
. - I and m u s t a b so rb  in  th e  U V  reg ion  in  w h ich  th e  de- 
: is sensitive. A lthough  u n like ly , if  a  p ro b lem  is sus-

j  then  m in o r changes in  th e  so lv en t p ro g ram  shou ld  
(jP ^y g stig a ted  in  a n  a t te m p t  to  a d e q u a te ly  resolve th e  

ks Alternately, a n o th e r  ch ro m a to g ra p h ic  tech n iq u e  
}, 89 necessa ry  fo r th o se  sam p les  w hich

in te rfe rin g  m a te ria ls  w h ich  c a n n o t be  sa tisfac to rily  
^]ved.
^  conclusion, th e  H S L C  m e th o d  p re se n te d  in  th is  p ap e r 
Ters im proved p rec is io n , g re a te r  s im p lic ity , g enera l ap p li­

c ab ility , a n d  a  s ign ifican tly  low er l im it  o f  d e te c tio n  for th e  
d e te rm in a tio n  o f iso cy an a tes  in  th e  w ork ing  a tm o sp h ere .
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Pligh Performance Liquid ChrnmatngraphirJh^ti^minatinn nf 1 
Ijsrostagiandins p2a, E2, and D2 from In Vitro Enzyme Incubations

(1) Kalman Marcafi, A na/,_S )em _29 iM 2 (1957).
(2) K. E. Grim and A. L. p n S ,
(3) Jurgen Keller. K. L.
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*The Ngh performance liquid chromatographic separation of 
< prostaglandins Fza. E j, and D j as p-bromophenacyl esters 
^ on a m icroparticulate, bonded, reversed phase column is 
i;'if«scribed. Detection and simultaneous quantitation of less 
^than 3 ^g of each prostaglandin is possible. The method has 

been applied to monitor prostaglandins produced from 
Iheep seminal vesicle enzyme preparations and to evaluate 
antiinflammatory drugs on the basis of their inhibition of the 
lynthetase enzyme. Advantages of this technique over 
Other inhibitor screening techniques are discussed.

5  • High p erfo rm ance  liq u id  c h ro m a to g ra p h y  (H P L C ) has 
;. Jonly recen tly  b een  a p p lie d  to  th e  p ro b lem s o f  p ro s tag lan - 

din sep ara tio n  a n d  analy sis . M ik es e t  al. {7) com pared  
-”r HPLC an d  T L C  se p a ra tio n s  o f  ep im eric  p ro s tag lan d in s. 
V? Morozowich (2 ) reso lved  p ro s ta g la n d in s  A 2 an d  B 2 on a 

triethylam inoethyl ce llu lose ion  exchange co lum n  and  
.Itudied th e  base  ca ta ly zed  convers ion  o f  p ro s tag lan d in  E 2 

\ to B2. A ndersen  a n d  L eovey  (5 ) s e p a ra te d  closely  re la ted  
prostaglandins o n  a p e llicu la r silica  s u p p o r t  an d  d e te r- 

;  mined th e  degree  o f  ep im eriza tio n  o f  p ro s tag lan d in  F 2q 
using a re frac tive  in d ex  d e te c to r . E x c e p t fo r a com para tive  
Itudy (4 ) o f p ro s ta g la n d in  E 2 levels in r a t  k id n ey  pap illas 
by H PLC  an d  b ioassay , l i t t le  w ork  h a s  been  rep o rted  on 
the deve lopm en t o f  q u a n ti ta t iv e  h igh  p e rfo rm an ce  liquid  
chrom atographic assays fo r p ro s ta g la n d in s  in  biological 
•P€cimens. L ack  o f  s e n s itiv ity  w ith  a fixed  w avelength  d e ­
le t e r  has been  th e  m a jo r o b s tac le  in  th is  a rea ; how ever, re- 
^ n tly  re p o r te d  w ork  by  M orozow ich a n d  D ouglas (5) on 

fo rm ation  an d  s e p a ra tio n  o f  p ro s tag lan d in s  as p -n itro -  
phenacyl e s te rs  h a s  p ro v id ed  a  so lu tio n  to  th is  p rob lem .
_ H PLC a p p ea red  to  o ffer severa l ad v an ta g es  fo r m on ito r- 
•^6 in v itro  sy s tem s c o n ta in in g  enzym es w hich  ac tive ly  syn- 
^esize p ro s tag lan d in s  from  p re c u rso r  f a t ty  acids . C u rre n t 
°|®thods o f  assessing  p ro s ta g la n d in  s y n th e ta se  ac tiv ity  in- 
*ude p o la rog raph ic  m e a su re m e n t o f  oxygen u p tak e  (6 ), 

•P ectrophotom etric  m e a su re m e n t o f p ro s ta g la n d in  B 2 (7), 
rad io m etric  th in  lay e r ch ro m a to g ra p h y  (8 ). T h e  pri- 

*®®ry d raw backs to  th e  f irs t tw o  a p p ro a c h e s  a re  th e  lack  o f 
*P®cificity a n d  sen s itiv ity , ex c e p t in  th e  m o s t enzym atica lly  
®^tive tissues . R a d io m e tr ic  th in  lay e r chroV natography is 

a n d  accu ra te  q u a n ti ta t io n  is d ifficu lt. In  c o n tra s t

to  th e se  m e th o d s , H P L C  is ra p id  a n d  can  su p p ly  accu ra te  
q u a n ti ta t iv e  re su lts  on  severa l c o m p o u n d s  in  a sing le  ch ro ­
m a to g ra p h ic  run .

D escribed  h e re  a re  th e  reversed  p h ase  liq u id  ch ro m a to ­
g rap h ic  s e p a ra tio n  o f severa l c losely  re la te d  p ro s tag lan d in s  
as th e i r  p -b ro m o p h e n a c y l e s te rs  a n d  th e  s im u ltan eo u s  
an a ly s is  o f  m icrom o lar levels o f  p ro s ta g la n d in s  F 2a. E 2, a n d  
D 2 fo rm ed  from  in  v itro  sy n th e ta se  in cu b a tio n s .

E X P E R IM E N T A L

A ppara tu s . A Chromatec Model 5100 (Tracor Instruments, 
Austin. Texas) high performance liquid chromatograph with a 
pneum atic drive, positive displacement pump, and a single wave­
length (254 nm) ultraviolet detector was used. Chromatographic 
columns were operated a t ambient tem peratures (25 ±  3 ®C), and 
injections were made into a stopped-flow injection port with a 
Hamilton Mode) 701 10-m1 syringe. Chromatograms were recorded 
on a Varian A-25 single-pen recorder, 0 to  1 mV full-scale.

C hrom atog raph ic  Colum ns. Corasil CIS and Phenylcorasil 
(W aters Associates, Milford, Mass.) superficially porous, reversed 
phase column materials were packed into 1-m by 2-mm internal 
diam eter (i.d.) stainless steel columns. A 2-m by 2-mm i.d. column 
of Permaphase ODS (Du Pont Instrum ents, Wilmington, Del.) was 
prepared by coupling two 1-m columns via a minimum dead vol­
ume fitting. A pre-packed, pre-tested, microparticulate, reversed 
phase column in Bondapak CIS, W aters Associates) was used as 
received. Low dead volume fittings were easily constructed to 
adapt this column to the stopped-flow injection port of the chro­
matograph used.

R eagents. Distilled-in-giass acetonitrile, methanol, and m eth­
ylene chloride (Burdick and Jackson, Muskegon, Mich.) were used 
as received. 2,4'-Dibromoacetophenone and p-nitrophenacylbrom- 
ide (Eastman Kodak, Rochester, N.Y.) were used as received. Di- 
isopropylethylamine (Aldrich) was redistilled (b.p. 127 ®C) before 
use. All prostaglandins were supplied by the Experimental Chem­
istry Laboratories of The Upjohn Company. Arachidonic acid, 99% 
pure (NuChek Prep, Elysium, 111.) was examined by TLC before 
use.

P ro ced u re . Derivatization. Prostaglandin p-bromophenacyl 
and p-nitrophenacyl esters were prepared according to  Morozow­
ich and Douglas (5). Briefly, the prostaglandin (500 ug or greater) 
is dissolved in 1.0 ml of anhydrous acetonitrile containing a three­
fold molar excess of p-bromo- or p-nitrophenacylbromide. Two *xl 
of diisopropylethylamine are added to catalyze the reaction, which 
is >95% complete in 1 h a t 25 ®C. For 1 to  100 ng of prostaglandin, 
the volume of acetonitrile should be reduced to 0.1- 0.2 ml, and the 
am ount of diisopropylethylamine should be reduced to 0.5 yl. A 
threefold molar excess of reagent m ust be maintained.
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F igure  1. S truc tu res  o f typ ica l prostag landins

For amounts of prostaglandin of 500 ng to 1 fig, the reaction 
tim e should be extended to 2.5-3.0 h. Heating to 45 ®C accelerates 
the reaction, bu t the possibility of dehydration of prostaglandins 
Bz or D2 exists under anhydrous conditions a t these temperatures. 
Tetrahydrofuran and dimethylformamide are suitable solvents in 
which to carry out the reaction if they are pure and anhydrous. For 
extracts from enzymatic incubations, an am ount of derivatizing re­
agent corresponding to  a  threefold molar excess of fa tty  acid sub­
strate  should be added.

E m ym e Incubation. Sheep seminal vesicle synthetase enzyme 
was kindly supplied by D. Wallach, Experim ental Biology U nit of 
The Upjohn Company. The preparation of this enzyme as a lyoph- 
ilized acetone powder, and factors affecting the incubation have 
been described (7).

The lyophilized powder is homogenized in Tris buffer, pH  8.0, to 
give a concentration of 20 to 50 mg/ml depending on the enzyme 
activity. Then 0.5 ^imol of hydroquinone are added to suppress oxi­
dation of the arachidonic acid substrate. The enzymatic reaction is 
initiated by adding 400 ug of substrate to  a  2-inl portion of homog- 
enate which is being stirred vigorously a t 35 *C. To quench the re­
action, 2 ml of methanol are added, and the mixture is centrifuged 
to remove proteins. An internal standard can be conveniently con­
tained in the methanol. T he supernatant is then decanted into a 
separatory funnel containing 2 ml of 0.1 M citric acid and about 
500 mg of sodium sulfate. The aqueous phase is extracted twice 
with 5 ml of methylene chloride. The pooled organic phase is dried 
over anhydrous sodium sulfate, transferred to a 12 X 75 mm dis­
posable tube, and evaporated under nitrogen. The residue, concen­
trated in the bottom of the tube, is derivatized in 0.1 to  0.2 ml of 
acetonitrile, and the samples are chromatographed on a micropar- 
ticulate, reversed phase column.

R E S U L T S  A N D  D IS C U S S IO N

C h r o m a to g r a p h y .  S tru c tu re s  o f  p ro s ta g la n d in s  A 2, B 2, 
D 2, E 2, F 2a, a n d  15 -m ethy l B 2 a re  show n in  F ig u re  1. D e­
sp ite  e leg a n t se p a ra tio n s  (5) o f  severa l p ro s ta g la n d in  p -n i-  
tro p h en acy l e s te rs  on  m ic ro p a r tic u la te  s ilica  gel co lum ns, 
th e  d ev e lo p m en t o f reversed  p h a se  ch ro m a to g ra p h ic  se p a ­
ra tio n s  becam e necessa ry  fo r tw o p rin c ip a l reasons:

1) T h e  se p a ra tio n s  on  m ic ro p a r tic u la te  silica  gel w ere 
a c tu a lly  to o  re f in ed  fo r p ra c tic a l ex ten s io n  to  q u a n ti ta t iv e  
an a ly s is  o f p ro s tag lan d in s  in  b io logical sam p les. F o r  ex am ­
ple , P G E 2 an d  its  fo u r g eo m etric  o r  ep im eric  iso m ers are  
reso lved  by  a d so rp tio n  ch ro m a to g rap h y . Q u a n tita t io n  of 
th e ir  to ta l c o n te n t in  an  en zy m a tic  in c u b a tio n  m ig h t th en  
hav e  to  ta k e  in to  ac c o u n t th e  c o n tr ib u tio n  o f  five d if fe re n t 
peaks, w ith  a n  in c reased  p ro b a b ili ty  o f  in te rfe re n c e s  from  
n o n -p ro s tag lan d in  p eak s  in  th e  e x tra c t. F o r  s im u ltan eo u s  
d e te rm in a tio n  o f P G P 2a, P G E 2, a n d  P G D 2. th e  p ro b lem  
w ould be com pounded .

2) W hile a d so rp tio n  co lum ns a re  o fte n  u sed  fo r q u a n ti­
ta tiv e  analy sis, good re su lts  d e p e n d  on  m a in te n a n c e  o f  a 
co n s tan t su rface  ac tiv ity  a n d  p rec ise  d u p lic a tio n  o f  m ob ile  
phase  com position  from  d ay  to  day . C u m u la tiv e  d ep o sitio n
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F igure  2 . S epara tion  o f prostag landins F ja , E2, D2, A 2, B2, and 1$. ; 
m ethyl 02 '

Conditions: 50/50 acetonltriie/H20 eluent. 1200 psig pressure, 1.2 
flow rate, 25 cm X  4 mm i.d., n  Bondapal^ C t8. UV 254 nm, 0.32
5-10  ng Injected of each prostaglandin ^

o f p o la r co m p o n en ts  o rd in a rily  c a rr ied  a long  in  biological j  
e x tra c ts  rap id ly  d e p le te s  th e  n u m b e r  o f  ac tive  sites on th* * 
co lum n, w ith  co rre sp o n d in g  ad v e rse  changes in  elutioo’J  
tim e  a n d  p eak  sh ap e . C o lum n  reg en e ra tio n  is o ften  diffi* 7 
cu lt. R eversed  p h ase  H P L C  w ith  a  p e rm a n e n tly  bonded 
co lum n is less p ro n e  to  th e se  p ro b lem s an d , if  contamina* 
tio n  occurs, co lu m n  reg en e ra tio n  is easily  accom plished by 
flush ing  w ith  iso p ro p an o l o r  d im e th y lfo rm am id e .

A tte m p ts  to  se p a ra te  P G F 2a, P G E a, a n d  P G D 2 as p-nl»] 
tro p h en acy l e s te rs  on  su p erfic ia lly  po ro u s , bonded, re* 
versed  p h ase  co lu m n s (C orasil C18, P h en y lco rasil, and Per* 
m ap h ase  O D S) w ere unsuccessfu l. A lthough  reten tion  vol­
um es w ere d if fe re n t fo r th e  co m p o u n d s  in jec ted  separately,] 
a  m ix tu re  o f  a ll th re e  cou ld  n o t  b e  reso lved . T h e  colum n efr 
fic iencies o f 2 0 0 -240  p la te s /m e te r  w ere ty p ic a l fo r supetfl*^ 
c ia lly  po ro u s co lum ns; how ever, th e  re s u lts  w ere inad« 
q u a te . B ecause  o f  a n  ex p ec ted  in c rease  in  efHciency, a 
ta lly  po rous, m ic ro p a r tic u la te , rev e rsed  p h ase  colum n v 
exam ined . F igu re  2 show s th e  s e p a ra tio n  o f  th e  prostaglanj 
d in s  o f in te re s t  a s  th e i r  p -h ro m o p h e n a c y l esters. Separa^ 
tio n s  o f  th e  p -n itro p h e n a c y l e s te rs  w ere sim ila r. p-Bromc 
p h en acy l e s te rs  w ere chosen  fo r ro u tin e  determ ination  
levels less th a n  100 ng/m l, sin ce  s u b s e q u e n t e x p e r i m e n t  

revealed  an  in te rfe r in g  re a g e n t b lan k , co in c id en t in 
tio n  tim e  to  P G F 20,, w hen  p -n itro p h e n a c y lb ro m id e  wfl

Table L Derivatization Reproducibility

PGE,

PGF,

PGD,

Micrograms
derivatized^

4 .4 3
8.86

1 3 .29
1 7 .72

6 .0 9
1 2 .18
18 .27
2 4 .36

3 .3 5
6 .7 0

1 0 .05
1 3 .40

Peak height^

17 .0
34.7
53 .4
69 .1
31 .2  
59 .1
90 .4  

1 1 4 .0
13 .9
25 .4
36 .5
44 .7

± 1 .3  
± 1.1 
± 1 .9  
± 2 .4  
± 4 .9  
± 1.2 
± 4 .3  
± 4 .6  
± 1.2 
± 1.0 
± 2.0 
± 0.6

Rel std 
dev, %

±7.6
i3 .2
t3 .6
±3.5

±15.7'
± 2.0
±4.8
±4.0
±8 .6 :
±3.9-
±6.5'

"T rip lica te  d erivatiza tions. ^M illim eters .
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height prostaglandin Fzo. Ea. or D2)/(peak height prostaglandin 15- 
I Bz) VS' ^2 or 0 }  derh/atized

MinuiBS incubat94i
Jr
I. Figure 4. Levels o f prostag landin F2a- E2 vs. incubation tim e

lEiUyma powder concentration 20 mg/ml, pH 8.0, Temperature 35 ^C. GSH

Efforts to eliminate the blank by purification of re- 
cnts and substitution of different solvents were unsuc- 
/ul.

Calibratiott. Mixtures of prostaglandins Fza, Eq, and D2 
ntaining levels from 3 to 20 Mg were derivatized in tripli- 

t̂ate. Table I shows the results of these reaction reproduc- 
^ i t y  experiments, based on chromatographic peak height 
H®««8urements. The reaction volume in each case was 100 

and 5 ^1 were injected onto the column. Fifty ng injected 
l^fc-column from the derivatization of 500 ng produced a 5% 
^ p o n se  at the 0.04-absorbance un it full-scale setting of 

detector. This represents the lim it of quantitation. Al- 
‘though 5 ng should be detectable by extrapolation to the 
i^^ioium detector sensitivity, in practical terms, this

1 ISO

* CSH added

5  1 0  1 5  2 0

Minutes Incubated

Figure 5. Influence of reduced glutathione (GSH) on PQE2 production

Enzyme powder concentration 20 mg/ml, pH 8.0, Temperature 35 ®C, GSH 
=  2 ^m oi/m l

am ount is impossible to quantitate because of noise and 
base-line drift.

An alternate approach to calibration which eliminates 
the need for quantitative sample handling during transfer 
steps is to use an internal standard. 15-Methyl PGB2, a 
prostaglandin analogue, is ideal for this purpose. Not only 
is its chemistry similar to the compounds being deter­
mined, bu t it can be separated from PGA2 and PGB2, the 
principal degradation products due to the dehydration of 
PG E 2. Figure 3 shows calibration curves resulting from 
derivatization of each prostaglandin with 80 ^lg of internal 
standard. The ordinate in the figure represents the  peak 
height ratio of each prostaglandin of interest relative to 
15-methyl PGB2. Quantitative precision was generally im­
proved by the internal standard method, bu t each chroma­
tographic run was approximately twice as long. Where 
throughput considerations are im portant, an external s tan ­
dard calibration might be favored. In both cases, the cali­
bration curves were linear over the range tested, 1 to 80 ng.

Sam ple A nalysis. Enzyme homogenates spiked with 
varying levels of prostaglandins were carried through the 
procedure to check recovery. Results are shown in Table II. 
Recoveries were quantitative for PGE2 and PGD2. Recov­
ery of PG F2a was near 90% because of its more hydrophilic 
nature but, since it was reproducible, the slight loss could 
be accounted for. Figure 4 shows the time course of action 
of the enzyme based on HPLC analysis. Figure 5 shows the 
marked increase in the % conversion of PG E2 when 2 nm ol/ 
ml of reduced glutathione (GSH) was added to the incuba­
tion mixture. This result has been previously identified (7), 
and served to verify the utility of the assay.

One of the uses of synthetase enzyme preparations in

tible II. Recovery of Prostaglandins from Seminal Vesicle Enzyme Preparations''
PG F, POE,

Added, pg Recovery, Added, R ecovery ,'

121.8 8 6 .0  ± 1 .4  88 .6  1 0 2 .0  ± 0.7
60 .9  9 4 .2  f  3 .3  4 4 .3  1 0 0 .0  + 1.6
2 4 .0  86 .4  t  4.3  17.7  9 9 .4  ± 3.2

* Volume o f  hom o g en a te  sp iked  = 2 .0  m l. T rip lica te  de te rm in a tio n s.

Added,

67.0
33.5
13.4

PCD,

Recovery, %

9 4 .8  ± 1.8 
1 0 4 .0  ± 2.8 

96 .1  t  1.7
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F igu re  6 . In fluence o f indom ethacin  on in v itro  prostag landin  synthe­
sis

(-------) upper trace — incubation control, ( . . . )  lower trace *  pre-incubated 3
mln with 10“ * M indomethacin. Enzyme powder concentration 20 mg/ml, pH 
8.0, Temperature 35 ^C, GSH absent, 50/50 acetonitrite/HjO eluent, 1200 
psig pressure. 1.2 ml/min flow rate, 25 cm X 4 mm l.d. n Bondapak C18, UV 
254 nm, 0.08 AUFS

p ro s ta g la n d in  re sea rch  is fo r id e n tif ic a tio n  o f a n ti in f la m ­
m a to ry  d ru g s  w hich  a c t  by  su p p re ss in g  p ro s ta g la n d in  sy n ­
th es is . In c u b a tio n s  fo r th is  p u rp o se  a re  ty p ica lly  ca rried

out in the presence of reduced glutathione and inhibitoj 
then the suppression of PG E2 is measured. The glutathiou,' 
is added to force the reaction to produce enough PGEj sq 
th a t it can be conveniently measured spectrophotonietrj 
cally after conversion to PGB2. The physiological signjf,' 
cance of glutathione in vivo has not been established. Th# 
HPLC method eliminates the necessity of tailoring the ig 
cubation conditions to compensate for an analytical 
ciency. A typical chromatogram showing the influence of 
10”® M indomethacin, a known synthetase inhibitor incu. ■ 
bated without GSH, is shown in Figure 6 . Marked suppr^. 
sion of prostaglandin synthesis is evident.
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Aqueous Phase High Speed Liquid Chromatographic Separation 
and Atomic Absorption Detection of Amino Carboxylic Acid- 
Copper Chelates

David R. Jones IV and Staniey E. Manahan*
D epartm ent o f Chem istry, 123 C hem istry Building, U niversity o f M issouri— C lu ff)^ iq ,^o lum b ia^M o . 65201

The high speed liquid chromatographic separation of the 
copper cheiates of EDTA, NTA, EGTA, and CDTA has been 
demonstrated using a weak anion exchange resin column 
and an aqueous 0.05 IVI (NH4)2S04 mobile phase. The che­
iates were selectively detected by an atom ic absorption 
spectrophotometer interfaced to the high speed liquid chro­
matograph and set to measure copper concentration. The 
chelates are retained by the column as a function of charge 
and elute In the order Cu2<EGTA), C u (N T A )- Cu(EOTA)^~ 
Cu(CDTA)^~. The method Is applicable to the analysis of In­
dividual chelating agents such as those used in industrial 
w ater treatment, food processing, metal cleaning, and phar­
maceuticals.

N a tu ra lly  o ccu rrin g  a n d  p o llu ta n t ch e la tin g  ag en ts  m ay  
be  im p o r ta n t co m p o n en ts  o f  n a tu r a l  w a te rs  a n d  w astew a­
te r s  ( i ) .  T h e y  a re  o f  p a r t ic u la r  concern  because  o f  th e ir  p o ­
te n t ia l  ro le  in  th e  so lu b iliza tio n  a n d  tr a n s p o r t  o f  heavy  
m e ta ls  (1 -3 ). In  a d d itio n  to  tr a n s p o r t  o f  h eav y  m e ta ls  in  
n a tu ra l w a te rs  an d  th ro u g h  sew age a n d  w a te r tr e a tm e n t 
processes, ch e la tin g  ag e n ts  a lso  a ffec t th e  av a ilab ility  of

research m m m

N o .

Or if;DM 

p  I 2 . G 9

Initials
t o ^ i c a n d n u t r j e n ^ g e t e l s j i o ^ a ^ ^  b io ta  (4 ). Synthet 
c h e t a t m ^ a g e n ^ ^ e  w idely  u sed  ^or in d u s tr ia l w ater treat 
m en t, m e ta l c lean ing , food  p re p a ra tio n  an d  p r e s e rv a t io n *  

a n d  as co m p o n en ts  o f  p h a rm aceu tic a ls . In  n a tu re , chelatJ® 
ag en ts , p a r t ic u la r ly  fu lv ic  ac id s , a re  p ro d u ced  as exudat 
from  a q u a tic  p la n ts  a n d  by  decay in g  vegeta tion . Lo^ 
ra n k  coals m ay  y ie ld  s im ila r ch e la tin g  com pounds when ® 
posed  to  a lk a lin e  w a te rs  o r  in  th e  w a te r  u sed  in  slurry 
lines. B ecau se  o f  th e  w id esp read  occu rrence  o f chelati 
ag e n ts  an d  b ecau se  o f  th e i r  e ffec ts  in  w a te r  system s ana ' 
b io ta , i t  is im p o r ta n t fo r e n v iro n m e n ta l sc ien tis ts , 
co n tro l p e rso n n e l, a n d  b io log ical sc ie n tis ts  to  have  ̂
a n d  se lec tive  an a ly tic a l m e th o d s  av a ilab le  fo r chela 
agen ts .

Som e m e th o d s  fo r th e  an a ly s is  o f  c h e la tin g  species 
b een  p u b lish ed . S p e c tro p h o to m e try  h a s  been   ̂
(5 -9 )  in c lu d in g  th e  s ta n d a rd  E P A  p ro ced u re  fo r the a n ^  
sis o f N T A  (9). E lec tro ch em ica l p ro ced u res  have 
veloped  (1 0 -1 5 ), m o s t o f  th e m  d esig n ed  fo r th e  
tio n  o f N T A . S ev era l k in e tic  a n d  ca ta ly tic  analys®* 
been  d e sc rib ed  (16 -19 ). Io n -se lec tiv e  elec trodes 
used  in  tw o p ro ced u re s  fo r th e  an a ly s is  o f chelating 
g e n t b u ild e rs  (20, 21). V arious ch ro m ato g rap h ic  O'®




