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| nt roduction

The literature of marine water analysis reflects the
considerable difficulty in establishing an accurate and
preci se nethod of analysis for trace nmetals. Conflicting
reports of the average concentrations of metals show that
the conplex matrix defies a sinplified approach. For exanpl e,
specific sanpling techni ques, container” contam nation dif-
ferences in salinity, suspended particulate matter, and
anal ytical technique have to be considered. In the past
decade analytical instrumentation and techni ques have been
devel oped to vastly inprove the precision of the analytical
measurement.  However, 1little attention has been paid to the
probl em of sanpling and storage of the sanple prior to
chem cal analysis. The solving of the analytical analysis
problemis of little use until a representative sanple can
be taken, free of contam nation, and properly stored until
anal ysi s.

It is inmportant to renmenber that trace elements in sea
wat er have three very closely related interfaces with its
environment : the atnosphere, the lithosphere, and the bio-
sphere [1]. Each of these areas are actively involved and
each has special properties which can drastically effect the
metal content of the sea. Therefore, it is no wonder that
much of the early analytical data is unreliable [2].

Conponents of sea water can be conveniently divided
into two groups: nmjor conponents (present in quantities
greater than 1 mg/1) and mi nor conponents (present in quan-
tities less than 1 mg/1). Major conponents are present in
t he sanme proportions throughout the oceans of the world,
whereas mnor conmponents vary with locality, depth, etc.
The average conposition of sea water has been tabul ated by
Gol dberg [3] and nore recently by Segar and Cantillo [ 4]

As can be seen fromreviewing these and other data in the



literature of individual elenments, considerable variations
have been reported. This is due in part to variations in
different parts of the ocean and at different tines; although
some of the variation is due to the differences in analytical
met hods used to anal yze the sanples. In general, itis
agreed by nost workers that contam nation plays a nmajor role.
This report does not attenpt to answer questions regarding
t he accuracy of sanpling or even of subsequent contam nation
of the sanples during storage. By the nethod of sanple splits
and exchange of sanples between | aboratories it should be
possi bl e to denonstrate whether or not the actual analytica
met hods being used are reliable. For this purpose, the
choice of sanples to be analyzed is not too inportant. While
attenpts have been nade to minimze sanpling or contam nation
errors , it is recognized that these sanples are far from
i deal and probably will give only a fair estimate of the true
trace el ement content in Al askan waters.

Separ at i on

Most of the trace netals listed as mnor conponents
cannot be determ ned by conventional analytical nethods
(flame atom c absorption spectrometry (AAS) , polarography,
or calorinetry) without. a separation and/ or preconcentration
step. The npbst common concentration techniques are co-
precipitation, electrolysis, solvent extraction and ion-
exchange resins. Co-precipitation has the di sadvant ages of
being a | engthy process and of requiring the renoval of the
precipitation ion, Burrell [5] and Chau et al. [6] co-
precipitated trace elements in sea water with ferric hydroxide,
followed by chelation and solvent extraction to renove the
iron. The procedure was tedious and it was necessary to
apply large blank corrections. Sato and Saitoh [7] co-
precipitated chromumfroma liter of sea water Wwth zirconium



hydroxide.  The zirconi um hydroxi de was renoved by filtration
and then dissolved in 2N hydrochloric acid. The analysis

was by AAS using a carbon furnace. Fel dman and Rains [ 8]
used sodi um tetraphenylboron to separate cesium and rubi di um
fromfive liters of sea water and then conpleted the analysis
by flame enmission spectrometry.

For the analysis of cadmum 1ead, and zinc in sea water
the el ements were electrolyzed on a hanging nercury drop
electrode [9]. The mercury was washed and then transferred
to a graphite boat. The mercury was vaporized at 440 °C,
the metals atom zed at 1700 °C and determined by AAS. Sone
probl ems encountered were |oses of analyte during electrolysis
in which the electrolysis cell had to be coated with silicon.
A di sadvantage of the technique is that only certain elenents
can be separated and only a fraction of the analyte is
electrolyzed which reduces the sensitivity of the nethod.

In a variation Lund and Larsen [10] electrodeposited cadm um
on a tungsten filament which was then heated electrically
and the cadm um determ ned by AAS.

The chelation of nmetals with organic ligands and sub-
sequent extraction into various solvents has |ong been used
as an analytical technique. Table 1 lists several organic
ligands used to preconcentrate trace elenments in sea water.

s is well known that ammoni um pyrrolidine dithi ocarbanmate

(APDC) is a useful chelating agent for a nunber of transi-

tion metals {11-15]. G lbert and Cay [16] extracted Cr (VI)
from800 mM of sea water with APDC-MIBK (methyl isobutyl

ketone) and then determned the chromum by AAS. The chrom um
is oxidized with permanganate in a 50 ‘C hot water bath, the
sanple is acidified to pH 2, cooled, and then the chrom um

APDC conpl ex extracted into MIBK. A major difficulty of
preconcentration with APDC-MIBK is the effect of the aqueous

(Va)/organic (V] phase ratio [13] . The degree of extraction



decreases as the ratio of V/V increases. To overcone this
times. Also, the volubility of the organic solvent in sea
water is a critical factor. Table 2 gives of volubility of
the nost frequently used solvents in water. To alleviate
this difficulty, mxed solvents have been used [8]. By

using a 3:1 mxture of MIBK-cyclohexane the volubility of
MIBK is decreased without changing the extraction coefficient
or the subsequent burning characteristics of the ketone.

Ordinary ion exchange resins are of limted use in the
concentration of elenents from strong el ectrolytes, such as
sea water because the level of mgjor ions (Na, My, Ca, and
K) requires the use of very high capacity colums thus
raising the colum blank to unacceptably high |evels.

Chel ating resins can be very useful for this separation of
the matrix ions since. these are not chelated by the resin.
Muzzarelli and Rocchetti [18] used chitosan (a natural”
chelating polynmer) to separate vanadiumfromthe alkali and
al kaline-earth salts in sea water. After passing a liter of
sea water through the columm, the chitosan i S removed,
washed with ethanol and dried. Then, 5 ng test portions of
the solids are inserted into the graphite furnace and vanadi um
determ ned by AAS. The nmaxi mum recovery was however 80
percent for 1.6 ug of vanadium ini00m of three percent.
sodium chloride solution and in the presence of sulfuric
acid the efficiency of the colum dropped to 55 percent.

Lai et al. [19,20] found that between 20 and 50 liters
of sea water could be passed through a single small colum
of Chelex 100 with conplete retention of Ag, Co, Fe, Pb, and
n.

Riley and Taylor [21] used Chelex 100 to collect the
heavy netals froma liter of sea water and found quantitative
(>99%) retention and elution for Bi, Cd, Ce, Co, Cu, In, Pb,
M, N, Sc, Th, V, Y, and ZIn.



Ki ngston [22] found quantitative recovery of Cu, Fe,
Mn, Ni, and Zn from four liters of sea water at a flowrate
of 33 ml per mnute. The collection of ions was done between
pH 5.0 and 5.5 uniformy for ali the elenments of interest
wi th hydrochloric acid used as the elutant. The final analysis
was conpleted by flame AAS

Davey and Soper [23,24] have constructed a Chelex 100
in situ colum sanpl er and have found, of the ions tested,
65zng 115™cd, S*Mn, °'Cu were retained at »>99 percent, while
210pp, 63Ni, and °°Fe were retained at 92-95 percent. These
results were obtained however using the natural pH of sea
wat er (~8.1) which is higher than suggested by other research-
ers for this separation,

Experi ment al

Sanpling, Storage, and Contam nation Control

There are nearly as many methods of sanpling as there
are investigators and virtually all nethods contain sone
deficienci es. However, it is not the purpose of this project
to resolve sanpling problems, but rather to investigate
anal ytical differences between sanple splits of an arbitrary
group of sanples. Although the nmethod and type of sanple
taken for this experinment are inmmaterial, a few coments are
made about the NBS sanpler.

The sanmpler used was that devel oped by Harrison et al.
[25] and is unique in its design and nmethod of construction.
Wiile there are, unavoidably, a few metal parts, these are
made entirely of alum num and have been double coated with a
very tough, thick coating of Teflon FEP fluorocarbon resin,
The rest of the sanpler is constructed froma block of
virgin Teflon TFE. The only remaining parts are nylon



(nuts, bolts, and washers) and nylon rope to raise, |ower,
open and close the sanpler. An integral attachment nachined
fromTeflon TFE is designed to permt on site filtering of

t he sanple through a 47 mm Nuclepore 0.4 mcron menbrane
filter. For reference, further details are reproduced in
Appendi x |.

A common deficiency of many sanplers is the inappropriate
selection of nmaterials used in the sanpler which unavoi dably
cause contam nation of the sanple. The NBS sanpler was
desi gned specifically for very |low contam nation |evels.
Before transporting to Alaska for taking sanples, the NBS
sanpl ers were completely di sassenbled and cl eaned in acid.
These parts were stored in clean polyethylene bags to be re-
assenmbl ed on the sanpling site in Alaska. Metal parts whose
Teflon coating was scratched or damaged were replaced with
parts having new or intact coatings.

Anot her common cause of contami nation is in the selection
and cleaning of bottles for sanple storage. Maienthal and
Becker [26] have reviewed the literature on the handling and
storage of liquid and solid sanples. Mody and Lindstrom
[27] have investigated the applicability of conmmercially
avail able bottles to the storage of liquid sanples. The
| east contam nating bottles were found to be bottles construc-
ted of Teflon and polyethylene, respectively. Methods were
al so devel oped to assure adequate cl eaning of these bottles.

For the NBS sanpling trip to Al aska, 40 one-liter Teflon
FEP bottles were subjected to very rigorous cleaning [28].
Hal f of these bottles were then filled with the highest purity
distilled water. To the remmining 20 clean Teflon bottles
44 g of ultra high purity HNO; was added for the purposes of
acidifying a one-liter sea water sample to 0.5N with HNO;.
The acid and water used at these stages represent one of the
few remai ning chances for contamnation of the sanple. Even




t hough the acid is of the highest attainable purity, a glance
at the inmpurity levels will still reveal the need to nake a
correction for sone elenments for contam nation due to the
acid blank. Further details about reagents used are repro-
duced in Appendix II.

The NOAA ship Surveyor was used to transport nmen and
equi pment from Juneau to the selected sanple site, dacier Bay,
Alaska . The original NBS plans were to sample four different
ways. Half of the sanples were to have been filtered through
0.4 mcron Nuclepore filters and the rest were to have been
unfiltered. Hal f of each of these sanples were to have been
acidified and half were to have been unacidified. Thus the
sanple classification wuld have been filtered (acidified
and non-acidified) and unfiltered (acidified and non-
acidified) .

Unfortunately, once on board, it was |earned that the
sanpling time allocated to NBS was far |ess than was needed
to conplete the project. Using the 0.4 p filter and two
sanplers, it was possible to filter about SO0 m every 15-20

mnutes . The total time allocation for inorganic sanpling
was less than one hour, nuch of which was lost trying to set
up and clean the sanpler and filter apparatus. If filtered

sanpl es had been taken, the entire trip would have yiel ded
exactly 1.5 liters of sea water, a quantity which was insuf-
ficient. Therefore, the decision was made to abandon the
filtering and to get as many other sanples as possible. In
a period of 1/2 hour, just under 40 liters of sea water was
collected. The following procedures were used.

Prior to the actual sanpling, the ship Surveyor was
directed toward and allowed to drift into a current of water.
A platformwas |owered off the forward bow from which the
sanplings were nmade. Under these circunstances, the sanpler
was always between the ship’s hull and the current of water.




Under the prevailing conditions, contamnation from the
ship's hull would have been swept away from the sanpler.
Wil e these were not ideal conditions they were the best
possi bl e under the circunstances.

After assenbly, the sanpler was rinsed off with distilled
water fromthe Teflon bottles. The sanpler was imersed in
the sea water to a depth of about two neters, opened to col -
| ect the sanple, closed, and then hauled up to the platform
The contents of the sanpler were then transferred to a
Teflon bottle. Several sanplings were required to fill each
bottle. Pol yet hyl ene gl oves and bags were used to handle
the equi pment during these transfer steps. Additional bags
were used to enshroud the bottle and sanpler to help prevent
particulate contam nation from the atnosphere.

As soon as each bottle (unfiltered, either acidified or
unacidified) was filled, it was placed in a cooler chest and
surrounded by blocks of dry ice. Twenty liters of unfil-
tered, unacidified water were collected and frozen and
approximately 16 liters of unfiltered and acidified (to 0.5N
wth ultra-pure Hw, were collected and frozen. Some
bottl es contai ning HNO; had | eaked so these bottles were not
used due to the loss of acid and the Iikelihood of contam -
nation.

Al bottles were stored in protective pol yethyl ene bags
with twist-tie closures at all tinmes. The bottles were packed
toget her with large anounts of dry ice in insul ated boxes.

On the return trip to Washington, DC, commercial deep freeze
| ockers were used during |ayovers to extend the lifetine of
the dry ice. Upon arrival at NBS in Gaithersburg, Md., all
sanpl es were solidly frozen with large amounts of dry ice
remaining. The sanples were transferred to a |arge freezer
mai ntai ned at -40 °C and kept there until needed for analysis.
Sample duplicates were provided to Dr. Burrell, University of
Al aska, directly fromthis freezer




Sanple splits were received fromthe University of
Al aska in a variety of ways. Mdst had been frozen at one
time but were received at NBS (both water and sedinment) in a
t hawed condi ti on. Thawed sanples were not re-frozen. Sanples
which were received frozen were stored at -40 ‘C. Certain
sanmpl es were never frozen and were received and kept at room
t enperature. Most bottles had sone degree of dirt on the
outside since they were not sealed in polyethylene bags.
This requircd that the outside of the bottle be cleaned prior
to opening and sanpling the contents. Sample splits received
fromthe University of Alaska were both acidified and
unacidified, filtered and unfiltered and were sanpled froma
variety of sites,

Preconcentration

The frozen sea water sanples were thawed at room tenpera-
tures for approximately 12 hours. After the sanples were
conpletely thawed but were still below room tenperature,
they were inverted 40-50 tines to assure honpbgeneity. Severa
sanpl es exhi bited inhomogencity due to a residue of undis-
solved white crystals. The nature of these crystalline
residues has been investigated and is included in this report.
A 100 M pycnometer was used to determne the density of a
sea water sample which was found to be 1.018 g/m.

Triplicate sanples were obtained by wei ghing out
101.820.2 g (100.020.2 m1) fromthe sample bottle into clean
tared Teflon beakers. These beakers had been previously
cleaned i n hot (1+1) HC1 for one day, hot (1+1) HNOj3; for one
day and then were thoroughly rinsed in witra-pure distilled
water [28]. Known amounts of analytes were spiked to one
sanple fromeach triplicate set of sea water sanples for the
purpose of determning the recovery and to permt a check of
the results.




The pH of the sanples was determined using a Becknan 2%?

Model SS-2 expanded scale pH neter equipped with Beckman glass “#
and reference electrodes. A drop of pH 5 buffer was added ‘to-
each sample and the sanple pH was adjusted to pH 5.1-.5.5 [29]
using ultra-pure HNO; or NH,OH manufactured from NH; cylinder
gas and ultra-pure water. The el ectrodes were washed wth
| arge volunes of ultra-pure water

A column of 200-400 mesh Chelex 100 fitted with a 25 m
reservoir was cleaned using ultra-pure 2.5?4 HNO; [28]. The
pH adj usted sanple was loaded on the colum by adding snmall
portions of sample directly fromthe sanple beaker to the
colum, The effluent flow rate under these conditions was
50 M per hour. “The colum was washed with pH 5 buffer and
ultra-pure water after all of the sea water sanple had been
passed through the colum. After washing, the colum was
stripped of sanple ions using ultra-pure 2.5N HNO; and the
sampl e was collected in clean, tared 7 m polyethylene bot-
tles . The bottles were capped and re-weighed to determ ne
the volune of their contents. Analytical blanks were carried
t hrough the sane procedure [29].

AAS Apparatus. The instrunental system used in this
study consists of a Perkin-Flmer Model 603 atomi c absorption
spectronmeter with an HGA-2100 graphite furnace. The sanples
were introduced into the furnace with an AS-1 auto sanpler
The instrumental paranmeters are given in Table 3.

Reagents. Al standard stock solutions were prepared
from high purity netals or salts in ultra high purity acids
[28] .  Working solutions were prepared as needed.

AAS Sanpl e Preparation

Standard working solutions are prepared in ultra pure
1.25M HNO; from the standard stock solution. Aliquots of
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these solutions are then transferred to clean and dry sample
cups on the AS-1 auto sanpler. Duplicate aliquots of the
unknowns are transferred to sanple cups. To one cup an
equal volume of ultra-pure water is added while to the
second cup an equal volume of the analyte i S added. The
cups are then placed on the AS-1 turn-table and the AAS
measurenents are nade automatically.

Measur enent

The AAS instrunent is turned on and the hol | ow cat hode
lanp for the analyte is inserted in the instrunment and
adjusted to the proper lamp current. The wavel ength and
slit widths are adjusted as listed in Table 3. The D,arc
lanp is turned on and the two lanps are allowed to warm up
for 15 mnutes. Then the two beans are bal anced. The AAS
instrunent is set on peak height and an integration tinme of
five seconds. The other instrunmental paraneters are set as
given in Table 3,

A calibration curve is established using three to five
standard solutions with the AS-1 auto sanpler. The calibra-
tion curve is repeated until the absorbance are within =2
percent. Then the absorbance of the unknown solutions are
measured using the bracketing technique. For exanple, the
absorbance of a | ower standard, the unknown, and then a
hi gher standard is nmeasured. This operation is repeated
until the desired precision is attained. The net absorbance
are obtained and a calibration curve is prepared using a
| east square fit on a hand calculator. The concentrations
of the unknown are obtained fromthis calibration curve. If
the recovery of the standard addition is not 100 percent,
the concentration is corrected by the follow ng equati on:
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where x = rig/m of analyte in the unknown as determ ned
fromthe calibration curve.
s = anount of standard added, rig/m in final vol ure.
y =rig/m of analyte found in unknown with standard
added as determned from the calibration curve.
Cc = concentration, rig/m.

Results and Di scussion

I nterferences

| nterferences encountered with the graphite furnace can
be classified as physical, chem cal, and interelement in
nature. Physical interferences are nore pronounced with the
graphite furnace than in nost flame systens. Li ght scatter
due to inconplete volatilization of inorganic conpounds is of
major inportance. To minimize this type of interference, the
time of charring is carefully controlled. However, if it
persi sts, background neasurenents should be nmade with a
continuum | ight source or at a nearby nonabsorbing line and
then subtracted from the absorbance val ue obtained for the
analyte.

Three possibl e nechani sns account for chemical inter-
ferences. The analyte may be lost by the formation of a
vol atile compound, by occlusion in a nonvolatile matrix, and
by the formation of carbides. As an exanple, lead chloride
which boils at 950 “C has a considerable vapor pressure at
lower tenperatures and can be lost in the charring step.
Therefore, the nitrate ion is preferred for graphite furnace
Ms . The standards nust be prepared in the same concentration
of anion as the analyte. As an eiample, when the absorbance
of 1 ng of Pbin 0.5 and 10 percent HNO; were compared, the
10 percent HNO; suppressed the | ead absorbance by 40 percent.
Another major interference is fromthe reaction of the furnace
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material to form nonvol atile netal carbides. Al though carbide
formati on does occur, it can be controlled with the use of a
pyrolytic coating on the inner surface of the graphite rod.
The interelement effect is nmore pronounced in the flame-
l ess technique than in flame systenms. It occurs when the
analyte reacts with another el enment which may produce a sup-
pression at certain atomc ratios and an enhancenent under
certain other conditions. This type of interference can
sonetines be corrected by the standard addition nethod,
however, the best technique is to prepare the standards in
a simlar matrix as the unknowns.

Matrix Modification

In sea water the high salt content makes it difficult
to volatilize effectively the matrix w thout loss of the
analyte. The major conmponent, sodiumchloride, has both a
relatively high volatilization tenperature (B.P. 14-15 “C)
and heat of formation (AH, 98 kcal/mole). In order to char
such a matrix, the conponents have to be volatilized and
then either deconposed or diffused out of the graphite cell
in a manner which precludes |oss of the analyte. Al So,
trace netals in sea water are present mainly as the chlorides
whi ch have a | ower volatilization tenperature than sodi um
chlori de.

To overcone this difficulty Ediger et al. [30] proposed
the technique of matrix nodification for the determ nation
of a series of elenents in sea water. They added an aliquot
of a 50 percent solution of amoniumnitrate to the sanple
in the graphite furnace which assists in the renoval of the
sodium chloride during the charring cycle. The ammoni um
nitrate converts the sodiumchloride to a nore volatile
conpound.  However, in nbst preconcentration steps the
cal cium and magnesium are al so concentrated and the anmmoni um
nitrate had little or no effect on these elenents.
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In this study the matrix nodification technique was not
conpl etely satisfactory. First of all, the trace elenents of
interest in the Gulf of Al aska are below the detection limt
of the graphite furnace AAS and a preconcentration Step is
required. Also, the ‘trace inpurities found in ACS reagent
grade ammonium nitrate far exceeded the trace concentrations
in the sea water. \Wiile ammoniumnitrate can be purified
using Chelex 100 resin, this type of matrix nodification does
not alleviate the interference of calcium and magnesi um

In our initial studies the separation technique of
Riley and Taylor [21] using Chelex 100 resin was eval uated.
The recovery of trace elements of interest based on radio-
active nuclei was greater than 99 percent, When this
t echni que was applied to the sanples of sea water, calcium
and magnesi um were al SO preconcentrated wWhi ch produced a
severe suppression of the analyte by AAS. To alleviate this
difficulty a separation procedure was devel oped, as described
above in the section on preconcentration, which renoved the
al kal ine earth netals.

Applications

The preconcentration and graphite furnace AAS net hod
descri bed has been applied for the determ nation of Cd, Mn,
Ni, and Pb in sea water. The results are given in Table 4.
Each val ue represents the concentration of the analyte carried
t hrough the procedure and not duplicate determnations of a
single test portion. As a check of the recovery of the
separation a known concentration of the analyte was added
to athird test portion and processed along with the two
unknowns.  The recovery of the spiked analytes was 80 to 120
percent. It was concluded that variability of analytical
bl ank was the major contributing factor for the deviation
in results.
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The cadm umvalues for all the NBS col |l ected sanpl es
were less than 0.01 rig/m which represents our detection
limt by graphite furnace AAS when the trace netals are pre-
concentrated by a factor of 20. Since the reagent blanks for
cadmumwas not a limting factor, a positive value could be
obtained if a larger sanple was pretreated and concentrated,

For lead the reagent blank was 0.1 ng which determ ned
the detection limt. | f larger sanpl es were preconcentrated
wi thout the use of additional reagents, the detection limits
for lecad could be lowered. The major difficulty for lead is
contam nation as exenplified in sanple EGA 11. It is very
likely the 0.08 rig/m of lead is due to contam nation.

The effect of acidification before and after filtration
is clearly shown when conparing manganese val ues in NBS 500
and 502 with NBS 509 and 518. These results show that
acidification caused the Mn concentration to increase by at
| east a factor of two. The reagent blank for manganese is
| ess than 0,02 ng which would certainly not be a contributing
factor. In one sanple, NBS 509, the |ead value was severa
orders of magnitude higher than the unacidified sanples. The
addition of 44 g of HNO; to a liter of sea water as in NBS
sanpl es 509 and 518 was calculated to be insignificant for Cd,
Mn, Nl and Pb [28].

The nickel reagent blank (0.2 ng) was the highest of the
analytes tested. Since the nickel values in sea water were
consi derably higher, this high reagent blank was not consi dered
a serious problem

Sanpl e Inhomogeneity Caused by Crystallization. Inhomo-
geneity was found in four sanples; two sanples fromthe
University of Al aska and two of the NBS sanples. These two
NBS sanpl es were not anal yzed; other, honbgeneous sanples
were substituted from the same site. The sanples upon
t hawi ng had noticable white and clear crystals at the bottom
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of the sanple bottle. In each case the sanples were unfiltered
and not strongly acidic (see Table 5). EGA 24 was the only
sanmple in which the crystals redissolved at room tenperature.

In the remaining sanples with crystalline precipitates the
precipitate was stable at room tenperature and did not

di ssol ve

The crystals were extracted from NBS Bottle Nunmber 3
and dried in a Teflon beaker. Upon addition of nitric acid,
a violent evolution of gas was noted acconpanied by instan-
taneous volubility. The solution was evaporated to a single
drop in Teflon and subjected to spark source mass spectrometry.
The dom nent cation was found to be Ca. Small anounts of
Na, K, and Mg were found, probably resulting from absorption
to the surfaces of the crystals. No anpbunts of heavy metal
or trace ions were found, This coupled with the evol ution
of gas upon acid addition would indicate that the dominent
speci es would be a hydrated cal cium carbonate (CaCO;-xH,0).

The crystals were too numerous and of sufficient mass
not to be noticed in the original sanpling. It is nuch nore
likely then that they were formed in the sanple during
storage and handling. No crystals were noticed in strongly
aci d sanpl es which woul d be expected since the | ow pH woul d
precl ude their formation.

Wiy the crystals were found in some sanples and not
others of simlar character is unclear. No other perceptible
di fference between the honobgeneous and inhomogeneous sanpl es
was obvious except for the crystals. There were sanples
fromthe University of Alaska and NBS of equal or higher pH
which did not contain crystals, The fact that only unfiltered
sanpl es were subject to this phenonenon could indicate
nucl eation or sone other aspect of solid particle influence
aiding the formation of the crystals.
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Sampl es EGA 24 and EGA 15 were anal yzed and there is no
evidence to indicate that the inhomogeneity caused by the
crystals caused any significant alteration in the results in
relation to sanples of the same general area. Any effect
would, however, have to be one to two orders of nagnitude
larger before obvious alterations could be detected with
t hese unknown sanpl es.

Summary

As a result of work reported here and el sewhere it has
been determ ned that a nunber of plastic materials may be
suitable for the collection and storage of sanples of sea
water [27]. It has been denonstrated, for exanple, that
conventional polyethylene containers if properly cleaned do
not materially contribute to inorganic trace netal contam na-
tion and if protected from vapor |osses are probably suitable
for at | east several years storage. Problens of contam nation
whi ch m ght appear upon long term storage have not been
resol ved, It would appear that inmrediate freezing of water
sanples and storage of these in the frozen state until analysis
Is to be reconmended.

It is shown here that analysis for a variety of elenents
may be done accurately on as little as 100 Ml of water even
in the extrenely clean waters of Al aska using graphite furnace
atom c absorption spectrometry, if extreme care is taken to
prevent contam nation during the preconcentration procedure.

A new preconcentration procedure has been devel oped here which
shoul d substantially help in these analyses in that only
mnimal handling of the sanple is required, only regents for
which ultra purification procedures are avail able are required
and the procedure appears adaptable to field or shipboard use.
In addition, the procedure renoves elements (i.e., Na, K, Ca,
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and Mg) that are interferences in many analytical nethods and
t hus makes possible the use of a variety of techniques such
as atom c absorption (flame or blanel ess), neutron activation
and x-ray fluorescence.

Suggestions for Future Wrk

Because of the very 1ow level of trace elenents in sea
water the accurate analyes of these is a difficult job under
even ideal conditions. The problens in preventing contam na-
tion during the analysis are severe. Those encountered
during the collection and storage are even nore form dabl e.

It is believed that progress has been made in the area of
storage and may be mnimzed by the proper cleaning of
containers and by freezing the sanples as soon as possible.

Preventing contamination during collection, however,
requires much attention. If only total elenental concentra-
tions are required, that is, no distinction betwen suspended
and dissolved elenents is to be made, then acidification
simul taneously with collection, followed by freezing, may be
used as shown here. If, however, filtration is to be done
to distinguish between suspended and dissolved elenents then
it is apparent fromthis work that the filtration nust be
done as the sanple is collected. Sampler-filters such as
that of Harrison et al. [25] acconplish this for shallow water
collection effectively but are not applicable (in the present
state) for duplicate water collection and are difficult to
use in a harsh environnent. We believe that an effective
t echni que may be to filter and preconcentrate the sanples in
one step as collection procedures using an adaptation of the
Chelex 100 procedure reported here and are proceeding wth
this work

18



I n order to describe adequately materials and experi -
mental procedures, it was occasionally necessary to identify
comrerci al products by manufacturers' name or |abel. In no
i nstance does such identification inply endorsenent by the
National Bureau of Standards nor does it inply that the

particular products or equipnment are necessarily the best
avail able for that purpose.
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Table 1. Organic Ligands used to Separate Trace Elenments in

Sea Water.

Organi c Li gand Sol vent El ement

APDC [11-16] MIBK “ Bi, Cd, Co, Cr,
Cu, Fe, Hg, Mn,
N, Pb, Zn

NaT¢B [ 8] MIBK- Cs, Rb

Cyclohexane
Oxine [11] MIBK Mg, Mn, N

APDC - AmmoNni um pyrrolidene dithiocarbamate
NaT¢B - Sodi um tetraphenylboron
Oxine - 8-hydroxyquinoline



o

;abfé 2. Volubility of Solvents in Water [17].

Sol vent Volubility, m/1 at 256 “C
Ethyl Acetate J
MIBK 20
Cyclohexane <1
2-Butyl Al cohol 155

Met hyl Isobutyl Carbinol 22



Table 3. Instrumental Paraneters.

- P§E 603 - - - - - - - - -HGA-2100- - - - - - -

El enent Wavel engt h SBW Scale Drying Charring At om zation
nm nm  Expansion Tenp. / Ti ne Tenp. / Ti ne Tenp. / Ti me
Cd 228.8 0.7 1 100/ 30 200/ 20 2100/ 7°
Vh 279.5 0.7 2.0 100/ 30 300/ 30 2700/ 7°
Ni 232.0 0.7 7.0 100/ 40 1000/ 30 2700/ 6°
Pb 283.3 0.7 3.0 100/ 40 400/ 30 2200/7b

“Inert gas in the Interrupt node.
Inert gas in the Normal node.

Note:  Tenperatures are in ‘C, Tine in seconds.



Table 4. Analysis of Cadm um Lead, Mnganese, and N ckel in
Sea Water.
Sanple T T T righnt - - - - -
Sample/Location Treatnment®Original pH Cd Mn Ni Pb
WGA, Station 1:2 F,A,b 1.7 0.14 0.72 0.65 17
0. 05 0.68 0.78 11
EGA 24 F,A 3.5 0.11 0.05 0.24 0.02
(410 m 0.10 0.06 0.32 0. 05
WGA 110 F,A 5.1 0. 07 0.22 0.36 0.20
(173 m 0.13 0.28 0.34 0.32
EGA 11 F,A 5.2 0. 05 0.03 0.27 0. 08
(135 m 0. 06 0,03 0.29 <0,02
WGA 110 UF, A 5.4 0. 09 0.18 0.41 <0.02
(173 m 0.08 0.18 0.45 <0.02
EGA 15 F,A 6.6 0.10 <0.02 1.7 <0.02
(1500 m 0.1.4 <0.02 0.8 <0.02
EGA 24 UF, A 3.6 0.12 0.02 0.49 <0.02
(410 m) 0.13 0.02 0.40 <0.02
LGA 11 UF,A 6.S 0.11 <0.02 0.36 <0.02
(1350 m) 0.12 <0.02 0.38 <0.02
EGA 15 UF,A 5.4 0.13 <0.02 0.90 <o0.02
(1500 m 0.12 <0,02 0.78 <0.02
NBS 500 Fc,UA 7,3 <0.01 0.45 1.2 0.18
<0.01 0.37 1,7 0.17
NBS 500 UF, UA 7.2 <0.01 0.59 0.90 <0.02
<0.01 0.67 0.70 <0.02
NBS 502 Fc ,UA 8.3 - <0.01 0.40 0,49 <0.02
<0.01 0.46 0.53 <0.02
NBS 502 UF, UA 8.2 <0.01 0.71 0.66 <0.02
<0.01 0.64 0.71 <0.02
NBS 509 UF, A (3.4 <0.01 1.3 0.45 4.5
<0.01 1.4 0.59 5.8
NBS 518 UF,A 1.3 <0.01 1.4 0.41 <0.02
<0.01 1.3 0.45 <0.02
“ Al samples stored frozen except b which was stored at anbient

t enper at ure.
UF-unfiltered, UA-unacidified.

F-filtered,

[imts based on 100 m

Fe-filtered after thaw ng,

A-acidified,

Less than values are AAS detection

test portion.



Table 5. Sanpl es Having Crystalline Precipitates.

pH of Sanpl es

after
Sanpl e Sanpl e Preparation Thaw ng
University of Al aska
EGA 24 unfiltered, acidified, 3.6
frozen
EGA 15 unfiltered, acidified, 6.7
frozen
NBS Sanpl es
Bottle No, 3 unfiltered, unacidified, 8,2
frozen
Bottle No. 507 unfiltered, unacidified, 8.2

frozen
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Accuracy in Trace Analysis: Sampling. Sample Handling. and Analysis,
Proceedings of the 7thIMR Symposium,

Held Qctober 7-11.1974, Gaithersburg. Md. {Issued August 19761,

SAMPLING AND SAMPLE HANDLING FOR
ACTIVATION ANALYSIS OF R IVER WATER

S.H. Harrison,* P. D.LaFleur,*and W, Zoller **

*Analytical Chemistry Division
Institute for Materials Research
National Bureau of Standards
Washington, D.C. 20234 U.5.A.

*5Chemistry Department
University of Maryiand
College Park, Maryland 20740 U .S A.

A complete preanalysis scheme for determining trace elements in river and
estuarine water by instrumental neutron activation analysis is described. The
design. operation and evaluation of anew Teflon water sampler isincluded in
the presentation of the preanalysis scheme. The evaluation of this water sam-
pler consists Of replicate sampling experiments and a COMParison with acom-
mercial sampling bottle (VanDarn). T he water sampler described aliows for
filtration of the sumple as itis transferred from the sampler to a storage con-
tainer. Lyophilization (freeze drying) is used as the preconcentration
technique for the dissolved species. i.e.. liquid portion of the sample. Nor-
malization of suspended particulate data to the clement scandiumis presented
as a useful technique for locating man-made heavy metal input SOUrces,

Keywords: Filtering water: river water: sampling water for trace elements:
suspended particulates in water: Teflon water sampler; trace
elements; trace elements in water: waler.

I. Introduction

The cm--rent interest in sampling and sample handling for trace con-
stituents is evidenced try the large attendance at this symposium. Previous
speakers have discussed general problems associated with trace element
sampling and sample handling so this point witl not be belabored.

Sampling for trace elements is difficult in any matrix. However. if some
component of the geochemical environment is to be investigated, the sanl-
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pling problems are exceedingly more difficult than for most synthetic
materials, which may be homogeneous. In the environment, the system
sampled is generally not homogeneous over the area of interest. The fluid
systems. water and air, are in astate of continuous chemical and physical
change, even during their ssmpling and storage. Therefore. obtaining and
storing representative samples are not considered trivial problems.

In this work, an attempt was made to develop and evaluate apreanaly -
sis scheme for trace elements in water. This includes [he sampling
protocol, as wel | as storage and handling techniques. If such a. research
technique can be evaluated thoroughly and quantitatively. it should be
useful in studying less expensive and faster protocols which may be
necessary for environmental surveillance work.

The preanalysis design presently used in this laboratory consists of an
all Teflon. Teflon-coated metal, and nylon sampler to minimize con-
tamination from construction materials. After sampling, immediate filtra-
tion is carried cut in the field followed by fast freezing of the aqueous por-
tion of the sample in liquid nitrogen. Upon return to the laboratory. sam-
ples are stored frozen und, prior to analysis by neutron activation, are
preconcentrated by freeze drying.

When designing this scheme of sampling and sample handling it was felt
that the total number of liquid sample transfers must be kept to a
minimum to avoid unnecessary random sources of contamination. This
goal was achieved by kecping the total number of sample transfers to one.

II. Procedure

The NBS water sampler isillustratedin figure 1. The sampler consists
of a horizontal Teflon cylinder mounted on an “ice clamp action” type of
frame, with flat Teflon end capsin place of what would be ice hooks. The
frame, though made of meta! (Aluminum and stainless steel). has a baked-
on Teflon coating. The Teflon cylinder has an interior thread on one end
{fig. 2) to provide for attachment of « filtering mechanism, to be described
below. A Teflon-coated rudder may be attached to the bottom of the
cylinder to allow its proper orientation with the current flow’. All parts of
the sampler are assembled with nylon screws. bushings. washers. eic.

One of the unique features of the sampler isthat it provides anoption
for sample filtration during the transfer to the storage container. A Teflon
adaptor is threaded to mate the sampling cylinder with a polycarbonate
filter holder. The components of this filtering mechanism are pictured in
figure 3.
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Figure |. Teflon water sampter m verticatl, closed position.
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Figure 2. Teflon water sampler in vertical. partially open position . showing interior threads
for attachment of filtering unit.
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Generally, the filters used are a47 mm diameter. 0.4 um pore
Nuclepore filter covered with a 47 mm diameter. 8 um pore Nuclepore
filter as a roughing filter. The filters arc sealed betweenthe Tef | 0N adaptor
and (he filter support with a silicone O-ring. The receiver flask attached
below the filter holds a polyethylene film bag. This bag serves as (he sam-
ple contiiner throughout the storage, freeze dryving and analysis
procedure. A hand pump is used (o provide the vacuum for filtration in the
field, ¢.¢.. from al4-ftrowboat. The complete sampling system assem-
bled and ready for filtration is shown in figure 4.

One of the main advantages of the NBS water sampler is its capability
of being lowered below the water surface in a closed configuration, avoid-
ing contamination of the inner surface of the sampler with possible surface
slicks or microlayers. After lowering the sampler to « depth of about 0.3
meters it may be opened by pulling i« second rope. ' The sampler is then
lowered (0 the desired depth andallowedto equilibrate. The first rope is
pulled to close the end caps and the water sample is brought back to the
surfuce.

After attaching the filtering unit the sample may be filtered directly
from the Tefloncylinder into the polyethylene storage bag. This is the
only sample transfer in the entire procedure. The liguid sample contained
in the polyethvlene bagis frozenin the field in liquid nitrogen and stored
in a cleaned plastic bag. The filters containing the suspended particulates
are transferred to acleaned plastic petridish. Both the frozen liquid and
filter portions of the sample are stored in dry ice until returning to the
laboratory where they are transferred to « freezer.

The frozenliquid samples are prepared for analysis by preconcentrating
using lyophilization (freeze drying). The technique for freeze drying has
been described in detailelsewhere [ 1.2]. however. a brief description
may be appropriate here. The basic freeze drying unit. shown in figure 5.
consists of @ sample chamber, cold trap and source of vacuum. The frozen
sample, stillin the polyethylene film bag. isplaced in the chamber which
is then opened to the vacuum line. During the freeze drying process,
water sublimes andaresidue of solids accumulates at the bottom of the
bag. After the process is finished the bag is folded up with the residue
sealed inside. to make 1 small package for neutron irradiation.

Considerable work has been completed to evaluate the retention yields
of trace elements during freeze drying. The results appear satisfactory for
all elements investigated except for mercury andiodine (fig. 6). Recently.
Filby. Shah and Funk [3 ] reported quantitative retention of mercury in
atracer study of the tyophilization of water.

"The NBS water sampler must be operated by twoe rapes.one supports the wer ght of the sam pler while holding the end caps

against the cylinder, the other SUPPOTLS ipis weieht using 1Lto pull the end caps up and aw ay from the cylinder allow ing for
anuninterfered flow -through sy stem,
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Figure 5. Schematic disgram showing one unit of the freeze drying system
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Figure 6. Retention vields of trace elements during freeze dryingusingradioactive tracers.
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Iil. Results and Discussions

Oneofthemai n obj ectives of this work was t 0 determine variability Of
data due to sanmpling. The approach used was to take replicate samples
from a given location over as short a period of time as possible. usually 2
to 4 hours. 1t should be pointed cut that in afield experiment it is difficult
to distinguish between concentration variations due to time or position. In
an estuarine Or river system itis amost impossible to sample the same
water mass over a 2- to 4-hour time interval.

The first station chosen for this kind of work was the Patuxent River at
Laurel. Maryland. At this point the river is just a fresh water stream and
it was necessary to wade to midcurrent to obtain the samples. Of course.
bottom sediment is stirred up when wading but due to arather swift cur-
rent that day the disturhance c-rested by wading subsided in several
minutes and asample could be taken upstream to minimize thesc effects.

At this location eightsamples were taken. That is. eight separate
wadings to midstream were made with processing of each sample on shore
before the next one was initiated. Obviously, these replicate samples
could not be considered to be taken from exactly the same body of water.

The results of instrumental neutron activation analysis (| N AA)  of the
Laurel samples appear in tablesland2. For the dissolved species, the .
coefficients of variation for thei3 elements determined in these “replicate
samples’ vary from a surprisingly low 3.0 percent for minganese to 80
percent for cobalt. A few outliers arc obvious. cobalt in sample L-13 and
chlorine in sample L-9. The high cobalt value in L- 13 does not correlate
with high values for scandium. iron. or thorium, e ements which would be
present in crustal particulate contamination. The low value for chlorine in
sample 1.-9 isequally unexplainable. A low value of a halide in water
mightbe explained by oxidation to the elemental form and volatilization
during freeze drying. Thisideais untenable since the bromide ion is more
readily oxidized than chloride ion, and the value obtiined for brominein
L-9isjust below one standard deviation from the average. Of these eight
samples. originally weighing from 60 to 90 grams each. nine ofthe 13 ele-
ments determined exhibited coefficients of variation of 20 percent or less.

Theresults of INAA of the Laurel suspended particulates areshown in
table 2. These samples were collected, freeze dried. irradiated and
counted on polycarbonate film filters. Only the first six of the suspended
particulate samples were analyzed for some of the elements which have
long radioactive half-lives on irradiation. Technical difficulties prevented
the analysis of the others. The elements measured in the suspended par-
ticulates have been normalized to scandium which is an element which
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TABLE 2. Concentration of suspended particulates in Laurel samples

Elements
Number
Al Mn v cl Na Sc
(ne/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)

L-8P 2.34 23.8 3.79 15.9 4,57 0.366
L-9P 2.20 20.9 2.80 18.3 6.17 .345
L-10P 2.50 27.0) 3.67 21.2 6.69 .405
L-11P 2.55 23.9 2.76 14.7 10.8 370
L-12p 2.24 21.3 3.20 11.3 5.38 ,359
L-13p 25.3 13.9 6.57 .360
L-14P 2.30 24.6 3.53 14.7 7.95
L-1 5P 2.66 25.0 3.64 30.2 R.61
Average  2.40 24.0 3.34 17.5 7.09 .368
CVs, 7 7.2 8.5 13 34 28 5.5
CV/(Sc),

o 4.4 6.2 13 19 32

= Coefficient of variation.

Fe

(ug/g)

1.36
1.25
1.38
1.36
1

~
2

1.25

1.31
4.7

3.4

w L 4
AL
co Th Sh
(ug/g) (ng/2) (ug/2)
0.542 0.367 0.014
.552 .306
.605 .354 .032
.534 L3587 .016
.510 409 .0093
507 392 .012
.542 .364 .017
6.6 9.8 52
4.8 i1 47

b Coeflicient Of variation when the average elemental concentration is ratioed to the scandium concentration.

g

FrotS



s

0o

450 A ccurRacy | NTRACE ANALYSIS

may be indicative of contributions due to clay particles and crusts]
weathering from natural sources. Thisisa procedure which has been used
in transport studies of heavy metals in sediment [4]. The coefficient of
variation is improved for nearly all elements when values are hormalized
to scandium, withonly slight increases for the exceptions. thorium and
sodium.

The fast moving fresh water stream at Laurel appears to be a welil-
mixed system and a single 50 to 100 gram sample under these conditions
generally gives a relative standard deviation of 20 percent or less at con-
centrations down to the subnanogram/gram level for the elements
analyzed.

A set of samples similar to those taken at Laurel were taken from the
side of a boat anchored at the mouth of the Susquehanna River in the
Chesapeake By (Turkey Point). Infigure 7 are illustrated the results of
the suspended particulate taken from this estuarine location. Again, for
suspended particulates. the coefficient of variation for each element is sig-
nificantly diminished (with the exception of manganese) when the data is
normalized to scandium.

The importance of normali zing data obtained from suspended particu-
late using an element indicative of purely crustal weathering or natural
sourcesis illustrated in figures 8, 9, and10. In figure 8 is presented results
for chromium in the suspended particulate of the Back River, just east of
Baltimore. Maryland. A very large sewage treatment plant is located on
the Back River, Station 1is at the mouth Of the river, which flows into the
Chesapeake Bay. Station 6 isdirectly inthe plume of the midstream ef-
fluent outfall of the sewage treatment plant. When the chromium concen-
tration is plotted with respect to distance (as approximated by station
number) from the effluent outfall a slight rise is observed as station 6 is ap-
proached. (Plotting the chromium data with respect to salinity instead of
distance from effTuent outfall gives an alv:ost identical curve.} However,
if the data is normalized to scandium @ much more striking increase is
seen as one approaches the plant effluent outfall. Thisindicated that there
isan anthropogenic source of chromium in the particulate material coming
from the sewage treatment plant or another upstream location.

[ron in the Back River exhibits a similar behavior and is shown in figure
9. However. in the case of iron no concentration gradient is observed in
proceeding upstream from the mouth of the river. On the other hand. nor-
malization against scandium shows a pronounced upstream gradient
which apparent iy indicates a source Of noncrustaliron upstream.

When the concentration of thorium and of thorium relative to scandium
are plotted for the Back River suspended particulate (fig.10). only a
smoothing out of the data is obtained by normalizing to scandium. indicat-
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ing no significant input of thorium from an anthropogenic source. It is felt
that the added information obtained by this normalization technique
should be useful in detecting sources of man-made heavy metal input.

In the Susquehanna River experiment, replicate samples taken with the
NBS sampler were compared to samples taken with @ Van Dorn commer-
cial sampler. This particular Van Dorn sampler was part of the routine
equipment on the research vessel used for this experiment and it is likely
that the sampler has been used at least 3 days a week and up to 10 times
a day for the past several years. The sampler was therefore expected to
contaminate the samples. The results are found in table 3 in the
chronological order in which they were taken. Ithas already beenmen-
tioned that it is very difficult to get a body of water to stay still during a
replicate sampling experiment. This difficulty is demonstrated by noting
the values for sodium in table 3. The sampling had begun at low tide, but
the tide soon started coming in, leading to increasing salinity during the
sampling period and possibly stirring up some of the bottom sediments.

The comparison of data for Van Dorn samples (VD 1. VD2.VD3) to
those for our Teflon sampler (N BS1,NBS2,NBS3, NBS4, NBS5) seems
to indicate that the commercial sampler is contributing little if any con-
tamination to the sample at the concentrationlevels found here. This may
be explained in two ways. The sample from the Van Dorn was transfer-red
immediately (< 3 rein) to the Teflon cylinder for filtration, leaving very lit-
tle time for container-sample interactions. Alternatively, this particular
Van Dorn sampler, which is made of PVC, rubber and surgicat tubing,
could have been used so often that all or most of the leachable con-
taminates had since been removed and it had reached an equilibrium with
Chesapeake Bay water.

Other interesting features of the data in table 3 are the inconsistently
high values for cobalt, iron and scandium in samples V>3 and NBS4.
This could be suspended particulate contamination due to improper filtra-
tion or external contamination. These high values could also be rea and
caused by the disturbance of the sediments with the changing tide. In ad-
dition, the variability in samples from fresh water streams seems less than
for samples from estuarine water, over ashort timespan.

It is felt that the evaluation of the sampling of natural water using this
system has just begun. Further work in evaluating the sampling of river
and estuarine water is planned as well us initiating sampling studies in
coastal ocean water.



TasLe 3. Trace element concentrations in replicate samples of estuarine water

(Dissolved Specics Only)

Sample

NBS»1
vDH
NBS2
VD2
NBS3
VI3
NBS4
NBSS5

Zn Sr Co Fe Se
(ug/g) (ug/g) (ng/g) (ng/2) (pe/2)

2.6 94 0.22 28 0.18
8.9 108 .20 6 14
4.) 117 27 44 15
6.3 101 24 38 13
3.9 121 .27 46 21
71 121 .44 122 14

12 115 .67 266

il 92 .26 44

= NBS = National Bureau of Standards samples.
b VD = Van Dorn samples.

Ag

(ug/8)

0.07

.86
.39
.27

12

42

15

190

Sc
(ng/2)

0.011
.00
.07
.009
.024
.034

.28
.024

Na
(ng/g)

45

6.6
24
43
44
45
48
36

E%



HARRISON ET AlL. 455

IV. Acknowledgements

We are especially grateful to James Suddueth of the Analytical Chemis-
try Division at NBS for the design for this water sampler.

V. References

[1] Harrison. S H., 1L.aFleur, P. D.. and Zoner. W., Trans. Amer. Nucl Soc. 17. 68
(Nov. 1973).

[2] Harrison, S.H., LaFleur, P. D., and Zoner, W. 1., An Evaluation of L.yophilization
for the Preconcentration of Natural Water Samples Prior te Neutron Activation
Analysis, to be published in Anal. Chem., } 975.

{31 Filby.R.H..Shah, K. R.,and Funk, W. H.. Proceedings of Nuclear Methods in En-
vironmental Analysis, Columbia, Missouri (fuly 1974).

[4 deGroot. A, J. and Allers ma, F., Conference on Heavy Metals in the Aquatic En-
vironment, Nashville, Tennessce (Dec. 1973).



APPENDIX I=x

Production and Analysis of Special High-Purity
Acids Purified by Sub-Boiling Distiliation

Edwin C. Kuehnor, Robert Alvarez, Paul J. Paulsen, and Thomas J.

furphy

Analvtical Chemistry Division, Instinite for Materials Research, National Bureaw of Standards, Washingtan, D.C. 20234

Sub-boiling distillation from pure quartz or Teflon
(Du Pont) stills has been investigated for the production
of high-purity inorganic acids and water. Nitric, hy-
drochioric, hydrofluoric, perchloric, and sulfuric acids
produced by this method contained significantly lower
cationic impurities than high-purity acids {rom com-
merciat sources. A complete system, inciuding the
Class 100 environment, production, and storage of
these high-purity reagents is described. A method
based on spark source mass spectrographic isotope
ditition analysis has been developed for the simul-
taneous determination of 17 ctemcents in these mate-
rials. Resuits of the analyses of both the acids puri-
fied by sub-boiling distiliation and the ACS reagent
grade acids used as storting materials are reported.
The sum of the common impurity elements determined
in the purified acids ranged from 2.3 ppb in nitric acid
to 27 ppb in sulfuric acid. No element in any of the
purified acids excecded 10 ppb and most were well
below the 1-pph level.

Tor Assvynear Coesisrry Division al the National
Burcau of Standards has become increasingly involved with
the analysis of samples and Standard Reference Materials
(SRS requiring the determination of elements at the low
parts per million (ppm, 30 ¢ g'g) to Lhe parts per billion
tpph, 107 gig) concentration range.  This is illustrated by
recent analyses which include lead at 331 ppmr in lunar
samples ¢4y urantum al 721 ppb in Trace Elements in Glass
(SRM 616) (2), nickel at 1.3 ppmyin Orchard Leaves (SRM
1371 (2), and strontium at 0.14 ppm in Bovine Liver (SRM
1577) 7). The low level of these elements puts stringent
requirements on the purity of reagents used in the analytical
procedure,

Inorganic acid purity is of particular importance hecause of
the relitively large amount of these acids required for sample
dissolution and other chemical operations.  These procedures
can feguire guantitics of acids in excess of ten times the
sample weipht. To take full advantage of the <ensitivity und
accuracy of an analytical technique, the reagent blank should
be held 1o no more than a few per cent of the amount being
determined.  Therefore, the accurate deiermination of an
clement near the L-ppm fevel will depend on the availability of
acids containing no more than 1 ppb of the clement.

High-purity inorganic acids have been available for some
time from commercial sources. Although these acids are
satisfactory for many trace clement determinations, they are
not alwavs adequate for tow fevel trace work either through a
luck of purity or high upper limit specilications.  [Emission

) LR Barnes, B S Carpenter, L. Gainer, . W, Gramlich,
FoCoRuchner, B AL Machlan, )0 Maienthal, . R, Moody,
Lo 3o Moore, ToJ0 Murphy, B3 Paulsen, K. ML Sappentietd,
and W, R Shiclds, “lsotopic Abundance Ratios and Concen-
trations of Sefected Flemwents in Apollo 14 Samples.” Proc, Apollo
I Lunar Sci. Conf., Geochin, Cosmochim, Acta Suppl. 3, 2,
MIT Press, Cambridge. Mass, i press.

2y Otlice of Standard Reference Materials, N8S Spee. Publ. 260
{1970,

spectrography (3), the technigque usually applied to the
analyses of high-purity acids, lacks sensitivity causing upner
hants to be set at 1 ppbor higher ) The deternnation of the
rotopic composttion and concentration of lead i funar
sanpdes can be cited as a recent esample. A reagent blank
ol 340 ng Pb was caleulated fromy the producer’s values for
lead in commercial high-purity scids and the voleme of these

avids required ta dissolve one gram of lenar rock and separate
the lead from other constituents,  Since the expected Pb con-
centration was only a few ppm, the intraduchion of this
quantity of external Tead (ol a different isotopie composition)
would hiave precluded @ rehable determmation of the P'h
present cither as to smount oF isotapic composition.  Using
acids partticd by sub-bothng distitation. the total blank was
determimed 1o be § ng for the actual analysis. Consequently,
hecaose of this experience and other problems associaied with
the determinations of trace metals in a variety of materials,
the Analytical Chenustry Division at. NBS recently set up
facilities for the “in-house™ purification. analyses, and dis-
tribution ol inorganic acids.

Sub-boiling distillation was selected as the method of
purnification for the inorganic acids.  No single puniication
procedure is capable of removing all clusses of impurities
from these acids. Since the trace element program at NBS 1
mainly concerned with trace metals, the technique which ap-
peared (o be most efficient in removing metallic or cationic
impurities, sub-boiting  distiflation, was studied.  In sub-
bailing distillation, infrared radiaters vaperize the surface
without bothing the hguid in the vaporizer compariment
The vapor is condensed on a tapered cold finger and the
distiliate s collected in w suitable container.  Sub-boiling
distllation was selected over conventional or botling dis-
tillation since studies have shown that in the laiter method
significant contamination ol the distillate occurs from creeping
of the unrectified ligqud and entrainment of particulates in
the vapor stream formed during bubble rupture (4). Sub-
boiling  distillation  completely  eliminates the entratniment
problem since no bubbles are formed. Creeping of un-
rectitied liguid from the vaporizer is minimized by the posttion
of the cold finger type condenser. [t should be pointed out
that while this is an extrenely etlicient still for the separation
of impuritics of low vapor pressure such as metal ions, it offers
fittle purification from impurities of high vapor pressure such
as organic nlatier or many of the anions.

Conimercial quartz sub-boiling stills which were designed
for the production of high-purity witer have been used for the
production of high-purity mineral acids of low-level lcad
content at the Carnegic Institution of Washington (5).
Simifar sub-boihing quartz stils (Quartz Products Coryp.,
Plainficld, N 1) were installed at NBS for the production of

(3 N. AL Kershner, BLE,
Irose., 28, 542 (1971
1) R, C. Hughes, P, C. Muran, and G, Gundersen, ANaL, Cuin.,

43, 691 (19711, and references cited therein,
(5) K. D Burrhus and S R Haut. ihid. 44,432 (1972

Jos,and AL 3 Barnard, b Appl. Spee-

) Reprinted from ANALYTICAL CHEMISTRY, Vol. 44, Page 2050, October 1972
Copyright 1972 by the American Chemical Society and reprinted by permission of the capyright owner



hydrochloric, nitric, perchloric, and swfuric acids as well as
water. An all Teflon (Du Pont) sub-boiling still was designed
and constructed at NBS for the production of high-purity
hydroefluoric acid.

Efficient purification by the still only partially solves the
prablem of producing and distributing pure acids.  Airborne
particulate contamination and container contamination must
also be mininized to ensure a high quality product.  Air-
borne particulate contamination can be virtually elimmated by
enclosing the still and distittate containers in a Cluss 100
clean air chamber. Teflon FEP bottles which have been
vigorously cleaned with pitric and hydrochloric acids are used
as containers for the purificd acids and high-purity quariz is
used for water.

To evaluate the purity of the acids and water produced by
this process, an analytical method based on isotope dilution
spark source mass spectrometry (SSMS) was developed.  This
method has Hmits of detection as low us .01 ppb for commoen
impurity  clements. Seventeen elements were  determined
simultancotsty in cach of the high-purity acids and water pro-
duced by sub-boiling distitation and the ACS grade acids used
as starting materials,

APPARATUS FOR THIE SUB-BOILING DISTILLATION
OGEF HIGH-PURITY ACIHS AND WATER

Quuartz Sub-Boiting Stitl, The commercially available sub-
boiling stit! <own in Figure 1is made of quartz. This type
stifl 1s used for the production of HCY HINO HCIO H .S,
and MO, Heating of the liquid being disblled iy done by a
pair of infrared radiators positioned on both sides of the con-
denser. These clements, Insde quartz tubes, heit the sur-
face of the hind and evaporale it without causing it to hoid.
This positioning alvo serves to heat the walls above the hiquid
tending to keep them dry which minmizes creep of hiquid
along the walls between the hgquid reservorr and the condensing
vold finger. The condenser is tihed downward toward the-
distiltate outlet o allow the condensed bagund 1o flow to the
tip above the outlet. The still is fed by a 6 & pound bottice
of ACS reaeent grade acd through o hiquid kel controd
which maintsins the liguid to just below the overflow height.
Approsimately 300 to 500 ml of Hqguid are thus maintatned
inside the st at all imes. A threesway slopeack o the
liguid level conteol is used to drain the stllafter the consampe
tion of cach bottle of ACS reapent grade feedaad. Al parts
of the higuid feed system are made of Teflon.

Teflon Sub-Bothing Still.  An all-Telan (Do Pont) sub-
boiling ~tilh having all the exsentiad features of the quartz sult
was designed and constructed for the production of hydro-
fluoric acid. This still, shown i Figure 2, was fabricated
starting with a commercial 2-liter Teflan bottle. The heat-
ers, vondenser, acid inlet, and the overflow were mseried into
what was ariginally the bottom of the botde and the distillate
outlet was inserted at the bottle cap. For the heaters, Teflon
rods are machined to form 19-mm o.d. closed-end tubues,
Heating coils inside glass tubes are then inserted imo the
heater tubes. The maximum operating temperature of the
still is timited by the soltening paint of the Tefton around the
heater. The glass tubing serves to support the heating tebe.
The cold finger condenser is similarily machined into a 25-
mm o.d. tehe frome solid rod. Both the condenser and heaster
tubes are threaded at the open ends to tit into conversion
fttings which are in turn threaded mto tapped holes in the
bottom of the bottle. The tapped hole in the condenser
fitting is machined at an angle such that the condenser is
titted downward toward the distllate outlel. Because HF
and other Hguids do not adhere readily to Teflon, the dis-
tillate drips off instead of flowing down wlong the condenser.
Therefore, a trough is secured under the condenser to catch
the HF and direct it to the distillate outlet. A picedof tubing
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Figure 1. Purequartz sub-boiling still
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Figure 2. All-Tefion sub-baoiling «till

mserted throueh the bottle cap using conmunercial Tetlon
fittings werves as o collector for the distilfate.  The wube s
provided with an umbrella ot the end to protect the collection
bottle from posstble fall-om coptaminanion. The aaid feed
and overflow tubes are attached with Teflon Hittings threaded
into the bottle bottom.  Tulon ipe 1s psed when necessary
on the threads of the Hittings to ensure a liqeid tight seal.

Clean Air Chamber.  Fach sub-boiling «till is housed in o
clean air chamber (Favironmental Air Control, Ine.. Annan-
dale, Va) to protect the distitfation process from exiernal par-
teulate contanppation.  All parts on the clean air side of the
chamiber including the HEPA filier frame and dittuser are
constructed of aluminum or plastic. The chambers meet
Class 10 speditications that iy, they remove 92974 of all
parncabate matter koger than 0.3 gro. The air flow through
the chamber is adjusted 1o mateh the exhaest rate through a
plenium assembly @t the back-botton of the unit. By this
means, the acid parification operation is protected from room
contaminates and at the same time, acid Tumes are mimmized
in the roon.

Containers for Reagent Storage.  Aaid distillates are col-
lected and stored in Teflon-HEP bottdes. These bottles are
cleaned by soaking for 24 hours first in hot 837 HNO; and
then in hot 637 HCH for 24 hours. They are then rinsed with
sub-boiling distilled water and tinally with the acid being
stored. The containers are reined for the same acid after
first being rinsed with distitled water and then rinsed with the
acid. Water from the sub-boiling still is stored in guartz con-
tainers which are cleancd in the same manner as the Teflon
bottles.
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Figure 3. Cleancavironment evaporator andtrapsfer system

APPARATUS AND REAGENTS FOR ANALYSIS OF
ACTDS AND WATER

Enriched Jsotope Spike Solutions.  The mdividual ssotopie
spikes for the elements being determined sere on hund as 1
me'mi solutions. Compatible spiking clements were come
bined to give 50 pe ml concentrations of cach clement in a
padr of master spiking solations. One solution contained
the HClsoluble elements, the oif=p solution the HNQ; soluble
clements.

Clean Air Exhaust Hood, In the analysis of the acids,
cvaporations were performed on a hot plate ina Class 100
exhausted Tume hood. The basic unit is sinnlar to the clean
chamber except that the air 1s exhausted down through a gril
of Tefion that surves as a “foor” {or the hood and then out
through a standard acid Twme exhaust systemn. Teflon is used
extensively throuphont thoce parls of the hood eaposed (o
acid fumes.,

Fvaporator and Liguid ‘Transfor System.  The apparatus,
hown in Digure 3, provides a clean environment for evaporat-
ing a wprked sample and ransterring the residual volume onto
high-purity gold wires.  Nitrogen flowing through a 0 )-um
cellulose Bher provides o clean atmosphere, sweeps out evap-
arating acid, and prevents entry of pariiculate contamination.,
A pure quartz pipet inserted ofl center i a Teflon stopper
at the tap is used to transfer the last few drops of evaporating
acid onto pure gold wires positioned frany the side joint.

PROCEDURE FOR ANALYSIS OF ACIDS AND WATER
BY [SOTOPE IHLUTION S5MS

The isotope difution analyses were peiformed on the aods
and water produced by sub-bailing distillation and on the ACS
reagent grade acids used as starting materials.  In addition,
we have also included results obtained in previous analyses of
conuuereni) high-purity acids. This variety i the (ype and
source of avids analysed has resulted in some changes of the
provedures ased.

Hivdrofluoric Acid.  Due to its reactivity with quartz and
ghissware, HE was handled exclusively in Teflon-FEP con-
tainers, otherwise it was treated the same as the other acids
fronid siniar soutce,

Water trom the Sub-Beiling Still. Because the purity of the
sub-boilmg distilled water was higher than that of the acids,
the water was preconcentrated before spiking. Two hiters
of water were evaporated to approximately 100 nmil in the
original storage contaiiter before being removed and spiked.
Fhe water wis not spiked in the storape vontainer because of
our rehactance to contaminate the container with the cariched
spike isotapes. The spiked 100-mlb water sample way then
handled in the same manner as the acids puriticd by sub-
boihing distrflation.

Sample Spiking. Al samples were spiked using 1 ug ml
solutions freshly dituted from the 50 ge ml master spike solu-
tions.  Avids punficd by sub-boiling distilation were all
spiked for a nonunal concentration of 1 ppb; mitric and hydro-

chloric acids were also spiked for 0.1 ppb. The nominat
I-ppb spike contained 100 ng of cach spike element in 100
grams of acid (I ng/g); the 0.1 ppb spike had 30 ng/300
grams of acid. The 1 ng'g spike gives an altered isotopic
ratio of approvimately one at a concentration of 1 ppb for
most of the impurity elements.  Concentrations up 1o ten
times higher and more than ten times lower than the spiked
for value can be determined from the measured ratios, but
with greater uncertainty.

The ACS reagent grade acids used as starting materials
for the sub-bothng distilation weie spiked at 1 ppb, 10 ppb,
and 100 ppb in order to cover the expected concentration
range for the diderent impurity elements.  An element was
only measured tor the sample where the spike come closest
to the actual concentration.  One half of the spiked sumple
wars ised for each analysis.

The commercial high-purity acids analyzed previously weie
spiked for nany but not all of the elenments surveyed in the
ACS reagent grade and sub-boiling still acds. One hendred-
gram samples were spiked for concentrations in the 1- 10 160-
ppb range. Because of the higher level of impurities only 20
arams of the 100-gram sample were seguired for the analyses.

Sample Fyvaporation and Transfer to Pure Gold Wires,
The clean environment evaporator shown in Figure 3 was
used ta vaporize commercial high-purity acids in a standard
faboratory fume hood prior to our obaining & Class 100
clean air fume bood. A single sample at a tme was «vap-
orated 1o a few tenths of a nulbliter and then tramferred
with the pure quartz pipet (o the tip of “six nines grade™ gold
wires and dricd.

The ACS reagent grade acids and the acids purified by sub-
boiling distillation were exaporated in the Class 100, fume
hood i open yuartz and or Teflon beakers on a hot plate.
The clean environient evaporation dish was used however to
transfer the last fow drops of the spiked sample to the gold
wires for drying.  The gold wires were then heated to 25
“C ofor 15 minutes 1o drive off hydrocarbens and occluded
acid. At this pomnt partisl loss due to incomplete transfor or
loss on heating can he ignored ingsmuch as the guantiative
analylical data arc o function of the altered isotopiv ratio
and the onty requicment is that enough of cach element be
retaiped for an adeguate measutement

Spark Source Mass Spectrographic Determination of Altered
Isatapic Ratios. The pair of gold wires was mounted in the
spark source such that several millimeters of the wire ends,
which were coated with the spiked sample residue, would be
overlapping and parallel to each other. When a source
vacuom of 1 % 10 7 Torr was reached, a graded series of
cxposures was made. The clectrodes were moved refative
to cach other during sparking in order to spark new spihed
sample residue on cach exposure. One half of the surface
of cach electrode was sampled during this tirst graded series
of exposures. A second identical series of graded eaposures
was then made on the renmainder of the sample. A single
phatographic plate was used for cach sample.

The photographic plites were processed using the bleach
and internal image developer for reducing plate fog developed
by Cavard (vl

The photoplates were examined visually 1o sclect exposures
which would give optimum sensitivity for each clement deter -
mined and for envidence of interferviees at the same nonunal
Mitss such as unresobved doublets, abnormally wide hines. or
wotopiv ratios which waried front one exposure to the next.
If an interference was indicated for the 4 1 lines of an cle-
ment. the less sensitive + 2 or - 3 lines were considered for
measturement.  The selected exposures for each clement were
then densitometered measuring both the spihe and natural
isotopes on cach expasure. From four to six exposures
were measured for cach clement if available.

() A Cuvard i “Advances 1 Aass Spectrometey,” B, Kendrick,

i, P he Bnstitpte of Petroleum, London, 1968, pp 419 29,
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Calcutation of Impurity Concentrations, The amounts of
impurities present in each acid were computed from the sample
weight, the weight of cach spike added, and the measured
altered isotopic ratios using the wsual formula for isotopic
dilution analysis as described in carhier papers (7, 8).  Im-
purity concentrations were caleulated for each isetopic ratio
measured for an clement. These values were then averaged.
This system gives a more realistic evaluation of the uncertainty
in the results than using an averaged ratio to calculate one
concentration value.  This is especially critical when the
measured (altered) isotopic ratio s close to that of either
the spike or natural clement.

When only the spike isotope for an element was detected,
an upper Hmit of concentration was computed by substituting
twice the noise level of the photographic plate at the position
of the natural isotope for the intensity of the natural isotope.
The concentiation of mononuchdic sodium was estimated by
assuming it has the same sensitivity as potassivnt and mea-
suring intensity-areas of the **Na compared to that of vither
the ¥K or the ©K isotope of the samie exposure.

The results of these anulyses of the acids and waler are
presented in a lates section describing the operating procedure
used for the production of each of the acids by sub-boiling
distillation

DISCUSSION OF ANALYSIS PROCEDURE

The acids puriticd in the sub-boiling still and the ACS
reagent prade starting materials were analyzed for 17 elements
stmultaneously by the spark source.  The elements measured
represent clemerts found as impurities in reagents, elements
commonly deterimined in many types of analytical samples,
and elements from dilferent groups of the periodic fable. It
was felt that this selection of elements would give a representa-
tive view of the overall ceagent purity.

The analysis technigue ttsell is subject to blank problems
which cannot be properly evalyated.  Care was talen during
the analysis to prevent contamination of the samples from
containers and the external environnient.  Based upon the
fowest values found in repeated analysis of the acids produced
by sub-boiling distitlation. estimates can be made of the
probable  blunk  contributions.  In gencral any  clement
reported near the O.6ppb level or befow may have a con-
siderable blank contribution and the value should therefore
be considered as an upper limit.  Concentrations signifi-
cantly above this level represent actual reagent impurities
with uncerfainties ranying from 210 to 20 depending on the
value of the altered ratio.

Enterfering lines having the same nominal mass as cither the
spike or nalural abundance isotope of anelement being
determined were sometimes cncouniercd during these analyses
“1 heseinterferences are normally most prevalent for the lower
mass elements and for the more impure acids.  The three
nutjor sources of these lines are hydrocarbons, anions, and
anion fragments, and various molecular combinations crf the
major imp uriti os with thennse lves and the acid anion, Heat-
ing of the sample (0 425 °C before sparking and the heating
that occurs during sparking greatly reduced interference from
the hydrocarbon and anion lines.

Examples of anion fragment interfere nees are ¥CH 0!
with the *3Cr! spike and *CI1¥0,* withthe €1Zp+ spike in
perchloric acid analysis, ands:§516(), with patural ¢ *Zn* in
suit'uric acid. The perchloricacidinterferences can be evalua-
ted by monitoring the tine from the other chlorine isatope.

(7) R. Alvarez, P, J. Paulsen, and D. i Kell,.her, Anar. Ctin,
41,955 (| 9569).

(8) I'. L. Paulsen, R, Alvarez, and D. F. Kelleher. Spectrochim, Acta,
2411,535 ( 1969).
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Figure 4. Laboratory for production of high-purity acids

ACS reagent grade HCIO, with high levels of Na dnd K
showed lines for: NaO*, NaK*, Na,*, K., Na{T, K1,
Na.ClO* ) KOO ) Na.Clo, o, ete. Some of these dines
represented poteadial interferences;  however, this type of
interferenmce was not significant for the acids puritied by sub-
boiling distllation since their cationic impurities were always
ata very tow level

Measurement of the isotopic ratio of an efement ut the =2
or 3 charge state willt ehiminate all three types of interfering
Tines since these molecular species fragnment rather than forma
multiply-charged 1on.  When such interferences existed, Ag.,
Cu, and K isotope ratios were measured on 2 jons and Zn,

!

Ni, Cr, and Ca tsotope ratios were measured on 4 3 jons.

PRODUCTION AND ANALYSIS OF [HGH-PURITY
ACIDS AND WATER

Figure 4 shows the luboratary sctup for the production of
high-purity acids.  Fach quartz sub-boiling stifl and dis-
tillate container is housed in a separate Class 100 cleun air
unit to prevent particulate contamination during distillation.
Any extrapcous acid vapor produced is exhausted theough the
balanced plenum assembly which serves four clean air units,
The Teflon sub-boiling stll is housed in a separate clean air
chamber and extrancous actd vapors are exhausted by a
standard laboratory hood.  The ACS reagent grade acid to be
purified is fed to each still from a container just outside the
clean air chamber through a liquid level control which nuin-
tains the pre-set liquid level.  In this manner, acid is con-
stantly fed to the stll as distiflate is removed.  Since im-
parrities are concentrated in the pot liquid, the still is drained
after the consumption of cach 6- to 8-pound feed bottle.

After distillation, cach acid was allowed to stand in its
Teflon-FEP container for at least two weeks before analysis
to allow for any mmpurities in or on the container walls to
react with the acid.
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Table 1. 1 fydrochloric Acid
Impurity concentrations ppb by wi (ng'g)
Acd from

sub-boiling ACS reagent Commercial
sl grade high punty
Pb 0.07 0.5 <1
T1 0.01 0.1
Ba Q.04 2
Te 0 01 .
$n . 0.03 0.07 <6
In 0.01 ..
Cd 002 o ill 05
Ag 003 0.05 0.2
Sr 001 0 08
7n 0.2 2 4
Cu 0.1 4 |
i @z 6 3
e 3 20 7
Cr 0.3 2 0.3
Ca 0 06 71 24
ii 0s 2A%) 10
Mg 0.6 1 20
Na L 500

2 6.2 ppl TR0 ppb ST7(1 pph

Table II. Nitric Acid
Impurity concentrations pph by wt (ne 1)

Acid from

sub-boiling ACS reayent Commereiil

still grade acrd high puiity

P 1) 02 12 0.2
Tl . 0?2
Ba n ot X
le 0.1 (V]
Sn a0l 0. 1
1a 01
Cd .01 11y “n 2
Av al om o1l
sr ({1 2
Se 0-09 02
/n 04 4 X
IGT ot 20 4
NI n s 20 3
te 4K 24 55
Cr 005 6 130
Ca 02 30 30
K 0.2 10 bl
My o1 13
Na 1 &

23 ppb =220 pph T 240 pph

The purified acids were then analyzed by the sotape
dilution mass spectrametric method deseribed  previously.
These analyses characterize the acid as delivered to the user
rather than as produced, since this §s what s of interest 1o the
analyst.

The Teflon-FEP boitles will be used repeatedly over again
to contain the same high-purity acid. b is reasoned that the
container should become cleaner with use and cause less con-
tamination to future fots ol acids.  Any acid not used within
a fow manths will be replaved with freshly distitled reagent.

Hydrochloric Acid. Hydrochloric acid and water form a
constant boihing mixture at 6N hydrochloric aaid.  Tnitial
experiments were with starting acid of this concentration,
Further experiments showed that the starting concentrahon
coutd be increased to 10NV HCL without causing bubble for-
mation and that the distilled product was alo 1OV, How-

ever, conventrated 12N acid could not be used because of

bubble formation on heating.  Apparently, acid ot higher

Tabie 111. Perchloric Acid
Impurity concentrations ppb by wt (ng/g}

Acid from
$u~l-boiling ACS reagent Commercial
still prade acid pure acid
Pb 0.2 2 16
Ti 0.1 0.1
Ba Q.1 > 1000 10
Te 0.05 0.05
Sn 0.3 0.3 <1
Cd 0,05 0.1 4
Ag 0.1 0.1 0.5
Sr o 02 14
n 0.1 7 17
Cu 0.1 it 3
Ni 5 8 (A3
Fe 2 10 10
Cr 9 10 18
Ca 0.2 760 7
K 06 200 9
Mg 02 500 4
Na 2 &%)

200 ppb

16 pph ¥ A pph

concentration than constent bothng 6N can be produced be-
catse the szeotropic minture that condenses on the cold finger
absorbs HCY Trom the HCE-rich vapor 1o reach the concen-
tration of the acid in the pot

ACS reagent gra-e hydrochloric acid diluted to 10N or
31 weight per cent with high-purity water was used as the feed
acid. The still heaters were adjusted to 225 W oof power.
About 2 liters of 10N high-purity hydrochloric acid were pro-
duced per day under these conditions, .

Table I shows the analysis of the high-purity acid produced
by sub-boiting distiltation. the starting ACS reagent grade
acid, and a lol of commierciil high-purity acid. A summation
ol these tmpurity clements shows that the sub-boiling dis-
tilled acid contained 6.2 ppb. the ACS reagent grisde contatned
820 ppb, and commercid high-purity 70 ppb. The only
clement found i the sub-boiling distilled acid atr levels
higher than T ppb was iron at 2 ppb. The other clements
were @t the sub-ppb level, generally lower than 0.1 pph.

Nitric Acid. The sub-boiling distillation ol concentrated
709 ACS reagent grade nitrne acid required a low heater
temperature to prevent the HNO, vapor in the proximity of
the heater fram dispropoctionating to form nitrogen dioxide
with resulting discoloration of the distillate.  Experiments
showed that at a heater power setting of 107 W, litlle or no
discoloration of the distullate took place.  As a result, only
about 500 m! per day of nitric acid was produced. Titration
showed the distitlate to be 709 HNO,, the same concentra-
tion as the starting avid,

Table 11 shows the results of the analysis of the sub-boiling
distilled acid. ACS grade starting acid, and a lot of commercial
high-purity avid. The totals of the impurity clements deter-
mined were 2.3 ppb for the sub-botling distilled acid, 220 ppb
for the ACS sterting avid, and 240 ppb for the commercial
high-purity acid.  The sub-boiling distilled nitric actd was the
purest of the acids produced.  No element was found at a
concenfration greater than 1 ppb and only sodium was
detected at shot level, and this accounts for almoest half of the
total impurities Tound.  Most clements were 1n the 0.05- to
0.01-ppbrange.

Perehloric Scid,  Initind experiments on the sub-boiling
distillation of concentrated 707 perchloric (HCIO,- 2H-O)
showed that high heater temperatures caused the perchloric
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Table 1V, Sulfuric Acid
Impurity concentrations pph by wt (08 ‘@)

Acid from ACS reagent
sul-boiling stil grade acid

Pb 0.6
Tl
Ba
Te
Sn
Cd
Ag
Sr
n
Cu
N1
Fe
Cr
Ca

RONDwNwO

NMNVLW P WP W

(92}

N

t2
BOWOPOINNOOOOCODO

Ng
Ma

O BNO NOOCO2O0D0 O

50
= 20") ppb

4
1)
-~
3
]
2

Table V. Hydrofluoric Acid

Impurity concentration pph by wt (ng'g)

Acid from ACS reagent
sub-boiling still grade acid
% 0.05 0.8
T Q.1 0.2
Ba 0.1 0.5
Te 0.05 0.1
Sn 0.05 1
d 0.03 2
Ag 0 05 0.1
Sr (U] 0.5
Zn 0 4
Cu 0.2 3
Ni 0.3 12
e 06 110
Cr 5 0
Ca 5 14
K ! 28
Mg 2 10
Na 2 100
17 ppb >320 ppb

acid in the stifl to turn bright yellow, probably because of the
formation of chlorine dioside.  Atlower power settings, little
or no color was noted and the distillate was colorless. Another
problem with this distilfation was that in the carher work,
crystals would occusionatly butld up on the cold finger con-
denser. This material was probably perchloric adid mono-
hydrate (HCIO, H0) which has a mehing point of 59 “C.
Crystal Tormation could be controtled by changing either the
flow rate of the condenser water or the heater temperature.
Howcser, this problem was noted only in the carlier work.
o the Jast sin months, no crystal formation on the cold
finger has been noted cven when the still 1, operated con-
tinuously for weeks.  The power setting used for the pro-
duction of puritied perchioric acid was 290 W, and the pro-
duction rate was about 600 ml of perchioric acid per day.
Titration has shown that the distillate is 70 wi 97 of HCIO,,
the same as the startung ACS grade acid.

Table 1H shows the results of the analyses of the sub-
boiling distilled acid, the starting ACS grade acid, and a lot
of commercia! high-purity acid.  The towsl of the impurity
clements found was 16 ppb Tor the sub-boihng distilted acid,
3100 pph for the starting acid, and 100 ppb for the commercial
high-purity acid.  These analyses demonstrate the efficiency
of sub-botling distifation when the concentration of impurity
clements in the puritied product is compared to the slaruing
acid. The concentration of barium which was greater than
1000 ppb wirs reduced 1o U1 ppb, a puritivation factor of
greater than 10,000, Another example is calcium which was
reduced to 0.2 ppb in the purified acid from 760 ppb in the
starting acid, a factor of 3,800, 1t should also be noted
that chromium which was present at 10 ppboin the starting
actd was not significantly changed in the poritied acid. This
is probubly due to the fact that chramium can be volatilized
Irom hot perchloric acid solutions as chromy! chlonde,
CrOCl, so itde, if any, purification can be expected by sub-
boihng distillttion.  Chromium accounts for over hatf of the
otal impunities found in the puritied acid.

SuMuric Acid.  Initial experiments with the sub-boiling
distillation of sulturic acid showed that, because of the densaty
of H.50,. the acid that condensed on the celd finger tended
to drap off’ before reaching the colledtion tube,  Another
problem was that even at the highest power setting, the dis-
tillation rate was oxtremely slow.  Modification of the still

Table VI W ater
Impurity concentrations pph hy wt (ng g}
Water from sub -boiling still

Pb 0.8
T O 01
Ba 001
Te O (i
Sn 002
Cd O {k)S
Ag 02
Sr 0.002
I'n o0 04
Cu 0.0
Ny Qa2
ke 0 0s
Cr 002
Ca 0 ok
K 009y
Mg 0.09
Na .06

X (1 s ppb

by increasing the angle of incline of the cold finger condenser
olved the condensate problem, and the rate of distilation
was increased by using a platinum foit reflector araund the
G AL the masimum power setting of 427 W, the rate of
distillation is now about 200 ml per day. Tivation has
shown that the purified acid is 96 wt 0 HSOL the same as
the starting ACS prade acd.

Table 1V shows the results of the analyses of the sub-
boiling distilled acid and the starting sulfuric acid. . The toial
of the impuritics found in the starting weid was 200 ppb. the
lowest of any of the ACS grade acids, and the purified acid
contained 27 ppb. the highest of the purified acids.  Sodium
was the principal contwmnant in the high-purity acid at 9 ppb
with iron right behind it at 7 ppb. These two clements
account for over half the total impurities found in the purified
atfuric actd.

Hydroftnoric Acid.  Hydrofluoric acid was purified in the
all-Teflon sub-boiling still shown in Figure 2 which was
designed and built at NBS.  Hydrofluoric acid and water
form a constant boiling muxture at 369, HF.  Because of the
previous experience with hydrochloric acid. the sub-boiling
distillation of concentrated 489, HE was attempted.  Titra-
tion showed that the distilled product was also 48S, HE.  Ap-
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Table VII. Summary of Experimental ['conditions for
Producing High-Purity Acids and }rater by
Sub-Boiling Distillation

Concen-

tration of Concen-

still feed tration of  Production

acid, 75 Stll heater distillate, rate,
Reagent by wt power, W % by wt ml, 24hr
HCl 3 225 k)| 2, (0
HNQO, 70 107 70 500
HCIO, (1 240 0 600
H. SO, 96 427 96 00
HF as 164 48 300
H:0 200 4,000

parently, as in the case of hydrochloric acid, the azeotropic
mixture that condenses on the cold finger absorbs HE from
the HF rich vapor to reach the samie concentration as the acid
in the stith

Since the heaters of the Teflon sl for the purification of

hydrofluoric acid are encloved in Teflon tubes, the temperature

of the heater had 1o be kept below the soltening point of

Teflon. A a result the maimunm power setting for this still
was 164 Wowhich produced a distillation rate of 300 ml per
24 hour day

Pable Vo shows the resuhs of the analyces of the starting
ACS grade HE ant the puritied product The total of the
impuritics in the purificd acid is 17 pph compared to 320 ppb
in the starting ACS prade acids The two principal impuritios
ire the purificd acid wie Cooand Cr, both at 8 ppband they
account for over hall the ol impurity found. The only
other ehemenis feund at @ concentration of greater than } pph
are Kat Tpph. Mo a2 ppboand Na a2 ppb,

Water.  Water has boenindluded in this study because 1tis
the most comuponhy sed chemitcal reaeent and Pecause sub-
bothing distianon bas been ased 1o prodice tagh-panity water
both here at NBS and choahere. Initially, water of lugher
purity than the distifled waier from the laboratory distnibu-

tion system was obtained by re-distillation in a commercial,
continuous-feed still. This still had a tin-coated evaporator
and baflle and was equipped with a quartz condenser.  This
unit was designed to disengage CO, and other gases from the
distillate and vent them off. Water produced by this still
was used as the feed water (o the sub-boiling still.  The en-
tire assembly of feed apparatus, quartz sub-boiling still, and
quartz collector was contained in a Class 100 clean air cham-
ber. The disalfation rate at a power setting of 200 W was 4
Hiters per day.

The anulysis of the sub-boiling purificd water is given in
Table VI This water contained a maximum of (13 pph tofal
of the 17 elements determimed. No element was detected at a
concentration of greater than 0.1 ppb. Since no correction
for an analysis blank could be made, the values must be
regurded as upper limits lor the purity of the water. The
water may n fact be more pure than the analysis indicates.

The optimum conditions for the praduction of cach high-
punity ackd and water by sub-botling distillation deseribed
above are summarized in Table VIHL

The impurity clements deternined in the acids and water
(Tubles |1y are tabulated in order of decreasing mass.
This reveals that the magor impurities for the acids purtficd
by sub-boiling distilation are all low muass elements. None
of the NBS purificd acids have an impuiity level as high as
I ppb for elements above ron in mass. Flements from iren
on down sometimes exceod 1T pph bet none exceeded 10 pph.

A number of the major imparities found in the ACS reagent
grade and commerdial high-purity acids are elenents comnion
to their glass storage containers I would appear that the
means ol stormg the acds are as responsible for the acid
purity as the purilication method. 1t should be nated that
of all the acids analyzed, only the ACS grade perchloric acid
showed an element (Ba) that exceeded the T-ppm leved,

Recuvrn tor review March 27, 19720 Aceepted May 30,
1972 Certam commercial nstruments or chemiicals are
mcentioned fn this paper: this does nat imply recommendation
or cndorsement by the National Burcau of Stundards
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