJI-po~1tion of iron(,It.I.),

~OIIIP1~xea ,or" NTA. in su.'n11gh:t,bi"odegradabi'lity st,udies, to be

/.



. . ...
·$acussed 1st'er, sho..... that IDA sAd other poss1.·ble degz:adation
, .' . "'. " -" - , .

products of. N:rA de~grade f~ster. than .NT~ ,1.t~elf"::" ThUS, no .

accUlDuiation .of NTA, breakdown products is likely. 'Mally bio-.. '

i
I

i":".

. , ", .. ' :

degradabili ty. studties ,:,"~o .show that ~!)~t - yTA ni·trogen ~s con-

vert~d to BJnmon1!l r{lther than nitrate', a1tho~h: th~ 'presenc·e

, of .~o~ia o~idiz'ing~bactex:tamay resul~ in the COl1:v~r.a~on o~ I

I ~hts. e.nunonia to n!i.trate or ..nitr·it~. .

, While ~ittfe work ha~. b~;~.'done ',on ,to~iCity eYB.l.ua,ti~n

.'. Of NTA comple~es of he,BVY meta;t.e25 ,A.there are good. indicatlons

that th~ pres)mce of NTA" w;ll not ~ncrease the' toxici t.y of

h'eevy ms.-tals by the formatio~ of ~ch. oomplexes. Indeed,

some studies show that NTA causes a marked del;rease :i;.n tox':'"

ici.ty of ci~pper and zinc)l'ions to fi~)1, and of, lead32 , .

J!l~rc~y33J .Bl.1d ~a~~~33, io.ns _w~en~e8t'e~ b~, ~xpe-rime~ta~
anilnals. qprague3~ ha~ point.ed £t <that NTA" could be used

as an ~ti-pol~utant'to protect, f.i~h ..~ the-event '~f toi;c.

l14etal '~Pili~. iIi rivera; ·NTh ~ay, ~o";e~er; by-forming SOl~le'

c'helates, mop:iize~ heavy~tals 'which ~~Y ha,~e .othetwi.s~ r'e­

main~d in h~le9s,·insoluble compounds in sedime1'\~s, thU~S

incITeasing hea.vy m'etal concentrations' of n~tural water.~•

. Tl:!ere :i~ little'''~nf'o'rmation in tbi~ .are'a. T~lQ;, et. 81. 34'"
- I . " ....~

rePorted.litt~e ~c:r.eage"".in 'd~als ..extr~cte? fr,om ~l?d~ent~~ .......

.into wa.ter when. NTA was'>'pres'e~t at, ~O ppm in 'the water. ,

·Gr~g.or35 stated the:-t lew!' .~n lake. J:'ledimen~s,-r'eaui.t\ng.fro~

automobii6' exhaus'ts', can: be rapidly solublized :if NTA is

~ present at 20 or' even 2 p~:.

& .:~~~••

c'
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A: .~rief S~rY of ~tOXic~tY"data on NTA is given. in '

ta~.lar rorookon (he fol¥'.Iing page. I, .' •

.'IIt. Anathe. po~enti~l problem that: might aris.e i~directly

from largeTsca e use of -iNTA, is that of algal blooms. In-'

s.~llle water nit~oge~ rather th~ phosPhOrus' is .the ele~.e~t.

~hich limits algal growth. Sines ammonia is produced in tlle

degridation of NTA, algal bloOms in these wat-ers might well

be ati:Jnulated b~ the replacement- of phoaphate by, NTA in, de-. .
tergente.· This would, indeed, be a paradoxi~a1. state' of

affairs sln~e NTA was originally proposed ,as a ·phosphate

. rePlace~en:t to prevent' eutrophicat;i.on caused ,by algal blooms!

'Any d.angers caused ,by accumulation of .NTA in the envlr­

l?nmBnt .would not' occur if the compound was rapidly and C~IQ­

p~et~ly degrade~ to h~:'SS ·products., A considerable"

',.. amount of ,re!3aarch haa been done' on the. biodegradability of

liTA in 'sewage, both in laboratory.....tests ani in "'actual' sewage
~., .' ' . . .

treatment :plants, ,and in natural freshwater syatell1s. Pfeil

~-d Le"e36 carried ~ut biodegradability tests irl raw' sew~e

~~ activated sl'.1dge~ Tdey reported that, after an: ~'tCl~~­
\i:2."at~on period. o~· about one week,'- rapid degra~ation of NT~
~ccured at room temperature. with NTA loads above l?O mg/l.

Reaccli:matiZation'of the organisms was necessary if th.ey-

,. , w~re left in the absence, of NTA for more than "two days. In

:til~ review by Thom11 the resulte of several other workers. .
ustn& act:va~ed s~udB:e<are summarize:d. They' all. showed 'eiID-

i~ar acctimatizaiton and ddgr~~tion periods when 1ncubati~on

/
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Ref.

20

'. rype. of teet

acute orJ· toxicity

Qrgan.isme . Resulte
tested

rate, dogs, LD50 value's .
rabbits, m~nkeys 1.10":'2.33g/~g

20

20

?J

26

2,7

Bub-acute 'oral
tox'icity go days
and '2 years .

skill and eye
irritation.

·repro.4.uction and.
t~rat~lOg~

metabolrm

freshwater
environment

freshwater
environmen t

freshwater
environment
(80 hour teet)

rate

rabbits, humans

rata, rabbits

rate, .dogs,
rabbits, monkeys

fathead minnows

trout, eele,
guppies

guppies

. kidney lesiona
at dOBes over
7500 ppm; in­
creased zinc
level ,in the
bones

,NTA produc t s
similar ·to other
current market
detergents '.

NTA. not embryo­
toxic, or tera­
tog~ic

some retention
of NTA in bones
of rats as cal-

" cium chelate \

10Omg/r NTA. •
"safe" to minnows

lethal ooncen­
trations' 260­
340:· mg/l

~~le~~~~iA

2,8 freshwater
environment
'(acute toxicity)

I, '

17 speoies of . not dir~ctly

aquatic inverte- toxic at least
brates; 2 species at levels below
of amphibiana 500t0g/l; deaths

of organisms
appear pH de­
pend'ant

~(continued)
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SWllliuirz of Toxicity Data on NTA (cont~)

Ref.

45

42

3.

33

Type of teat

setwater
environment

eeawk:er
envirbnment
(acute toxicity)

freehwater
environment

sub-acute orai
toxicity ot ;l."ead
acetate

teratology ot
methylmercury
hydroxi:de

. Organisms
tested

estu8.r1ne
phytoplankt~n

"br~ok trout

rats

rats

'Results

low
toxi'oity

presence of.
NTA lowers
toX'icity of
copper(II)
and zinc(IJ;)
ions

"I1rsesJ e of
NTA ~er8

~~~(H} i~n
presence of
N'l'A lowers
maternal

. toxicity .and
has, no effect
on the .
foetal toxic­
i ty ormercur­
iaJ,. t:eratogen-
ic:::I,.ty .

temperatu.res were near 250C~ Warren and. Malec38 reported
. . - .

. degradation of NTA, 'when 'spiked in 'levels up. to 20 ppn, in

Detroit and Maramec river water - incubatz10n temperatures

were .no.t· given. Cb.aa and' ~iomiJi showed·that NTA was de-" .

graded; in Lake Erie water ·(Hamilton Harb~ur). 1:0: actu~ "in

situ." studies co?duchd ,in polyethylene .tubee suspended in

~. t;be lake by a st.~tionary raft. 'The temper-ature of the lake
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water at the time of. "this study was not reported.

Several atudiea25,~7,16,39,41 have been .done on· the

bio~egradability of NTA present as heavy metal chelateso

"It is th~ general 'opinion of workers c'Qnducting thes)! teats

that the. heavy metal chelates' are degradable and that the"

, stability of some (the 'Cu, "N1, and Hg complexes)' 1Jl h1ghex:

concentratiOJ!B.'is due to the biostatic effect of the met~a.

Howevez:, NTA· is not 1:jiodegra.ded in all environments.

For example the degradation of NTA under anaerobic conditiona

has not been'rep;rted end studies have revealed much retarded

degradation a: the temperature. is decreased. Eden, at. ale 40,

recorded a drop from 98" NTA removal, at 20°C to only 3% at

5°C,' in II oewo.gc treatment plant. Rudd. and Hamilton14 ad~ed

NT.A (14 ppm) to the inflow_ to a model sewage lagoon and :r:e­

p'orted_~egradatiO? of 94, 47 and 2?~ at ie~peratu7 of "15,

5' and O.50 C respectively.

Most workers made no effort to isolate and identify "the

bacter~"a'rc~ponsiblc for NTA degradation. Focht anjl:o~eph4l,
however, isolated a Pseudomonas sp. from sewage effluent by

elect,ive culture with NTA as the sole "carbon and nitrogen(4J

source for growth. This isola"te has been deposited in the

American Type Culture Collection and de.signated as Pseudomonas

ap. ATCC 27'19,9.- i.. bacteri"al mutant was isolated) from l!Iewage

by WOr1&, Lui, and Dutkall • They used the method of selecti~e"

culture, in an NTA medium after U.V. mutagenization and peni­

cillin selection. Their mutWlt was able to degrade NTA much

more rapidly than any natural bacterial flora reported (73%
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of the 'NTA' ~a l;('solution waa'd~graded in 4 'daY13·at 20°0)

and it "as able to grow in' 'solutions containing up to 2.5%

:NTA. However, like. the natural bacteria atudilf~, growth of

the mutant was "drastically retarded". at 4°0. w~ were for­

tunate to: rec~ive s6mples of this bacterial mutant for' Qur "

se~water ·studies.

II. NTA and Seawater

Since our research 'has 'involved NTA in seawater, pre­

vious work directly concernirig '~eawater has' teen kept t:lepar'­

ate from the other environmental atudi'es deepi lle 'the· small

8lIlount of aviilable information.

Several studie-s like those' of JOhn8t~n43, have '~hown

that i~. many. areas mari~e phytoplankton g;owth is l~it,ed by.

the, Bvail-ability of ~r!",ce metals. Addition' o,r ·EDTA to such

aeawaters has result,ad in inje8sed plar,ucton, growth, showing

that the trace metals were actUally present, in the water, moat

likely aa c~lloidal hydroxides, and were ~ad~ available to the

organisms in the soluble EDTA chelatetl form.· l.t i6 likely

that NTA would .cause similar results und.er the_ same conditions"

RYthe~ and .Dunstan44 reported that in coastal sUrface waters

off ,Long Island nitrogen" not phosphorus, is .the limitiD&

nu.trient for algal growth. JeDk~s, et. al·. 19 , listed several

... authors who have recorded this condition in' both the Atiantic

and: the Paci"fic Oceana. Thus, in: Deawat~r,' N'l'A, either by

Bolu~lizing tr~e metals. or by aciding 'nitroge~ (~s ~A or it,S
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degradation' prpducte - NH
J

• N0
3
-, e~c •. )· seems much more

l1kely to cause algal blooms than ,are phos:phate~.

A paper by Erickson, et. ai. 45, reporterl that NTA is of-
.' .

low toxicity to eectuarine phtyoplankton and in fact lowered. . .
the tax"toity of copper ion to t~ege organimns. -The qnly re-

. port of biode'gradabil.ity ,of NTA in seawater is contained in

th!8 s~e paper.4 NTA utilizing bacteria were isolated Tram

a seawater ss,mple containing surfac,e water and sed~ente,

.collected at Narrow River, -Rhode foland. Tbese bacte~ia,­

Il:l0stly gram negative bacilli, were able. to degrade UTA in

synthetic, enriched and.' natural sel!lllJster. NO I N~A analysis """

~f these samP18S "8;8 carried out bUt· degradation was ss'awned

. s~nce growth .occured in al.l ~edi~8 and UTA wss present in \

thll synthetic se~water as the only carbon and n:j.. trogen

'Source. Incubati.on temperatures were not ."reported, nor was '. . ~. .
the salinity of the 'est\larine sample from which the o~iginal

bacteria .was isolat'ed.

Apart from the 'above information on estuarine. phyto­

plankton, the only, oth~r toxicity "data available on NTA in ,

tli~ ,marine. environment have been compiled by.Eisler, et. al. 42.

They 'cQnducted 168' hour e:cute toXicity tests ,on' eleven species

of fishes ,and invertebrates. .LD50 values in the .range of 5.5

- 10 grams' NTA/l~ were reported. These' tests .showed a lower

toxicity of NTA in the higher salinity "ater, which would be

more strongly buft:ered,. than semple!3 of lo~er salillity.

,Flannagan28 noted a similar s1tuati~n in. freshwater - that
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NorA wa~ l~BB toxic in ~ore. highly buffer,ed .hard ~at~r "than

.. in Boft !Jater .;. ~d wen~ on' to ahow that sleath~ of. his" test

organisms were depe,D?ant ·on pH rat~ir than NTA levele•.In

view of the. high concentrations of Nt! used b)' Eisier, st.

ai. 42 and 'these r·eeulte-.o.; Pl~anL,.it is u.nfo~tunate th~t
pH levels of the NTA-asa""ater solutions are. not reported for

the marine toxiqi ty tests. As in freshwater otqdiea, inhibf- .

tien of biocidal proper~ie8 .of cadmium and ~ercury salts was

n:oteli. TWo NTA containing detergents wer's Bh~ to be o~.

1000 t~e8: aa "toxic os NTA Haelf but since the 'eurfS:ctant

. (e::li~~ ·'alkylBuJ.fonate·) contai~ed in, thf!S8 detergen1;e h~d

a repor"ted LD50 value' ca. 2000 times t?at of :NTA, thesB re­

porte were.not'surprising.

III. Anaiytical'Methode tor ~ete:n:aination of ,NTA

'The moet, "idel,1 ueed method 'for 'lITA, d:ete~ination in ..

water ·se:m.pl'es· 'has been a colorimetric method descr~bed by

Thompson ~d Du.thie.6 and"~80'bY Tabatabai, 8t. 81 •.47 ,

who used the met110d 'fo'r determining NTA in eo.Hs. It. ia

:baeed on the abili;ty of NTA to replace the Zin~on (2-c~, '

, .. boxy-2'-hydroxY-5'-eulfoformazylbenzene) ligand 'from the

1Jlue zinc-Zincon complex producing the ~01orle8s zi'n?-NTA

oomp;Lrx, The resulting ~0.S8 '~h abBor,bance_at 620.nm. io

dtrectl,.y p.roport1onal. to the. NTA. con~entration., Aside from

the fact that 'this method is only seneitin to NTA c~~en- .'
'. I • •

tratione above'O.5ppn, it has <i.ther dl.oadVan~age8·"hich make

itll ·~eB\ll.t8 od envi!Onment8J. SBlDPle~.Q,UBstlonabl... The

'- ,\



""-".

14

prese*ce of nat~!ll or 8yn~~~1;iC ahel&tor~.other than ~TA,
. . OH _ -..

, " H, \ "

O-l-'N'f-N'N-O',\'0"" '\ ''jC,i"O . S03H ,
oH a

ZineOIl

!:~ .well.a.e heavy I!18'tal ions, will· interfl;lre. Th"s"'procedure

c~ls, for the use of C!1tion exch~e- resin .fHa- form. of ,Dowex

. 50) to remove heavy 'metals befo;re the zinc-Zincon r~agent is

added to t~e~ter semple, . Chau and Shiomi37 repo~t.ed, .how-'

ever, that ·"the zinc-ZincoD method failed in ~he presence of

moderate, c'oncen'trations of met8J.lic ions ,arid such interfer­

.enoes could no'.t,be eliminat~d :.ven:bY inoreasing the amount

. of cation -exchange resin used".

" Afgan and Goulden48 . deve~oped PO~~Ogre:Ph-i(?' ~ethods
involyin8' tb;e redut;ltion'Of either the lep.d-NTA or .biamu.th- .

. ' -NTA comp,lexee. They reported that their 'methode are capa­

.ble of.·detecti~ ae little ae lOppb NTA without any proe7

"c~mce~t~at.ion ~f the' e~pl~. V~ioua heavy me.tala and

i:ul:l.i:qopolyearboxylic aeida related to NTA,· ae wel~ ae deter­

~ent t~iPOIy~oeph~~~.~:·~e rep~:rr.~~to .interfere. Th~'
authors' describe maskirl& agents end 'tither eample.pre-treat-. -,. .
mente ~hieht. ~ong with the option of ,using' either the lead _

or' b1~mU:~h c.o~plex, allow for elimination of ,these intBrf-er­

~nceB. A....further· paper49 describes 'an au.tom~hA method

.capBbJ...e of polarographic .NTA. det"~~inat.iori' of is samples',
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. .
per hour. The latter paper contains the only. z:eport o~

aucc-essful' de~erm.ination of NTA in s~awater•. Ana'ther polar-,

agraphic ,method is recorded' by AS~lun'd and Wiinninen50". Thelf"

were able to measure NTA in lake water ,in 'concentrations of

1 to 10 ppm by'rcductiQn of th"e cadmium-NTA complex.

UTA was determined t?Y .LongbottonSl by high spe'ad anion. .

exchanee Chromatqgr~PhY using a. liquid chromatograph equipped'

·with a. U.V; .detect.or~ All metal ion interferences were re­

ported. to be eliminated by' the addition o~ iron(III) ion to

the samples, resulting in the conv"ersio'n of all NTA to the

analyzable iron(III) chelate. No other pretreatment of the

eBmp'les was necel;lsary and, a s-ensitivi ty or' 1 ppui NTA was

claimed. . .

Rechn1 tz and. Ke~52 describe a. complex6me~ric titration

of NTA, with c?pper(II) ion, utilizing a solid membr~~~cop­

per ion sensitive ele~~rode. This method ""is useful in deter-"

mining NTA i:n detergent formulationa when no other chelating

agent is" present, but'iacks both ·the seneitivity and speci-

" ficity n.ecessary for ~nV:ironinental sampi~s.

The, oxidation of'Malachite Green by periodate ion, is

catalyzed by low conoentrationa. o~ manganese(II) ions. In

the ·~preserice of rITA, the catalytic effect is modified ~e­

B.Ultin& in an increase in the rate of the ci~idation reaction.

Mottola and Heath53 noted that the st~~ating effect ,?f NTA

waD directly pr?portional to the NTA -;oncentration and util­

ized ~hi-s system. to todetermine ppm~ and fractions ~f pptJi,..

\ .
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levels 91' NTA-. A flow-photometer ,system ·'Was used to collect

the kinetic -da.ta. Little informa~ion·wae.given regarding

metal ion iiiterferencea nlthough,iron(III) ion proaent in

concentrations leBs than that of NTA did not inte·rf~re.

Chelating ag.ents other than NTA .did interfere.

Another kinetic method for de~ermination of NTA, using

a stopped-flow spectrophotome,ter, was described\ by Coombs,

4t. al. 5~. ~hey repprted .detection and' d,e~ehnin~t.l0n 0'£ NTA

and otllet: aminopo~YCarboxyl1c acids l alone ~r in mt.xt1.l:res,

at levels as low as 10 ppb. "'The' procedure is based on the

large differ'enee in r.ate °7,pro.duction of tetrac,yanoniCkelate

ion from nickel(II} complexes of these chela.ting age~ts.

Metal ion interferences are reported but ,theoe can be el:imin­

ated by hyqroxide precipitation (not in ~he.ca.se of envit'on",:,

mental sampl'es) or anion exchange. The mixed cyano complex,

NiEDTA(CN)3~, in~erfere8 with NTA analysls ~s.it abborbs at

the same w~velength as the NiNTA- complex.

A ~aper chromatographic metho.d for 8eparB:ti~n,:of NTA

and its iron(III) chelate from other aminopoly'carb~Xylic
~...;-.. '

acids and their 'ir:qn(II~) chela·te8 was, reported by H~ll ~

cot~~am55. No inf0ro:tatiol!- was given regarding, devel?p­

ment of this method for quantitative analysis.

Several wor-kere have developed gas' ,c~omatographic

methods for NTA determination. All involve the pr·eparation

of a .volatile' derivative, the triester ~f a small molecular

.weight alcohol, and most c"~mpare the G.~: peak area of the.'·

",
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NTA derivative to' "that ·of· an internal_standard. The methodo

liary in the alc~hol used for 6sterific'ation, the internal
';

st~dar~ uaed, -the G.O. column and. parameters U::il,iz.ed·and

in the method ~f extracting NTA from the origipal samples.

Mw:ray and Povoledo6 u5~d a methanol""7HCl reagent for

esterification Bfd methyl h~pte.decanoa.te ,as tl)e i~ternal

atand~d. 'NTA was not separated from .the orig.inal water

·sample: the' entire residue resulting from freeze-drying a
, ' ,

10 IIll water sample was sUbject.ed to the, esterification step •

. The -G.p. column was p~cked ..... ith ~% ethylene glycol adipate

. on Chromo sorb W.

Rudling has publisied two' papers on methods 'of NTA

det.ermination by. G.G. The first 2 . involved sep~~ation .of NTA e

tram the water sample by' anion' exchange (cliloride form Of,

Dowex ;J. - X' a. resin) followed by esterification ual.ng a 901­

uti,on of' bor~n trifluoride in 2-chloroethanol, B.!1d G.C.' deter­

mination utilizing a col~ packed with 2% QP",,:l on v~aport

30 - no, i~tern~ stand~d ~s used. The later method7 had

':\0 anion exchfW8'e step ae t~s8lll.ple is simply dr,ied and

esterified by boron triflu~ride in methanol,' Ejl.ong with ODTA

as' internal standard. Using a G.O. column packed with 51'

OV-l7·on Aeropak. the resulting methyl eater of NTA was de- ',..
,t~rmined along with the methyl cetera of EDTA and DTPA.

'The method of AU!!!. et. al. 9 , begins with the ·separ.ation

of NTA by anion exch~e resin .(Bio-Had AGI-X2 ,changed to I

formate fom) followed by the' fomation o'f the tributyl
, ,'. "D

e,ater in n-butanol - HCl' reagent. G.O. involves the use of,

a column pa.cked with 0;3" car,bowax 20M on C,elite 545. This
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method: involves no internal standard ~d' al.lows for simul:-"

taneous determination of .citrate.. .

No anion exchange step was used in' the method of Warren.

and Ma1~Cs". - The s~ple9 were freeze~ied lUld ..esterif'ied .

'usirl8 n-butanol: - HC:! reagent •.. Glutamic aC~d was most of,ten

used as the internal standard !U1d G.C. determination was

carried out oh a column packed' with 0.65" ethylene -alyc01

adipat~. on acid washed' ChrO~OsOrb W~ Th~8 ~etho'd allows for

detetmiD.ation of several other' ~inopolycarboxylic acids

oimultsneouslfo with UTA. ,- "

The. method of Chau and' Poxl uses n-propallOl. - HOI rea:-. .
gent to form the tripropylester of NTA ~ollowi08 NT! extrac-:,

ti~n "from the wa~er !Jample ustng anion ex~hange re9~n (formate

form of powex 1 - X 8). The in~erria1 standard is beptadecBn",:,"
.' ,

oie acid and. G.C. dete~inahon_utilizes a column- packed with

3:' OV :"'1 on Chromosorb WHP. ~fier ,publication of tats method
,. I .'

these_ workers eliminated 'the anion exchange step as they dis-

• covered it was unnecessary56. . .

The G·.c. metb~dS for NT! determination have'been summar-
. . . I ' . .
ilzed in a table on tfe. following p\Jge.

Detection limits as low as 20 ppb NTA iil the original .

.. water sample have been reported for the above G.C. ,meth:o~8.. .
. These methoda h~ve ~he. advantage of being free from me,tal

.interferences. According to ;the work done by Warren and
8' ..'

Malec many related aminopolycarboxyli~ acids. do not inter-

fere, 0.1: leas't not with their' particUlar I!lethod. Alner, et.

al. 57, recorded that aCld-cat.al.yzed· esterifl~ations of pur~'
l ..., c .
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BriTA ion reaulted i~ ~h~ formation of',gm8.l.1 ~uantitieS of ti:e. ' ?
'&o;~espci~ding. NTA a'aters, ~~~e";er, 'as this w~uld' ~eBUlt 'in '~'_~,..
v ' . ," '~

less than l~ rM.'A' eal'er relative to EDTA. eate;-,', it 1D 'unlikely

to present di'fhcu~ty in- NTA a:nalYDiD o~ enVironm~nta~ ·s~-;
, f ' • "

)

pletro The chief ~iae.d~antsge 'of', tHe, G.O." ~t~~1S of NTA de- •

termina.tion ~a. the' tim.s r~quired for ~yapora~ion, -est~rifica~

tion and-extraction procedur-ea. .

Norie of tfie authors ~e~ortB 'the uae or):ra' metho~ 'too .
I . .,

determ1n~' NTA .~ SE!aw~:erl..' ;
, .' : . I. r- .. "

-As pr.evi~:U81Y ,mentioned, .most wor~.era ·a:tt~Pting. to .

predict the 'e~yirOnille~tal" iinpact of ~A 'have stated"th.e..need

for. further ·te.sting before ita U138 in detergen'ts becOmes' "ide

spread •. If more ~oz:~ '~s nece~s~y in. ~tudyfrig the' eriec~ 'Of ,~

. ~TA. ~~" freah ,!"ate.r, _ay~tem:, this is sven mar,. true. o,f. the

marine. environment wh~re ,much 1~8s hoo been 40ne to date. D.

l,t 8eem.~)l th~t a 8en8~~'iVe' metJ:od. of, l:tTA d·~term_inati·on in

se:awater w?uld facil;iia:te furth~r. NTA-se.!1w~t~ studies BJ'ld .

-for'. this reason we p~~posed' to"d~velope 'such' Q. me·t~od~.
: . .'. . .,

One of. the firs.t questions. when -consider.ing, tl:l:e . impact
~. . . ' , .-

of a p'otenti~l 'pollutent is wili it degrade..or accumu.late·'i.n. . " ~.. . . " - - .' ..
the environment?' If a compound, is shown to rapidly degrade

t~e need':for' tOX~Ci~y st~die~ is gr~atly'd~cre"ao~~ 1;hus, ..' r
.' ." '. ,. ,

following deveLopment of the mE!thod' for NTA analysis, in,"aea":'

water', we ;~i'e~ out teata tC\, determin~' ifNTA was l~e{y

J ~o degrade if .~it entered a '~old se..e.w.ater enviro~ent.
. il ';.. . ":_'0.

"

\ .

•. j.

\
......
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NTA 11 Seawater

A•. Instrumentahon ,.

'An '~e~~graPh ,}520 d~al column gas chromatOgraph,'wHys

flame ioni~ation detectbr was used, iii the single colUmn. - -. .' ." .
mode, thioughout this' stUa:y. The chromatograms were recorded,

~~: a Hon~ywei~ El~' 15' recorder. ~_'lUiPpe:d with a Disc

Chart Reco.rded - M~de~ 20l-B.. A~l' cliromatograms were' rim

·\.{SiI1g"Sn:S" 2/~,~t. sta.inless" s'teel column ,(O.D. J{8 in"

'packed with ,':3% OV-l on Chromosorb', WHP (80/100 mes~) unl~as

otherWi;e spec'ified. 'so~e prelilhinert worK was don'a u'sing' 's. ' .
.. 10 "ft. glass column (ve in O.D~) with the same packirig - it

i,5 not'ad in such ca~es "that the glas~ ,column was u'Bed •. ·The

:. follo..,-ing chromatographic paramet~r9 'were \lsed thr5ughout:

car~ier ga's (beli~)' - 3:0 tal/min, hydrogen flow - 25 ~1/~in,

aiI).~=!-ow - 50~' ml/min, over- te~perature - 200°C, 'injec:or

tem.p<er=ature' - 225°C, dJtector tempe:ature ..; 225°C.

, 'i' • N.•M.R. spectra wer7,run on a Varian A-60~

Reagents
/.

Tefhn~cal ~ade nitri1otr,iae.~tic. acid (NT~~, reagent

~ade :tri.sodiUm NTA salt (Na
3

NTA)" and Baker graa.e h~pta­

d:ec8l').OiC.',aCid (HDA) were ali received from Bake.r Co~pany 'and

:'used without furiber purification.



22

The n-l?rop~ol ulJed in- almoat':~ll esterificl'Ltion r,eac­

tio~s was reagen.t gr~d~.·obtai~ed fro~c'MaCAr~thur Comp~y.

This, propan~l was used withOU~ further .purification for NTA.

anal'fsis. The. reagent grade' propanol re·ceive~.fromBritish

~z:ug H~use could nO\ be u.ae~ 'for >NTA ,analYSi: wi~hou~ ~i:

"fieatian as' it contain~d ca. 1.25 ppn NTA"as well as other

impuri tics which gave lar'ge pcrtks on the. chromatogram u~ed'

for NT.A. determination. Wh.ile .simple distilltl:tion removed
. .

the NTA "from this propanol, 'other imp~ities 'remained which
). .

re,fJUl'1!e~ ~n ,8 m?re comP:l:-ex' chromatogram than ~as desirable.

Reagent grad's ~chloromethane obtained from Matheson,

.. C~leman -~d D,ell ha~~ be distilled 'before· use as 'impurities

in this reagent app~ared on ~he chromatograms· used 'for NTA

analysis.·

Hydrogen c~loride gas cylinders were obtained from

Mat.heson COlUpany.

Dowex' 1 - X 8 (50:- 100 mesh(,aJ1J.o.I\-exchange resin· in

the chloride form 'was received ,from Bio. Rad Company •.

The precoated packing for ~s chromatograpJ:.y columns,

3%'OV-l on Chromosorb WHP (80/100 J!1esh) , was obtained from ).

Chromatographic Speci'alties, .I~rO~kvil1e, Ontario •

.B. PreparMion Wld Some Propertie~ of the 'TripropYl Ester­

of NTA and the PropYl Ester of' HDA

'1. Tripropyl. ni trilotriacetate [( propyl) 3!:!!!l

To a 250 ml round-bottomed flask 125 ml of n-pr'op~ol" , ..
was ..adde~.~ Hydrogen chloride gas, dr'led by passage thrOU~h '.
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HZSP4; "as bubbled through t~e n-proJlBnol unti;L th.e liquid

w~s· sa~urated. One. gram of N'Tk, moat of which did not dis­

solve in·t.he n-propanol, was the:n added to the flask. The

mixture wa::r refluxed ~ith' stirring for thre.e hours. At the

end of this time there remained c~msiderable solid. - unre­

Be.ted, ~disSOlved NTA.- so the niix.ture was syturated ega._in

wi th HOI gas and allowed to reflux wi th stirr~ for 24
l\. •

hours; ~he n-pro~anol was then removed from the reaction

mix,ture by" means of a rotary. eV!lporator, leaVing a very

Viscous, transparent. liqUid .a.rfd also- some wh1te solid, pre­

.riwna~lY ~eacted ~A:

A micro-distill~ng apparatus, consisting of a smal.l

cup (cap~city. ca. 1 ml) attached to the b~t'tom of a. cold

finger~ was fitted to the 250 ml reaction fitl.ak conta.ining

the liquid and solid residues. The flask was placed in an

oil bath and attached ~o a va~uum pumP.'. A~' :to~m t~mperatte,
when the pressure· in the flask had been reduced to 6 mm of

I Hg, some materi8.l.~~aumed to be reSidual" propanol)"'wa~ va:-

porized. whbn this material was pumped from the mixture,

water was .allowed. to flow through the cold fit1&er and the

pressure was reduced to 0.5 rom of Hg. The tempftrature in

the oil bath was raised'. to 1400C before the- clear liq~id waiL

vaporized. .ApproSWnately 0.75 ml of th~s :tiquid 'was. co;l-­

l~cted 'in the ~~ at the bott(lm- Of-.tlf{cold finger. It re­

mained a ViS,CO£e~ ·tr~apar;~t liquid at ;oom temperature.

'\. Forty m~ of the ~istilled liquid was 'dissolved in 1 ml

of· benzene.

,,,--

A 1 ul sample of th,e ·resulting solution was
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injected on the gle.ss golwnn o.f the G.O. (conditions given

in Sec~ A);: The, benzene was elu'ted' at" 0.5 minutes and the

other peak noted at 4.5 mir1utee was ~B8igned to our. clear

liquid - presumably the tripropyl' ester of NTA. When the

stainlea:s column was us~d this' compoUnd had a retenti~~ time

or..503 mi~t.eD. .....

A" 60 r4Hz N.M.R. spectrum was :ruri on the diatilled

transparent li~uid disDolved in CDCl) using a ts_tramethyl

~'ilane (TMS,) as interr'J.al!standard. A summary of the li.M.R.

data follows:

Abs~r'Dtion (1:)

tal tripl,t - 9.0
(b sextet - 8.3

lc singlet - 6.2
d triplet - 5.9
e ,singlet - -0.6

in.tegraiion

9
-6

4
B

.1

·r

i Since' the above dat~ indicated an iuipurity containing

a' -COOH. group, the product was, washed wi.th sodiUJII bicarbon­

,ate solution and' extracted into chloroform. After the remov-

al of the CHC1; by r~tary ,vaporator onothOr N.M.R. spoat"", t
WSFJ. run, under the same conditions as the previous· spec'trum,

with the following resultS:

Absorp·tion (T)

,!al tripl,t - 9.0b s~_xtet - 8.3
c singlet - 6.3
d triplet - 5.9
e no acid proton
f singlet - 2.6

(spectrr shown aa Pig. #9)

. Integration
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.. 2. Propyl heptadecanoate- (propyl HDA)

Except for 1he rePlaceinen~ ~f the ,1 g of, NTA by 1. €

·of HnA.' the eaterific:llhon of ~A: was carried o,,!t,, in t~eA

same manner as for NTA., I~ was no.oted that HD~ was more ~ol­

uble in the n-propanol-HCl reagent than .was NTA. However,

after 3 ~.oura of refluxing Bome oolid, presuma,bly undisaolyed,

unreacted HDA, remained. After the full reflux time of 27 ~
.' i

ho~o, the n-~ropanol was stripped off uaill8 a rotar:( evapor-

· ator",.The residue Wl!-B a yellow, vis~ous li~Uid with .small

amoun~ts 0'£ white and 'y~l.l.ow - brown solid.

The residue was distilled in -'the same manner' as t~¥

'residue ,of the rITA esterification' reaction and agal.n 0.75 m1

- - of a transparent, ViBCO~S liquid was' collected at 140°C' and
· . .
0.5 nun of Hg. ,This compound, presumably the propylester of

.. HDA,1 has a. me~ting Ppini aro\Uld room te~peratute ~h~ing.

from a transparent liqUi\t. to a white solid and back again

with fluctuat.ions··in room temperature •

. Thirty mg of the distilled .liquid was :disso1ved in I ml

of' beniene. A 1 ul sample of the, resulting'~solutionwa~ in­

jec~ed oh the glas.s c.~hunn of the·'G.C. as w~a done with :the

NTA ester. Large peaks observed'at 0.5 minutes arid 9.5 min::

u~eD. we·re aS~igned t~ benzene and- t,he HDA pr~pyl est~r :~ee­

pectively. The retention time of propyl HDA 'Nas later'
· .. .. " , .
found to be 11.1 minutes on the stainl~ss steel column...

A 60 MHz N.M:R. spectTU;!D w'S.s run on the drstilled

product in CDC13 with TMSlas th.e internal. st~dard. The.'
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results ral,low: (.spe~t~ is shown as, Fig. #10)

Absorption (i:)

-(al "distorted triplet - 8.9
(b cqmplex multiplet - ca. 8.5

~
-C' triplet - 7 .. 7 .
d triplet ,.:. 5.9

.- e no acid proton

Int~gration

6 .
,28

2
2

',C•. De~erminationof NTA Below the ppn L~vel in Demineralized

·Water Solution

1. Esterification and' G.O.

Determinat'ion of NTA. 'in SDl.all quantities was attempted

usin8 't;he ErDterifl.c~tion method- of Chau and Foxl •

,r'0ne ml demineralized water containi.ng 2.0 ug of NTA (a~

~a3NTA) was placed in each of. six 10 ml round-bottomed am..

poulep~ The ~;a~er was x;emoved by placing the ampoules in a

sand bath (90 - 100°0) arid flushing wit~ a stream of air.

· A sample of n-propanol was saturated wi.th Hel gas- which had.

,'been dried by'p~sai11& through cone. H2 S04 " ~o each of the

nix. ampoules 2 ml of this propanol-HOI reagent' was added

· al~ng with io~' ul' of n-propanol conta~ing '20 ug RnA. T~e
ampou1.es we.r(/ sealed by flame 'and placed in a water ~a.th

(100°0) fo~ I hour. During the reactio'n time the necks of.

the' ampO~les acted as: reflux. con9-enaors. The ampoiiles were

then opened and, t~e propanol":'HOl. removed ~'by plac~ the

ampoules in ·the sand bath and fl~Shin8- with air. An oily,.
, . .

yello~ .r~8idue remained in t.he ampou1es •.
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