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. ' 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
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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



24

) 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
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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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. Thi? residue in each ampoule was diBS[‘ﬂ.Ved in 50 ul of\
benzene and 1 ul of each resulting solution was injected on
the glass column of the G.C. The resulting chromatograms
showed -a solvent (benzene) peak at 0.5 minutes, the (prupyl)3 "
NTA peak at 4.5 minutes, the\wopyl HDA peak at 9.5 minutes
but also lerge impurity peaks at 3.5 minutes and 8 minutes
and small impurity peaks ht 2 minutes and 7 minutes.

Another six samples were run following the x;ame proced-

uré except that the reflux time was increased to 2 hours..
There was;nc noticable difference in the chromatograms re-

sulting from samples refluxed for 2 hours i:ompared with

those refluxed for only 1 hour. The ratio of the NTA ester
' > g

peak area to the HDA peak area‘far e’aéh of the 12 samples
was measured by both disc :mtegracor and calculntmn nt‘ peak

height ‘x peak width at % height. There was llttls differénce

in the. two methods of. mea.suring relative peak areas. The . - &

resulting values of NTA/HDA were rather inconsistént with .
the most consistent 7 of theylz ‘samples phowing & S.D. of
ca. 10%. , )

Attempts were made to &étemine the sou.:rce of the in-l-
purities noted in the c‘hromatograms with the hope that then‘
elimination would improve tWe conals\tency of the NTA/HDA
values. ‘Chromatograms were run on the following: (1) 1 ul
of benzene (chromatographic grade); 1 ul of a 50 ul };enzene
solution of the residues of 2 ml of - (2) daistilled pdopanol, |
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(3) reagent grade propanol, - (4) distilled propanol after
refluxing in a sealed a.mpouie for 1 hour, (5) reagent grade,

« propanol after’ref‘lnxing in a-sealed ampoule for 1 hour,

(6) distilléd propanol afte?‘ saturatitzniwith HC1l, (7) rea-
gent grade propanol after saturation with HCl, (8) ‘distilled.
¥ 'vpropanol after saturation with HCl .and refluxing in a sealed
ampoﬁ.le for 1 hour, (9) reagent grade propanol after satura-
tion with HCl and refluxing in a sealed ampoule for 1 hour. £
Chromatograms of samples (1) through (7) showed the
solvent (benzene) pesk at 0.5 minutes and -no detectable

jmpurities with retention times under 12 minutes. Sampl;as

kB) and (9) ‘showed the same impurities noted in the chroma- o

tograms of the NTA snd HDA esterification mixtures mentioned
above’, These had retention times of 2, 2.5, 7, and 8 minutes.
. The true source of these impurities was later discovered

- (see Sed. E). Since there was n¢ difference in .G.C. detect—

able. impurities when distilled propanol was used in place of

! reegent grade propanol further esterifications were done

using undistilled propanol ’(see Sec. A - Reagents).

Ny -
.o

a X “ 2. Separation of NTA from water samples by anion&exchange
“8ix anion-exchange ccl_x,{mn_sl were prepared by placing

75 mm of Dowex-1 - X 8 resin (80/100 mesh) in the chloride

form above glass wool plugs in egch of six 50 ml burets.

“The top of “the resin in each column was covered with ca. 0.75
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‘in of silice sand to keep the fesi:x :'.}1 place. The resin was
converted to the formate form Ey e],ut.iug witk_l 100 ml of 2M
sodium formate followed by 50 ml of 25M fo‘rmic acid. T'he
COlul;lnE were then washed with demineralized water until th’e i
washings had, a pH between 5 ami 6.

\ The pH .of 200 ml samples of denmiineralized water, each
containing 20 ug NTA (as N33NTA_) was adjusted to 3 - 4 with
: HN03. One of these samples was passed through each of the
six anion-exchange columns m:Y the rate of about 2 ml per
minute. The columns were then washed with 250 ml deminer- :
alized water and eluted with 100 ml of 3M formic acid. T}le '
i}uﬁte was . collected in 250 ml beakers and concentrated to |
1 -2 mlon. a steam bath w1th the aid of a stresm of a;Lr.
The remam:mg 1. - 2 ml of solution was transfered to 10 ml

ampoules and e-vaporatsd to dryness il;A a sand bathi, ?O - 100°C)

with the aid of a stream of air. [The fesulti‘n‘g reésidue was
esterifiéd according to the procedure previously described
(sec. C 1.). Resulting chromatogrems showed inconsistent
quantities of NTA which Tesulted in NTA/:HDA values not suit—
able for qumt:tatxve analysm. ¥,

The above anmn-excha.nge a.nd esterification procedures
were repeated except that the 200 ml demlnerallzed water -
samples werd each spiked with 1.00 mg of NTA (as Na NTA) ;
rather ’dﬂm 0. ug and 1.00 mg q_f HDA rather than 20 ug was
adde‘d’ in the esterification step. Small NTA g'egkg ,relsitive
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to HDA peaks ‘on the result?.ng chroxiatograms indicated poor
recovery of NTA ix'x the anion. exchange step.

& A similer procedure was attempted using the Dowex 1 -
X8 x'eesinn in its originai chloride fomz. The six columns:
were packed in the same manner as described above then
washed with' 50 ml of 1.2M HC1 followed by 75 ml of deminer=.
alized water. (Th‘a washings then gave a negative r‘:hloridg
test with silver nitrate.) The pH of 100 ml samples of
demir;eralized'water containing 100 ug of NTA (as NaBNTA)

was adjusted to betweeh 4.5 - 5.0 by addition of a few drops

of NaAc/HAc buffer (equal ,Bmounts’o;f 1M sodium acetate and

1M acetic acid). One of thesé sgples was run through each
of the anion-exchange columns at ca. 3 ml per minute. The
columns were then each washed with three 20 ml portions of

demineralized water and eluted with 30 ml of 1.2M HCl. The -

. eluate residue.was esterified in the manner previously des—

cribed using 100 ug HDA as the internal standard. The M‘A/
HDA values obtained from G.C. analysis were lower,'f.han' ex—
pected and very inconsistent.

It was thought that some NTA may have remained on the
anion-exchange column so the entire procedure was repeated

except that 75 ml rather than 30 ml of eluate were collected.

'This resulted in .an improvement in ‘NTA/HDA consistency over .

the formate data, however, there still ‘remained a'factor of
2 between the lowest and highest NTA/HDA \t\ae in this set

of five values (one sample of the original ix zxad,_been
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destroyed): R

Six anion-exchgnge. columns were packed with Dowex 1°-
X 8 resin as previog&i deAscribed. The resin was elu’ted’
with 500 ml of 4M sodi\u‘n carbonate ‘and then 300 ml of 3M
emmonium carbonate to change it to the carbonate form. The
columns were washed with 200 m]:. of demineralized water and
100 ml simple of deionized water containing 100 ug of
NTA (as NBJNTA) was passed thrnugp each column at.ca, 1 ml
per minute, After washing again with demineralized water
the columns were eluted with 100 ml 3M ammo;:ium carbonate.
The eluate was concentrated, dried and esterified as pre-
viously deséribed, using 100 ug HDA as the internal stan-
dard for esterification and G.C.

If 100 mg of both NTA and HDA were used we wunld‘
expect NTA/HDA values of close té unity from chromatograms
o‘i“ the. esterified mixture when using a flame ionization .

. G.C. detector. The chromatograms of the six samples gave
an. NTA/HDA sverage value of ‘0.94 with an-S.D. of 0.04. - )

To check NTA recovery by the anion;exchpxxge columns

100 ml’.samples o‘f demineralized wﬁter containing 100 ppm
NTA (as NaBNTA) were simply dried and eseerified in the
same manner &s the 100 ml samples eluted from the columns.
Chromatograms of'thé resulting e‘ster;‘fied mixtures gave an
NTA/HDA average .value of 0.89 with an S.‘D. of 0.04. The
eérh;inate anion-exchange :_:olumns thus gave acceptable re-

' éov’ery of NTA from the demineralized water samples and

-t
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much better consistency then either the chloride or formate

", 'forms. . , X

. ’ 5 . ) i -
‘Do Attempts to_Separate NTA from Seawater Using Anion-exchange

Seawater samples, collected ‘from the runmng seawat‘er
system of the Marix;e Sciences I;aberatox‘y at Logy Bay, were
‘filtered using 0.45 mu Miiliyore memb-x;gne filters 'and then ' ’
‘spiked with 1.09 ppm NIA (as Ne,NTA). Using the emion= . -/
excixange tgc)miquea, followed by ‘esterification and Gc i
analysis, determination of NTA in 100 ml portions of the * i
seawater solutionny(loo ug of NTA) was attempted. - The ‘re~
: sulting chromatograms showed poor recovery .of'N’l‘A when
N énion—éxchanga ;‘eai_n was y.sed in each of the _three (éhloride,
carbonate and formate) forms, As with the demineralized
water samples the carhqna%e column gave the most consistent,

NTA recovsty’a;lthuugh this was only between 5 and 10 percent.

E. Development of s Workable Method for Determination of
NTA Below the ppm Level in Seawater

Filtered 100 ml seawater samples, previously spiked_-
with 1.00 ppm (100 ug) NTA (as NaBNTA),_ were ‘placed ‘in esch
of two 350 ml round-bottomed flasks. The water was removed ..
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by rotary evaporator.and the samples then placed in an oven
s (ea. 110"9) uvernlght to dry the res1due bémpletely. 7A :
200 ml portion of n-propanol was saturated with HC1 by buh‘-
bling the -gas through conc. H2504 then into the propanol.
‘The ptupa.nol - HCl reagent was then dlvlded between the two '
flasks contain:mg the aee\water residuess By use of a‘loo ul ’
. syringe, 100 ul of n-propanol ;ontaxnmg 100 ug of HDA was
then added to each“}flas.k. The flssks were then fitted with
ref:!.ﬁx condensors and the mixiures refluxed for two hours.
The n~-propanol-HCl was iemov‘e‘d‘by rotary ev&porator' and 50
nl of distilled water followed by 50 ml of dichlox;omethane_ '
were added to each flaék. o After sheking to dissolve the
‘residue the hqu:l.ds were transfered to, seps.ratty funnels,
and the 50 ml of CH2012 was run off into 250 ml beakers.
The agueoys \layer of each sample was then further extracted
witﬁ 2 - 25 ml pox‘tionsvof CH2012 which were combir!ed with
the original Sd’ml:of ‘0}12012. The Clﬁzcl2 was evaporgted to
é -.3ml by placing the beakers on a steam bat.h and flushing
them with a stream of -air,’ The remaining liquid Waé trans- . )
fered to 10 ml ampoules and evaporated to dryness with a
stx“éam of air. The resulting residue, a yellowish oil, was.
dissolved in 50 ul of ‘benzene and 1 ul'injected on the G.C.
"éhromqtograms indicated that good: ‘re‘covery of NTA had been
effected, howeyer, a g{'eat many i{npurities yere present

resulting in a complex chrpmatogram which would’ not allow.



accurate’ calculation of the NTA ‘pegk area (see Pls- #i)-:.
A search for the source of impurities yas again
- ‘carried out by running G.C.'s ;:f he‘n"z}ne solutions of sol-,
. vent residues as" prekusly described ec. C. Tlus tme,

however, the residues of 100 ml of the solvent rathex‘ than

2 ml sa.mples were run and smlples w)uch were refluxed were

heated for 2 houx-s while open tu the atmcsphere rather than
1, ho\u‘_:m sealed ampou].es., Chrc{matogx'ams Ehoweq the. n_-pro-
panol’ 'and‘refluxe&ln-p_xjdpa.nnl_ contained no. si‘gnifieanf )
amount of impurities ‘to interfere with NTA gna;yé{e. Thé
z.';sidue ‘of n-propanol aaturated with HC1; whe\ther refluxed
' ‘for 2 hours or smply let stand at toom temperutuxe for 2
.hours gave many peaks nn the- chromntogrnma (Fxg. #2). . o
The procedure ,dc\ascrned in this section edds the ;'es- .
idue of 100 ml"or ’cH2012 to thé solution injected in on the
. G.C. (cH2012 was not used in the procedure descr;bed‘*.é\
Sec. C).. This residue was ulso subject to G.C. anelysis.
Several impurities appeared on the rbsultmg chr)mntogram
but it was found that they could be kept to a.non—mter}‘erL
ing level by distilling the (JI-IZ(;L2 before use. B
. In en attempt to remove the impurities ‘present in the
i n—prbpanaleél reagent, the HC1 drymg tr_ai.\(-a_, “coﬁsisting of
two H,S0, traps separated by ax_; empty trap end joined to
on'u.a.nothnr by a piece of tygon tubing, was by-passéd. Thé

34
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HC1 passed oﬁly through an empty trap att’:ached ta the HC1l
cylinder py' Plastet of Paris. Solvent residu'es were ags.in' ’
ohecked for impurities with the HOL added in this manner.

The resultmg chromatogrsma showed: - »

#1 - n—prcpanol after 2 huurs refluxing - a shoulder
on the solvent (benzsne) peak plus a small peak at
2.5 minutes. .
o #2 - n—pz"bpenol-}icl ~ peaks of #l plus a.sliéht bend

, in the baseline at 5.2 and 5.6 minutes.

#3' = n-propanol-HC1 after 2 hours refluxing - same
peaks as #2 éxcept that the 5.6 minute peak has in-
creased to a significant, although still small, size
(Fig. #3)

as now evident that most of the impurities had
-been- originating in the HCl drying tfain most 1ike]_.y from .
the tygon" tubing.g/ With this drying train by-'passed,hioo
ml samples Of seawat;r (no NTA added) were carried through'’

t.he entire drying, esterification and G.C. procedure.

" Result

interfering impurities added from the seawater (Fig. #4).

chromatograms were smllar to #3 above, with nc

Uhfort\mately no way nf el:unmatmg the small peak.s at 5.2 -
a.nd 5.6 minutes was found. The result is that our calibra=—
tlan curves (Sec. F) do not pass through the origin.
Dyuring the G c. analysxs of .samples conta1nmg the
g f . a




_' _same. qunnti?y of (propy;l)xl!TA it was noted that the (propyl) 3
NTA Reaks consistently incressed over the first 3'. samples
injected each day, This problem was elininated by making
up a bénzene solution contai'ning ca. ‘ug)ul of the (prtuzyl)3 :
NTA'prepered and distilled as described in Sec. A end in- s
‘Jecting two I ul samples of ‘this solution on thg colymn
each day before samples for amalysis were run. This pz-o‘-"
éedure‘ also served as a daily check on (prapyl‘):‘NTA reten-
tion time. o i

Three aam;iles of seaﬁv_aper containing 100 ug NTA (as
) I_WaSNTA) were anhlyzed h?x' NTA by the method described above.
Three identical samples vrex*e, analyzed by thF same procedure
cutting the reflux ;time from 2 hours to 1 hour. !io )s’i’gx_ni—

g _-ficant difference‘ was noted in the N‘M/HDA‘val:es of the two -
sets of data. It was thus sixov?n that 1 hour was sufficient
reflux time to qunntitatively,cpnyeit both NTA and HDA to
their propyl esters and thus a 1 hour reflux time was used
for all further analysis.

/

', E. Calibration Curves
A calibration curve'of NTA/HDA (ratio of area of chrom=

atogram peak for (propyl)jNTA to the area for propyl HDA,

as per disc integrator) versus ppm. NTA added to seawater

samples, was made in the follwiné manner. Seawater samples

of 100 ml containing 0.10, 0;20, 0.50, 0.70 and 1.00 ppm
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MA (ag Na",'N’J:A) were analyzed as described-in Sec. E. i;wo
_. samples at each NTA level were run and two chi‘omatograms

run for each sample., The reflux time was 1 ;{our and the”

HDA added was 100 ug. v
Sample . - ug NTA in sdmple* NTA(M
#1 + 1.00 ppm s 0.81
P ~ 2nd injection’ 100 0.81
#2 = 1.00 ppm °, : 0.81
© =-2nd injegtion # 100 0.85
#1 - 0.70 ppm ; v B 0.60 *
- 2nd injection 70 | 0.56
#2 - 0.70 : 0.58
- 2nd 1njectmn 70 0.56"
#1 - 0.50 ppm’ : 0.41
. =.2nd injection B 50 . 0.41
#2 = 0.50 3 . '7 sample lost,
- 2nd :maectldn 50. = broken empoule
#1-0.20 ppm, © | ) - oar )
= 2nd injection 20 7T 0:17
#2.~ 0.20 i 0.16
©. - 2nd m;ectlon Y20 0.17
#1 - 0.10 ppm- L . 0.11
- 2nd injection 10’ . 0.11
#2 < 0.10 ppm ' ) S ey T 0.10
- 2nd injection c 10 . o0.11
1

* Note that the number of micrograms injected on'the G.C.
column is ca. 1/50 that contained in the semple.

A chromatogram_ of a sample containing 1.00 ppm NTA is
shown as Fig. #5. The linear calibtatiop curve of NTA/HDA

versus ppm NTA (Curve #1) derived from the above data is '
S t St
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shbﬁ as Fig. #6. A linear least squares analysis of the
above date gives a slope of 0.80 ppm-l' with S.D. 0.0001 ppm-l
and an vintercept of Q.02 with an S.D. of 0.01. ¢
In the biodegradability atud:uas descnbed in experimental
Q‘sect::um II solutions. spiked with 100 ppm NTA were used. A
second ca.11bra1:1on curve was c,onatructed, to cover the range
of 0 = 100 ppm, in the same menner as Curve #1. .(As only 1
- ml samples were analyzed this curve actually ‘covers the same
range -as Curve #1 in micrograms of th.). One ml samgleé of
seawater spiked with 0, 17, 33, 50, 67 and 100 ppm NTA (as
' NBJNTA) were ‘analyzed. Again a'l hour reflux time was used ’
and 100 ug oi: HDA added. The 1 ml samples were ;neasured
using sterile, disposable plastic pipets.

Semple ug NTA NTA/HDA
#1 = 100 ppm w00 0.95
- 2nd injection R 0.93
#2 = 100 ppm 100 1.03 |
- 2nd injection : 0.95
#1 - 67 ppm v § 67~ 0.63
- 2nd injection 0.73
#2 - 67 ppm 67 < 0.69
- 2nd injection 0.63
#1 - 50 ppn 500 0.50.
= 2nd injection 0.49:
#2 - 50 ppm ; 50 0.50
<= 2nd injection 0.55

. 2
#1 = 33 pm # 33 0.32
- 2nd injection 0.34
©#2 = 33 ppm 33 0.36
- 2nd injection 0.34

« (continued)

'
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* Semple T ug NTA ° ' NIA/HDA
#1 - 17 ppn 17 .0 ear”
- 2nd injection Bags s - 0.17
; e .
#2 =17 ppm "~ * b i A .. . semple lost
#-opm 0 /
- 2nd injection o il |
#2 - Q ] or =& # f 0

ppm .
- 2nd injection

A plot uf the above data as NTA/HDA versus ppm is
shown as Fig. #7.

A linear least.squares;analysis Jf the same data gave

2 'slope of 0.0094 ppm™" with an 5.D. of 0.0002 ppm™* dnd en.
intercept of 0.03 with &n S.D. of 0.01.

G, Precedure for Determir;ation of NTA in Seawater kss

‘developed in Sections A - E)

The fallo;ving procedure was used succe;sfu]ily to deter—
ming N?’A in seawatgr' sam;lesrcon‘taining 1 - 100 ug ‘NTA in
volumes up to 100 ml. Thus, :wit'h a 100 ml sample the lower
1limit of detlermination is ca. 0.1 ppm NTA Elthuugl}'smaller
amounts rhay be detected. . .

Place the seawater sample in a 250 ml round-bottomed
flask and remove the water by rotary alv_aporator. Then placé. )
!the fls}: in an oven (ca. 110°C) overnight to dry the residue
thoroughly. Samples may be stared in the oven for petlods s

‘ of at least 4 days with' no change in NTA content.
Saturate 19? ml of n~propanol with HCl by bubbling' the._

\
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gas into the liquid through a glass.trap or delivery tube
attached to the HC1 cylinder by Plaster of Paris (no tygon °

' tu'hing),- Remove the seawatef residue sample from the oven

and add 100 ul of n-propanol containing 100 ug of HDA to
the flask, followed by the’lOO’ml of HCl saturated p—prcpanol.

Attach a reflux condensor to the flask and reflux the mixture

. for 1 hour. Remove the propanol-HCl reagent by rotary evap-

orator. Add 50 A‘ml distilled water to the flask and shake to -
dissolve the rqsidue. Then add 50 ml freél:ly distilled di=-
chloromethane to the flask, to extract the NTA and HDA propyl
esters, shake and transfer the mixture to a separatory funnel.
Draw off _the CH2012 into a 250 ml beaker and extract the
aqueous layer two more times with 25 ml portiox’xs‘of C}{zclz.
Concentrate the Qicilbromethme extract to ca. 2 ml'oaya)x
steam bath with the aid of a stream of air and transfer to a
small (5 = 10 ml) ampou_le.' Remove the remaining CHyCL, by
flushing the ampoules with a stream of air, ., '
Inject on the G.C. two 1 ul samples of benzene contain-
ing ca. 2 ug (propyi)BMA per u} to "condition" (see Sec. E) .
the G.C.’ column. (G.C. parameters descfibed in 'Sec. A.)
Then dissolve the CH,Cl, extracted tesi‘due in 50 ul of ben-—
zene and-inject ‘1 ul of thé resulting solution on the G.C.
Record the area under the (i)rupyl)BNTA and the propyl HDA .
peaks and calculate NTA/HDA. ' The NTA/HDA values can be
changed to ppm or ug NTA by consulting an app‘rap%iate cali~

bration curve.
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II. Biodegradability of NTA in Seawater
A. "Non-polluted" Seawater (Run #1)

.A 1 1 sample of seawater“was collected from the‘):rum;ing
seawater syste;n of the Marine Sciences Laboratory at Logy
Bay, Nfld. On October 31, 1972. This sample was filtered -
througﬁ Whatmen #4 to remove any large paruc’ulate matter
and spiked with ca. 100 ppm NTA (a.é NABNTA). The seawater
was divided into four 250 ml portions and each placed in a
500 ml conical flask. The samples were treated -as follows:
Flask A - covered loosely with aiuminhm foil; Fiask B - Of‘,‘
removed by huh‘bling N, through the solution, then tightly
stoppered (each time g);ne stopper was .removed to collect a

. sample -the vflask was flushed out with ﬁz);' Flask C - contin-'
uously aerated by bubbling air through the solution; Pliék

D - _the sample was filtered through a Millipere (0.45 mu)
membrane filter, then the flask covered loosely with alum-
inum foil. All four flasks were placed in a constant temp—
erature lmte.r bath (éOo + 1°c). Aliq\:ots of 1 ml were re-
ma_ved’ fron; each fla.aJ;, at the beginning of the experiment
t;nd on every seccnd‘ day for four weeks, for NTA analysis.
The ‘results of .thaae analyses (Analytical Data Table #1)

" show thl;t there was no detectable degradatinn of NTA ovar
the 4 week period. There was also no visually detected in-
crease in turbidity over this time. )
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"Polluted" Seawater (Runs #2, #3, and

. Three samples of seawater were colleci:ed from ’S’t. Jchn"s
Harbour- (see Fig. #8 for exact locations).. The sample for
Run- #2 was taken at Beck's Cove, ‘ca. 10 m out from the wharf
at a depth of 3m on December 13, 19727 The Run #3 sample
was collected at the same depth and distance from the wharf
on January 20, 1973 at the foot of Prescott Street. One of
the two main outlets for raw sewage for tl)e, St. John's - ®
Mount Pearl area is located at the foot ‘of Prescott Street.
The second raw sewage outlet for the city is located near
the Military Wharf at the east end of the harbour. The sam—
.ple for Run #4 was collected at this point at a depth of 2 m,
also onplenuary 20, 1973. ',

. The same procedure was applied to the Run #2, #}, and
#4 samplesy They were first f:.ltered thraugh Whatman #4 to
remove large particulate matter, then 100 ml samples removed
for NTA a.naly’sis.v The resulting chromatograms showed no
detectable concentratmn of NTA nor .any impurities that would
interfere with NTA anulysw.

Two 250 ml samples were placed in 500 ml conical flasks
and spiked with ca. 100 ppm NTA (as Na3NTA). The flasks
were plugged with cotton wool. One flask from edch run was
mgrked A and placed in an iga bath (O°C) ‘while the other
was, marked B and placed in an incubator (2000)'. Each Iiask : R
was' shaken manuelly for a brief period daily to aid aei‘ation_.

° Aliquofa .of 1 ml were removed every second day for 1 month

and analyzed for NTA. In all three run"s no detectable
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degradation of NTA was noted (Analytidal Data Table #1) and

no increase in turbidity obsérved. 3 -

C. Seawater Samples Concentrated in Bacteria (Run #5),
N 1

As 'seawater off the east coast of |Nfld. has a ralstively:

low bac tenh coum:lo

» B method of concentratmg bactarla is
sometimes necessary before culturing. -The microbiology group B
undgr Dr. G: Meoskovits at the Maxjine Sciences Laboratory at
Logy Bay, use a plankton net (bolting silk #20) to collect
samples and then eulture bacteria from.the concentrated
plankton 'sample. Free living bacteria would pass through
such a net, however, they probably represent a fairly low

\ percentagelo Pf the marine bacteria. &

‘}ls received such a concentratéd plankéon sam;‘:le which
hed been :collected March 22, 1973, 2 =3 miles east of '‘the
.'entx:ance to St. John's Harbour. The sample-was a combina=-
tion of plankton from surface, bottom and mid-water hauls
and repTeSEElteﬂ a ;:oncentraticn factor of ca. ,104. (The
conéentrate from filtering ca. 2. x 104 1 of seawater had a
* voJ.ume of ca. 2.1). .. - - R

To each of two 500 ml comcal flaaks contauu.ng 250

ml .of ‘sterilized (autoclave) seawater spiked with ca. 100

:ppm NTA (as N_aBM‘A)'; 2.5 ml of the concentrated ple.nkto;'x

% ) sample was added. The plankton sample was thus dilut.ed by
100 giving' an overall plankton co’;lcentrutidn factor of ;'ia.
100 and thus a bacteria concentration factor 5: ca. 100,
(mi,mis free living bacteria lost. in original sampling).’
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Flesk A was: maintained at 0°C and FlEBk E at 20°C with brief

manual shakxng deily.

Alxquots of 1 ml were removed as soon as samples were

prspared and on alternate days for 1 month. Sterile 1 ml

) pipets were used to collect the aliquotgfor. NTA analysis.

The results of the analysis (Analytical Data Table #1) show
no significant degradation of NTA over the period.of 1 month

and there was also no visible imreaae. in turbidity.
P . - ) .

nes sp. (Run #6

Marine Pseudo

" A very concentrated (ca. 10° celis/ml) 10 ml saline

: suspension of Pseudomonas sp. INBFL]'O was received from

. Dr. Moskovits of the Biology Department of Memorial‘Univer—

_-sity\. This species had been'isolated from the ink sac. of

Illex illecebrosus illecebrosus, the common bait squid, in

1966. The sample we received had been stored ifi a mainten-—

ance medium, grown in a nutrient broth, the cells separated

/\:y centrifugation, washed and' resuspended in saline solu=

tion.
The saline suspension was di\vrided between two SOP ml

ccnicsi flasks each containing 250 mi of previously ster—

. ilized (autoclave) seawater spiked with ca. 100 ppm NTA™ ~

(as fla3NTA). The flasks were pluvgged‘ with cotton wool and_

sh;kfan for'g brief period daily. A; with previous runs,



45

T Flask A was maintained at 0°C, Flask B at 26°c and aliquots
were removed e\‘rery‘ aeco’)ﬂ day for NTA analysis. The analy~-
tical data (Analytical Data T‘abl/emv#z) showed no significant

s degradation of NTA over the 1 méﬁnth period. Since the
orig;nnl semples were very turbid no increase invturbi\iity
c¢ould be .x.mted visually. Since the cells’ remained in sus-
pension it was assu;netiv that’ they remained viable throughout

Al

the experiment.

NIA Mutént L ;
1. Semple #1 (R and #8) .

A lyophilized ple of an NTA degrading bacterial
mutant‘]'l was received from Dr.‘WOng, De‘z‘:artment of Environ-'
'ment, Canada Center for Inland w’a»tez:s‘, Burlington, Ontario.

Small portions -of this baycterium‘savmple were transfered,
by means of a stérile wire, to two 50(5 ml flasks containing
250 'ml of sterilized seawater previously spiked with ca. 100
ppm NTA (as, NBBNTA). Flask A was ;naintained at 0°C and
.Flask B at 20°C and 1 ml aliquots rémoyed for NTA analysis
on alternate days. T’he flaské, plugged with cotton wooi,
_were shaken manually fbr a'brief period each day. The analy-
_sis (Analytical Date Table #2 - Run #7) showed that no NTA™

degraded over the 1 month period. While Flask A showed no
increase in turbidity, Flask B developed turbidity in a few

days and remained turbid until the end of the 1 month period..



. Microscopic observation showed that a motile, short
rod ba‘cteriu.m was responsib}e for the increasing turbidity.
At the end of the 4 week period, shortfrods were stiil ob-
served,_ho'wever, a coccus (perhaps the same species as the

2y,

rod in a different growth phase a-small percentage of

" which had formed 2 - 6 membered chains, considerably out-—

numbered the rods. Both the rods and cocci gave a positive

. Gram .test.

The remainder of the lyophilized bacterium was grovgﬁ
in a nutrient ‘broth containing no NTA. ‘" After 2 days growth
the culture was centrifuged and the pellet washed and re—

suspended in 10 ml of ‘sterile seawater.\ One ml of the re- *

* sulting suspension’ was placed in each of two 500 ml flasks |

containing 250 ml of sterilized seawater spiked with ca.,

© 100 ppm NTA (as NaBNTA)- Flask A was meintained at, 0% ana’

Flask B at 20°C. As in previous expefj.ments the flasks

were plugged with cotton wool, shaken daily for brief pe‘ri?ds, °
and aliquots removed every 2 days for NTA analysis. Analyti~
cél Data Table #2 .(Run #8) sh;ws that no éignificant degrada=—
tion of NTA dccured over the. 2 w‘eek period.‘ No increase in
turbidity was noted in ei(:her flask.

Sample #2 (Run #9 ¥
A’209! stock solution of Na3N’1‘A was made up by dissglving‘
50 g of NaBN‘I'A in 150 ml of distilled water, adjusting the -
pH to 7.0 with conc. HCl, and makihng up to 250 ml with dis-
tilled water. ) ’ = g
Two liters of migeral salt solution, as used by Wong,
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Iui and Du’ckall. were prspared‘ The solution cbntaine?& (in
grams): NaCl, 0.5; (NH4)2SO4, 0.23 cuso4.5H20,,o.05; znso4.
.7H20, 0.01; H3B03, 0.01; Alz(‘304)3.18}{2b, 0.01; COSOZ-'“?HZO,(
0‘.01; M.nclz.ld'lzo, 0.06; MgSO4.7H20, 0.02; Fe504.7H20, 0.01;
KHzP04, 1.6; K2HP04, 2.6; per 1 :iiatilled water. ~

One Liter of NTA broth'’ was prepared by diluting 25

-ml of 20% Na,NTA stock solution with 975 ml of mimeral salt

solution.

A second sampls of ‘the NTA.degrading bacteria mutant
was received from Dr. Wung.’ This ssmpla was in the form
of a s:spensioiz in NTA culture i-sther than lyophilized as
in the lcase of sample #l. ‘ o

One ml of the suspension was placed.in each‘of 8ix
500’ ml fl;zsks. VFlasic A and B each cuntsined 250 -ml of
sterilized (autoclave). NTA broth. (ca. 3500 pmm NIA in

’minerafg salt solution.) Flask A was aerated by constant

‘shakixgg on a mechanical shaker a;: room temperature, while

Flask B was placed in an 'incgbator (20°c) and aerated

snly by brief manual-shaking. each day. Flasks c and D.

each contained 250 ml mineral salt solution Eplked with

ca. 100 ppn NTA (as Na., 3VTA).  Flask C'was maintained at 0%,
Flask D at 2o°c and each was aerated by brief manual shakmg
each day. Flasks E and F each contained 250 ml sterilized

(auto®lave) seawater spiked w1th ca. 100 ppm m (as ﬁaBNTA)

aerated by brief dally manual shaking. All flasks were

‘plugged with non-absorbant cotton wog;l.- +

Flask E was maintained at o°c and Flask F.at 2o°c < each wag ; - _
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From Flasks C, D, E ‘and l'?; iquots of 1 ml were col-

. legted for NTA ‘anslysis as in previous experiments. In’ the

N caéer of Flasks A .and B, 1 ml aliquots were .taken, diluted x

50 in volumetric flasks; and then 1mlof the diluted N'm\
solution was analyzed. These samples are recorded ‘in- Analy-
tical Data Teble #3 (Run #9) &s samples of volume 0 020 ml.
On day 10 a full 1 ml from Flask Awas analyzed amf on day
2 a 50 ml semple from Flask A was analyzed. In Analyhcal
Data Table #3 the NTA/HDA values for Run #9 have been cha.nged
to ppR values with the use of CBllP}‘Ethn curve data.

Aftar mqnculat:.on the Eample in Flask A became hlghly

» . turbid overnight and remained so until dlscardpd after the

twelfth day. The ;:ulture was ob:servéd hndér the_ x;xicro'scope
.onthe 3rd and 12th day - each " time short rod baotena whmh
gave a negative Gram tt,ast were observed. NTA a.ne.lysxs showed
that‘ therd was insignificant degradation durlng the firsy 4

days followed by. rapid \iegradatmn leaving only 1 ppm NT!

solution after the 12tH day.
The sample in Flask B req\ured 2 d.ays to reach the high

state of tutbldzty acquxred by‘Flask A in 1 e\ay. M:Lcroucnpm

! observatmn showed short x-ads (Gram negative) a small pez‘-

centage of wluch had formed 2 - 6 membqred chains. NTA ’
enalys1s showed ca., 10% degradatmn over a 14 day perlod.

Both Flasks C and E, mhintained at OOC, showed no '



days .-

s An mcrense in turbxdity\ was noted v15ually ‘but. thls was
-

1 .- 'much less ﬂgn in: Flask ; A and :
o The aample in- Flask F slso :mcreased in: turbx\iity but -
Deg-radatmn of NTA prng—ressed

‘even less than sample
alowly over the angly:us period of 18 dsya at the rate of

ca. 2 mg/l/day.
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. Summary of Biodegradability Data
e R 5

Run ~ ‘Medium - Bacteria Temp. NTA spiked Bacterial NTA
% T ir" pPm growth ‘degrad. »
#1A,B ~ "non~pol- -_natursl’ 20°C 100 no . - no,’
C,D luted sea- - . 1
water, . R ) : -
Logy Bay .
#2A;B ~ "polluted" natural 100 - no no
. © seawater, ' g
St. John's o A cs
Harbour . 3

#3A,B  "polluted” natural 0°%¢ & = 460 - no . no

seawater, 20°¢ !
St. John's s
. Ha.x‘bpur . - . ’ I
#hA,-B "ﬁolluted" natural 0°g & 100. . no | » no
seawater, 20°C 3 % LR
=5 St. John's
: g Harbour . . *
#5A,B  off shore ' natural 0% & 100 . no no
. Nfld. x 100 20°¢
i seawater . -
#68,8  dierilized Pseudo- 0°G & 100 no no
seawater monas sp, 20°C
. #7A,B  sterilized NTA mur 0°Q & 100 in 20% o
seawater tant #1 20°C sample
N . . only
. #8A,B sterilized NTA mu- 0°C & 100" no no
seawater tant #1  20°C ¢ .

#9A mineral NTA mu- room 3500 yes yes
salt tant #2  temp. 2 v .
solution
(well
aerated) . .

#9B , .mineral . NTA mu- 20°C 3500 yes yes
salt - tant #2 . < .

- solution 5

" (continued) f = =
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. . .
Summary of Biodegradability'Data (cont:

. Run’ Medium Bacteria ‘I‘eﬁp. " Nea' spiked Bacterial NTA
v . g B © in ppm growth degrad.
#9¢ ° . mineral NTA mu- ,0%C 100 ° no - no
.- salt tant #2 A #
solution ) : ;
#9D minersl - WTA mu- . 20°C 100 . yes T yés
. X salt -, tant #2 ) (N N
L solution ; 5 ' e .
#9E sterilized NTA mu-" 0% . ~ 100. no - no,
seawater tant #2 B §
#9F sterilized NTA mu- - '20°C " 100 " yes .. yes

. seawater tant #2° o




*S9TATROTIITY TEOTUYSEY o osmEoaq 3SOT UMk,

00T % §onTRA VOH/VIN o% pesdodsl oaw B3BQ

Run’ #1
B c
99 107
109 102
104. 5 110
109 135
110 - 110
104 111
101 111
o &
99 101
99 . 107
106 110"
99 110
107 114
114 107
101 111

D
104

109
109

112
*
112
112
102
106
105

Y
110-

100

110

. 105

Run #2"
A .B,
98 96
94 98
89 92
‘88, 97
9 97
89 98
96 100
93 94
§4 106
9 95
92 94
96 104
102 102
P
* . 100
89

Run #3
A B
93 92
98 85
93 100
90. 106
100 88
87" 9
98 100
98 102
100 100
100 g5
-.98— 97
10 105
V 107 108
1106 102
100

9%.

Analytical Data Table # — NTA Analysis

lAlun #4B
92 94
97 . 89
9% - 79
96 91
98 94
89 © 100
94 : 104
96~ '100
96 100
1000 102
107 i02.
102 108
12 103
-108" ’ 91
*94 105

ﬁ““ #5B )
102 102
107 , 102

97 -102,
106 100
102 200
02 98
® R
102 *
105 102
100 106
109 105
1103 L1207

89 100
J00 . 98

9% 106




Sample

- Day

-8
10
12
14
16
18
20
.22
24
26
28

Anslytical Data Teble # 2 - NTA Analysis

" Run #6
4 B
98 105
103 104
. 200 100
00 97
S0 96
105 98
Cgl 98
93 100
102 95
102 100
98 102
110 96
102 9
104 102
93 95

98

Run #7
AL B
100 . 100
107 102
102, 164j
" 95 98
‘98 100
98 104
96 104
100 - 97
i00 106
96 110
105 105
97 98
105 100
100

Data reported in NTA/HDA values x 100.

*Datum lo#t due to’ technical diffioulties.

-‘No sample taken.

Run #8

A B

9. 95
102 104
110 100
00 98
107 100
100, *100
9% 98
105 100

53’



12
14
16

Analytical Data Teble # 3 = NTA Analysis - Run #9

NTA ppm
j:ory

3200
3200
3400
2300
leQel of
blank
0.48 1

- No sample taken. i
Alxquut volumes for Smplas A a.nd B were 0,020 ml excegt.

ﬁTﬁB ppo, %ﬁ

0.67
0.68
0.66

0.65 -

- 0.64

0.60°

0.62

3500 °
3500

3400

3400

33007

3100
3200

and A = 12 = 50 ml, .

0.90
0.91
1.07
0.83

»

1.00
1.10

D

pm  NTA
HDA

94  0.90
97 0.86
14 0.86
© 88  0.23
% 0.21
104 0.18~
17  0.19

* Datum lost due to technical difﬁeulties.

Ppm

r

9
89
89

22

20,

17 ’
18

NTA -

O

1.02
1.00
1.00

+1.04

1.07

1.02
1.00

E

PR

106
104
104

108

114

© 106

104

f 4 .
Aliquot volumes for Samples C, D, E, and F were 21l 1 ml.

@

NTA.-

1.08
1.04
1.00

0,97,

0.92

0.84

. 0.80
0:65

prm

113

108

104

101

96

87.
' eJ
67 .

; (S
A=-10=1al



’ FIG #1

Chromatogram of seawater sample .
NTA | containing-1.00 ppm NTA (and.
7 HDA as.internal standard) -
* before reagent clean-up steps.

retention time - mimites
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4
: FIG #2

Chromatogram of seawater sample containing
no NTA (no HDA added) - before reagent
clean-up steps. . E

. i - L

R iz



Yoo t - o s

Chromatogram of "Reageht Blank"
* (no NTA or HDA added) - after .
. Teagent clean-up steps.

o
e
o4
"
~

FIC #4

Chromatogram of seawater sample .
containing no NTA (no HDA added)
- after reagent clean-up steps.

. \

B




‘ ’ ) FIG. #5

. Chromatogtam of seawater sample
NTA - containing 1.00 ppm 'NTA (and

: HDA as internal standatd) -
) ' after reagent clean-up steps. ;

IR
retanﬂnn ~time ~ minutes
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DISCUSSION:

i . -
1. AA_a;xtical Method

. lany methoda fur datemmauon of NTA, based on several
-

different analytlcal techniques, have been briefly discussed

in Sec. 3'of the Introduction. In view of the lugh ionic
ﬁ content of seawater, along with the posaszlxty of the pres-
) . ence of natural chelators, a G C. method seemed most likely
to be succeasful for NTA determ:matwn in seawater. The G' c
.methods previously published for NTA determination in sewage
i and natural\ fresh waters are reported to be free from inter--
» ferences due to m;tal ions and to chelators other than ﬁA -
this is not true of the other methods discussed.

137

Chau and smom1 ¥eported difficulty with the cation=

exchange step in the m.nc-ch’cn method with a-“moderate
e . concentration of meta.lhc ions" and we found (Sec. I, D of 7

. T

Experi 1) that ani methods which v_vere success=

ful for freshwater samples did not -allow for NTA"tecovery
L & from,seawater-suiple;. It is thus likeiy that seawater sam=

ples would present difficulty in all procadurss requiring
' 1,2,9 -

contain an anion-,

1o_n—excha.nge steps. Some G.C. m:thods
exc}iangev step, but it has been shown hat this is not usually
necessary. . [ ‘ )
e i ,' o Besmes being the most free from m‘terferences the.G.C.
.% e ethods have a further udvantaga over several of the other

. " ‘Methods discussed should NTA ‘determination hecome a routine
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* procedure in’ water énélysis labotat'étibs'. This is simf)ly

that gas chromatographs- are more often available in%water
quality laboratories than are dual differential cathode-ray =

uscilloééope im].a.ragraphs, stop-flow 'spectrophotometers or

_‘even high speed 11qu1d chromatographs. This instrumentation

‘is the time required for semple preparation.

also makes these other methods mora expensive than G.C. The

chief disadventage, as previously mentioned, of & 'G.C..method

\ .
Gas chro'matogaghx' '
At the time we Began work an our analytical method only
two of the publications on NTA' determlnatmn by G.C. were -
available. Murray and 1=ovoledo6 used a column packed with

2% ethylene glycol adipate on Chromosorb W while Chau and .
. \

' Foxl used 3% OV-1l on Chromosorb WHP.: Since thé fdrmer liquid
. ~

phase has.a maximum usable témperature of 20_0°C combaréd with
. [t

350°C for the latter, it was assumed that the use of the

‘" latter would result in longer column life'éuev_to a s;Léwer

bleed of liquid phase. We thus chose.to use,3% OV-1 on

Chromosorb WHP ‘as our column packinéi;: %, A Y
chau’a.nd Fox investigated the chromatographic preper-

ties of the methyl. n—prop:(l and n-butyl esters of NTA and
chose the n~-propyl ester as ha.vmg "the most sultable vola=-

tl}xty on the G.C., well isolated from mterferences of ‘the

n-propyl esters of éeveral faity acids and an;'mo vacidé".
o g
. \
‘Hence we chose to use the n-propyl derivative of NTA,
KR
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- formed by the reacnon of NTA with Hcl saturated. n-propanol,

and also the same internal standerd, fh’)A, as.these workers.
our method of obtan:ung c’hromatograms of ‘the benzene solu-
tions of the esterification products differed from that of .
Chau and Fox in two ways: (1) their " 0.D. column permiﬁ\:'eﬂ
inection of 5 ul samples, while our.1/8" 0.D. column -allowed
only 1 ul injection ;s larger amounts resulted in col\’mm

flooding and solvent tailings (2) as our temperaturé pro-

- grammer was not.functioning, chi‘amatograms were-run.isother=-

mally. at 200°C (oven) rather than programmed (185-225°C at

'3°C/m:m) e . o Wt

One ger each of NTA an [DA were treated with n-pro-
{ N of NIA and HDA treated with
panol-HCl reagent in separate reactions and the products

isolated by distillation. These products showed relatiye

_ retention times on our G.C. columns similar to those for

(propyl) SNTA and propyl HDA s reported by Chau-end Fox*
(a wide'r relative spread between peaks in our ‘data since
our Semple-v were run isothermally) and were assumed to be

these compounds. N.M.R. spectra of these praducts were

" consistent with th}s assrumptiun:

a b d ﬁ} c *
.o H. 0 c e
° CH3CH20H20QC Z\R - "b o oo
~C| 2C‘C 20_ o H3
C,HBCHZCHQO‘?CHQ

(propyl) 3NTA



We would expect an N.M.R. sp_ectru'm of the -&bove com=

poumi to conta:in: a methyl absorption in the form of a

triplet and integrating for 9 protons due’ to the 'a’ protons

coupled with the .'b! protons; .'a methylene sextet for the “b! ]

protons coupléd with the 'a'-and 'd' ‘protons and .integrating
for s;x protons, }a methylene triplet for.the 'd' protons

coupled w1th the 'b' protons (at lower field than the 'b'

protons because of the deshielding-of the neighboring oxygen,

. atom) and 1ntegrat1ng for six protnns' ElED mtegrat;mg for

six protons would be a methylene..::mglet (no first order
coupllng) due to the 'e' protons (at Towér field tha.n the
gen and carbonyl groupf' T o
Thé 60 MHz N.M.R. spectrum of our dxstllled product of
the n-propyl esterification of NTA, rJ;n 1n CDCl3 using I[‘MS

as internal .standard, gave the folluw1ng resulv‘s., (as noted

in Expermental Sec. I. B. )

Absorption (t) . Assignment Expected Integratidn

5 - Integration Obtained
triplet - 9.0 a 9 9 a
sextet - 8.3 b 6 6 .
singlet ~ 6.2 e * 6 4
triplet = 5.9 .- . a . ~ 6 (B o e
singlet = ~0.6 acid proton 0 I

: (impurity)

. Since the above data ind:.cateﬂ the prssance of an m—

' ‘purity containing a -COOH group, the product‘ was washed in

. bicarbonate solution, extracted in chloroform and another

ot protons because ofﬂthe deshleldmg of the adaabent m.tro-'



N.M.R. spectrum run under the same conditions with the

following results: : ) - e &

Absorption (1) - Assignment Expected ° Integration
o Integration Obtained
_triplet - 9.0 a 9" 9
sextet - 8.3 b ‘6 6
singlet - 6.3 ¢ c 6 © 6
triplet.~ 5.9 da 6 .6
no acid proton . - - -
singlet = 2.6 . residual - - =
.chloroform Y L £

a ¢ f ﬁ e d b
. CH16H,CH, 0CCH; (CH, ) 4CHy
propyl HDA

A_n N M.R. spectrum of the. above compound would be
expected to contain: tr1plets due to two, noh-—equlvalent
methyl groups ('a' and 'b‘) each ccupled with a methylene
group and integrating for 3 protons each; a complex multx—
plet, due to the 'c' and 'd\ protons :mteg'ranng for 30
protons; a triplet integrating for 2 protons fof the ‘e'.

protons, (coupled wit‘l:ra methylene) at loirler field t;xan the
‘¢! and ‘'d' protons’ due to the. ne;ghbcrmg carbonyl group;

a.nd a trlplet close to the qr, protons of the NTA ester-

- .
due to the 'f' protons (coupled with a methylene) and inte-
. . i

grating: for 2 protons, # K
The 60 MHz spv:ctrum obtained -for the dlstllled product

of the n—propyl esterlflcatmn of HDA, ru.n in CIIClB-usxng

.TMS as the mternal standarﬂ., wes consistant with the- above

predlctxoxr Y - : :'
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Absorption (t) Assignment, Expected Integration
E K -~ Integfation Observed

distorted triplet — 8.9 a &' b 3+ 3

complex multiplet - 8.5 c &4 30 28,

triplet - 7.7 e 2 2

triplet = 5.9 = 2 v 2

no acid proton - - -

X The two methyl absorptions’ appeared as a distorted

triplet integrating for 6 protons rather then as separate
triplets integrating for 3 protons each. No acid }meuricy

was noted 2s in the casé of the NTA ester. The obtained

mtegratmn of 28 1s thhm the experimental error af the

predlcted va.lue of 30°for the ‘'c' and ’d' protons.
Our G.C. columns were thus ata.ndardlzed with respect

to the retention times of the propyl esters of NTA and HDA.
B. Sep‘aration of NTA from Se;water i 4

Tt was with.regard to separation of NTA from our sea=
v;rater samples that we were \'mable to'fuilow the procedures
- of* workers whose methods were successful for fresh water
and/or sewage aamples. As prevmusly mentioned, some of
these. workers separated NTA from their water samples by
anion-exchange. ﬂ;his, as well as elimiﬂating possible in-
te‘ri:ering compounds,.resulted, following evaporation of the
solution u‘sed to elute the NTA from the _ion—excl’{a.nge resin,‘
in th‘e NTA being contavine»d in a much smaller amount of res—
idue than would be the case if the origimal water semple
were evaporated. - Thus the NTA could be esterified by a‘

small volume (1 - 2 ml) of the esterification reagent in.a
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small (5 - 10 ml). ampoule or ‘screw-cep vial. Other workers
found that simply evaporating the water sample left a small
enough quantity of residue for es’ter’ifieation in the above

menner and omitted the e.niéneaxchange step although oftfen

filtering to pemove partmulates before evaporat:.on. s

prohlem stemmed from the fact that we requxrad 100

mlJof seawater “to detect NTA below the 1 ppm level and
evapoia_ticn of these samples resuited in ca. 3 g of salt ~
re‘sid\ies. It was impossible to place this quantny of
residue in a 10 ml ampoule and obtain qua.ntnatlve conver—-
sign of NTA to. its ester using 2 ml of esterification
reagen‘l.' Since all previous proceﬁures cavrried out NTA
‘esterifications in sealed tubes it was assumed that this
was qeceésary 1o receive quantitati‘ve ester yields! As we
had experienced a few explosions of 10 ml sealed ampoules

during esterification of standard NTA samples,| we wished

to avoid using larger sealed reaction vessels {vith larger

volux‘nes of esﬁerif‘lcatvion reagent. For these’Reasons we
attempfeﬂ. t!’le use 61’ anion-exchange resin to sepwrate NTA
from the b\i'JJc of dissolved solids. in seawater. ) '

As noted ip Experimental Sec. I. C., anion-exchange.

procedurés were first attempted using distilled water solu-

“tions of NayNIA. Dowex 1~ X.8 dnion-exchange resin was

ide form after Rudling2 and slso in the carbonaté form as

ﬁuéed in the formate form following Chau -and Foxl, the chlor—_

we noted use of this resin by Resnik, eb. 51.3, to remove

poly“basic organic' acids from aqueous tobacco extracts.
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Best recove’ry Ant NTA from'the distilled water samples w;x'z
accoplis‘hed’ using the carbonate form of the resin. When
seawater semples were used the carbonate form sgam showed
the best NTA recovery, huw;ever, this amounted to- only 5 -
10% of 't'he NTA added to the sample. This was undzmhtedly.
du_e to the high chloride level of seawater - a seawater
sample containing 1 ppm NTA would have a molar ratio of
chloride to NTA of ca. 10°:1. s

Having thus abandoned ‘the idea of NIA removal: from
seawater using n.nion-'exchax:lga resin, we guestionéd the
neceséity_of carrying out the esterification reaction in
‘sealed vessels. 'If_ sealed tubes were not mnecessary the .
“use of large eno\;gh volumes of esterificatiof reagent to
react with the NTA i& t_he large. seawater residueé would be
feasible. Experimental Sec. I. E. describes’the use of
].Ob ml of n-propanol-HCl t_aaggnt to esterify 100 ug of . -
NTA and 100 ug of H'DA-present in the‘ residue of 100 ml of
seawater in a 250 ml round-bottomed flask open to- th‘e at- ’
m«;sphere via a reflux conden;or. Following esterifie;tion
the sea salts wa}r‘e dissolved in distilled: water and the- NTA
and HDA propyl esters weré extracted "by ‘dichloromethane.
The: CH,Cl, was ‘then e,v;:porat(‘ed’lea.vihg the esters ina-
small amount of residue, which, in benzene golution, vias
injected on the G.C. Re;ults,- including the calibration
curves (Sec.'I. F. of Experimental), showed that quentite-. .

-tive recovery of NTA can be accomplished by this method.
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It is significpant to note that nn mter{erences, in

the form of extra peaks on the gas chromatograms, appeared \/

to result from compounds present in aﬂy of the water samples

analyzed. Many -troublesome impurities were added to the N

sample, however, along with the reagents and solvents. Tests
carried out in Sec. I. C..of.the Expex‘mental indicated that
most mpur;tles were originating in the n—px‘opanol—HCl rea-
gent but not present in the n-propanol alone. At this point
in bur work we were using onl& 2 mk of esterification reagent
B85 GRpLS sl % Was TOURL thEY HHGHS TPUFITIEN GOl bE "
igncvéd,} however, in Experimental Sec. T E.; .we began to
use 100 ﬁl ‘of n—propanol—}ici and these impurities resulted

in a very complex chromatogram (Fig. 2). Investigations

-,.provéd that most of these impurities originated in the, HC1 * 3

. dryingw train which congisted of conc. H2504 traps joined

.. with tygon” tubing. As by—pass:’mg this apparatus by passing

the HCl through an empty glass trap, attached directly to -
the HCL cylmder by Plaster of PB.I‘:LS, el;unmated mcst extra
pesks from”the chromatograms, 1t was concluded that the
mpuntxe were either degradation products of the tygon 3
tubu)g, resulting from the reaction with HCL gas a.'ﬂd/or cone.
H2504i or plasticisers from the tubmg. 2y =
Some further - impurltles were removed by d1st11hng’ £
hefore use the dzchlorometha.ne used for extracting the NT.A (

umi HDA esters. "A "solvent blank" fo}louung these two | ..
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"reagent clean-up" steps is shown as Fig. 3. T}‘ze small -

peeks, present at 5.2 and 5.6 min retention time, inter-

fered with the NTA ester pedk at 5.3 min. These impurities - .
“nereased the NTA values by an average of 2 ~.3 ug per sax#- :
ple, judging by the intercepts (zero iWTA) of Curves #1 and

#2.° In chromatograms run of:samples ccn‘taining no NTA for

" Curve #2, these peaks show values of 2 - 6 ug. Tt is these

impurities rather.than G.C. sensitivity that limit our meth-
od of NTA detemination to samples containing at least 10 ué
of NTA (0.1 ppm for a 100 ml sampi’s and 10 ppm for a 1 ml

sample). If smaller’quzmtitieé of NTA are to be determined

" using this method these impurities.could perhaps-be removed

by further reagent purification. . '
D. Calibration Curves - ' :

;rhe increase in S.ﬁ. of the slope of Curve #2 rélatiye
to (iurve #1 is proba;aly due t6 the original measuring of
the’ volume; of the NTA containing solution. For Curve #2
all samples weré measured by using 1 ml ster’il‘ized, dispos—
able, pla;tic pipets while for Curve #1 portioné of 1,;.“3
stock solution containing. NTA ‘were measured by ,l - 10 ml
glase pipets and made up to -100 ml with Seawater. One
would. exgect‘some loss of precision when ‘using the smaller

volume disposable pipets. - . i
The difference in the slopes of Curves #l’ and #2 can-.
not be attributed completely to a lowezlr Tecovery of ‘NTA
from the 100 ml samples than from the 1 ml 's‘;ample‘s since
dff'ferent }mA solutions were used as the internal standard.
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Three pl;irs of identical sample§ were# analyzed to compare
the two HDA solutions and.the solution used for Curve #2
gave higher NTA/HBA values in each case. While only three
ssmples were not enough to give a praclse value of the dif=-
ference between the two solununs we can estimate from
these values (0. 93. 0.87 and,0.92 for solution #1 a.nd 1.04,
0. 95 and 0.93 for solution #2) that ca. ¥ the difference
in the slopes of Curve #1 and #2_ is due to6 HDA solunons of
different conceritrations. Since the first solution, was
. made up by weighing out 10 mg of, HDA for 50 ml of sSolution
.'while the second solution was made ui; by weighing 50 ‘mg .
HDA and making up to 250 ml with n—proﬁa;r_:ol, it was assumed
that the sedond solution was the more accurate. A contr’ib\_l-'
dion to 'this‘ error may have resulted from im}gu;‘ities in the
HDA since it was used. as purchased without further purifica=
tion. If HDA is used as an internal standard the same solu- *
"tion must be used for analysis as was used for the calibra-
tion curve. ' ,
In Sec. I. E. of ‘the Experimental it was noted that
the (propys].)BNTA peaks ‘on the chromatograms consmtently ’
'1ncreased over the fu‘st three.samples 1naected each day.
It was decided that some of this ester must be adsorbed on ’
dertain sites in the G.C. column and that later samples
were consistant a8 these sites had been i‘il}ed during ther
ﬁrs‘.t'two injections. This, probleu; was, eli.l:nihated by in-
jecting two samples of a penzene solution c?nmjning ca.’

N
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2 uug/ul (propyl)jﬂTA before running samples for anslyéivs.
This also »servet’i as a daily retention time check on

' . (p;*opyl).,aﬂ"m.t . 2 _

The appearancé‘}:f a peak on the;chromatogram-at the
seme retention time as that of the NTA ester does not
nece‘ssm‘*ily mean that NTA was présent in an gnv;'.ranméntal
_ sample containing u}xkgown inpurities. The chance of ano- s
ther compound having the >sam.e retention time as (pz‘dpy]:)s ’
NTA cannot be overlooked. Unless the NTA ester can be
identified by a G.C. "-\mess spectroscopic instrument, the

probability of coincident \@)C. peaks must be decreased'by

o P rmniné both the unknown sample and NTA standards on G.C.'
with columns containing different packing. As our environ-
mental samples’ conteined ho NTA and gave no peaks at 5.3 min

retention time, unless spiked with NTA, we required only the

one type of G.C. column. S -

i ) Vi

i ' 1I. Biodegradability of NTA in Seawster . :

_-.The procedures described in Experimental Sections IT.

~"A., B. and C. (Runs #1 - 5) vere experiments to determine

. if NTA would be degraded if it 'should enter seawater in the
\ B

Newfoundland area. The samples in Sec. A. represent what
2 . can be considered munpolluted® Nfld. seawater while ;he
’ samples of Sec.' B., taken' from St. John's Harbour, reﬁbesent
c some of the most "palluted"‘seawater in the area. Two Af' =

the St. John's Harbour sampies (Runs #3 and #4) were collected



3 i.n the immediate ve.chnty, of the two major raw sewage out—
“Yets from the city.  The collet;tmn of the sample used in * 5
Run £5 is described in Experimental Sec. II. C. &nd repré—A N
sents off-shore North Atlantic water with the bacterie cn.n—. )
' centta’ted ca. lob.fald. g -
With the exception of ‘Run #1 where all samples were
,maintained at 20°C, we ran dupiicata samples at 0° and
20%C. - The temperature of 0°c was easily maintained in 'an. ¥
ice bath and is typical Nfld. Seawater, except for a few
matera_uf‘surfacé.water, during much of the year. It was
assumed tha1‘: the t‘emp'erat.ure of 20% would"promcte more :
repid bacterial growth. All environmental samples were .-
spiked with 100 ppm NTA as the tt;sodium saltq e
The samples of Run #1 were kept under dxfferen't condx-
tions: Samx_.ale A was aerated only by allowmg. xtdto stand
at equilibrium with the atmos;phgre; Sample B was maintained
in the absence of oxygen "in’a nitrogen atmosphere; S_m;lple_ [
was nera;ed by éonstantly b\lbbling air th}ouéh it to simu-
late the air saturation effecf of waves; Sample D was st’er‘-'»
: ilize‘d'by- filtering through a 0.45 mu Millipore membrane 5,
. 'filter and ‘thus served as a‘oantrol. The q’mplasvin Runs
#2 - 5 were aarm:ed only by a.uovung them to stand at
aquillbrium w1th atmosphere (cottun wool plugs in the flasks)
] and by a brief’ ger:md o‘f _maxmal shaking daily.

Under these conditions npne of the environmental’




- a poS).the contz‘ol. ' <

. samples.'spiked with NTA showed signs (no visually-detectable
. increase ‘in turbidity) of bacterial growth, nor of NTA de=’
. gx‘adat:.on as noted by d1rect NTA analysis of aliquots of

_these amples over a fcur week period.

Since the degradation of- NPA in samplés of .rivér water -«

and’ lake water, as well as sewage, had ‘been shown by several

;St\ldles d;snus.,ed in our Introducnon, it appeared that

hactena capable p_f NTA degradation were q\ute w:\de~spread .
in the environment ‘In view of these. publications it seemed

exceptiona]. that NTA dld not deg‘rade in our aeroblc natural

“water semples.so wé wished to show that such degradation was
' =l

possible under the conditions of our experiments and ‘thus.did,

. not occur slmply because there was no. bacterm. pz‘e.,ent capable

of effectmg this reactlon. The remsmder a"f ‘our work,‘des-
oribed’ in Experimental Sections 1. D, B. and F., involved
a search for a bactermm capable of degradlng NTA under the

candltlons of our prevlaus experiments and to thus serve as

lated.

Focht and Joheph“‘ had 1dent1faed'a bacterlum,

frqm sewage e.rxl capable of NTA degraﬂatmn, as a Pseudomonas,
SP. It thﬁs seemed possible that a ma.r:.ne pseudomonad might
be c‘apahle of NTA degx‘adatmn “n seaw;.ter. We ere able to

obtam a ms.r:me pseudomomaﬂ (desnrlbed in Exper:.mental Sec.

) - from Dr. Moskovlts, Department of Blology, Memorlal

Un:werslty. Run ﬁ‘6 involves two | samples of sterilized geb-

5 water 1nnocu1ated w1th the mu.k'lne pseudomonarl a.nd malnt%med '




undér the same conditions as the.samples of Runs #2 - S.

Again no de‘éradatioh of NTA was 'noted ov_e’rja period of 1. .
month, s0 this bacterium wasft able' tq' sérve as’nur
positive contrN\ -

Runs #7 and #8 continued our search for a pOSlthe
'control with the use of a sample of a bacteruﬂ “mutant
2 supphed by Wong, L\u and Dutka These runs were
carned out under the same condxtlons as Run #6 except
that the ~examples were 1m;xoculated with the mutant rather
than the marine pseudomonad, In the caie of Run #7 a

portmn of thg ‘lyophilized skim m1lk culture of the mu\‘:ant,

£} received from the above worker‘s, was added du‘ectly to the

samples, while in Hun #8 a suspension of the bacterium,

'after growing in a nutrient ‘broth (oontammg no NTA), <%
vwas used. , No NTA degradation was observed in E;:Lther of )
these .xtun; even though bacterial growtfl was noted in the.

. 20°C sample of Run #7 by both visual observation of in=:'

° creased turbidity and microscopic observation. The organ-

o ism gave & sositive Gram test.
. el 4
11

Y I view, of ‘the paper by Wong, Lu1 and Dutka ) where
'rapld degradatlcn of NTA was noted by a Gram-negat:we
organism.and the results 61‘ our Run,#9 whigh alsq showed
’ NTA degradacmrf by a Gram-neganve organism, it appears
%hat as-a result of further mutatmn. or cuntammatmn ‘of P

' either the_ongmal lyoph1hzed _materlal or ‘our cultures,




“
the bacterium used in Run #7 and #8 was not the NTA degrad—
ing mutent. v w" :
A second bacterlum sampTe w’aa received from Wong, Lu1

and Dutka — this sample, was a nsuspens:wn in NTA culture
which was used §o innoculate a].l slx sa.mplea of Run #9;

. Semple A was NTA broth as described by Wong; et. nl, = il
and was constem:ly aerated on a sther at room—ten{peratux;e.
Good growth was observed overnight by a large increasé‘in =
turbidity of the sample and the NTA was degraded from \ca,.
3500 ppm to'& }:Vel'nf: 1 ppm in twelve. days. ‘Semple B

_ contained the seme material-as A but wes not placed on the
sheker but rather in the 20°C incubator and treated in the
'same.manner as sampl‘e‘s of prev’ious runs. Good growt_h was
floticabl‘e by ‘.:he great increase il turbidij:}’/ but NTA dé-;
gradation mif:red at a much slower rate. 'It w‘as thus apga.renf .

"that if rapid degradation of larée quangities .of NTA was to
wccur, oxygen must be eﬁlclently 'supplied’ to the aample.

The%remammg samp]‘.en of Run #9 - C, D, E and F - were

treated in the same manner .&s the. samples in Runs #2 = 8.
Samples c and'D cantazned the mmeral salt solution of Wo:
et. ‘al. , plus 100 ppm, NTA and were malntalned at O C and
20% réspectxvqu. Samples E anﬂ F were sterllxzea seawater

. with 100 ppm NTA and were also maintained at 0° C ami 20%

. respecnvely. The 20°C aamples ‘qoth showed bacterial growth
(noted by.anm mcrease in turbnhty and mlCI‘DSCOplC observa— ." v

tlon) and NTA dggrafm,tlon (see Analytical Tata Table #3).
. o T

.

VA



" NTA under these conditions. : e

. . . &0
= R § -

Lo F g = .

The 0°C samples showed no.increase in turbidity.and no NTA

degragiation over a two week period. fThe latter result is
not surprising since Wong, et. al.n', reported th;at growth
of ‘the mutant was "drastically retarded” at 4%. .

- It was thus shown that degradation of NTA was possible

under‘t‘he conditions we were using for our envix"ax'mental

. 5 £
sem}‘xles (Run #9, Semples D and F) and indeed in seawater -

under - these conditions (Run-#9, Sample F)"if bacteria
capahle uf NTA degradation are present. Since we have fhus
estgbllsh_ed a positive control we can state that in our
‘en;riromehtal samples ‘(Runs"#l»- 5) Vthere was present. no

becterium capable .of degrading a significant quantity of |

I11I. Environmental Implications of stulta
Toxicity. studies ‘reviewed in the Introduction have not

s}.mvvm‘NTA to bé dangerous inm concentrations ,expecte&'in

natural wat’ers'should it be widely used ss a 'detez_‘gent

ﬁuildet. As we have noted, however, most researchers

" caution that 1t is passihle problems may anse in areas nat

yet stu\hed ﬂ.nd point out the need for furthen test:.ng
Except for the .phytop.lr.nkton study of Erlckaon, et. 51.45,
the only toxicity evaluation of. NTA on marine‘,organism"s'

is that of Eisler, et. 21,42, who"carrisdtou't 168 hour

 acute tox‘icity.tasts. .In \}iew of the small amount of work

done on’ toxicity to marine organisms end the complete lack

‘of long term studies, it is certainly not possible to state



A} -
t]sat NTA"will prove non—toxic in the marine environment.
The fdct that NTA was shown by several workers to be
bmloglcally degraded in aerobxc freshwater systems "and
thus should not accumulate to da.ngerous levels in’ thé en--
\ ‘vlroment lias been a strong polm: in favcr of NTA use.
Although our biodegradability tests on natpral seawater
) sémplés' v\;ere carried dut on an extremely small number of
se.mples and under limited conditions, we can state that
bxodegradanon of NTA in cold/North Atlantic seawater
‘appears unlikely and at least/cannot be taken for granted,

as now seem§ to be the case when considering natural,

- aerobic freshwater systems. .

i © 'NTA accumulatlon in seawaterlls thus a posslbllxty.
vAlthongh accumulathn :m the open sea will'most certamly
remam mazgnlflcant because of the great dilution factor,

a b\uld-up of NTA ;m sheltered Dbays and harbours, . with

. small tidal effects and s:Lgn:Lf:Lca.nt sewage effluem, could
occur. The argument that such bodles of water are already
.. ’,highl'y polluted no longer’ appears ‘to be morally or even
pragmat‘ically acceptable’ as an-e;gcuse to ignore the possi=-
bilify of ,furfiqerupo]rlution.'

Certain hedvy metals present in‘only trace amounté in
seawater are necessary for the survival of marine lu‘e. L If
auch metals are chelated by NTA, they may not be easily :
utilized by some of_ t,kx,ese orgeni‘sn.:s. . quper, ;“91' examplve,’

which is"con’cained\i_n'hemocya;lin, the oxygen carrier-in the
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blood of many organisms, .is present in"seawater only at ~
levels around, 3 ppb?0 and its NTA chelate has a very high
atablllty ‘constant (cd. 1013)59, 1n view of ‘the ability of

.NTA to protect flsh'u fréom the toxic effects of copper II
b2 Lol 5

ion, it seems that copper is t, easily removed from its
NIA chelate by some organisme. It is thus cofceivable that

small q\’x'a.ntlties"of NTA may.prevent the pick up.of coppér ' -

© Dby orgenisms that requiré that glement.
K

.The studies on the metabollnm of NTA in’ ra‘tb by Mléhael -
and, V'raklm23 mdlcated that some NTA ‘was accumulated in-the <
bones as the calcium chelate’ out not in’ quantities large
enough to c‘ause significan;: eflfects on the bond. This ac-
cuiulation in the bomes could possibly ‘lead to NrA belng
concentrated in the bmsphere to’ levela high eno\,g}r to have
toxic effects ‘on organlsms mgh in the complex marme food

web. Thls should be an area for furrher regearch on NTA

- metabolism. A v 7~ o

It is pussible that the method of analysis, that has’

been developed and successfully used for determming NTA

in seawater ir our work, may facilitate snudles on the

effects of NTA on the marine environmenmt. This m'ethod may '
also be of value in toxicity work ‘as it ca\‘xld‘prove_ success-l
. g i

ful in analysis for NTA in body. fiulds and }iSSues whose '

’ constituents are more 1ikevly‘ to interfere with o‘ther methods”

of NTA determination. ) g 1
; F &
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