NITRILOTRIACET

ACID IN SEAWATER

DETERMINATION AND B

DEGRADABILITY













" NITRILOTRIACETIC ACID IN SEAWATER:'

Détermination ‘and Biodegradability
ok #

by o oo i

David Stoneﬁoueé

"A. Thesis - )
* Submitted to the Facu’lty-‘o'f Sdience

"in partial fulfillment of the raq\giraments‘for the’ degfsq

of Mabter of Science

DEPARTMENT OF CHEMISTRY
MEMORIAL UNIVERSITY OF NEWFOUNDLAND

. ST. JOHN'S, NEWFOUNDLAND.

OCTOBER, 1973 \ v




d e Fag

“Abstrdct of the Thesis . B T
Nitrilotriacetic Acid in Seawater:

‘“Determination and Biodegradability .

S . v

S by ¢ v o >
w® T i J. David Stonehouse . B e

. ' Nitril‘ntriac‘etivc acid (;WTA); N((IJHZCOZH)B,-:has‘been the
st sub;}e;:tiof considerable research and public ’im;ereét ‘ov‘;r
{;h‘e pést few years. .The need tq predict the en;vironmental
impact ?f NTA becme\nécss‘sary when this che’mu‘:&ygal was pre—
# pa.;ed as a vre;vﬂ.acement for pcl'yphosphét‘es in household . *
detergents and thls :msngated the bulk of recent research
on this componnd.. A summary of this reseatch, ngen :m the
‘Introduction Section of this thesis, shpws that little work .
"_had been done instudying the effect NTA might have ‘on the
“harine environment. I

! Our contribution to t is area of research incluﬁes the

e development of a .8as chromatog-raphlc methyd of ana1y51s

capable of éetam:mmg NTA below the ppm level Jin seawater.

This method should facllltate further studies of"NIA' in N

seawnter‘ The analytxcal[proced.ure developed was then put.

to use in a study of the bmdegradamhty af NTA in seawater
) ‘which is also described in thls thesiss .~
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" Abbrevis: ‘s Uéedlfrhx’-o'ughout" This Thesie Y ’
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" . INTRODUCTION

& Nitrllotriacenc acid (NTA). ﬂ(cﬁchEH)B. has. been ‘the
su‘njent of consldar&ble research and public mterest over
the pasfi few yeara. Eefnre this time the chxef use of NTA

trant in chelametric t1trationa4 whete 1t ran-a

, poor: aacand in pupu].arity to the well: known eth,ylenedlamxne-

|

‘tetra—acatic acid (EDTA). The need to prediot the environ-
-mental mpact of M‘A, if it were to replace phosphatea in

household datergents, mstigated the bulk of recent resea.rch

‘on this - compound. The pruposa.l to use NTA as’a detergent \‘m_' .

builder grew E\it of two fact&rs. (1) Algae blooms resulting

in euctuphicatlun of lakes wera blmed on, high phosphate

.levels - @s much-as 70%14 116 of . this-phosphate was said té
oragxnate as detergent phosphate. Alch‘_ng on'thia informa— “p
tmn thé Canadian government lmlted 3 d\ergent phoaphate e
lsvels to 20%. as or _August 1, 1970 and 5% as of January 1,

.1972. (2) .The devalopment -of commerclally feasible mathods

of producing N‘I‘A from the nelatzvely lnexpenslve star’cmg
meterials, ammonisa, fomaldehyde axgd hydrogen _cyanide,v com=-
bired with successful testing?? of NIA in actusl detergent ..
romlat;dna. made NTA the choice 'ci: the large detergent
gimufsctursra should, they be forced to re‘riw‘ve or, -redﬁce the

phosphates in.théir products.
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In th:.s section a summary will be ‘made of envlmnmentally
related researeh on NTA under three headings: (1) General
mvzromental Studies = mcludmg bﬁﬂegradnhll).ty and tox=—
1c1ty, (2) NTA - Seawatex‘ Studies; énd (3) Analytical Methods‘
fnr Deﬁemmatlon of NTA. . . .

Our own contnbutlon o this areayof teBeBrch teprasents
the beginning of .a study of ‘the mpact\;‘ NTA on a col{i sea-
water envlronment. It inpludes devslopment of a G.C. me’;‘.hod

for determmah.on of NTA below the pe.rts per nulhon leVel

in seawat:er end a stud,v. of the biodegradability of this com=-

pound- in "polluted® and "non-polluted” .seawater.

Genera} Environmental Studies E 5

z

Before 1970 NTAV was finding significant use in detex’gax_xts
in Sweden and also limited use in the United States. Kt the
end of that yeer, however, manufacturers m the U. S.A. discon-
tinued the, use of NTA 'in response to a statement .that,-in the'
presence of cadmium and ethylmerchry, *NTA had caused a sign-

11’103:11 increase in embryo ‘abnormalities in experimental a.mm—v
17, ’

!
Sincg”that time use of NTA in detergenta has alsp

been disco tinued in Sweden. In Ganada, where' the 5% pho,spha:e

1m1t is in effect, there is no legal mperlment to NTA usel‘a

19

The current Environmentel Protection Agency (UsA) polmy (is ¢

to attack the phosphate-eutrophlcation .problem by phosphate




. of, phosphate by a compound of still q/uestionahle safety.

The two chief causes of cpncern in the' safety evt;lua- _'

s tieh of NTA are direct 'toxicity of NTA (acﬁ:al‘ly'Na M‘A) and

the ablhty of NTA, as \'l \y strong chelatlng agent, to trams=
port oxr mob[xlxze toxic héévy metals.

The ‘Proctor a.nd Gamble Company has carried out many

. foxicity evaluatmoﬁ.r’ftudles on NTA using expermental labor—

atory animals. over a 90 dey tést pe\z\md using rats, dogs,
rabbits and inonkeys, Nixcn reports LD50 values (1.10 —

12.33 g/kg) showing NTA to be only n;‘o&erately toxic when in-

gested. In sub-acute oral toxicity tests he reported kidney .-

‘lesions bf varying. severity only ét very high (7500 ppm or

greater) NTA levels and no other slg‘n:.ﬁcant abnormalities.

'These 90 day tests were followed by a two year rat-feed:mg

w

study w1th s:umla.r results ,\Blnng w1th the additional
observation that increased 1evels of zinc were deposited in
the bones of test apimals. Apparenbly this had no ndverse

éffec’c on ;the animals, Nolen.‘et. BJ.. , conducted a repro- )

duct:um and teratology study involvxng oral mgestxpn of

high levels (0.1 or 0.,5% of diet) of NTA over two gensrations

: cf‘rats’.’ They raporte\i that NTA was neither embryotoxic nor

teratogemc in the r@ or in smular tests conducted with

rabbits. Another study for .the Préctor and Gamble Company
23

was carried out by Michael and Wakim who studied the metab—

. olism of NTA in rats and also in a rabbit, dog and monkey.




Their results showed that NTA was nbsorbed readily by the

gastromtestmal tract of thrrats and dogs but POOGY from
the ‘t'z‘act of the rabbit and monkey. These workars reported
that no xp’ore‘ than i:hree percent of the NTA administered re-‘

méined in the body.after 72 hours, most’ sppearing in the

'bone as the calclum chelate. Since this’ represented nnly

0.007% of the mount of calcmm turned over by the body in-

24 hours, they Believed it has no aignlfmant effect on bone

development. ° .
Suular toxmolog:cal dafsa have.been collected by other :

workers a.nd aumms.n.zed by rev1ews on the sub:;ect” 24'25

i however, the interpretation of these jata is niot always con~-

sistant.: Ashforth and’Celvin®® stated “that the anticipated

s level of mtake by humans would ba no more than 1/20 000 of

the lgweat level that’had pradm:ed adverse ef_fects in rats,
vhile Epstein?? gave an estimated adult safety fqt:’_to;‘ }if_
115.- ’ o

It app.as.ts Ithat less work has been-done in eva.lunf;ing
thz‘ eft‘ect of .NTA: on aguatic organisms which may be exposed
to NTA entenng their envxromnant from Gemestle Qwaga out-
flowss The publlfshed results of Pollardls, who stated that '
concéntrations of 100 mg/1 NTA were s}t‘e‘ to 'fathxad Iizmowa,

“were cr‘iﬂcized by Thol;:” for containing a lack of experi-

mentel parameters. Thom had similer ecriticism for the work L

of Jancovié and Mmmzs, who reported lethal concentrations
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from 260 - 340 mg/1 NTA for t'rout. eels and guppies, nnd’}or
t)mt of (;miarma‘cs::hé ; who reported 500 mg/l Najm had no
effect on guppies over an 80 hour test period.” Ninety-six

hour tolerance tests by rla'nnaganza

on ].7‘5}!9(:128 of aguatic
m%ertebrat‘es 2.specids .of amphibians were carried out
with parameter ther tlun condentratxon of NaBMA being
monitored. He concluded that m was nat directly toxic, at
-'least to 500 myl, and that the deathe. of test smmals re=. -,
aulted in nee.rly all cases t‘rom an mcrease in pH caused by
.the lwdrolyns of N33NTA. Anmals cuuld tolerata much hlgher
aoncentraticms o:t‘ ){aBNTA in highly buffered hard waters than
in soft waters and mortalxty alwsys occured at pH 9.7 regard-
less of the level of NaJlﬂ‘A. 2 .
Epstem25 )16 expressed concern that NTA might prove
dangerous, if not as the free adid or trisodium salt, then
as a resplt of its deg{n_dét.ion products or in.the form of -
heavy metal chélafes. The possibiiity of i.ncrsaaed nitrate
levels in water due to IITA bzodegrsdation as well as the
- chance of -imidodiacetic acid (IDA) production, w{mh, in the
presence of nitrite could produce a ca.rcenngenic nitrosamine
29, were his'chief causes of -concern here. Eepor’ts By cther
wurksrs mdzcatad that -such problems are unlikely to ccour
in the snvzlronmant for, while Trott, Henwood and Langfurd3° !
r_epor_t ‘small yields of IDA in phqtcdecon,lpoa_ition of i.ron(_III)
campi’éxes _of“ NTA in sunlight, biodegradability studies, t6 be
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‘@Jmcussed later, .show that IDA and other possible degxédation

. s 2 N o
products of NTA degrade faster than NTA itself. Thus, no

. o o o ® W
nccmnulation of NTA breakdown products is likely. Mary bio- .

degradability. stud,les alsn show that most NTA nltrogen 15 con=-

verted to ammonia rather than nitrate, althuugh the ’presence

af,amn;onia oxidizing jbacterﬁ.a may result in the convers_ion of

ithis. smmon1a to nitrate or ,nlcnte. ’ "
¥ Whlle llttle work has been done on toxicity evaluanon

of NTA complexes of heavy metalsz5 thste are good. mdicat:.ons

that the pres®nce of NTA w:\ll not 1ncrease the * toxiruty of

heavy metals by the fomatlon of sueh complexes. Indeed,

some studies show that NTA causes a marked decrease in tox—

31

1c1ty of copper and zinc”" ions fo fish, and of leadaz.

33 |33

mercury--, .and cadmium

ions wh?ygested by. expetimental
* animals. . Sprague3 has poxnted fut thet NTA could be used

as an anti-pollutant to pmtsct fish- ).n the*‘event of tox
metal prlls in rivers. NTA may, however, by fommg solu‘ole
chelates, moblhze heavy&tals ‘which may have otherwxse Tre=
mained in harmless, -insqluble compounds in sedmeqts, thus
mcneasmg heavy metal cancentranons o!‘ nat\u‘sl waters.
There 15‘11tt1e 1nfnrmat1on in this a.rea. Teylar, »et. 51.34,
reported. '].itt}& igcrpaseain qetala extracteq from agdimsats.; o
into water when NTA was pres‘enf at 20 ppm in the water.
Gx‘egox':i5 stated that lead m leke Bedments, resulhng ,fx‘om
automoblle exhausts, can be rapidly solublized ‘if NTA is

présent at 20 or even 2 ppm, o ; .




A briéf summsry of toxicity data on NIA is given in *
tabula.r form, on 7/}: fol];owmg page. 5
Anothe! pofvmtxal problem that nught arise 1nd1reccly
from 1arge/-sca e use of NTA is that of algal blooms. In- B
srome water nitrogen rather thg.n phosphorus is the sleme‘{lt . .
which limits algal growth. Sinte ammonia is produced 'in the
degr.ahation of NTA, algal blooms in these waters might well
be stimulated by the replacement of phosphédte by NTA in de-
tergents." This would, mdeed. be a pa.radongal state of
affairs since NTA was originally proposed as a phosphate
replaceﬁent to prevent eutrophication caus;d .by algal blooms!
‘Any dengers caused by accumulation of NTA in the envir-
onment would not occur if the compound was rapidly and com- '
pletel; degraded to hmless‘pruducts. A considerable »
amount of research has been done* on the blodagradabxhty of
NTA in sewage, both in 1aburatorymtests and in actual sewage
treatment plants, «and in natural freshwater systems. Pfeil
and Lee36 carned out bmdegx—adamhty tests m raw- sewage {
and activated sludge. They reported that, sfter an acclma-
tuatlon pai-md of about one week. rapid degradatlcm of NTA :
occured at room temperature with NTA loads above 100 mg/1.
Reacclmanzanon of the organisms was necessary if they
were left in the absence of NTA for more than two days. In
the rev1ew by Thomr’ the results of several other workers =
using acti’vated sludge -are summarized. They all showed sim- |
ilar accq}matizaﬁion and degradation periods when incubation
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23

26
27

28’

toxicity 90 days
and 2 years

skin and eyé
irritation.

‘reproduction and

teratology

metabolism

freshwater
environment

freshwater
environment

freshwater
environment -
(80 hour test)

freshwater

environment
(acute tox1cxty)

'/I,

rats >

rabbits, humans

rats, rabbits

rats; dogs,
rabbits, monkeys

) pY .
", Summary of Toxicity Data on’NTA
-Ref. . . Type of test Organisms Results
tested
- T .
20 acute oral toxicity rats, dogs, ID50 values
- rabbits, monkeys 1.10-2.33g/kg
20 sub-acute oral - ° .kidney lesions

at doses over
7500 ppm; in-
¢reased zinc
level .in the
bones -

NTA products

similar ‘to other
current market
detergents

NTA not embryo-
toxic. or tera-
togenic

some retention
of NTA in bones
of rats as cal~

- cium chelate

fathead minnows

trout, eels,
guppies

guppies

17 species of
a.quatlc inverte~
brates, 2 specles
of amphibians

100mg/T NTA .
"safe" to minnows
lethal concen=-
trations 260~
340" mg/1

500mg/1 Na3NTA
had no efféct

. not directly

toxic at least
at levels below
500mg/1; deaths
of organisms
appear pH de-
pendant

(continued)



Sumiary of Toxi Data on NTA (cont.

Y
Ref. Type of test : ‘. Organisms ‘Results
. tested . i
= 5 ; 2y
V45 sedwater estuarin low -
environment By phytoplsnkton toxiaity
42 seﬁn er v 11 species of .. 1D50 values
. environment marine fishes 5.5=10g/1
. (acute toxicity) and invertebrates ’
i3 freshwater sbrook trout ' presence of
environment : NTA lowers
P ' . Y toxicity of
. . copper(II)
and zinc(II)
ions
’ . , .
32 sub-acute oral rats prss;»ta of
‘toxicity of lead - NTA Yowers
acetate < . toxicity ¢
' R 4 . lead(II) ion
33 teratology of rate " .preaenbe of
. methylmercury NTA lowers
hydroxide . .maternal

toxicity and
has no effect
on the

foetal toxic=—
ity or mergur—
ial teratogen—
ieity -

temperatures were near 25°c; Warren and Malec38 reportsd
degradation of NTA, when spiked in’ levels up. to 20 ppm, in
- Detroit and Meramec river vgpter - incubation tamperat\u-ea‘
were not given. Cheu and Shiomi” showed. that NTA was de-
graded in Leke Erie water (Hamilton Harbour) in actual "in
situ” studies conducted in polyethylene tubes suspended in .
-~ the lake by a stationary raft. The temperature of the lake
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water at the time of this atud}{ was not reported.
Several studie525’§7'16’39'41 have been done on the

biofxegradability of NTA present as heavy metal chelates.

‘It ‘is the general'opinion of workers c'anduc%:ing these tests

that fhe heavy metal chelates are degradable and that the

,stability of some (the Cu, Ni, and Hg complexes) in higher

concentrations is due to the biostatic effect of the metals.
Howeve;_, NTA'is not biodegraded in all snvironments.
For laxample the degradation of NTA under anaerobic conditions
has not been reported and studies have revealed much retarded
degradation as the temperature is decreased. Eden, et. al.
recorded a drop from 98% NTA remo*}al, at 20°C to only 3% at

14 aaded

EOC, in a sewage treatment plant. Rudd. and Hamilton’
NTA (14‘ ppm) to the infl;:w to a model sewage lagoon ax)dvre-
pcrted degradatlon of 94, 47 and 22% at temperatuz;\ of"ls,
5'and 0. 5 C respectively.

Most workers made no effort to isolate andv identify the
bacteti‘a‘res‘ponsible for NTA degradation. Focht sn&J/oseph'u.

however, isolated a Pseudomonas sp. from sewage effluent by

elective culture with NTA as the sole carbon and nitrogen ?}
source for growth. This isolate has been deposited in the .
American Type Culture Collection and designated as Pseudomonas
sp. ATCC 27109.- A‘ bActerihl mutant was isolated) from sewage
11

b)‘r Wong, Lui, and Dutka’ They used the method of selective-

culture in en NTA medium after U.V. mutagenization and peni-
¢illin selection. Their mutant was able to degrade NTA much
more rapidly than any natural bacterial flora reported (73%

v
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5 3
of the NTA ina 1% solution was degraded in 4 days.at 20?0)
and it was able to grow in ‘solutions containing up to 2.54
-NTA. H‘owever, like the natural bacteria studi€d, growth of
the mutant was "drastically retarded" at 4%. We were for-
tunate to receive s8mples of this bacterial mutant for our

seawater studies.

II. NTA and Seawater . . o

Smce our research has 'involved NTA in seawater, pre-
vious work directly concerning seawater has’ been kept separ-
ate from the other environmental studxes despme ‘the  small
amount of EVBllE.ble information. _

Several studies like those of Johnston“, have ‘shown
that in_ many areas marin,e phytoplmktcn growth is li.r‘nit‘ed by,
the availability of t‘rlace metals. Addition’ o'f EDTA to such
seawaters has resulted in incrjeased pla.nkton‘ growth, showing
that the trace metal‘s were éctually present in the water, most
likely as colloidal hydroxides, and were .ma;ie available to the
orga.nisms in the soluble EDTA chelated form.- It is likely
that NTA would cause similar results under the. same conditionss

44

'Hyther and .Dunstan reported that in coastal surface waters

off Long Island nitrogen, not phosphorus, is the limiting

mitrient for algel growth. Jenkins, et. al.?

y listed several
authors who have recorded this condition in’both the Atlantic
and the Pacific Oceans. Thus, in seawater, NTA, either by

aoiuplizix)g trace metals or by adding nitrogen (gs NTA or its




dbgradation‘products - NHj, N03', ete.) seems much more
l}.kaly to cause algal blooms than are phosphate;s.

A beper by Erickson, et. 31.45, rEport.ed. that NTA is of
low toxicity to ea&uér:‘fne phtyoplankton ar}d in fact vlc’wered
the toiicity of copp‘ez‘ ion to these organisms. The only re=
port of biode’granabili..ty of NTA in seawater is contsinéd in
this same paper. NTA utili;zing bacteria were isolated "from
a seawater sample containing surface water and sedin'{enta,
_collected at Narrow River, -Rhode ;s’land. The.se bacteria,
mostly gram negétive bacilli, were able to degrade NTA in
synthet;.c, enriched and’ xymtuxtal seawater. Ho; NTA ana.lys.is \\v
of these sampl‘es was cérried out but degrfdation was assumed

L ;i‘nce growth\o‘cc’ured in a1l mediums and NTA was present in l
the synthetic segwater as the’ onl‘y carbon and nitrogen |
source. Incubation temperatures were not reported, nor was ‘
‘the salinity of the estuarine sample from which the ox:iginal

bacteria was isolated. ~

Apart from the ‘above i.nf;;rmation on estuarine phyto=-
plankton, the only other toxicity-data available on NTA in
i:ﬁé marine enviromenf(have been compiled by Eisler, et. 51.42.
They conducted 168 hour acute toxicity tests.on eleven‘speoie‘a
of fishea_and invertebrates. .I.DSO 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 water, which would be
more strongly buffered, than samples of lovger salinity.

Flannagmza noted a similar situation in freshwater — that

\
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NTA was less toxic in more highly buffered hard water than

.in soft water = apd went on to show that deaths of his test

organisns were dependant on pH rntl_m’r then NTA levels. .In
view of the, high concentrations of NTA used by Eisler, et.

al.%2 and these results.of PlaxmaganLit is unfortunate that

pH levels of the NTA-seawater sclutions are not reported for

e

the marine toxicity tests. As in freshwater studies, inhiﬁi-‘
tion of biocidal ‘propex‘ﬁies of éaﬂmi\m and lglercury. aalts. \;ms
nbtad. Tnf: Nu containing detergents w‘ar'a eho“ﬁn to be c&..
1000 timed’ as ‘toxic as NTA itself but since the s‘urfa‘etant‘
(av.lix;:-aar-alkylaulfonste) contained in these detergents had

a repoz“tad LD56 value ca. 2000 times ﬂ;at of ;NTA, these re—~

ports were not surprising.

III. Ansiyticel Methods for Determination of NTA )
’ The most widely used method for NTA determinstion ine
water samples has been a colorimetric methed described by
Thompson and Duthie?® and'also by Tavatabsi, et. al.%7,

who used the method for determining NTA in soils. It is

‘based on the ability of NTA to replace the Zincon (3—car-.

boxy-2'-hydroxy=5'-sulfoformazylbenzene) ligand from the

blue zinc~Zincon complex prdducing the colorless zinc-NTA

éampl;ax. The resulting loss ih absorbance_at 620_nm. is
diréctly proportional to the NTA concentration. Aside from
the fact that this nethad is only sensitive to NTA cem;un- R

* trations above 0.5ppm, it has other d“ha.dmtuga‘i which make
p

its results od environmental samples questionable. The
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presence of natural or synlhetu chelators other than NTA,

Zincon

as ‘wall.,ns heavy metal ions, w‘ill 1’:nterfsre. !!‘h‘e procedure .
' caj.ls for the use of cation exchange resin (ﬁh form of Dowek
50) to remové heavy ‘metals _before the zinc-Zincon reegent is
added to the water sample. Chau and Shiomi37 tepox-‘ted, how-~'
ever, that "the zinc-Zincon method failed in the presence of
‘moderate concentrations of metallic ions and such interfer-'
-.ences c;nild not be eliminated ?_ven'by inoreasing the emount
- of cation exchange resin used". . oy
Afgan and Gouldenw, developed polarographic methods
involving the reduntion ‘of eifher the lead-NTA or bismuth-
=NTA compllexes. They reported that their methods are capa-
i:le of detectipg ae little as 1Oppb NTA without any pre=.
=concentration of the- sample. Va.!gious heavy metals and
aminopolycarbnxyhc acids related to M‘A, as well as de\‘.er- .
gent tripolyphosphates, are repart d to interfere. The
authors: deacrlbe maak:mg aaenta and ‘other sample pre-treat—
ments which, . along with the option of using’ either the lead
or biémut)i complex, allow for elimixgation of these interfer—
. ences. A further pa.per'tg describes an automated method

'caizabl‘e of polarographic NTA determination of 15 samples
A



4

15

per hour. The latter paper contains the on‘ly, report of
successful’ determination of NTA in seawater. " Ano‘ther polar-

ographic method is recorded by Asplund and Wanninen®,

They™
were able to measure NTA in lake water JAin concentratlons of
1 to 10 ppm by reductmn of the cadmium-NTA complex. .
NTA was detemlned by Longbottonsl by high speed anion
exchange chromatqgraphy using a liquid chromatograph equxppad
“with & U.V: dgtec}:_or. All metal ion interferences were re-
ported to be ell.gninated by' the addition oi“ iron(III) ion to
the samples, resulting in the conversion of all NTA to the
analiyzable iron(III) chelaté. No other pretreatment of the
samples was necessary and a sénsitivity of 1 ppm NTA was
cleimed. . o B
Rechnitz and Kenn)®? describe & complexsmetric titration
of NTA, with cqpper(II) ion, utilizing a solid membrane cop-
pér ion sensitive elagtrode.‘ This method is useful in deter—"
mix’ling NTA in detergent formulations when no other chelating

agent is present, but lacks both -the sensitivity and speci~

' ficity necessary for gnvirunhental samﬁles.

The, oxidation of Malachite Green be periodate ion-is
catalyzed by low conoentrations of manganese(II) ions. In
the’*presence of NTA, the catalytivc effect is modified re-
sulting in an increase in the ra‘te Of, the oxidation reaction.
Mottola and Heath3 noted that the stimulating effect of NTA
was directly proportional to the NTA g:on;:enf.tation and util-
ized this sy’stéfn t‘o"detemine ppm, and fractions of ppm,-

\



levels of NTA. A flow-photometer system was used to collect
the kinetic 'd;ta. Little information’ was given i‘eguding
metal ion iAterferences although iron(III) ion present in
concentrations less than thet of NTA did not interfere.
Chelating agents other than NTA dld 1ntsrfere. -
Another kinetic method for detemmatlun of NTA, using
a stopped-flow apectrophotumeter, was described\ by Coombs,
«%t 31.54. They x‘eporteﬂ detechon and detei'mxnation of NTA
and other am;napo]:yca.rboxylic acids, alone %r in mixtures,
at levels as low as 10 ppb. “The procedure is based on the
large difference in‘ rate of pra_duction of tetracyanonickelate
ion from nickel(II) c‘omple‘xes of these chelating agents.
Metal ion interferences are reported‘ th these can be elimin-—
ated by h:yd.i*oxide precipitation (not in the case of environ-
mental samples) or anion exchange. .Tha mixed cyaho complex,
NiED’I‘A(CN)J', im;erferes with NTA analysis as it ahLorbs at
the same wavelength as the NiNTA™ complex.
A paper éhromatographic method for separati’on»of NTA
and its 1ron(III) chelate from other ammopalycarboxyhc
acids and their. iron(III) chelates was reported by Hill =
Cot?mgham55. No information was given regarding develop-
ment of this method for quantitative analysis. i
Several workers have developed gas chromatographic
methods for NTA determination. All involve the pr’eparation'
of a volatile‘ derivative, the triester of a small molecular

weight alcohol, and most dompa;‘e the G.C. peak area of the. &
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NTA derivative to that of.an interx;al ‘standa.ni. The methods
vary in the alcohol ugsed for esterification, the internal
standax‘d used, the G.C. colunm and. parameters u@ll:z_ed and
in the method of extracting NTA from the original samplés.
Murray and Povaled06 used a methanol-HCl reagent for

esterification dnd methyl heptadecanoate as the internal
standard. 'NTA was not separated from the orig_inal water
‘sample: the entire residue resulting rrom’ freeze-drying a
10 ml water sample was subjected to the esterification étsp.
The ¢.C. column was packed with 2% ethyiene glycol adipate

°  Rudling has puhlis}‘xed two papers on methods of NTA
ﬂét,emination by. G.C. The rii'stz.involved sepﬁration of NTA
from the water sample by anion exchange (chloride form of
Dowex 1 -x8 resin) fo-llowed by esterification using a sol—
ution ot‘ ‘boron tnflucnde in 2—chloroethanol and G.C.-deter~
mination utilizing & column packed with 2% QF-1 on Varapcrt
30 = no internayl standa;_-d. s used. The later method7 had
no anion 'exch‘ax;ge step as lsample is simply dried and
esterified by boron trifluoride in methanol, glong with CDTA
as internal standard. Using a G.C. column packed with 5%

0V=-17.on Aeropak, the resulting methyl ester of NTA was de=- v

_termined along with the methyl esters of EDTA and DIPA.

‘The method of Aue, et. 31.9, begins with the 'separation
of NTA by anion exchange resin (Bio-nad AGI-X2 changed to {
formx}te form) followed by the' formation of the tributyl
ester in n-butanol - HCl reegent. G.C. mvolvzs the use of

a column picked with 0,3% éuhowax 20M on Celite 545. This
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mo?hod: involves no internal standard ami allows for Smulf

taneous detemmtion of citrate.

No anion exchange step was used in'the method of Warren
and Malec®.  The samples were freeze-dried and esterified
using n-butanol - HCl reagent.. Glutamic aclid was most often
used as the internal standard and G.C. determination was
carried out on & column packed w‘ith 0.65% ethylsn’e glycol
adipate on acid washed Chromosorb W. This method allows for
determination of Beveral other’ ammopalycuhoxylxc acids

si.multa.neoualy with NTA. . v ~ ®

The method of Chau and Fox*

uses n-propahol.- HC1 rea-
gent to form the tripropyléster of NTA following NTA extrae—q
tién ‘from the nat’er sample using anion exchange resin (formate &
form of Dowex 1 - X 8). The internal standard is heptadecan-*
oic acid and G.C. determination ui;ilizes a column p}:‘:ked with

3% OV - 1 on Chromosorb WHP. After publication of this method
et A

_ these workers eliminated the anion exchange step as they dis-

covered it was unnacesua.ryss.

The G.C. methpds for NTA determination have been summar-—
ized in a table on' t’hwfollowing PRge.

Detection limits as low as 20 ppb NTA in the arigin&‘l
water sample have been reported for the above G.C. methods.
These methods have the a’dva.m;age of being free from metal
interferences. According to the .wor.k done by Warren and
Malena max;y related aminopzlycarboxylic acids do not inter—
fere, at least not with their parti’cular method. Alner, /et‘.

al.57, recorded that nciﬂ-cgtalned asterificuutio'ns of pure
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Sample bstéririca- Internel G.C. '  Simultan-

. Pretreat- tion Reegent Standard Column eous Deter—
ment " Packing . mihation of
Freeze~ methanol~ methyl 2¢ ethylene
drying HC1l hepta~ glycol adi- 5 '

decano- pate on 3 Fememsemnr
ate Chromosorb W
anion— - boron tri=- <wone 2% QF-1 on
.exchange ° fluoride in Varaport 30 N
(Dowex 1= 2-chloro-
X8 resin  ethanol
in chloride
form)
‘extraction boron tri=- . ODTA 5% .0V=17 on EDTA .
with chlo~. fluoride in ‘Aeropak DTPA
roform, ‘methanol d e
evaporation N,
anion= n-butanol=- none - 0.3% Carbo=- citrate
exchenge  HC1l wax 20M on .
(Bio-Rad Celite 545
AGI-X2
resin in A
formate N
form) =
freeze—~ n‘butanol— glutamic 0.65% ethy~ glycine,
drying + HCL1 acid lent glycol . sarcosine,
E . adipate on IDA, N=-
Chromosorb W - methyl—!m\,
N-nitroso-
IDA, N-'
. . ) oxalyl-IDA

* anion n-propanol- HDA 3?11' ovV-1 on
exchange HC1l Chromosorb i
(Dowex=1~ whp
X8 resin z \
in formate \
form) R




cox‘respondmg NTA esters, ho%vever, ‘a8 this would result m

‘1ess than 1% Nba' ester relative to EDTA este;,,lt is unlikely

to present dxfflculty in NTA a.nalys;s of env;ronmental sem-- -
piew. The chief disadvantage of, t}ie G c.’ methads of NTA de- "
termination 15 the tme required for evaporatmn, eeter:.f:.ca-
tion and extraction procedures. o 5

Norie of the authors ;eports ‘the use of)li\_s metﬁod tOv: s
detemine' NTA .in seewater. - & o ‘ -

— k % ' [ oo )

As prevmusly mentloned, mcst workers attempting tu
predmt the envxrcnmental mpaet of NTA have stated, the nead
t‘or ﬁu‘ther ‘testing hefore 11:5 use in detergents becomss ude

spread. If more work is neces‘sa}y in studymg the effect af

: NTA xn fresh water syatams, th;s is even more true of the

matme envnonment where much less has been done to date. o

It seemed that a sensitive method, of NTA \ietemmation in

seawater would fanlxtate furthér NTA—seawnt%- studies and .

for this reason we proposed to ddvelope ‘such & method.

One of . the fu‘s‘c questlons when conslderlng the lmpact
of a pm‘.entml pollutant is will it degrade «or accumulate in
the env:.rénment'? If a compound is shown to rapxdly degrade
the need for toxmxty atud:.es is greatly decreaséﬂ, thus, /
following developnent of the method for NTA ana.lysxs in/ sea—
water, we cartxed out tests iq determiné if NTA was hkely ¥
to degrade if it entered a cold seewater envu-ox_:ment. s
:f o vv o s i 3 . :
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A Instrumentation 4

An Aerograph 1520 dual column gas chromatograph w1t}ya ',

flame ionization detectcr was used, in the single column

mode, throughont this study. The chroma‘cngrams were recorded .

pn a Honeywell Elmf‘onﬂ( 15 recorder equipped with a Disc
Chart Recorded - Model 201-B. All chrumatograms were run

‘dsing en’ 8 2/3 ft. stainless Steel column (0.D. 1/8 in)

packed w1th 3% OV-~1 on chromosorb WHP (80/100 mesh) unless

. othervuse spec:fled. ‘Some prelmln&r;} work was done using a

10 ft. glass column (1/8 in 0.D.) with the same packing - it

is not‘ed in such caées ‘that the glass column was used. ’ -The

followmg chromatog'raphm parameters were used thrSughout'

cm‘her gas (belium) - 30 ml/min, hydrogen flow = 25 ml/mm, '

axq__ﬂow - 500 ml/min, oven teu?perature - 200° Cy 1njector E
fenperature - 225°C, adtector tempefature = 225%. |
‘¢ N.M.R. spectra were run on a Varian A-60.
Reggents . G

Tefhmcal grada nltmlotrlacgtxc acid (N‘I‘A), reagent
grade ‘trisodium NTA salt (Na NTA), and Baker grade hepta=-
decanom-‘aczﬂ (HDA) were all received from Baker Company and
used without furéher purification. - =
1} - "

¥
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) . The n—propano]. used in almost” all esterlflcatmn Teac—
tions was reagent grade obtamed from MacArthur company. . e
This propenol was used w1thuut further purxflcatlon for NTA.
anal?sxs. The reagent grade prapanol recexved from British’
Drug House could na‘he used “for NTA Bnalyus without pur1-
'fzcatlan as' it conta:med ca. 1.25 ppm NTA'as well as other
impurities which gave large peaks on the ehromatogram uﬁed
for NTA determination. While -simple distillation removed
the NTA from this prépanol, ‘other impu.ritigs ‘remained which
regulte¢ in & mpre gomplex‘ chromatogram than was desirable.

Reagent grade, g:.;chlorametha.ne obtainéd from Mat‘heson,

* Coleman and Bell had'#h be distilled before use s impurities
in this reagent appeared on the chrnmato’grams used for NTA
analysis. * N SIS )

l-iydro'gen chloride gas cylinders were obtained from "o
Matheson Cogpany. T

Dowex' 1 = X 8 (50.~ 100 mesh)_anion-sxchenge resin in
the chloride form was received from Bio Rad Company.

The precoated packing for gas chrcinlatograplly columns,
3% 0V-1 on Chromosorb WHP (80/100 mesh), was obtained from >
Chromatographic Specialties, Brofkville, Ontario.

B Pregarﬁmn and Some Progertles of the Trlgrogxl Ester”
of NTA and the Propyl Ester of HDA )
Y Tripropyl n’itrilutriacetate (propyl JMAJ_ ) i, 8

To a 259‘ ml round-bottomeéd fllask 125 ml q_f n-propanol

was jadded.- Hydrogen chloride gas, dried by passage through * .
. . >
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H2_5p4,' was bubbled thx;ough the n-propanol until th}a liquid
was sm‘:u.rat‘ed. One grani of NTA, most of which did not dis-:
solvé in the n-propanol, was then addézd to the flask. The
mixture was refluxed with®stirring for three hours. At the
end of this time there remained considerable ;olid_ - unre-—
acj;ed, undissolved NTA - so the mixture waé sBturated again
with HC].‘ gas and allowéd to reflux with stirr&g for 24
hours. The n-propanol was then removed from the react;on ’
mixt;ura by means of a rotary evaporator, leaving a very
nscous, transparent- liquid and alSo-some white solld. pre-..
‘sumably unreacted N‘l‘A.
A micro-distilling apparatus, consisting of a small
cup (capacity ca. 1 ml) attached to the bottom of & cold
) finger, was fitted to ;:h'e 250 ml reaction fi&sk containing
the liquid and solid residues. The flask was placed in an
0il bath and attached to a vacuum pump.. At room temperatyre,
whén the pressure 1n the flask had been reduced to 6 mm o\r
, Hg, some material (gssumed to be residual propanol) was va-
porized. whelan this material was pumped from the mixture, °
water was allowed to flow through the cold finger and the
pressure was reduced to 0.5 mm of Hg. The tempgrature in
the o0il bnth{ was raised’_ to 140°C before the clear 1iqu‘id was’_
vaporized. Ap‘proirﬁnately 6.75 ml of this liquid was. col-
lécted‘in the cpp at t}le bottum" 0f~tl’ié"culd finger. It re-
mained a visco e, transpax‘(;ntvliquid at r‘oom temperature.
Forty mg of the distilled liquid was ‘dissolved in 1 ml

of benzene. A 1 ul sample of the resulting solution was
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) injected on the glass golumn of the G.C. (conditions given .
in See. A).“ The benzene was eluted at 0.5 minutes and the
other peak noted at 4.5 midutes was assigned to our: clear
liquid - presumably the tripropyl ester of NTA. When the
stainless column was used this compbund had a retention time
of 5.3 mnwtes. \’ ' )

A 60 M}{z N.M.R. spectrum was run on t};e distilled
transparent 11\1u1d dissolved in cDCl3 using a tgtramethyl

silane (TMS) as internal/standard. A summary of the N.M.R.

data follows: : b

Absorption (1) o 'Intesgation A

éa triplet - 9.0 9
b) sextet - 8.3

c¢) singlet - 6.2

d) triplet - 5.9

e) singlet = =0.6

Hos o0

‘ Since- t‘he above n{atg indicated en impurity containing

.8 —COOH_grdup, the pr‘oduct was washed with sodium bicarbon-
.ate solution and’extracted into chlcrofo’m. After the remov-
el of the (i}{clé by r?tary evaporater anothér N.M.R. spectrum
was run, under the same cbnditiona as the previous‘ spec‘tn\m.

with the following results: (spectrum shown as Fig. #9)

Ahsorg‘tinn (1) . VInteggation

a) triplet - 9.0
b) sextet - 8.3
c) singlet = 6.3
d) triplet = 5.9
e) no acid proton *
f) singlet - 2.6

1t oo




' *

Except for 4he replacement of the l g of NTA by 1'g -
of HDA, the esterif’icppion of HDA was carried ot in thej
' ‘same manner as for NTA., 1% was: noted that HDA was more ,zeol-
uble in the n-propanol-HCl reagent than was NTA. However,
after 3 gous of refluxing some solid, presumably undissolved,
unreacted HDA, ren}ained. After the full reflux time of 27+ ’
hourn, the n—-propanol was stripped off using a n‘wtsry evapor—
atar.\ The residue was a yellow, viscous 11qu1d with .small
amuunts of white and ye].low - brown solid.
The residue was dlsnlled in ‘tre same manner as the
- residue .of the NTA esterlfzcatlon reactmn and aga:m 0.75 ml
- of a tra.nspa:rent, vlscous 11qu1d was cullected at 140°C and
‘o. 5 mm of Hg. This compound, presumably the propylester of
0 N HDA,' has a melting ppint around room cemperature changing .
from a tra.nspa.rent lxqul to & white solid and back' é@ain
' w1th fluctuations in room temperature. By
' Thirty mg of the distilled liquid was tdissnlx}ed in 1 ml
of'ben;éﬁe. A1 ul semple of the resulting.‘sulution was in=
jecf.ed oh the glaés column of the G.C. as was done with the

NTA ester. Large peaks observed'at 0.5 minutes and 9. 5 an-

utes were assigned to benzene and the HDA propyl ester res—
pectively. The z‘etentmn tme of propyl HDA was later
found to be 11.7 minutes on the stainless steel column.. -
) N A 69 M.‘r‘iz N.M-.‘R. spectrum was run on the rl?.stilléd
product in C]:t(:l3 with TMS'as the internal standard. The -’




i
results follow: (sp‘ectriu‘n is shown as, Fig. #10)
Absorption (i) . Integration
;'distorted friplet - 8.9 :

complex multiplet = ca. 8.5
% triplet = 7.7

DERED
)
I Do

triplet = 5.9
no acid proton

&

© C. - Determinatiom of NTA Below the ppm Level in Demineralized

Water Solution

" 1. Esterification end G:C. -

* Determination of NTA in smill qﬁantities was attempted
using the esterification method of Chau and Foxt.

/One ml demineralized water containing 20 ug of NTA (as
Na3NTA) wg§ placed in each of six 10 ml round-bottomed am-
poules. The water was removed by placing the ampoules in a
sand bath (90 - 100°C) ard flubhmg with a stream of air.

. A sample of n=-propanol was saturated w;th HCl gas: which hed

been dried by passing through conc. H2804. To each of the

six ampoules 2 ml of this propanol-HCl reagent was added

along with 100 ul of n-propanol containing 20 ug HDA. The
ampoules were sealed by fleme and placed in a water bath
(100°C_) fo.r 1 hour. During the reaction time the necks of
the’ ampo;xles acted as"rafl‘u}i condehsors. The ampoules were
then opened and.tk{e propa:nol—Hcl‘ removed “by placing the
Bmpqules in the sand bath and flushing with‘air. An oily, -
iéliéﬁ _residue remained ;.n the empoules.

\
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