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It is often difficult to confirm the validity”of a method of analvsis
directly. Self-consistency in the recovery of known amounts of the
reactant can be misleading when the reactant can take on different

forms, as is likely to be the case in natural waters, Inter-calibmtion.
of different methods of analysis for the same chemical species,

together with the systematic investigation of various aspects of the
analytical technique can sometimes uncover anomalous behaviour and
therefore lead to a more rational choice between alternative methods.
Such studies also increase our understanding 6f the often uncertain
details of the chemistry of the reactions involved.

This paper describes the results of a detailed investigation of two
methods for the determination of iron in natural fresh water. One
method is an automatic spectrophotometrie method derived from Henriksen's
work, It uses 2,4,6 - tri (2'-pyridvl)-s-triazine as colour forming
reagent. The second method is an atomic absorption method recommended.
by Nix and Goodwin. In the latter method the iron reacts with
diethyldithiocarbamate to form a complex which. is extracted from the
aqueous phase into U-methyl-pentan-2-one, This combination of methods
was chosen because it relies upon two different chemistries. There was
some possibility that the methods would respond differently to the
various forms of iron purported to be present in natural waters, and
therefore, that combination would offer a means of studving the

mechanisms that lead to the interconversion of these forms.
\

If more were known about the stability constants for iron-humic or
iron-fulvic: acid systems it might be possible to calculate the magnitude
of any int?;.rference that these organic species exert on analvtical
methods for iron. Unfortunatelv, what little information that is available
has been ';gathened under conditions very different to those usually
encomter:ed in an analytical method. Thus, for example, whereas
determination of stability constants in solution of 0.1 ionic strength
are not uncommon, analvtical proceedures which involve these same
‘conditions, are. The position has been further complicated in the case
of iron since Szilagyi (1971) showed that hmic acid can reduce ferric
to ferrous iron. Therefore, although a superficial comparison of
stability constants is probably worthwhile, an empirical study of the-
inte.r'férence_ offers the most satisfactory answer,




EXPERIMENTAL

APPARATUS AND METHOD -

It was assumed throughout the studv that before being presented for
analysis each sample would have been filtered through a Millipore membrane
filter (0.8u ADP) and then acidified with sulphuric acid (2 ml of 3.2N to
each 100 ml .of samplé) to prevent loss of dissolved iron by sorption on the
vessel ﬁallg. ) |
Standard solutions of iron of appropriate strength were prepared from a
stock solution of ferrous ammonium sulphate containing 100 mg per litre

of iron.

Sulphuric acid solution (6.4 x 10'2N) was used to dilute the stock solution.
De-ionised distilled water prepared using a Manesty still and and Elgastat
de-ioniser was used in the preparation of both standard sclutions and
reagents.

. The practical procedure described by Nix and Goodwin, except for the specific
modifications made in the light of experience which will be described in
detail here was adhered to. During this study a Unicam SP-90 instrument
was used in conjuction with a Servoscribe potentiometric recorder.

An automatic spectrophotometric method derived from Hemriksen's method was
adapted to a Technicon Auto-Analyser. The sample (1.00 ml per minute) is
first mixed with a sodium acetate trihydrate buffer (0.32 ml per minute)
containing hydroxylamine hydrochloride (100 g per 1 of each compound),
After a mixing period of minutes a solution of 2, 4, 6 tri (2'-
pymdyl‘)-s-tr:.azme (280 mg per litre of 1.2 x 10~ N hydrochloric acid)

is added and the final solution, after being mixed for minutes, is passed
through 50 mm path length flow cells. The opt1cal density of the mixture
at 590 mu is recorded by the instrument. Sample blanks are determined

by repeating the analysis in the absence of the TPTZ reagent. Sample cups
were soaked overnight in 20% hydrochloric acid and then washed in |
distilled water before use. Thié procedure was necessary because of .
accumulations of iron on the inside of the cups, presumably formed when a
steel mandril was used during their manufacture.



RESULTS OF INVESTIGATIONS

1. NIX AND GOODWIN METHOD
THE BUFFER

Nix and Goodwin obtained the required pH for each mixture using a pH meter
together with solutions of acid and alkali; this is time consuming, Where
many samples are to.be analysed rﬁutinel_v it is preferable to design an
analytical procedure which accommodates for any variation of pH between
samples whilst at the same time administering the necessary adjustment of
pH without recourse to a pH meter in this way. This has been accomplished
by substituting a 1M sodium acetate buffer solution in place of the
phtallate buffer recommended by Nix and Goodwin, Before addition of the
acetate buffer the samples are held at a pH of approximately 2.0 by

means of 2 ml of 3.2N sulphuric acid which is added to each 100 ml of sample
after collection to prevent sorption of iron on the storage vessels walls.
After addition of the buffer the pH of the mixture is approximately 5.0
and after addition of the DIC solution it increases only slightly.

Nix and Goodwin state that whn the pH of the mixture of sample and buffer

is greater than 4.0 the amount of iron extracted is greatly reduced, They
attribute this to the loss of ferric-iron from solution after its hydrolysis
to ferric hydroxide. No evidence of this behaviour was observed during

this study. It was found that mixtures of sample (200 ug per litre of
ferrous-iron) and acetate buffer could be stored for periods between 10
seconds and 16 minutes without a moticeable deterioration occurring, As

the maximum period of storage in the analytical scheme is only approximately
3 minutes, interference from this source seems unlikely to be important

at the concentrations encountered in this study (0 -200 ug per litre).

Sandell states that the rate of decomposition of DDC solutions is directly
proportional to their hydrogen ion concentration, Further, he records

the half life of the DDC ion at room temperature as 4.9 minutes, at a pH

of 5.0. There appears, thenefqne, to be no objection to the use of the
acetate buffer and the pH of 5.0 it yeilds ,provided that the period of time
during which the mixture of sample, buffer and DDC is stored, is kept
relatively short. Tests with a sample (100 ug per litre of ferrous-iron)
showsdthat mixtures cortaining DOC which were stored fram between 30 seconds



and 2 hours returned the same result. It is concluded, therefore, that
the pH of 5.0, and the reaction time of approximately 3 minutes used here
are satisfactory despite the inevitable loss:of DDC that must occurs.

There is no evidence to suggest that allowing the pH to increase continuocusly
after the DOC has been added is detrimental to the analysis of ferrous-

iron in distilled water. However, it seems desirable to fix the pH when
natural water samples are analysed because of the lack of information

about the form of the iron and its reactivity at different pH's. It is

felt, therefore, that the stable pH obtained bv the method recommended here
is preferable to the continuwuslv increasing value obtained when Nix and
Goodwin's instructions are followed.

When the phtallate buffer recommended by Nix and Goodwin was used the
atomiser of the SP90 was frequently blocked by a white. encrustation.
Several different atomisers suffered from the same problem and reproducible
results could not be obtained., The white encrustation is presumed to be
phtallic acid, or one of its salts., Substituting the sodiun acetate for
the phthallic buffer overcame the problem,

In the modified procedure the solution of iron complex in ketone is in
contact with a small amount of the aqueous phase after it has been
centrifuged. It was found that such solutions derived from various amounts
of ferrous-iron in acidified de-ionised distilled water (0.500 ug per litre)
did not deteriorate when stored for six hours, From this it is concluded
that the decomposition of DDC in the aguecus phase, and anv subsequent
tr\anspor)c--of DDC from the ketone phase has ohly a negligible effect on the
stability of the iron complex dissolved in the ketone. The results also
show that the solutions of iron complex in ketone are stable for at least
six hours under the usual conditions of iighting etc. which prevail in a
laboratory. This is particularly useful as it allows a single set of
standard solutions to be used for several sets of hatural water samples,
not prepared simultaneously. '

CLEARING SOLUTIONS

When samples of natural or artificial river water containing appreciable amounts.
of organic material are analvsed the organic material forms a thick
suspension with the ketone. This suspension prevents easy sepanit:lon of the



aqueous and ketone phases. The problem is overcome by centrifuging the
suspension in a glass tube under approximatelvy 770 g for 2 minutes,
followed by gentle stirring of the ketone phase with a fine glass rod.
After sapplying this procedure twice the organic material always packed
down to a thin disc at the boundary of the aqueous and ketone phase,

The organic material never packed down when only the centrifuge was
applied; gentle stirring was essential. All Samples analysed during this
study were cleared by this method.

CALIERATION

The method would be best calibrated by adding known amounts of iron to

an iron-free water which otherwise has the same composition as the sample
under investigation, If this method were adopted, unforeseen variation

in the response of the method to iron in different waters would be avoided.
However, as it is difficult, or perhaps impossible, to prepare such
iron-free waters a calibration medium which relies upon de-ionised
distilled water seems a necessary alternative.

A comparison of the behaviour of the Nix and Goodwin method in some natural
waters and in de-ionised distilled water s}'owed,_ however, that one is not
usually justified in using de-ionised water as’'a calilmation medium.

The results of scame of these analyses are shown in Fig 1. The curves
obtained for the natural waters intercepted the ordinate axis at higher
positions than the de-ionised water because they contained more iron.

It is ot possible to compare the behaviour of the method in two waters
directly by using a single value of the gradient from each curve because
the curves are ﬁot linear. However, shifting the axis of the natural
water graph along the abscissa, in the manner shown in Fig 1, allows

a comparison to be made. A further analysis is made by calculating the
proportion of the iron that is removed from each increment added. The
amount of iron removed from successive increments is obtained from the
difference between the response in de-ionised and natural water. The
gradient of the graph of the amount of iron removed versus the amount added
can be drawn, and its gradient used as a measure of the complexing |
ablllty of the material present in the water under examination. Curves
of this kind, Fig 2, have been determined for a variety of natural waters,
In most cases a.linear relationship was found to exist between the two



variables., However, on a few occasions deviations from linearity in
either direction were cobserved at the higher iron concentrations
administered (400-700 ug per litre).

The highest and lowest recorded values (of 0,73 and 0.0 respectively)
were returned by samples of water from peat bogs. The first was coloured
brown whilst the second was apparently colourless. This must no be taken
as a suggestion that the colouration of samples is a direct indication
of the extent of camplexing ability, however, because an apparently
colourless sample of mountain stream water returned a value of 0,45,

A sample of Thames water taken at Wallingford during a relatively dry
pericd of the year returned a value of 0.14, ‘

These data show, therefore, that the use of de-ionised distilled water as
a calibration medium introduces an error of anything between O and 73% in
the determination of iron in a natural water sample. ‘

Investigations have shown that organic and not inorganic material present

in natural water is probably responsible for the behaviowr described above.
Tests showed that sodium, calcium and potassium (as chlorides) at 2.5 mg
per litre, and phosphate-phosphorus and silicate-silicon at concentrations
of 100 and 1000 wg per litre, respectively, have no deleterious effects
upon the shape of the calibration curves for ferrous-iron in distilled
water. Experiments also showed that the apparent loss of iron is ndt due to
}iny inter-specific interferences in the flame, and therefore, that the
suppressed responses are returned because less iron-DDC complex is extracted
by the ketone from river waters. This was established when samples of
de-ionised water to which iron had been added returned the same result
 irrespective of whether they were extracted with pure ketone or ketone which
had previously been shaken with a mixture of natural water and buffer,

Because interference by organic material present in the samples was
suspected, the behaviour of iron toward some compounds which are known

to be present in natural waters was studied. Most attention has been given
to the role of "humic acid" but some investigations have also been devoted
to "fulvic acid",

Fulvic acid was d1ssolved directly in acidified de-ionised water whereas
"humic acid had to be dissoved in sodium hydmxide (2x10 2N) before the



pH of the mixture was finally reduced to 2 by means of 3.2N sulphuric
acid. In the acidic medium a large proportion of humic material was
probably colloidal and particulate, since much-of it could be removed
from the solution by filtration through a Millipcre membrane filter

(0.8u A.P.D.,). However, in the experiments described here the humic
material was treated as though it were dissolved and no attempt was

made to filter the mixture. This does not appear to conflict with the
standard proceedure adopted for the analysis of river water samples. This
is s0 because the samples themselves must contain particulate or colloidal
humic material after they have been filtered and acidified prior to their
analysis.

The r'esullts in Fig 3 show that the complexing ability, and therefore

the shape of the calibration curve, is relatively constant for solutions
containing more than 17 mg per litre of humic acid. Therefore, the shape
of the calibration curve is strongly dependent upon the concentration of
humic material when its concentration is below this figure. . This
variation in the position and the form of the calibration in synthetic
river waters is therefore in accordance with the results obtained with
natural river water where hmic acid concentration of this magnitude are
to be anticipated.

Tests performed with ferric and ferrcus-iron showed that humic acid
solution (50 mg per litre) binds ferrouseiron more firmly than ferric-
iron. Complexing ratios of 0.38 and 0.27 were returned for ferrous and
ferric-iron ,respect‘ively. In contrast, tests conducted Qith the two
fomshof iron in natural peaty water suggested that ferric-iron can be
bound more firmly than ferrous-iron in natural samples. Camplexing ratios
of 0.35 and 0.30 were returned for ferric and ferrous-iron, respectively.
These results are not necessarily contradictory because the mnatural sample
may have contained various types of organic material which behave towards
‘the two forms of iron in the opposite manner to that shown by humic acid.
As so little is known about the form of iron in its complexes with humic
acid it is not possible to assess the exact implications of these results.
However, they do suggest that the errors in iron determination accruing
from the application of the Nix and Goodwin method to natural waters arise
from sevgnai, and rot one cause. |



. The tests using fulvic acid showed that, weight for weight, it does not

" bind ferrous-iron as strongly as does humic acid. The presence of 10 mg,
‘per litre of fulvic acid did not alter the position or the shape of the
calibration curve relating to ferrous-iron in de-ionised water, whereas
the addition of this same amount of hunic acid f‘ailowgd only one half of the
added iron to be extracted. Similarly, the presence of 20 mg per litre of
fulvic acid in de-ionised water locked up only onethird of the iron
whereas the same amount of humic material bound up twice that amount, It
seems, therefore, that unless thevvarious organic components of natural
waters are always present in the same proportions the fraction of iron
which is extractable will vary from sample to sample even though the total
amount of organic material remains the same. Such a situation demands a
separate calibration for each individual sample; a procedure which is
precluded by the excessive time that would be entailed., The removal of
the organic material present in natural water samples seemed to offer a
better remedy.

Szilagyi (1971) showed that dissolved ferric-iron is reduced to ferrous-
iron by hunic acid preparations. The existence of this reaction precludes
any clear understanding of the effects of humic material on the analytical
method because it removes the clear distinction that usually exists between
added ferrous or ferric- iron. It was necessary, therefore, to obtain an
estimate of the rate at which this reaction proceeds, to that its

_ importance in the context of the preceeding experiment could be assessed.

The rate of production of ferrous-iron in solutions of 500 ug per litre
of ferric iron with either 50 mg per litre.of humic acid of 20 mg per
litre of fulvic acid was measured. A similar.initial rate of ferrous-iron
production was observed in each solution. The resultsdowed that about
60% of the ferric iron added to the humic acid solution was reduced within
30 mimutes whilst 4% was reduced by the fulvic acid. In the amalytical
procedure mixtures of humic or'_' fulvic acids with ferric-iron generally
stand for no longer than 4 minutes. It appears, therefclme, that during
this time approximately 20% of any added ferric-iron will be reduced to the
ferrous form, Therefore, the real difference between the magnitude of the

" complexing ratios for ferrous and ferric iron with hunic or fulvic acids
is probably Mt~ larger than that recorded here,




REMOVAL OF ORGANIC INTERFERENCE

Herriksen boiled each sample of natural water with mineral acid (0.1I1N)
for 30 minutes before analysis. He claims that this procedure
mineralised the organically bound iron which he thought was present

in most of his samples. His method, therefore, measures the total
concentration of dissolved iron.. Hermriksen's method of overcoming this
problem was tested during this study and was found to be suitable for
many waters, but inadequate for brown peaty waters., For example, with
one sample of brown peaty water the treatment reduced the waters'
complexing ability frem 0.42 to 0.17. Thus, although the treatment
alleviated an appreciable part of the interference it had by no means
overcome it. As samples of this type occurred frequently in the field.
programme which accompanied thse investigations it was necessary to seek
an alternative procedure which could accomodate them.

The use of Ammonium Persulphate has provided a satisfactory sclution to

the problem of interference from naturally occurring organic matter,

Tests of the efficency of using this compownd were conducted using several
brown peaty water samples as well as Thames water, Ammonium persulphate

(4,4 g per litre) was added to the filtered and acidified samples and

each mixture boiled for various perieds of up to one hmm, In each care-

a portion of the unheated mixture vas analysed immediately. Samples

which were boiled for periods:of 10 or more minutes appeared to loge all-
oolomatzon whereas the colouration of the others did not change.
Never'theless, in each case a single calibration curve prepared smltanemsly,
using de-ionised water containing the same amount of persulphate was '
found to be appropriate. These results showed therefore, that it is not
hecessary to oxidise the organic matter completely when mineralising the
iron. The action of cold persulphate therefore offers a considerable

saving of time, -

In many cases where Ammonium Persulphate is revommended as an oxidising
agent either silver nitrate or selenium dioxide is used as a. catalyst,
These compounds were used in some trials here but were not found to offer
any improvement to the recommended procedure. In fact, their use is
inconvenient because they react with the DDC reagent to produce coloured



precipitates. Persulphate, itself, produces a light, white precipitate
with DDC reagent, This precipitate disappears when the ketone is added
and it does not appear to hamper the analysis.




Spectrophotametric Method

Henriksen accepts the fact that iron occurs mainly in a bound form in
natural waters. Further, he states that preliminary treatment of samples

is therefore necessary to convert the iron to the ionic state. Whilst

the author does not doubt the first statement, and does not deny that

there is some merit in using the digestion procedure whilst ingnorance

of the forms of iron in natural waters prevails, he has been unable to

find any record which shows oonvincingly that the digestion step is.
necessary when TPTZ is used, In these preliminary experiments, therefore,
there seemed to be.some value in ¢éperating a method which did not incorporate
a digestion step. ‘



Spectrophotometric method

The method described here is very sifiplé, Tests performed manually have
shown that the reduction of ferric to ferrous-iron by the hvdroxylamine
reagent is very rapid and that the time the samples reside in the manifold
is adequate for concentrations of iron of between 0 and 1 mg per litre.
Similarly, the colour forming reaction is rapid and only the minimum

size of coil is needed.

The procedure tolerates relatively large variations in the sample acidity,
It returned the same response to a given'amunt of iron when between 1 and
3 ml of 3.2N sulphuric acid was added to each 100 ml of sample. With 4 ml
of acid, however, the reproducibility of the sample peaks was poor and
the net response decreased to 83% of its former value,

Reproducibility




Calibration

The change in response correspording to a given gquantity of ferrous-

iron was the same in all the water samples tested. Its behaviowr with
clear as well as densely coloured peaty water samples, and with solutions
of umic and fulvic acid preparations (25 mg per litre) was studied. In
each case a linear calibrmation was obtained over a 0-800 ug per litre
range, With f, s, d, of the AutoAnalyser corresponding to 1 mg per litre
of iron in de-ionised water, a mean gradient of 0.101 units per (vg per
litre of iron) was returned with a maximm deviation of 2%, It seems,
therefore, that the organic matter in peaty water does not bind iron
sufficiently strongly to prevent formation of the TPTZ-iron complex. The
complexing ability of the organic matter in a particular sample will
obviously depend on the prevailing concentration of the organic compounds
capable of complexing iron.. But, the fact that samples containing very
high concentraticns of organic debris were tested lerds considerable
suppart to the view that the simple TPTZ method will not suffer from the
problems encountered when applying the Nix and Goodwin method to natural
wvaters.



COMPARISON OF METHODS

In order to test the consistencv of the results obtained bv the two
methods, 35 upland water samples containing various amounts of organic
material were analysed by both methods. The object of the exercise was
to discover any major differences between the results returned bv the
methods. The iron content of the samples ranged from O to 370 ug per
litre. The comparison was made by plotting a graph of the atomic
absorption results against the colorimetric results. The slope (and
its standard error) of the best fitting straight line was 0.9 % 0.03.
The nearness of this value to 1.00 indicates that both methods measure
the same variable. The intercept of -6.0 + 5.0 ug per litre suggests
that the results from one of the methods are contaminated by a small
systematic error. Such an error might have been introduced during
preparation of either set of standard solutions used, However, its
magnitude ‘is sufficiently small for it to be neglected within the context
of this study.



An examination of the results collected during comparison of the two
analytical methods Fig (4 ) suggested that there might have been
discrepencies between the analyses for samples containing appreciable
quantities of organic matter., The points for these samples tended to be
more scattered. An additional investigation of the behaviour of the
colorimetric method in these waters was therefore made to determine whether
a discrepancy existed. The test applied consisted of determining the

iron content of samples both before and after the orpanic matter had been
decomposed by means of ultra-violet light (Hemriksen), Checks showed that
the response of the method to a given amount of added ferrous-iron was
unaffected by irradiation. The procedure therefore allows one to measure
a variable approaching the total iron content. An analysis of ten
replicatessamples which had been irradiated, and four samples which had not,
showed that total and reactive iron analyses were equal, The scatter of
the points observed earlier is therefore attributed to errors introduced
when the acidified river water was sampled prior to analysis., Under the
corditions adopted humic acid is present as a precipitate and care must be
exercised if a representative sample of water and particulate matter is to
be taken..
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.. Skl Preparotion; "
REAGENTS o 0 Dissolvo 100 g sodium ncelnte in 500 ml dintilled
’ ' 00 g hydroxylamino hydrochloride, and
LIC ACID ifpeen add 100 g
T}z:-i()scél;l‘gggOH-98%) 100 ml diluto to ono liter.
'Distilled water, g.s. Vh 8 TPTZ N; C(CqHaN) N; € (CsHaN) N; € (CsH N)
Preporation: w204, betri (20 - pyridyl) - 5 4 triazine 280 mg
re :
Dilute 100 ml thioglycolic acid to one liter with | Concentrated HC) T ml
distilled water. If nccessary, the thioglycolic ecid :-| Distilled water, g.s. 11

can be purificd by passage of the acid through a cal-
ion resin in tho hydrogcn form,

NOTE: This reagent, should ba prepared frash-every "_':."-j: Dissolve 280 mg TPTZ in 50 ml distilled 1150,
' }

i ¢ in uee + Add 1 ml concentroted HCI (ap. gr. » 1.18) and diluto
three days and refrigerated when not in use. to one liter with distilled Hp0.

"¢, Preparation:

SODIUM ACETATE - HYDROXYLAMINE HY- STANDARDS

DROCHLORIDE Pt STOCK IRON STANDARD: 100 ppm

Sodium Acelate (N°C2H302'3H20) . 100 °~ M' " Ferrous ammonium sulfate

Hydroxylomine hydrochloride 1009 o (NHg Fe (S04)2.6H;0 0.707g
(NH20H.HCI) 1] M 0.1N Sulfuric acid (2.5 ml conc. (Hg504 .

DISTILLED H0, q. s. : j.-.:-j (sp. gr. L84V/1) g.o. 14,

1. Honrikscn, Ame, Automatic Method for Determina- | =, Preparation:

tion of Iron, *'Vattenhygien', 22, May. 1967, pp. 18, .-
2. Collins, P. F..Dtehl H.,Smlth D. F‘.. Anal. Chem.

| Dissolve 0.707 gof ferrous ammoniim sulfate (Mohe's
-y 8alt} in 0.IN sulfuric acid and dilute to 1 liter with

. the acid. Prepare standards ranging from 0.01 ppm ol

ppm in serial dilutions for cahbnuon using 0.1N

| ‘j ﬂ for the dlluhon
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THE SIMULTANEOUS EXTRACTION OF IRON, MANGANESE, COPPER
COBALT, NICKEL, CHROMIUM LEAD, AND ZINC FROM NATURAL
WATER FOR DETERMINATION BY ATOMIC ACSORPTION SPECTROSCOPY

ABSTRACT

A method for the determination of cight
heavy metals (iren, mangancse, copper,
cabalt, nickel, chromjum, lead, and zinc)
in natural water in the concentration
range of a few ppb is presented. The
mecthod utilizes a diethyldithiocarhamic
acid chelation followed by a methyl
isobutyl kctone extraction to preconcen.
trate all eight of the metals in a single
extract, This extract can be used for the
determination of the mctals by atomic
absorption spectroscopy. Using proper
ficld filtration, the method can be adapted
for the determination of both the filtered
and particulate {raction of these metals
in natural waters. )

J. Nix and Tom Goodwin*
Departmen: of Chemistry
Ouachita Baptist University
Arkadelphia, Arkansas

RESUME

Une méthode pour la détermination de .

métaux lourds {fer, mangancése, cuivre,
cobhalt, nickel, chromium, plomb et zinc)
dahs de 1'eau naturelle pour un domaine
du caoncentration de quelques ppb est

! présentée. La mcthode utilise une che-
lation par acide diethyldithiocarbamique -

suivie par une extraction dans la me.
thylisobutylcctone pour préconcentrer
en unc sculc extraction. Cette extraction
peut étre ulilisée ensuite pour la-déter.
mination par spectroscopie d'absorption
atomique. En ulilisant une filtration ap-
proprice, la méthode peut étre adaptée &

la détermination du filtrat et les fractions

métalliques du ces métaux dans les caux

ZUSAMMENFASSUNG

Es wird eine Mcethode zur Tostimmung
»on acht Schwermctalien (Fe, Mn, Cu,
Co. Ni, Cr. Pb und Zn) im Konzentra-
tionsbercich von wenigen ppb in natiirs
lichen Wassern beschriehen. Dic Me-
thede verwendet cine Komplezierung
der acht Mctalle durch Diathyldithiocar.
haminsdure sowic anschliessender, Ex.
traktion der Chelate mittels Methyliso-
butylketon. Durch diese Extraktion kén.
nen alle acht Metalle gleichzeitig und in
snzereicherter Form vom Wasser ge-
ircnnt werden. Die extrahierte orga-
nische Phase kann zur Bestimmung
mirtels AAS verwendet werden. Bei An.
wendung geeigneter Filter kann die Me-
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INTRCDUCTION

The concentration of most heavy metals in unpolluted
surface waters is generally below 0.1'ppm (1), Exceptions
may occur where there is a sizable influx of heavy mineral.
ized ground water or in streams receiving large silt bur-

Vo

thode sowohl fir hitrierte Wasscrproben,
wie auch zur Bestimmung der Schwebe.
stoffe in natirlichem Wasser benuzt
werden.

. used for the atomic sbsorption’ dctermination of these
metals, The metals which were studied were iron, man-

- gane.-.e. copper, cobalt, nickel, lead, zinc, and chromium.

dens. Iron and manganese have been reported to exceed °°

this level in organic rich waters (2). It is also 'well known '
that iron and manganese exceed this level in the deeper
waters of many stratified reservoirs and lakes (3). As the
dissolved oxygen level of the deeper water of these bhodies |
ganesc migrate throughout the low oxygen zone (3). _

In order to study the distribution of heavy metals in a
stratificd impoundment in South-Central Arkansas, it was
desirable to develop an atomic absorption procedure which *;
could be uscd to determine a number of heavy metals in the
ppb range when rclatively large amounts of iron and man-
gancse are often present. .

The sensitivity required by the study demanded that
some type of preconcentration step be used before deter-

mination by atomic absorption. Mulford (4) has described’ 3

several solvent extraclion systems useful in concentrating’

melals for determination by atomic absorption. Joynerand ' .~ -+
Finley {5) have used the diethyldithiocarbamate - methyl!". "

isobutyl ketone system to concentrate iron and mangancse |
in sca water. Platte and Marcy {6) have used a similar:|

system for the extraction of lead, copper and iron from;;*

phosphate compounds. From data reported by these au-i
thors, it appeared that the chelation of metals with diethyl-|;
dithiocarbamic acid followed by extraction with methyl;.
isobutv! _..ione would be adptab{e to the determination of ;!
several .cvy melais in water from the reservoirs to be!
studied. ‘ I

A study was undertaken to determine if several heavyi:

ince relatively large excesses of iron and manganese could

-+ i* be expected in samples taken from the deeper portion of

the reservoir during the summer stratification period, pos-

- sible interferences by high concentrations of these two

metals were also studied.

=t The results of this study show that a one-step extraction

M}

of water decreascs, the reduced state of both iron and man-"i" ese <.
X i+t this single extract. The procedure w... moZified so that the

o3

s
x”
‘-

-

mclals could be extracted in one step and the single extract ! 'l'

*Present address: Department of Chemistry, Univ:m"ty of Arkansas, I' Tt

Fayetteville, Arkansas. il
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: can be used lo concentrate the eight trace metals and that
+ these metals could be determined by atomic absorption in

concentration of these metals in bo'i. .he :.lubie and par-
ticulate phases could be determined.

REAGENTS AND INSTRUMENTATION

The reagents used in this study wese os follows:

1. Diethyldithiocarbamate (DDC} — 20 3‘15 Eastman &i-

ethyldithiocarbamic acid-sodium salt ¥.:e mixed with

380 mi of deionized water. The resulting solution was

fitezed through a 0.45-micron Millipore Filter. The

fltrate was then extracted two t°~ . wiih 15-ml portions
of methyl isobutyl ketone.

2. Methyl isobutyl ketone was Eastinan d-meili-Z-pen-
tanone. )

3. Phthalate Buffer — 102 g of Baker Reagent Grade po-
tassium biphthalate were dissolved in deionized water
and diluted to 500 ml. Fourteen ml of 1 M HCl were
added and the resulting solution diluted to 1.0 liter.

4. Sodium hydroxide and hydrochloric acid used to adjust
pH were both reagent grade chemicals,

5. 1,000 ppm stock standards for each of tie mctals (these

.. standards were acidified with HCl after preparation) :

{+ iron — Baker Reagent Grade powdered " an dissolved

in hydrochloric acid

«
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mangancse — Baker Reagent Grade manganese sullate
copper — Baker Reagent Crade copper melal dissolved
in nitric acid
cohalt — Baker Reasent Grade cobalt carbonate dis.
salved in hydrochloric acid 7
nickel — Baker Reagent Grade nickel carbonate dis-
solved in hydrochloric acid
lead — Baker Reagent Grado lead nitrate
ali == Hakot Ieagont Grado ming metal dissolved in
hydrochloric acid i
chromium — Baker Reagent Grade sodium chromate
A Perkin-Elmer Model 303 atomic absorption spec-
trometer was used. During the late stages of the investiza-
tion a recorder readout accessory in conjunction with a

-Sargent Recorder was vsed. A Beckman pH meter wos

used for ol plI adjustments.

Notc: Extreme caution must be taken to avoid contamina-
tion of glassware and reagents. Rinsing of all glassware
with 1:1 nitric acid containing a small amount of hydro-
fivoric acid followed by rinsing with distilled water, ac-
ctone, then deionized water proved to be successful.

THE EFFECT OF pH ON EXTRACTION OF HEAVY METALS

Lakanen (7) has discussed the eflcct of pH on' the ex-
traction of metals chelated with pyrrolidine dithiocarbamic
acid. Chelation of several metals with this compound as
well as wilh diethyldithiocarbamic acid is usually carried
out in acidic solution. The manganesc chelate formed by

these reagents has been reported to have a low extraction:

eMcicncy in solutions with a pH lower than 3 {7). '

A solution containing 0.50 ppm of each of the trace
metals studied was preparcd by diluting the stock stan.
dards. The pH of the resulting solution was 3.0. A 10.0-ml
portion of the DDC solution was added te six 100-ml al-
iquots of the solution and allowed to stand for 10 minutes.
Dilute sodium hydroxide and dilute hydrochloric acid
were uscd to adjust the pH of these solutions in the range
from pli 2 to pH 7. Alter pH adjustment, each solution was
extracted with a 10.0-ml portion of MIBK. The organic
extract was removed from the separatory funnel and was
aspirated into the flame of the atomic absorption spec-
tromcter. The ahsorbance was determined for each of the
metals at the recommended settings for the instrument (8).
The results of this determination are shown in Figure 1. It
is clear that with the exception of manganese, all of the
metals studied can be extracted with equal efliciency over
the pH range from 2to 7.

Further experiments indicated that, in addition to the pH
of the media which is extracted, the pH at which the chela-
tion takes place is also important. For example, if the pH
of the initial solution was in excess of 4.0 (before addition
of the DDC), the amount of iron which can be extracted is
greatly reduced. Since the hydrolysis of the iron (I11) ion

can be expected as the pH is increased, it is highly likely.

that precipitation of iron prior to chelation may cause this
decrease in extractibility. Since some of the samples were
cxpected 1o contain relatively large amounts of iron, the
possibility of coprecipitation of other ions with large
amounts of hydrated iron (111) could serve as a potentisl
source of error.

To eliminate this problem, samples, standards, and test
solutions were maintained at pH 1-2 until the beginning of
the procedure. The pH of the solution to be extracted was
adjusted to 3.6 immediately prior to the addition of the

DDC. A phthalate buffer was used to facilitate this pH .

adjustment. No loss of the extractibility of iron was foun
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Fig. 1. pH depandencs of extractien of heavy matel frem d‘mhyln.-
dithiatarbamis ocld-methyl lsobutyl ketons system.

at this pH.

A 7.0-ml aliquot of the DDC solution was determined to
provide an adequale excess of the chelating agent. The -
addition of the DDC solution to the sample at pii 3.6 re- -
sulted in a solution with a pH of 7.0. Extraction at ph 1.0
provided a reasonable recovery of the cight metals waich’
were studied.

-STABILITY OF EXTRACT

Five 100-ml aliquots of a solution containing 0.50 ppm.
of the metals which were being studied werc measured and
the pH adjusted {after addition of 2.0 ml of nhthalate bui-
fer) 1o 3.6. After the addition of 7.0 ml of UDC, the solu-
tions were extracted with 10.0 ml of MIBK. ‘These .. utions

‘were aspirated into the flame of the atomic al.azption

spectrometer and the absorbance of each metal was dcter-
mined at varying times after the extraction. The results of

-this study for copper, iron and manganese are shown in-

Figure 2. The results obtained for the other metals gave

80
I .
Cu .
60 :
1
i e Mn
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- ‘a L -,
'S 40 Fe
A < ry
P
R
20
0 1 i 1 5
[¢] 100 200 300 400

Time (min.)

Fig. 2. Stebility of extrocted haavy metals {dela for eoball, nickel, chro=
mivm, head, and sinc shaw no time dependents sver the 400 minvte

peried).
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TABLE |
Instrument Settings for Detarmination of Hoavy Metals

Wavelength .
_ Selling Lomp Current  Slit Width Meoter Scale
Element {mp) {mo) (A) " Response’ Expansion
Fe 248 30 2 3 5
Mn 279 20 7 2 2
Cv 325 40 7 2 2
Co 241 30 2 3 S.
NI 232 25 2 3 5
Ce 358 25 2 3 5
Pb 07 30 7 3 5
In 214 15 20 3 5

lines essentially parallel o those shown for copper and
iran. It is clear that the atomic absorption determination
‘of manganese must he carried out very soon alter exlrac-
tion. A delay of one hour can cause a 60 percent reduction
in sensilivity for this mctal. In all cases, care should be

taken Lo insure that the time period between extraction and

gspiration of standards anid unknowns is the same.

STANDARDIZATION AND SENSITIVITY

Solutians containing 10, 25, 50, 75, and 100 ppb of each
of the cight mctals were prepared b
of the atack standards. The pH of lﬁesc solutions wns ad-
justed to 3.6 after the addition of 2.0 ml of the phthalate
{Juﬂ'cr. Seven ml of the DDC solution were nddes and the
solutions were cxtragted with 15.0-ml portions of MIBK.
The resnlting extract was nspirated into the flame of the

appropriate dilution

atomic nhsorption spectrometer and the absorption deter- -
mined for each metal. The instrument settings for each of -

the determinations are shown in Table I. All elements
used an sir flow of 2 and a fuel flow of 5. The sample up-
take rate was 5.4 ml/min except for lead and zinc where it
was 5.0 and 4.0 ml/min respectively. A set of typical stan.
dard curves for the cight metals studied is shown in Fig. 3.
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y «
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Ca 3 m (4] s
[T e e b
b
. " A r A
- " e e " we s " e - e

Contautraiion [pp¥)

Fig. 3. Typical colibration curves for the sight heavy metals.

The approximate concentration of each of the metals
which gives 1.0 percent absorption was as follows: chro-
mium — 1 ppb, iron — 1 ppb, copper — 2 ppb, zinc — 2
pph. cobalt — 1.5 ppb, nickel — 3 ppb, lead — 4 ppb, and
mangancse -—— 1.5 ppb. Sensitivity was improved by deter-
mining the amount of absorption using & recorder readout
accessory with scale expansion.

INTERFERENCES

No spectral interferences are reported in the procedure
manual for the spectrometer (8). Since relatively large

AVOLIC ABSORPTION QEVSLETTER
Vol. 9, No. 6, Noyember-December 1970

excesses of iron and manganese coulid hie expecied in some
of the samples, the contribution of large eacesses of hoth of
these melals was investigated. A standard curve was pre-
pared for each of the melals as described above and the
contribution {in ppb) from a solulion extracted similarly
containing 5.0 ppm of iron and anether containing 5.0 ppm
mangancse was determined. The contribution by 1.0 ppm
iron and 1.0 ppm manganese was computed for cach of the
metals. These contributions in pph are given in Table 1L
Using the information given in this tabﬁ:, it was poasible
to correct for the contribution from large concentralions
of iron and manganese. It is clear that for most of the
.melals, the concentration of iron and manganese would
have to exceed 100 ppb belore the correclion would become
significant. For other metals, clearly no correclion is
needed until iron or mangancse exceeds 1.0 ppm.

TABLE ||

Contribution {ppb) Caused by 1.0 ppm of
Fe and 1,0 ppm of Mn

Metal Being Determined
fFe Mn Cu Co Ni Pb Cr 2Zn
1.0 ppm Fe 920 06 00 00 46 00 00
1.0 ppm Mn 1.2 08 0.s 06 00 00 92

SAMPLING AND PRESERVATION OF SAMPLES

Water samples were taken {rom the ceservoirs using a
Van Dorn type sampler. Tmnwiately - collection of
the sample, a 200-ml aliquot was fillere.. trough a 0.45.
micron Millipore Filter. The hilier was washed with 100 ml
of dcionized water immediately prior 1o filtration. The
filtrate was acidified wilh 16 drops of concentrated hydro-

" . chloric acid and transported to the laboratory for analysis.

The flters were rescrved for analysis of the particulate
fraction. », i

SUMMARY OF PROCEDURE

A 100-m] aliquot of the acidificd water sample was mca-
surcd into a 250-ml Erlenmcyer flask. Two ml of the
phthalate buller were added and the pH adjusted to 3.6 =
0.1. After adjustment of the pH, 7.0 mi of the DDC solu-
tion were added. The solution was transferred inlo a 500-ml
separatory funnel (Teflan stopeock) and a 15.0-ml portion
of MIBK was pipctied directly into the funnel. The mix-
ture was shaken vigorously for 30 sccondls, then ailowed to
separate. The MIBK layer was drawn ofl into a giass stop-
pered test tube. ’

A set of standards (10, 25, 50, 75 and 100 ppb) and a
blank (deionized water) were preparcd for each set of




Ed
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* sclerminations. Belween 20 and 30 water samples can be
i handled by this procedure at onc time. Manganese must
: be determined immediately upon completion of the set of
extractions in order to prevent loss of sensitivity. The other
metals are generally determined within the following two

to three hours.

| REPRODUCIBILITY

A sct of ten test samples conlnininq S0 ppb of cach of
the metnls was subjected to the analysis procedura de.
scribed above. Tho results of these analyses are shown in

Tablo §fl.
TABLE Il
Recovery of 50 ppb of Each Metol Added
Deter- pob Found
minalion :
Number Mn Cu 2Zn Fe Pb Co Ni Cr
B 52 46 A8 48 44 - 46 51 47
2 52 48 44 - 47 -852 48 47
3, 52 46 44 47 .53 53 50
4 49 48 44 46 . ¢+ 51 48 50
5 47 44 48 45 427 51 52 46
6 48 50 . 49 .50 46 50 50 49
7 S3 46 46 46 45 S0 50 49
B8 52 47 47 45 44 50 51 52
9 58 46 46 45 56 50 47 50
10 52 47 47 47 51 49 47 49
Mean
Value 51 47 46 47 47 50 50 49

\.

DETERMINATION OF METALS IN PARTICULATE '
FRACTION

One half of the Millipore Filter which had becen reserved
from the initial field filtering was treated with 3 mil of 1:1'
hydrochloric acid and warmed for approximately 30 min-
ules. The acid and washings were quanlitatively trans-

ferred to a 100-ml volumetric fask and diluted to the mark °

with deionized water. The diluted samples were subjected
to the same procedure described above.

SAMPLE RESULTS

Table 1V shows the results for the analysis of the eight :

heavy metals in both the filtered and particulate fractions
.in samples taken from Lake Hamilton (reservoir on the
Ouachita River near Hot Springs, Arkansas).

CONCLUSION

The determination of eight heavy metals — iron, man-
ganese, copper, cobalt, nickel, chromium, lead, and zinc —

N A v

¢

TABLE iV

Trace Motal Concentration
Loke Hamilton, Arkansas, July 16, 19468

Filtered Froclion Concenlration {ppb)

Depth(M) Fe Mn Cu Co Ni .Cr Pb 2n
0 14 5 15 4 1 0 4 0
8 1 3 12 2 0 0 8 10
15 9 47 i3 5 3 0 0 4
20 7 5 18 4 0 0 0 3
26 5 225 75 1T 0 4 13
Particulete Fraction (grealer than 0.45 microns)
(o] 2 4 4 2 ] 0 1 3
8 13 6 6 2 0 0 0 14
15 47 13 5 4 o] c 3 1
20 107 30 4 2 0 0 2 2&
26 157 38 6 4 0 o 14 5 '

in surface water can be determined at concentrations of a
few ppb using a single step chelation-extraction system, It -
is possible to correct for the interferences from relatively
large concentrations of iron and manganese. Using proper ¥+
field sampling and filtration procedures, the concentration.
of the metals in the filtered and particulate i:actior.
{greater than 0.45 microns) can be determined.

Preliminary results indicate that silver and cadmiuni’
may be included in this one step extraction procedure and .,
measured with a relatively high degree of sensitivity.
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