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QUANTITATIVE DETERMINATION OF NITRILOTRIACETIC ACID 
AND RELATED hMINOPOLYCARBOXYLIC ACIDS IN INLAND WATERS 

ANALYSIS BY GAS CHROMATOGRAPHY 

SUMMARY 

Quantitative methods were developed for detecting nitrilotriacetic acid (NTA) 
iminodiacetic acid (IDA), ~-metllyl-iminodiacetic acid (NMI~A), glycine (GLY), 
sarcosine (SARC), and N-oxalyl-iminodiacetic acid (N-oxalyl-XDA) in a variety of 
water samples and N-nitroso-iminodiacetic acid (N-nitroso-IDA) in river water, 
NTA, NMIDA, and N-oxalyl-IDA were converted to their corresponding gz-butyl 
esters; IDA, GLY, and SARC were converted to N-trifluoroacetyl gz-butyl ester 
derivatives ; N-nitroso-IDA was converted to the N-trifluoroacetyl gz-butyl ester 
derivative of IDA. These volatile derivatives were separated and analyzed on an 
ethylene glycol adipate gas chromatographic column. For quantitative analysis, the 
amount of each amino acid injected was 3 to 200 ng, and the amount of each amino 
acid separated from the water sample was 0.25 to IOOO pg. Response values for NTA, 
IDA, NMIDA, GLY, and SARC were reproducible and showed no statistical bias for 
river water sample concentrations of 20 to 0.025 rng/l. Relative standard deviations 
ranged from 8, to 13*/~, The response value for N-nitroso-IDA varied with concentra- 
tion but was reproducible at any given concentration. 

Each or all of the above amino acids could be detected in samples of river water, 
well water, water containing nitrate ions, water containing formaldehyde, primary 
sewage effluent, and secondary sewage effluent. 

1NTRODUCTION 

Proposed use of nitrilotriacktic acid (NTA, compound I) as a detergent builder, 
which would lead to its ubiquitous entry into the environment, has prompted several 
studies of its biodegradability (for a listing of the literature in this area, see ref. I) and 
the development of polarographicsg3, calorimetric+-0, and gas chromatographidO~rl 
procedures for detection of microgram quantities of NTArl. We have extended the 
--q 
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biodegradability studies to mixtures of NTA, iminodiacetic acid (IDA, compound z), 
N-methyl-iminodiacetic acid (NMIDA, compound 3)) glycine (GLY, compound 4)) 
sarcosine (SARC, compound 5) and N-oxalyl-iminodiacetic acid (N-oxalyl-IDA, com- 
pound 6) in various media and to N-nitroso-iminodiacetic acid (N-nitroso-IDA, com- 
pound 7) in river water. This extension has led to the development of several new 
sample preparation and derivatization procedures for detection of submicrogram 
quantities of the above amino acids. 

Our basic approach was to, spike a IO-ml water sample with glutamic acid 
(used as an internal standard), freeze-dry the sample, and treat the residue with 
3 N I-butanol-HCl. The alcoholic HCl was stripped. off, and the residpe was shaken 
with aqueous potassium bicarbonate and extracted with methylene chloride, The 
methylene chloride extract was treated with trifluoroacetic anhydride and concen- 
trated. This procedure converted amino acids I to 7 to qz-butyl ester derivatives 
(za, ga, and Ga) and to N-trifluoroacetyl rt-butyl ester -derivatives (28, da, and 5a). 

N(CH,CO,H), + 
NTA, I 

HN(CH,CO,H), 
IDA, a 
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? 0 C&C-07 (-I?) 
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N-oxalyl-IDA, G 6a 
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The decision to use N-trifluoroacetyl rt-butyl esters was not arbitrary. This 
derivative system had been refined for the detection of amino acids in HCN polymer 
hydrolysatesl2 and is currently used in many laboratories for the analysis of protein 
hydrolysates 13, We found that compounds Ia to Ga were sharply resolved on an 
ethylene glycol adipate columnr3, were stable for at least one week, were easily con- 
centrated, and were ideally suited for flame ionization detection. 

Compounds 6 and Ga had not been synthesized before. The synthesis and 
characterization of these compounds and an improved synthesis of N-nitroso-IDA are 
presentedin EXPERIMENTAL. 

EXPERIMENTAL 

A fq!xwath 
. 

A Varian Aerograph 2100 dual-column gas chromatograph with flame ioniza- 
tion detectors was used in the dual, differential mode. The signal from the gas 
chromatograph was fed to an Infotronics CRS-104 digital integrator and then to both 
channels of a Varian Aerograph, Model 30, dual-pen recorder, For the GC scans 
presented in this paper, the range of the low-sensitivity pen was o to 50 mV, and the 
range of the high-sensitivity pen was 0 to 1 mV. 

Mass spectra were obtained with a GC-MS system composed of a Varian 
Aerograph 1700 gas chromatograph interfaced with a Varian CH7 mass spectrometer. 
IR spectra were run on a Beckman IR4 spectrophotometer ; NMR spectra were 
obtained with a Varian T-60. 

The reactions were carried out in 20 x 125 mm and 16 x 75 mm screw-. 
capped test tubes fitted with Teflon-lined caps (Corning 9826, available from 
A. H. Thomas Co., Philadelphia, Pa.). 

A Sonogen, Model HD-go, sonic bath was used to agitate the amino acid- 
BuOH-WC1 solutions, The bath was covered with a r/8-in-thick Teflon sheet, 
through which holes had been drilled with a cork borer. Sample tubes were placed 
through the holes and held in place with rubber O-rings, The temperature of the bath 
when covered with the sample holder was 75” & 3”. 

A Thelco, Model 81, water bath (Fisher Scientific, 15-475) maintained at 65” & 
0.5” was used to heat the 20 x 125 mm sample tubes. A Lab-Line Temp-Blok con- 
taining twelve &mm LD, holes (A. H, Thdmas, 6124-C40) was used to heat the 
16 x 75 mm sample tubes. The Temp-Blok was heated with a Thermolyne, Model 
HP-AIGIsB, hot plate (Fischer Scientific, 1x-494) ; temperature variation, was 
&2” in the range of 50 to 100~. 

A Btichi all-glass rotary evaporat,or (Rinco Instrument Company, Model VE $0) 
was used to remove volatile solvents. 

Materials 
** 

Bzctavzol-HCI. A weighed amount of dry WC1 gas (Liquid Carbonic Corp., 99%) 
was added to n-butanol (Mallinkrodt, AR grade) which had been distilled (IOO mm 
Hg) from calcium hydride, The final normality ,was adjusted to, 3.0 rfr. 0.1. 

~Metlzylcnzc cltlopidc and ~,r,z-tric~lorotrioyoet~a~~ (FYCOUC -t-t3): Methylene 
chloride (Matheson Coleman and Bell, reagent grade) and Freon 113 (Matheson, 
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‘*~~~$j)j)) were distilled from calcium hydride and stored in solvent generators, which 
were vented to the atmosphere through CaCl, drying tubes. 

Trijuoroacetic anhydride &d tri$?uovoacetic acid. Both were purchased from 
Eastman Kodak Company and were used without further purification. 

Hydrogen, ?ailrogeq and air. Hydrogen, gg.g2%, and nitrogen, 9g.gg”/0 (standard 
grade gases supplied by The Acetylene Gas Company) were fed through Gas-Dry filter 
traps (Chemical Research Services, Chicago, 120-cc. capacity) which contained indi- 
cating Drierite and Linde 4A molecular sieves. Dry compressed air (house air) was 
fed through a Gas-Dry filter trap (CRS, 120-cc, capacity) which contained 6-16 mesh 
silica gel (Fisher Scientific, S-155, grade 05) and 8 mesh calcium chloride. No change 
in the base line was observed for an attenuation of I x IO-l1 Amp/mV when the 
above grades of gases were used in place of purer gases. 

Glutamic acid, glycine, and sarcosinc. r_.-Glutamic acid (Schwarz Bioresearcb, 
Inc.), glycine hydrochloride (Eastman Organic Chemicals), and sarcosine hydrochlo- 
ride (Sigma Chemical Company, Sigma grade) were used without further purification. 

Iminodiacetic acid and N-wwthyl-iminodincetic UC&.& Iminodiacetic acid (Mathe- 
son Coleman and Bell) and N-methyl-iminodiacetic acid (Aldrich) were recrystallized 
from water and dried in vacua over P,O,. 

Nitrilotriacetic acid. Nitrilotriacetic acid, recrystallized ten times from water, 
was obtained from the Monsanto Inorganic Chemical Division. This material was 
dried iqz vacua over P,O,. 

” N-Nitroso-i~zilzodiacelic acid (71, To a goo-ml, 4-necked flask-equipped with an 
overhead stirrer,‘an addition funnel, and a thermometer to which ‘was connected an 
12R Tl~ermowatcl~ probe (Instruments for Research and Industry, 102 Franklin Ave., 
Cheltenham, Pa. IgoIz)-were added 26.6 g (zommoles) of iminodiacetic acid and 
200 ml of I M phosphoric acid. The contents of the flask were heated to 5o”, and a 
solution of 27.6 g (400 mmoles) of sodium nitrate in 60 ml of water was added drop- 
wise: The reaction was then stirred for I h and extracted with five roo-ml portions of 
diethyl ether; The ethereal extract was dried (MgSO,) and concentrated to yield a 
yellowish ‘white residue which after recrystallization from methyl acetate-pentane’ 
afforded 13 g (40%) ,of nitroso acid: m.p. qg-r50° (dec.), (lit.14, 146-148”) ; NMR 
(DMSO-d,) (9 13.5 (s, 2, CH,COOH), 5.8 (s, 2, CH,COOH), 5.5 (s, 2, CU&OOH). 

“Anal. Calcd. for C4H,,N20b: C, 29.63; H, 3.73 ; N, 17.28. Hound: C, 29.49; H, 
4.13; N, 17.21. 

Ch~ovoglyoxylic acid, n-butyl estcv (8); qz-Butanol (1.15 moles, 85.5 g) was added 
dropwise to 174.5 g (1.38 moles) of oxalyl chloride. During the addition this reac- 
tion ‘was stirred vigorously and cooled with an ice bath which kept the reaction 
temperature below 10~. After addition was completed, the reaction was stirred for 
15 min, excess oxalyl chloride was stripped off, and the chloro-ester was distilled at 
I mm pressure on a Btichi rotary evaporator. Yield: 151 g (80% based on ?z-butanol) 
of 8. 

CCzlorogZyoxyZic acid, benzyl ester (9). Benzyl alcohol (1.31 moles, 141 g) was 
added dropwise to oxalyl’chloride. An ice bath kept the reaction temperature below 
10~. After addition was completed, the reaction was stirred at room temperature for 
20 min.and disteilledl giving 125 g (50%) of acid chloride g: b.p, 70-72” (5 x IO-~ mm). 

-~~O~aly~iminid~a~ctic acid; tributyl ester (6a). Into a ‘four-necked, 1-1 flask 
-e@ipped ‘with a stirrer, a thermometer, and an addition funnel with a nitrogen ’ 
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inlet-were placed 27.2 g (165 mmoles) of m-butyl chloroglyoxylate (8) and 500 ml 
of ethyl acetate, The stirrer was turned on, and 24.5 g (IOO mmoles) of dibutyl 
iminodiacetate were added dropwise. The. reaction mixture was refluxed for I h, 
concentrated, and distilled, giving 20 g (GI%) of,the keto ester (Ga) : b.p. 160-173 
(I x IO -“mm); IR ( neat between NaCl plates) 2950 cm-l, 3865, 1781, 1681, 1468, 
1285, 1183, 1058, 1047; mass spectrum (70 ev) ~n/e (relative intensity) 373(6) 301(7) 
299(22) 245(S) 244(29) 243(25) 216(33) x88(7) 187(13) 16o(6o) 144(67) 88(69) 57(Ioo). 

Anal. Calcd. for C,,H,1N07: C, 57.89; H,. 8.37: N, 3.75. Found: C, 57.70; 
E-I, 8.39: N,.3-57* 

N- Ben~yloxyoxal~~l-i~~~od~acetic acid’ (IO): To a 2-l beaker which contained a 
magnetic stirring bar were added 3g g (0,2 mole) of iminodiacetic acid disodium 
salt monohydrate, 500 ml of water, and 84 g (0.3 mole) ’ of sodium bicarbonate. 
Benzyl chloroglyoxylate (g) (49.5 g, 0.25 mole) was added in 5-ml portions over the 
period of an hour; the reaction mixture was stirred for an additional kbur and extracted 
with two z5-ml portions of ethyl acetate. The ~aqueous portion of the mixture was 
returned to the beaker, carefully acidified with 6, M I&SO, to a pH of I, and extracted 
with four Ioo-ml portions of ethyl acetate. The ethyl acetate extract was dried 
(NaaSO,), concentrated, and cooled overnight, giving a white crystalline material; the 
by-product (benzyloxyoxalic aci.d) of the reaction was washed off with methylene 
chloride. The remaining product, N.benzyloxyoxalyl-iminodiacetic acid, 16 g (25 Oh), 
m.p. 150-155" (dec), NMR (DMSO-cl,) 11.0 9 (s, 2, CI-I,COOU), 7.40 (s, 5, C,W,), 5.28 
150-155° (de+ NMR (DMSO-&) II.0 d (S, 2, c&cooq 7.40 (S, 5, C,&), 5.28 
(s, 2, C,H,CH,), 4.20’(s, 2, CIZ,COOH), 4.10 (s, 2, CH,COOH), was used~without 
further purification. 

N-O.lcaZyZ-inzz’lzodiacetic acid (6). N-Benzyloxyoxalyl-iminodiacetic acid (IO) 
(11,3’g, 38:mmoles) was dissolved into 300 ml of 50% (v/v) acetic acid-water to 
which 5 g of 5% Pd on charcoal had been added. The solution was shaken for 1.5 h 
under 4o-psi. hydrogen pressure, filtered, and then freeze-dried to yield an amor- 
phous material which was shaken with methyl acetate to yield I g (13%) of the free 
acid, A sample of the free acid was heated for 45 min with 3 N RuOH-WC1 to give the 
tributyl ester, which was found to have the same gas chromatographic retention time 
(EGA column) as Ga. 

. 

Gas chromatogra~hic colunans and conditions 
Glass U-shaped columns 1.9 m long with z-mm I.D. (Applied Science, State 

College, Pa.) were used, The columns were washed with 10% aqueous HF, distilled 
water, acetone, and trifluoroacetic anhydride and flushed with dry nitrogen. The 
column packing material- ethylene glycol adipate (Analabs Inc., stabilized grade), 
0.65% w/w on acid-washed Chromosorb W, go/100 mesh-was ‘purchased from 
Regis’ Chemical Company (1101 N. Franklin Street, Chicago, Ill, 60610, Code No. 
201033) and was sieved through a 6o;mesh sieve prior to use. 

The packing material was gently vibrated into the column; sections of the 
column thatreached into heated areas,of the injector and detector blocks were left 
unpacked. Only the smallest amount of specially treated (see below) glass ,wool 
required to keep the packing in the column was used. The glasswool plug used for the 
detector end of the column was placed about 7 cm down the column, just below the 
heated area of the detector block. The column was placed in the oven without a glass 
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wool plug in the injector end, baked out at 220’ (20 ml/mm nitrogen carrier gas) for 
24 h, and then gently tapped so that the baked-out packing would settle. The carrier 
gas was turned off, the injector septum was carefully removed, and column packing 
was added through the injector side until the packing was within I cm of the heated 
portion of the injector block. (This is easily accomplished in the Varian Aerograph 
2100, which has a vertical column oven.) A very small plug of glass wool was placed 
into the very end of the injector side of the column, the septum was replaced, and 
the column was baked out at 220~ for an additional 12 11. 

For a typical GC scan the following conditions were used: .detcction mode, 
flame ionization; electrometer mode, dual, differential-column; injection size, I to 
3 ~1; sensitivity, I x zo- l1 Amp/mV; column oven temperature, 80 to 220~ at 8”/min ; 

injection block temperature, 230~ ; detector block temperature, 250~ ; nitrogen carrier 
gas, Go p.s.i., 20 ml/min ; I-I,, 25 p.s.i., 35 ml/min ; air, I0 p.s.i., 400 ml/min. 

A high sensitivity range (I x IO- 11 Amp/mV) and the dual, differential- 
column mode permitted small sample sizes (3 to IOOO ng), which in turn greatly 
reduced columrrcontamination and increased column life and peak resolution. At this 
high sensitivity, septum bleed was found to be a severe problem. The CRS “Red 
Septum” (Chemical Research Services, Inc., Addison, Ill. 60101) was found to give 
the best results of the commercially available low-bleed septums. These septums were 
baked out overnight at 230’ prior to use, A r.S-mm-thick Teflon disc was placed 
between the red septum and the reference column, where septum bleed had caused 
the formation of negative peaks. 

Calcdations 
The weights and concentrations of NTA, IDA, NMIDA, GLY, SAR’C, N-oxalyl- 

IDA and N-nitroso-IDA are expressed in terms of the free amino acid form of these 
compounds. Relative weight ratio @w&Z) values were calculated by the following 
equation : 

RWRIs = 
area aaj x PUS 
ccg 8% area IS 

where aai = the particular amino acid under consideration and IS = internal 
standard. 

Part per million (p.p,m.) values were calculated by the following equation: 

p.pm = RGR,, x rrra 9:’ x P&T 1s 
g of sample 

Sample @v$aration 
Procedwe I. For the analysis of solutions of GLY, SARC, IDA, NMIDA, and 

NTA in the concentration range of IOOO to 0.025 mg/l, a Lo-ml water sample was 
placed into a 20 x 125 mm screw-capped test tube. The sample was spiked with 
I pmole of glutamic acid (147.1 pg) and placed in dry ice in such a way that it froze 
along the side: of the ,test tube. The cap was loosened, the tube was placed inside a 
Izoo-ml .Virtis freeze-dry flask, and the water was removed by freeze-drying (Note I). 

Samples which had.been fixed with formaldehyde were not spiked with glutamic 
acid ; instead, they. were freeze-dried’and then spiked with 0.2 ,umole of tetracosane in 
n-butanol. 
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Procedwe 2, Samples which contained nitrite ions were treated in the following 
way. A IO-ml sample was cooled to o” in an ice bath, and IOO ,ul of neat trifluoroacetic 
acid were added. The sample was immediately frozen and freeze-dried. Tetracosane, 
0.2 pmole in gz-butanol, was added as an internal standard. 

Determinaliosz of lllze ester@cation conditions by a factorial ex#hnental design 
A sample consisting of I pmole each of all five amino acids and 0.2 pmole of 

ut-butyl stearate (added as an internal standard) was treated with 2 ml of qz-butanol- 
HCl. The temperature, time, and WC1 concentration for each experiment are listed 
in Table I. The qz-butanol-HCl was stripped off, and the residue was treated for 
30 min at room temperature with I ml of 25% trifluoroacetic anhydride in methylene 
chloride. The trifluoroacetic anhydride was stripped off, and the residue was diluted 
with 0.5 ml of methylene chloride. Table II lists the RWR values for each amino 
acid for each condition. 

. . 

Derivntization firocedures 
P~occdwe z: GLY, SARC, NMIDA, IDA, agad NTA in distilled water. This 

procedure works well for solutions containing I mg to 0.25 ,ug of each amino acid. The 
following internal standards have been used: glutamic acid (I ,umole, 147.1 ,ug)--I ml 
of a I pmole/ml aqueous solution was added to the water sample prior to freeze-drying; 
tetracosane (0.2 pmole, 67.7 kg)-50 @ of a 4 ,umoles/ml qz-butanol solution was 
added at the esterification stage; and n-butyl stearate (IOO pug)---Ioo@ of a I mg/ml 
?z-butanol solution was added at the esterification stage. Unless special situations 
prevailed-e.g., the presence of formaldehyde--glutamic acid was routinely used, since 
it served as an internal standard for the freeze-drying and the derivatizationsteps. 

Into a 20 x 125 mm screw-capped test tube containing the freeze-dried sample 
was placed 2 ml of 3 N n-butanol-HCl. The tube was tightly capped, placed in a 75“ 
sonic bath for 5 min, and then placed in a 65” water bath for 45 min. The s-butanol-WC1 
was stripped off at I-mm pressure on a rotary evaporator (45” bath temperature, 
Note 2), and I ml of 25"/ v/v trifluoroacetic anhydride in methylene chloride was 
added. The contents of the tube were thoroughly shaken, transferred to a 16 x 75 
mm screw-capped test tube, and allowed to stand at room temperature for 30 min. 
The acetylating reagent was stripped off at room temperature with a stream of dry 
nitrogen (test tube block at room temperature) ; 0.5 ml of Freon 113 was ,added to the 
tube, which was then tightly capped and placed into the sonic bath for 10 set (Note 
3). The sample was then ready for injection. 

Procedure 2: GLY, SARC, NMIDA, IDA, and NTA in water containing 
dissolved salts, This procedure works well for I mg to 0~25 ,ug each of the above amino 
acids, The freeze-dried sample in a 20 x 125 mm screw-capped test tube was esterified 
according to procedure I. To the residue obtained after removal of the qz-butanol-WC1 
was added 2 ml of 0.5 M aqueous ICHCO,. The tube was capped and vigorously 
shaken, and the aqueous bicarbonate solution was extracted with three z-ml portions 
of mcthylene chloride. The methylene chloride extracts were placed into a 16 x 75 
mm screw-capped test tube, IO 141 of trifluoroacetic acid were added, the contents 
were shaken, and the volatile reagents were removed with a stream of nitrogen .(test 
tube block at 40”). Trifluoroacetic anhydride (2 ml, 25% v/v in methylene chloride) 
was added to the residue, The tube was placed into a sonic bath fox- 5 set and then 
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allowed to stand at room temperature for 30 min. The acetylating reagent was stripped 
off with a stream of nitrogen (test tube block at room temperature), 0.5 ml of Freon 
113 (Note 3) was added to the residue, and the sample tube was placed in a sonic bath 
for cu. I0 sec. 

Procedwe 3 : NMIDA, IDA, and NTA in water containing dissolved salts. This 
procedure, works well for I mg to 0.25 ,ug of each amino acid. The esterification 
conditions presented in procedure 1: and the extraction conditions presented in 
procedure 2 were used. During the extraction process the methylene chloride was 
placed into a 16 x 75 mm screw-capped test tube. Trifluoroacetic anhydride (LO ml) 
was cautiously added to the methylene chloride extract; the mixture was allowed to 
stand at room temperature for 30 min; the reagents were stripped off with a stream 
of nitrogen (test tube block at room temperature) ; and the residue was dissolved into 
0.5 ml of Freon 113 (Note 3). 

Notes and conments on the derivatizatiou $rocedwcs 
(I) The freeze-drying proceeded slowly when the sample tubes were placed 

inside a freeze-dry flask. The process was greatly accelerated by an 12R (Instruments 
for Research and Industry, Cheltenham, Pa.) IR lamp. 

(2) A 20 x 120 mm sample tube was connected directly to the rotary evapora- 
tor by means of a I3-mm (plug diameter), IB-mm (cap diameter) rubber serum cap 
(A H. Thomas, Philadelphia, Pa., No. 8826). The serum cap was drilled out with a 
cork borer, the plug end of the serum cap was fitted into the test tube, and the cap end 
was fitted over the f 14/20 outer joint of the Biichi evaporator. 

(3) Samples containing I mg to IO ,ug of each amino acid were dissolved in 
0.5 ml of Freon 113 or methylene chloride. Samples containing IO to 0.25 ,ug of each 
amino acid were dissolved in 0.30 ml of Freon 113. 

Mass s$ectra 
All mass spectra were obtained by rapid magnetic scanning of the gas chroma- 

tograph peaks, The ionizing voltage was 70 eV. 
Nitrilotviacetic acid tri-ut-butyl ester, n&/e (relative intensity). 359 (3), 259 (16), 

258 (roe), 202 (9)) 158 (33), 146 (7)) 144 (II), 102 (IO), 88 (33) n 87 (IO), 57 (67) e 
N-Methyl-iminodiacetic acid d&t-butyl ester, rzt}e (relative intemity). 259 (3), 159 

(9J), 158 (Too), 102 (31.4)s 74 (18,3), 58 (14-3)s 57 (2f.x). 
N-Tri$?uoroacetyl-inai?zodiacetic acid di-mbzctyl ester, w/e (relative intensity) I 341 

(2>, 267 W, 229 (5), 212 (4), 2x1 (33), 184 (26), 156 (7), 140 (8L 126 (9)# 69 (13)~ 57 (100)~ 
N-Trijuovoacetyl-sarcosine n-bzctyl ester, m/e (wlative intensity). 241 (3), 186 (3)) 

141 (26), 140 (Ioo), 112 (5),6g (20)) 57 (33) e 

RESULTS ANDDISCUSSION 

Derivatization studies 
e NTA and NMIDA are tertiary amino acids and consequently are not trifluoro- 

acetylated. Instead, they are converted to nonvolatile ammonium salts; cf. za and ga. 
Theseisalts were thermally cleaved to volatile amines in the injector block of the gas 
chromatograph, 

J. Ghi79?taiO@‘., 64 (1972) 219-237 



GC OP NITRILOTRIACETIC ACID AND hMINOPOJ~YCAIZROSYLIC ACIDS 227 

(cl~,cooj-’ (-1-l 
HN (CH,CO,~tBu), “3% CF,COOH -1_ N(CH,C0,43.& 

and the cleavage reaction was reproducible as long as there was no column packing 
material in the heated area of the injector. The temperature dependence of the cleav- 
age was as follows : at 150~ no cleavage was observed--i.e., no peaks were obtained for 
NTA and NMIDA; at 180’ there was ca. 50% cleavage; at 220 to 250~ there was 
complete cleavage; above 260~ SARC and NMIDA decomposed. 

Our first attempts to convert NTA, IDA, NMIDA, GLY, and SARC to volatile 
derivatives utilized the reactions presented below and the reaction conditions devel- 
oped for the protein amino acids 13, These conditions worked well for IDA, 

NH, 

R-CHCO,H + rtBuOH - 3 N H: 
NI-I,+Cl- 

R-CHCO 2 ?zBu (1) 

NH,,+Cl- HN-COCF, 
R-dHCO,?~Bu -+ (Cl’,+0 -- + R-CHCO,%Bu (2) 

0 

glutamic acid (GLU, used as an internal standard), GLY, and SARC but caused 
partial decomposition of NTA and NMIDA. We thus had to find a new set of condi- 
tions. 

Reaction I, the esterification reaction, was very efficiently optimized by use of 
a factorial experimental design. R WR values were measured at two levels of reaction 
time, reaction temperature, and HCl concentration. Results of the experiment are 

ESTI~RIl~ICATION 01: N’l’/\, lu.‘!, N&Ill>& clay, AND Sk\nC: ASSIGNhlENT OF I’ACTORS 

Fnclovs Low kvcr! Nigl1 lcvcl 
_-_--_-- _.__I.--- --_- 

_________-____.____-_.. ._ ..^. . 

MCI conccntrntion C, = 1.25 N C, = 3.0 N 
Rcnction temperature T, = 650 T, = zoo0 
Reaction time tl = I0 rnin t, = 45 niin 

Tl T, 

Cl C, Cl cm 
_______._.,_.-.,_ ._._ _ .__..... . . _. .._. _ __ ,..__ __ . . _. . .._. - .*- .__, 
t1 f 2 3 4 

ta 5 6 7 8 
_.--- 

D Each number rcprcscnts R particular set of rcactioil conditions for that obscrvdion, e.g., 
cxpcrimwd 6 is an cstcritication renction at conditions of C*t,Ti; 
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ESTBRIPICATION OI? NT& NMIDA, IDA, GLY. AND SARC: h! Wh! n-1~111y1 wtcarnto VM-UJZS AS A 
FUNCTION OF REACTION CONDITIONS 

RWR n-Bulvl &mratca 

mpt. iv0.b I 2 3 4 5 *G 7 8 

SRRC 0.50 o.gG 0.65 0.73 o.Gg I .07 0.73 0,61 

GLY 0,86 0.95 0.8G 0.95 0.80 : 1.04 1.00 0~82 
NMIDA 0.00 0.60 0.00 0.30 0.00 , 0.88 0.25 0.00 
IDA 0.41 1.12 0.64 0.92 0.64 a 1.13 1.00 

NTh 
0177 

0.39 0.77 1.00 1.18 0.89 1.14 1.14 1.10 

R A reactant mixture composecl of I pmole each of SARC, GLY, NMIDA, IDA nrlcl NTA 
and 0.1 hcmolc of n-butyl stcarate was usccl for each experiment. Each cstcrifiecl mixturc was 
trcstccl with trifluoroacctic anhyclriclc at room tempcraturc prior to GC analysis, 

b Conditions for each cxperimcnt arc prcscntccl in Table I. 

presented in Tables I and II. One experimental observation happened to fall directly 
on the maximum RWR point for all the amino acids (experiment 6, Table II). The 
conditions for this experiment were: temperature 65”; acid concentration, 3 N; reac- 
tion ‘time, 45 min. Variation of the experimental conditions around this point did not 
change the RWR values. Further analysis of Table II showed that temperature was 
the most critical variable. An increase in temperature decreased the RWR values for 
SARC, GLY, and NMIDA and increased the RWR values for IDA and NTA. 

In one experiment, separate solutions of NTA and of NMIDA in 3 N BuOH-WC1 
were heated to 150~ for 2 h. NTA underwent cleavage to IDA, 

(+) WC1 
%BuOH + HN (CH,CO,~zl3u), 

(+) 
-+ H,N(CH,C0,~213u), -1_ ~zBuOCI-I,CO,~zBu 

while NMIDA produced a polymer. At 65”, however, very little cleavage (below o.s”h) 
of NTA occurred. 

Trifluoroacetic anhydride, 25% v/v in methylene chloride, was used for the 
trifluoroacetylation of GLU, IDA, GLY, and SARC. These compounds were quan- 
titatively acetylated in 30 min at room temperature; the tertiary amines were found 
to be inert to trifluoroacetic anhydride under these conditions. Longer reaction times, 
e.g., three weeks at room temperature, caused cu. 10% conversion of NTA to IDA. It 
was therefore important to remove all trifluoroacetic anhydride at the end of the 
3o-min reaction period. 

When satisfactory conditions were found, the structure of each derivative was 
checked by GC-mass spectrometer. Cracking patterns for compounds xa to 6s are 
consistent with the assigned structures. The cracking patterns for derivatized IDA and 
SARC (aa and ~a) and for the free-amine form of derivatized NTA and NMIDA 
(ra and 28) have not been published before and thus are included in EXPERIMENTAL, 

The TAB-GC analytical system required an, .anhydrous sample that was (a) 
relatively free of polymeric material and, inorganic .salts and (b) completely free of 
low-molecular-weight organic materials that had the same GC retention times as 
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NTA, IDA, NMIDA, GLY, and SRRC. In practice, this meant the quantitative sepa- 
ration of amounts as small as 0.25 pg of each amino acid from I0 ml of water which 
contained a large variety of dissolved matter. We initially investigated a classical 
ion-exchange separation proceclurel” &nd a batchwise cation-exchange procedure in 
which Ca2+ and Mgi+ salts were exchariged for NH,+. Both of these procedures, 
however, were teclious and extremely difficult to quantify at low sample concentra- 
tions. 

We decided, therefore, to develop an extraction method based on the fact that 
the butyl esters of NTA, IDA, NMIDA, GLY, and SARC were soluble in methylene 
chloride whereas the inorganic salts and most of the polymeric material were insoluble. 
Thus, a Io-ml water sample was freeze-dried to a white residue, which was then heated 
with 3 N BuOH-HCl. After removal of BuOH-HCl, the sample was shaken with 
aqueous KHCO,, which converted the hydrochloride salts of the amino acid esters to 
the corresponding methylene chloride-soluble esters, which were subsequently 
extracted with methylene chloride. 

Unlike the ion-exchange method, which separates the amphoteric fraction from 
the rest of the sample, an extraction procedure is relatively nonspecific and separates 
a large variety of low-molecular-weight organics from the aqueous sample. Thus, our 
chromatograms contain a large number of peaks other than those specifically due to 
the amino acicls of interest ; cf Figs. I, 2, and 3, Fortunately, however, there was almost 

TIIE RELATIVIC WIEIGI~IT RESI’ONSIC OF SAl<C, CT&Y, NMIDA, IDA, AND NTA: DISTILLED WATER 
SAMPLES” 

A mino 
acid 

3 

Relative standa& 
.- dcvintionb 

4 AVC. 

snnc 200 0.94 o.gz 0.96 I.01 0.96 4.0 
GLY 200 o.g3 0.87 0.85 0.88 0.88 3.8 
NMIDA 200 0.88 0.89 0.89 0.89 0.89 05.6 
IDA 200 1.06 1.06 I ,og 1.13 I.09 3.1 
GLU T 47. 1 1.00 I .oo I .oo I.00 - 

NTA 200 0.83 o.go 0.87 0.83 0.86 3*4 

IL Samplc prcparntion proceclurc 1 and clcrivatization proccclurc 1 wcrc used. 
13 Rclntivc stanclnrcl clcviation = (b/Am) x 100, whcrc c7 = stnnclnrcl sumple clcvirction. 

no impurity peak interference, In some situations, e.g., with Suffolk County, New 
York, water samples, the peaks due to the organics initially present in the water even 
served as a fingerprint for the source of tl!e water. 

The large variety of water samples analyzed during the course of this work 
required the development of two sample preparation procedures and three de?iva- 
tization procedur& Listed below is the specific combination of sample preparation 
procedure, derivatization procedure, and internal standard required for each appli- 
cation. 
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r- 

SARC Nl IA 

IDA 

I,, 
Cc) 

NTA 

L 
0 4 g I.2 16 29 MIN 

208 220 220 *c SO Ii2 lb4 Ii6 

Cd) 

? I,2 16 29 MIN 

144 176 208 220 220 ‘C 

Pig. I, Chromato~rams of W-butyl cstcrs of NTA nncl NMIDA rtncl N-TPA ~butyl esters of GLU, 
IDA, GLY, uncl SARC. (a) zo p,p.m. in Detroit River water, I@ injection: (b) I p.pm. in Dc- 
troit River water, I-@ injection; (c) O,I p,p.m, in Detroit River water, 3-/&l injection; (cl) 0~02.5 
p,p.m. in Detroit River water, 3-/d injection. GLU, I /&mole (147.1 g), ncldccl to each sample ns 
intcrnnl stclndnrcl: dcrivatizccl amino ncicls in 300 ,A of Freon 113, Column: I.9 m x 2 mm I.D, 
glass U column pa&xl with o.G yO w/w stnbi1izcc.l grndc EGA on 80/1oo mesh a,~!. Chroqosorb W, 
Conditions: initial tcmpdrnturc, 80~ programmed at 8”/min to 220’; attenuation, upper pen nt 
I x IO -I1 Anip/niV, lower pen nt 50 x 10-u Amp/m\‘. 
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Determination of NTA, IDA, NMIDA, GLY, mad SARC in distilled water. This 
analysis is similar to the method commonly employed for the protein amino acidsl3. 
Sample preparation procedure I and derivatization procedure L were used. Glutamic 
acid was employed as the internal standard. The RWR values for this procedure are 
presented in Table III. 

Detemaination of NTA, IDA, NMIDA, GLY, and SARC in inlami! waters. This 
analysis uses sample preparation procedure I and derivatization procedure 2. One 
problem peculiar to this analysis was that partial loss of GLY and SARC (the two most 
volatile amino acids) occurred when the methylene chloride extract was concentrated. 
Addition of IO ~1 of trifluoroacetic acid to the methylene chloride extract conveniently 
solved the problem, converting the volatile amino acid esters to the corresponding 
nonvolatile ammonium ion salts: 

/R R 
HN 

(-1 (-I-)/ 

\ 
+ Cl?,COOH --f CI’,COO H,N 

CH,CO,Bu \ CH,CO,Bu 

R = CH,, H 

This procedure has allowed us to follow the simultaneous biodegradation of all 
five amino acids in Meramec and Detroit River water. Table IV shows RWR values 
for the concentration range of 20 p.p.m. to 25 p,p,b**. 

TARLE IV 

THE RELATIVE WEIGHT RESPONSE 017 SARC, GLU, NMIDA, IDA, AND NTA: DETROIT RIVER 
WATER SAMPLES' 

--- 

pg of each RWRcl,u” 
amino acid 

SARC GLY NMIDA IDA N’XA 
-- .- 

100 1.02 0,9G 0.97 1.02 0.71 
SO 0.86 0.82 o*97 I .04 0.85 
IO 0.83 0.78 0.81 0.98 0.86 

5 0.89 0.81. 0.79 I.01 0.86 

2.5 0.72 0,Gz 0.81 1.09 0.75 
1.0 0.83 o*75 0.77 0.99 0.71 
0.5 o*75 0339 o*79 0.88 0.7G 
0.25 0.90 0,88 0.91 1.05 0.72 

Ave. 0.85 o*79 0.85 1.01 0.78 
100 x a/Avc. 10.9 13.6 9*9 6.2 y.7 

--.-- 

8 Each sample consistccl of a mixture of all five amino acids clissolvccl into IO ml of river 
water. Thus, the concentration of each amino acicl was the following: p.p.m. E= 0.1 x 1.46 amino 
acid. 

tcrnal 
b One pmolc (147.1 /.dg) of glutamic ‘acid was nclclccl to cnch river wntcr snmplc as an in- 
stnnclnrcl. 

Fig.’ I presents four of the GC scans used to obtain the clata for Table IV. 
The RWR values in Table IV are lower than those in Table III because of the 

extraction workup required for the Detroit River water samples, 
We used the same procedure to analyze qualitatively for N-oxalyl-IDA (G), a 

* Throughout this nrticlc the Amcricsn (IO”) billion is meant. 
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possible biodegradation intermediate of NTA. The synthesis of this compound utilized 
the following reactions : 

vi? 
ClC-CC1 + BsOH 2 BzOC-CC1 + ‘WC1 

0 

9 

NaHCO, ?Q 
g + HN(CH,CO,H), --37+ BzOC-CN(CH,CO,H), _ 

IO 

Pd/C 57 ? 
IO + K? -+ HOC-CN(CH,CO,H), + BzOH 

23” G ’ 

Bz = 

A sample of tributyl ester (Gs) was independently synthesized by the following route : 

0 0 0 0 

J3uOI-I + ClU!Cl ~,213uo~-~c1 

8 

EtORC 
8 + I-IN (CH,CO,~zBu) s - ReI-z 1zBu0$-$N(CH,CO,nUu), 

0 0 

A gas chromatogram of all five amino acids and compound G is presented in 
Fig. 2. 

Determinatiovt of NTA, IDA, and NMIDA in prinaary sewa& c$uents, secondary 
sewage cfluents, mzd inland waters. This analytical procedure used sample preparation 
procedure I and derivatization procedure 3. Both glutamic acid and tetracosane have 
been employed as internal standards, Derivatization procedure 3 is one step shorter 
and requires considerably less attention than derivatization procedure 2. The payment 
for this decrease in time is partial loss of SARC and GLY, Nevertheless, the method has 
been used to, analyze quantitatively for NTA, IDA, and NMIDA and qualitatively 
for GLY and SARC in river water, well water, sewage-plant effluent, and various 
samples of municipal drinking water, The RWA o~u values for NT& IDA, and NMIDA 
were within 10% of those reported in Table IV. 

Of particular importance was the application of this procedure to water 
samples fixed with formaldehyde, Formaldehyde reacted with glutarnic acid to yield 
a compound that did not elute from an ethylene glycol adipate column. Our control 
experiments, however, shd&ed that a 1% formaldehyde solution did not react with 
NT& NMIDA, or IDA at room temperature. 
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N-OXAWL-IDA 

1 
00 112 144 176 200 220 210 ‘C 

Fig. z. Chromatogram of ut-butyl cstcrs of N-oxalyl-IDA, NTA, and NMIDA and N-TFA n-butyl 
cstcwof SARC, GLY, IDA, and GLU. Sample: N-oxalyl-IDA, NTA, NMTDA, IDA, GLY, nnd 
SARC each at the IO-pg level in IO ml of Mcrnmcc River water; GLU, I yr.rnolc (147.1 p&j), ncltlccl 
as internal standard ; clerivatizecl amino acids in 300 141 of Freon 1 r 3, I ~11 of sample in jcctccl, See 
the lcgcncl to Pig. I for other clctnils. 

TABLE V 

THE RELATIVE WEIGHT RESPONSE OP NTA IDA, AND NM.TDA: SUFI~OLJC COUNTY, N,Y., \VELL 
WhTERn 

Amino acid Amount No. of R WR IOO x cr/Ave, 
fpg) detevminations Ave. 

NTA 0.5 6 O.GI IO 

IDA 0.5 6 0.78 17 
Tctracosanc 50 6 I .oo - 

NMIDA 0.5 G 0.48 18 
-- __-......_....-.-- 

a A lo-ml water sample was used; wstcr W~LR 1% in form;ddctiytlc, 

TABLE VI 

~RLATIVE WEIGHT RESPONSE OF N-NITROSO-IMINODIACXTIC ACID 

#w of tw of Source of RWRVJ,~ 7DAb 
N-v$roso-7DA GLU watcra 
.b-.--..-- --- --.___---.---.- 
200 147.’ Meramcc River 0,83 

,:z 
147.1 Mcramcc River 0.83 
f47.I Detroit River 0.79 

IO’ 147.1 Detroit River o*73 
5.. ,147.X Detroit River o&7 

-. . 
R Each sample WUY compoabcl of N-nitroso-IDA in IO ml of river water. 
b N-Nitroso-IDA is clcavctl to JDA during the dcrivntizntion proccss, 
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O q fJ I.2 1.6 2p MIN 
EC J II2 144 I76 208 220 220 OC 

IDA 

Q 
MIN 

220 ‘C 

Fig. 3, CC chromntogrnm obtnincd for Suffolk County, N.Y,, well water. Ssmplc: (a) IO-ml wstcr 
aamplc; (b) IO ml of tho same water spiked with 0.5 clg cuch of NT& IDA, NMIDA, GLY, and 
SA:IX; tctracounnc, 5o/~g, acldcd to each sample ~1s intcrnnl standard; derivatizecl sample in 
300 111 of Prcon I 13, z pl of this solution injcctccl. Sea the lcgcncl to Pig. I for other details. 
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To circumvent the glutamic acid problem, tetracosane was used as the internal 
standard. In Table V, the RvvRT&r&cesnn(? values are presented for NTA, NMIDA, 
and IDA in Suffolk County, N.Y., well water which was fixed with formaclebyde. 
Two GC scans of this water are presented in Fig. 3, 

Analysis of N-7zitroso_inzi?zodiacetic acid. Sample preparation procedure I and 
derivatization procedure 3 are utilized for this analysis. Treatment of N-nitroso- 
IDA with qz-butanol-HCl not only converted the carboxyl groups to ,qz-butyl esters 
but also cleaved off the N-nitroso group. This cleavage reaction, characteristic of 
N-nitrosoaminesl”, is illustrated below. 

Cl(-) 

ON-N (CH,C0,H)2 + ~zl3uOI-I wcf. H;&CH,CO,,zB& + 43uONO 

Some decomposition of the N-nitroso compound occurred, in that its RWlio~u values 
(Table VI) vary slightly with concentration. The XWX values, however, are repro- 
ducible at any given concentration, and the method is capable of detecting 0.05 p.p,m. 
of N-nitroso-IDA. 

Analysis of NTA, JDA, NMIDA, GLY, and SARC ha water co&aining nitrite 
ions. This analysis uses sample preparation procedure 3 and derivatization proce- 
dures I or 3, depending on whether the analysis has to be quantitative for GLY and 
SARC. The sample preparation procedure was designed to remove the nitrite from 
the solution so that subsequent reactions between the amino acids and nitrous acid 
would not occur during the esterification reaction, The sample was cooled in an ice 

TABLE V I S 
. 

&!WR VhLUES FOR NT-A, IlD)A, NMLDA, GL\‘, AN13 SARC IN WATEIZ CONTAINING NITRI’I’IL IONS‘l 

pg of each 
atnino acid 

1% of R~~Rt,t,,,,w,, .!I 
NaNO, - 

S/l RC GL Y 
.---- 

NMIDA 113R NT/l 

100 500 0.94 0.85 o.g9 I .08 0.93 
250 0.78 0.6g 0.91 I.01 0.94 

0 0.93 0.84 1.04 I.09 0.99 

a The sample was composccl of arnino acids and NaNO, in IO ml of distillccl wntcr, Sample 
preparation procedure 3 and clcrivatization procedure 2 wcrc uucd for the analysis. 

b %‘ctracosanc, 0.2 /wiole (67.7 i(g), vms aclclccl as an intcrnnl stnnclarcl. 

bath, acidified with trifluoroacetic acid, and freeze-dried. These steps converted all 
nitrite to nitrous acid, which was removed during the freeze-drying process. The 
RWR~LU values in Table VII show that no interaction between nitrous acid and the 
amino acids occurred during the sample preparation procedure. 
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