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ABSTRACT

The purpose of this report is to present a survey of
the methods which have been used for the concentration of
trace substances from the environment prior to analysis.

Methods for the preconcentratién of organic and
inorganic (particularly heavy metal) compounds from water,
air and solids (soil and tissue) are discussed. The general
characteristics of each method are presented, and‘they are
discussed in terms of tﬁeir épplicability to a large-scale
monitoring effort.

The recent literature on the bioaccumulation of traée
substances has also been reviewed. While most bioaccumulation
is non-quantitative in néture, plant and animal studies may
serve as ﬁseful indicators of long-term Qohtamination of

the environment.
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SECTION ONE INTRODUCTION

1.0 Accumulation Systems

Many toxic materials are present in environmental
média in concentrations (generally in the parts per
million to parts per trillion range) which are iarge
enough to have adverse effects on human health but too
small for direct detection and measurement. In such
cases a preliminary accumulation, or preconcentration
step is necessary before accurate quantitative analyses'
can be made. Such preconcentrations can be carried out
using a wide variety of mechanical, chemical, and bio-
logical systems, which will be considered here under the

general title of-accumulation systems.

This report summarizes current research into the
application of accumulation systems to the collection of
toxic chemicals from a number of environmental media,
including air, fresh and salt water, and soil. The sys-
tems considered exploit a wide variety of chemical,
physical, and biological principles, including mechanical-
filtration (for the separation of diépersed particulate -
phases), chelation, ion exchange, solvent extraction,

adsorption, and active transport.



1l.1 Parameters Which Affect Accumulation

Accumulation systems can work on chemical, physical,
or biological principles. Where the accumulant exists
as a separate, dispersed phase within a particular medium,
a physical separation of phases will often suffice for its
concentyation. An exémple Qf this is high-volume éampling
for particulate air pollutants. When the accumulant is
dissolved in or adsorbed onto the medium, however, soﬁe.
kind of chemical separation is necessary. Chemical |
' separatiqns include such processes as extraction, adsorp-
tion, énd complex - formation. In biological accumulation;
a living systém processes the medium and incorpofates |
the chemical into ifs own structure.

The efficiency of accumulation can be determined by
the collection parameters which describe both the medium
and the concentration technique. Some of these parameters,
such as temperature and sample size are important fpr all
accumulation methods. Other parameters are only relevant
for selected systems. For an accumulation from aqueous
media the pH and ionic strength of the water are often
important. For the concentration of trace substances
from air, the sampliﬁg rate or pressure are important |
parameters. Variation of any of these parameters mayl
be used to vary the types of compounds which are accumu-

lated by a given system.



The method of concentration which is the most sensitive
to the widest variety of parameters is bioaccumulation.
"Any factor which affects the growth and metabolic rate of
an organism (i.e. temperature, food supply, light) will
affect the rate of uptake of a trace element. This makes
it very difficult to obtaln accurate quantitative information
on trace contaminants from biological systems, although they

can be excellent qualitative indicators of contamination.

1.2 Criteria for Comparing Concentration Technlques

For most samples containing a trace chemical in an
environmental médium more than one accumulation method can
be used to concentrate the sample for analysis. A number
of criteria are used to choose the best method, the most
important of which are:

1. Quality of Results

‘a) reproducibility of accumulation

b) stability of samples during collection or storage

c) ease of preventing extraneous results due to
impurities in the sampling system

d) range of useability (i.e. pH, temperature, salt
concentration, accumulant concentration)

e) concentration factor



2. Costs
a) monitoring time requirements and sample sizes
b) adaptability for field monitoring
c) degree of‘technical ability needed_for accurate
and reproduéible(use of the accumulator system
d) ability to recover expensive reagents and
materials
3. Relationship to Subsegquent Procedures
a) ease of interface with chosen method of
analysis
b) degree of specificity of collection
Point three relates to the means of analysis and the

additional processing that must be done to prepare the'

concentrated sample for analyﬁis.‘ Since the ultimate
choice of an accumulation system should be made with the
analytical method in mind, an additional consideration is
the quality of the results obtainable from the chosen

method of analysis.

1.3 Comments on Analytical Procedures

Currently, the most widely used methods for the
gquantitative analysis of environmental samples are gas-
liquid chromatography (GLC) for organic substances and

atomic absorption spectroscopy (AAS) for trace metals.



Advantages shared by both methods include:

a) excellent interfacing with some accumulation

systems

b) mixtures can generally be analyzed without time

consuming pre-separations

¢) high sensitivity and reproducibility of results

d) ease of operation

Infrared spectroscopy (IR) and nuclear magnetic
resonance specfroscopy (NMR) are not suitable for organic
trace analysis in most substances because of low sensitivity
and lack of selectivity. "Wet" analysis and colorimetric
analysis are sometimes used for inorganic trace analysis,
but these methods usually require tedious separations.

In certain cases, however, an effective interface can be
made between an accumulation method with high specificity
and a colorimetric assay.

New methods are emerging which combine the attréctive
features of GLC and AAS with increased abilities for quali-
tative analysis. For organic samples, the combinatiop of
gas chromatography with mass spectrometry (GC/MS) is very
effective for b6£h identification and quantitative analysis
of the components of complex mixtures. Liquld-liquid
chromatography will undoubtedly soon emerge as an important
method for the separation and analysis of organic compoﬁnds,

particularly for water-soluble or non-volatile species.

=5=-



Similarly, the method of x-ray flourescence (XRF) is
capable of identifying and assaying mixtures of trace
metals. It is, moreover, a nondestructive technique which
is suitable for the direct analysis of particulate matter
on a filter. Other methods that are used to identify and
analyze inorganic samples include spark source mass
spectrometry, emission spectroscopy, and neutron activation
analysis. Cost is the most serious drawback to the use of
these newer methods. Equipment for XRF costs 5-6 times as
-much as equipment for AAS; GC/MS can cost 20 times as much

(]

as GLC.

1.4 Format of the Report

The discussion of accumulation systems in this report
haé been organized by the medium from which the trace
element is accumulated: air, water, or é solid phasé (soil
and tissue). Bioaccumulation has been treated separately
because, in this case, the parameters which affect the
accumulation are more dependent upon the technique and
species used than on the medium from which the accumulation
takes place. |

Each section consists of a general description of
the concentfation methods which are used for analysis

from the given medium. This includes é discussion of the



pPhysical or chemical basls for the method, along with a
description of the experimental techniques which are
currently being used.

A‘chart is included at the end of each section or sub-
section which lists the .accumulation procedures which have
been found in the literature along with the chemicals which
were obtained and the analytical details. A complete biblio-
graphy of the relevant literature also follows each section
or subsection.

Section Two will discuss concentration techniques which
are used for the isolation of chemlicals from aqueous
solutions. Organic and inorganic accumulants are treated
in separate subsections. Section Three describes accumu-
lation techniques for air samples. Its two major subsections
deal with gaseous materials and particulate matter. Section
Four treats accumulation from solid media such as soils and
living tissues. Bioaccumulation from all media is discussed
in Section Five. Biological analysis is a very important
part of any environmental program. Naturally occurring
systems serve as valuable indicators of long term problems

with toxic materials.



SECTION TWO ACCUMULATION FROM WATER

2.0 Introduction

Aqueous systems contain a large number of elements and
compounds in trace quantities. These can enter a body of
water from the waste streams of factories or dwellings,
from run-off from the soil, or from impurities picked up
by rainwater from the air. In order to concentrate such
substances for analysis they must first be separated from
the water and then from any other major constituents of the
system. With sea water, for example, this requires a
separation from the salt which is present in a concentration
of about 3%.

There are many problems with obtaining a "characteristic"
sample from an aqueous system since the concentrations of
trace chemicals can vary with the temperature and flow rate
of the water. The actual quantitative measurement of a
sample is fairly simple since the volume is insensitive to
most collection parameters. Usually a grab sample is taken
using a glass or polyethylene bottle. Otherwise, water can
be passed through an adsorption column for the collection of
trace contaminants. .The most important sampling parameters

are pH, lonic strength, and in some cases, temperature.
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In general, methods for the accumulation of trace
substances from aqueous systems do not vary significantly
between fresh and salt water, since the properties of the
accumulant are the primary consideration in choosing a
concentration technique. Therefore this section deals with

both media.

Accumulation of Organic Compounds

2.1.0 Introduction

Organic compounds can be roughly divided into two
classes based upon the water solubility of the neutral
molecules. The compounds which are of interest as pollutants
and toxicants are almost invariably among the lipophilic, or
non-water soluble organics. The possibility of ftoxic effects
of such compounds 1s increased by the fact that they may
easily be taken up by lipophilic tissues and accumulated in
aﬁimals. Such accumulation is much less likely for water-
soluble organic molecules which may remain in solution while
passing though the body. Water-soluble organics such as
humic acids, sugars, and proteins are non-volatile and
therefore are not amenable to measurement by gas chromato-
graphy, currently the most common technique for organic

separation and analysis. Methods for accumulating these



water-soluble organic molecules usually involve isolation
and purification for a single desired substance. Because of
this lack of generality in accumulation methods as well as
the limited number of references to such compounds they will
be mentioned only briefly in this report.'

Immediate polarity compounds such as glycols, phenols
and small organic acids can usually be separated from water
into an organic phase with the proper choice of pH ahd
extraction solvent. pH control is important since a
compound in an ionized form will tend to be much more water-
soluble., Very volatile organic comﬁounds such as chlorgform
or benzene also require care in their accumulation and -
analysis to avoid loss by evaporation. A number of special
.methods have been devised to measure these compounds. |

As mentioned above, gas chromatography (GC) is currently
the method of chéice for the separation of organic mixtures.
A flame-ionization detector is used for the analysis of
most organic compounds. Not only does this detector giQe
sub-nanogram sensitivity, it greatly simplifies sample |
preparation since it is insensitive to air and water. The
electron-capture detector and micrometer are even more
sensitive for halogenated compounds than the flame detector.

The two methods which are most often used for the
accumulation of organic molecules from water are liquid-

liquid extraction and adsorption onto a lipophilic surface.

-10-



Other methods, such as reverse osmosis and distillation,
will be discusséd only briefly since they have been applied

only to a very limited extent.

2.1.1 Extraction

Extraction is probably the most widely-used method-
for the accumulation of organic compounds‘from various en-
vironmental media. The accumulation of organic compoun&é,
from water by extraction with various solvents is dis- 3 
cussed below. The variables involVed include fhe nature
of the solvent, the ratio‘of solvent to water, the thof
the watef, and the ionic sfrength of the water.

The single most important pafameter.to consider.when
selectiﬁg an ofganic sol&ént for extraction is its polarity.

: 0
It is convenient to measure polarity in terms of € ,

é value derived from the use of the solvent iﬁ liquid
chrbmatogfaphy on-alumina columns. Table 2-1 gives the

e’ values for a large number of the most common solvents.
These values range from O for pentane (and even negative~
valﬁes for fiuoroalkanes) through about 1 for solvents

such as ethylene giycol. Iﬁspection of this increasing
series of polarities shows that the more polar solvents
(above approximately é°=0.5) are water-soluble, whereas
thoée below €%=0.5 are not. In order to extract 1ibophilic

organic compounds from water one needs to select a water

-11-



TABLE 2-1 _

SOLVENT PROPERTIES OF LIQUID CHROMATOGRAPHIC iNTEREST

SOLVENT e®(81203)
Fluoroalkanes .25
n-Pentane .00
Isooctane .01
Petroleum ether .01
n-Decane .0b
Cyclohexane .04
Cyclopentane .05

.08

1-Pentene

Carbon disulfide .15
Carbon tetrachloride .18
Xylene .26
i-Propyl ether .28
Toluene .29
Chlorobenzene .30
Benzene .32

Ethyl bromide

Ethyl ether

Ethyl sulfide
Chloroform
Methylene chloride
Methyl-i-butylketone

Tetrahydrofuran 45
Ethylene dichloride .49
Methylethylketone .51
1-Nitropropane .53
Acetone .56
Dioxane 56

Ethyl acetate
Methyl acetate

Amyl alcohol .61
Dimethyl sulfoxide .62
Anailine .62
Diethyl amine .63
Nitromethane .64
Acetonitrile .65
Pyridine .71
Butyl cellusolve T4
i-propanol, n-propanol .82
Ethanol .88
Methanol .95

HOOO OO0OCO0O0 O0000 O000O0O0 OO0 OO0 OO0 OO0 O0o
g
w

Ethylene glycol

-12-



ihsoluble extraction solvent, thus limiting fhe use of the
more polar solvents. The exact selection of a solvent from
among this nonpolar, water-immiscible group depends on the
range of organic compounds which is to be accumulated from
the water. Pentane, for example, is ideal for extracting
alkanes, but not very efficient for extracting fatty acids.
Methylene chloride, on the other hand, is particularly
effective for a wide range of solutes. It will efficienfly
extract alkanes and fatty acids, for example. Other more
aromatic solvents may be suitable for extracting polycyclic

aromatic hydrocarbons from water.

Although the more polar extraction solvents cannot
be used for difect extraction of water, they are particular-
ly important for fractionating extracts obtained with non-
polar solvents. For example, certain pesticide anélyses
are based on an initial extraction with methylene.chloride.
This methylene chloride extract is in turn extracted with
a more polar solvent such as acetonitrile in order to re-
move the more polar components from the methylene chloride
extract. This type of dual extraction can have wide ap-
plicability and excellent specificity when dealing with
a known class of solutes. |

A review of the literature 1ndicates that methylene

chloride has been used for the accumulation of organic

~-13-



compounds from the Charles River in Boston;1 that pentane
has been used for the accumulation of dissolved organic
material in sea water;2 and that benzene has been effec-
tively used for the accumulation of organochlorine and
organophosphate insecticides from lake waters.3
The second important parameter, the solvent-to-
water volume ratio, can be selected from considerations
such as the known solubility of the organic solvent in
water and the concentration effect to be achieved. With
most of the nonpolar solvents the use of about 50 to
100 milliliters of solvent per liter of watér seems to be
suitable.
The pH of the water in an extraction influences the
chemical nature of the compounds which are extracted.
For example, to extract both neutral and acidic com-
pounds from water one would adjust the pH to 1 or 2.
To extract both neutral and basic compounds, the pH would
be adjusted to 13 or 1l4. Extracts obtained under these
conditions .can frequently be further separated into neu-

tral and, for example, acidic components by another ex-

traction at suitable pH.

1. Hites, R.A., and Biemann, K., Science, 178: 158-69 (1972).

2. Blumer, M., in Proc. Symp. Organic Matter in Natural
Waters., Hood, D.W.. ed., Univ. of Alaska, 1970.

3. Konrad, J.G., Pionke, H.B. and Chesters, G., Analyst,
94: Lgo-b92 (1969).

-14-



Ionic strength is a parameter which 1is seldom ad-
justed, although it is important for the efficient ex-
traction of material from fresh water. Solutions of
high ionic strength dissolve less organic solute than
solutions of low ionic strength.  Therefore, when ex-
tracting fresh water, it is advisable to increase its
ionic strength with, for exaﬁple, sodium chloride before
proceeding with the extraction.

Large concentration factors_can be achieved witﬁ sol-
vent extraction. The primary concentration factor is due
,AtO the differential volume ratio of water to organic sol—
vent (a factor of 10 to 20). Subsequent concentfations
can be achieved by evaporating the organic solvent to a
very low volume. For example, if one liter of water is
extracted with 200 milliliters of methylene chloride and
then evaporated.to 100 microlipers, a concentration fgctor
of lOu is achieved. This concentration by evaporation
also places some éonstraints on the solvent selection.
Thus, if one wants to evaporate the‘solvent subsequentl
to extraction, a volatile solvent must be selected. Again,
pentane and methylene chloride recommend themselves in
this regard. |

The efficiency of solvent extraction i1s highly de-
pendent on fhe polarity of the solvenf and the polarity

of the solute. For example, with nonpolar solvents and

~15-



nonpolar solutes, extractions exceeding 90% in efficiency
are common. These values are normally achieved by repeti-
tive extractions with small volumes of solvents; three
extractions are usually sufficient. As the polarity of
the solute increases, the efficiency of extraction us-
ually decreases. For example, phenols can be extracted
with medium polarity solvents such as chloroform or ben-
zene (after the proper pH adjustment) with efficiencies

of 30 to 70 percent. Fatty acids can usually be extrac-
ted with medium polarity solvents such as methylene chlor-
ide to the extent of 75 to 90 percent.

As a method of accumulation, extraction has the ad-
vantage of being very straightforward and easy to carry
out. Grab samples of water are usually collected for this
procedure. Since only a few reagents are used, there
is 1little chance of sample contamination, and of
catalyzing reactions of the organic compounds. An
extraction is inconvenient to carry out in the field,
however. Therefore the necessity of transporting the
sample to a laboratory introduces the problem of sample
preservation. There is also a disadvantage in working
with solvents which are usually both toxic and flam-
mable. The disposal of such solvents could become a

problem in the field.

-16-



If the extracting solvent is evaporated before
analysis, the most volatile organic compounds are lost.
Thié does not pose a great problem if a low-~boiling sol-
Vent such as methylene chloride is used and a careful
evaporation step is carred out (a KudernaQDanish evap-
orator has been found most successful in this regard).

Exfraction is very appropriate for accumulation from
small volumes of water (up to 4 liters), but it is in-
appropriéte for very large samples. With this sample size
a G.C. with a flame-ionization detector can give analyses
on concentrations down to a part per billion; largervsamples
should only be neededlfor analyses in the part per trillion

range or when a less sensitive analytical technique is used.

2.1.2 Adsorption

Adsorption of organic compounds on lipophilic sur-
faces is another method for accumulating organic compounds
from both ailr and water. The pertinent operational para-
meters are the chemical nature of the adsorbent, factors
influencing the mass transfer between the fluid and the ad-
sorbent surface (such as particle diameter and fluild flow
rate), and the means of removing the materials of interest

from the adsorbent.

Most of the adsorbents used for environmental samples

-17-



have lipophilic, that is, nonpolar surfaces. These ad-
sorbents include activated charcocal and a variety of
polymeric materials. The organic compounds which may be
accumulated on these adsorbents are usually of low to inter-
mediate polarity. Although some adsorbents have been used
in batch processes (i.e. 50 mg of activated carbon is
added to 100 cc of water and stirred), the usual procedure
is to pack a column with the adsorbent of cholce and run
the aqueous sample through it. This is essentially a chroma-
tographic system in which the water (or air) acts as a
mobile phase to elute the adsorbed substances. Thus it
is.usually the volume of water (or air) passing through
an adsorbent, rather than the amount of contaminant, which
determines the extent of an accumulation. Once the "break-
through" volume of a substrate (the volume at which it
starts to elute from the column) has been reached, its con-
centration 1n the column is not proportional to its con-
centration in the medium being measured. Thus it is desirable
to insure that the break-through volume of the earliest
eluting component of interest is not exceeded. This
factor may be controlled by changing the length of the
column used or the total volume of water which passes
through it.

When lipophilic adsorbents are used there is very

seldom any alteration of the aqueocus sample.before adsorp-

-18-



tion. For the collection of ionizable organics, how-
ever, it is often hecessary to control the pH in the same
manner as for liquid-liquid extraction.

Once a compound has been adsorbed onto a solid sub-
strate, it must be desorbed in a form that can be used for
further analysis.._For gas chromatographic analysis this
requires a solution or gaseous state for the accumulant.
This is accomplished either by eluting the column with an
organic solvent or by heating the adsorbent to desorb the
desired substances. Heat desorption maylbe directly into
a G.C. or into a cold trap or other adsorbent column. In
choosing a resin as an accumulator, its ability to desorb
compounds under fairly mild conditions is just as im-
portant a consideration as its adsorptive capabilities.
In general, there is a molecular weight above which com-
pounds cannot be desorbed from a given adsorbent.

Until four years ago the most commonly used lipo-
philic absorbant was activated charcoal. This is a
material still favored by many workers within the En-
viroﬁmental Protection Agency. A classic use of charcoal
involved the collection of water pollutants by passing
several hundred thousand gallons of river water through

large-scale carbon filters.u These filters were then ex-

tracted with chloroform in a Soxhlet apparatus. Approxi-

4. Rosen, A.A., Skeel, R.T., and Ettinger, M.B., Journal
WPCF, 35: 777-782 (1963). -

-19-



mately 1600 grams of extract were obtained and subsequently
fractionated by large-scale chromatographic and distil-
lation techniques. Identification of the specific compounds
was carried out with infrared and ultraviolet spectrometry.
Materials such as naphthalene, tetralin, bis(chloroethyl)-
ether, diisobutyl carbinol, and phenylmethyl carbinol were
found in this river. More recently, using G.C. and G.C.-M.S.
analyses, hydrocarbons, chlorinated hydrocarbons, pesticides,
and many other organic compounds have been isolated from
water.5
The use of activated carbon creates certain problems.
First, considerable variability is observed in collection
efficiency apparently due to variations in the moisture
content of the carbon. Second, it is well-known that acti-
vated carbon can act as a catalyst for oxidation and other
reactions, so that compounds which are adsorbed may be
chemically transformed before or during the desorption
step. A third problem is irreversible adsorption: some
compounds, particularly those of intermediate to high
polarity, can be irreversibly adsorbed, thus preventing
a measurement of their true abundance in the environment.
The current method of drying the carbon and extract-
ing the organics from it with either chloroform, benzene,

or tetralin introduce further limitations, since large

5. Kleopfer, R.D., Fairless, B.J., Environmental Science
& Technology, 6: 1036 (1972).
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amounts of volatile compounds may be lost during both the
long drying period and the solvent concentration step.
Most of these problems with activated carbon have been
overcome by the use of a wide variety of polymeric adsor-
bents such as XAD, Porapak, Tenax, and Chromosorb 100.
These materials are all lipophllic. They accumulate non-
polar compounds with excellent efficiency and intermed-
lately polarity compounds with moderate efficiency.

Work by Burnham6 used macroreticular resins manu-
facutred by Rohm and Haas called XAD-2 and XAD-7 for the
adsorption of organic compounds from potable water. This
resin is a highly porous material (average pore size=9OR)
formed from polystyrene. In operation the resin was ground
to 100-150 mesh size and water was passed through it at
a flow rate of four bed-volumes per minute. The organic
compounds of interest were removed from the adsorbent by
elution with ethyl ether. Using this technique, compounds
such as acenapthalene, methylnapthalene, and methyl-
indene were found in well water from Ames, Iowa. These authors
also tested the efficiency of retention of various compounds
on these resins. Compounds such as ketones, esters, aro-
matic hydrocarbons and alkyl phenols were retained to 100%.
Phenol itself was retained to 45% and various sulfonic

acids were retained only to approximately 20%. (See Table 2-2).

6. Burnham, A.K., Calder, G.V., Fritz, J.S., Junk, G.A.,
Sveec, H.J., and Willis, R., Analytical Chemistry,
4y 139—1&2 (1972). :
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TABLE 2-2%

COMPOUNDS TESTED FOR RETENTION

ON XAD-2 AND XAD-7 RESINS

Resin Concentration, Retentidn,
Compound (7)) ppm _ %
Methyl isobutyl ketone XAD-2 100 - 100
n-Hexanol XAD-2 200 85
Ethyl butyrate XAD-2 100 - 100
‘Benzene A XAD-2 100 100
Naphthalene XAD-2 0.05 100
Benzene sulfonic acid XAD-2 3.0 31
p-Toluene sulfonic acid XAD-2 9.0 23
Benzoic acid XAD-2 1.0 23
Benzoic acid (pH 3.2) XAD-2 1.0 100
Phenylenediamine XAD=-2 0.9 ‘98
2-Hydroxy-3-naphthoic acid . XAD-2 0.6 39
Phenol XAD-2 0.4 45
Phenol _ XAD-T7 0.4 86
2 ,4-Dimethylphenocl " XAD-2 0.4 100
p-Nitrophenol XAD=-2 0.2 100
2-Methylphenol XAD=-2 0.3 -100
4,6~Dinitro-2-aminophenol XAD-2 0.4 43
Aniline XAD=-T7 4.0 100
o-Cresol XAD-2 0.3 100

*
A. K. Burnham, G. V. Calder, J. S. Fritz, G. A. Junk, H. J.

Sve¢, and R. Willis, Anal. Chem., 44:

permission)
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They have since developed a detailed analytical procedure
for the use of these resins.7
Other research using XAD resins has concentrated on
the use of these resins for the accumulation of organic com-

pounds from sea water. Riley and Taylor8 demonstrate that
alkyl carboxylic acids, various steroids, Vitamin B-12,
lindane, DDT, and methylene blue can be collected and re-
covered with efficiencies in excess of 95%. Humic acids
can also be collected, although the recovery is difficult
to determine due to the lack of characterization of these
materials.
Rohm and Haas have published a study of these resins,
pdrticularly of XAD-U4 which suggests that these resins
might be economically useful for the treatment of organic
wastes due to their strong adsorptive properties.9
Numerous other chromatographic phases are used
for the accumulation of environmental compounds, primarily
for air analysis or for analysis of the head-space abové
a liquid or solid sample. Head space analysis of a liquid
sample consists of‘blowing a stream of gas (helium, argon,

nitrogen or air) over or through the liquid in a container.

In the outlet of this container 1s placed a trap into which

7. Junk, G.A., et. al., J. Chrom., 99: 745 (1974).

8. Riley, J.P. and Taylor, D., Analytica Chimica Acta, ﬂéz
307-309 (1969).

9. Kennedy, D.C., Environmental Science & Technology, 7:
138 (1973). .
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the volatile compounds are carried by the gas stream (see
Fig. 2-1). When this trap consists of a cooled tube, the
operation is akin to a distillation. Usually a packed
column is used as the trapping agent, and the liquid méy
be heated to increase the number of compounds volatilized
and collected. The analytical procedure followed is the
same as that used for air analysis by adsorption, and, as
for air samples, the rate and volume of gas coliection as
well as the operating temperature are important parameters.
The method may be used for organic compounds with bolling
points up to 250°C.

Work by Zlatkis at the University of HoustonlO on
the concentration and analysis of volatile trace organic
compounds in gases and biological fluids has centered
around the use of Tenax as a lipophilic adsorbent. The
organic compounds were removed from the adsorbent by re-
volatilization. In practice the adsorbent trap was |
inserted into the gas chromatograph in front of the analy-
tical chromatographic column and heated, thus transfering
the trapped organic compounds to the analytical column
for direct analysis. Adsorbents such as Porapak and XAD-2
were not suitable for this sort of desorption because they
lacked thermal stability. In the case of Porapak, for

example, the devolatilization temperature was sufficient

10. Zlatkis, A., Lichtenstein, H.A., and Tishbee, A.,
Chromatographia, 6: 67-70 (1973).
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~to also decompose the adsorbent. Carbosieve, produced by
Supelco, proved even worse in this regard, since temp-
eratures of 400°C were needed to desorb organic compounds.
Such high temperatures caused decomposition of the adsor-
bent resulting in a considerable number of artifacts in
the resulting chromatographic analysis;
Tenax, on the other hand, can sustain relatively

high temperatures (350°C). This material, distributed by
.Applied Science Laboratories 1n State College, Pennsyl-
vania, 1s a porous polymer of 2,6-diphenyl-p-pheny1ené
oxlde, and it will trap a wide range of volatile organic
compounds with excellent efficiency. Traps consisted of
glaés tubes (11 centimeters long by 10 millimeters 0.D.)
.containing 2 ml of Tenax packing and were constructed to
fit in the injector port of a Perkin-Elmer 3920 gas chrom-
atograph. (See Fig. 2-2). Aaqueous samples were studied
by head space analyses in which the sample was heated to
100°C and stirred vigorously. The vaporized organic
compounds were then swept onto the Tenax trap as des-
cribed above. Sample collection with these systems was
rapid (an hour per sample), and the trapped samples could
be stored conveniently for at least a week. Zlatkis re-
ported sevéral chromatograms of organic compounds trapped
from human urine, human breath, and the Houston atmosphere,

without any identification of most of the trapped compounds.
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lMieure, J. P., J. Chrom. Sci. 11: 568 (1973).
71atkis, A., J. Chrom. Sci. 12: 177 (197L).
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Tenax is the most widely used resin for this type of
analysis although other adsorbents such as Chromosorb
and Porapak, which are used for air, can also be used for
head space analysis. The Environmental Protection Agency
is investigating the use of Tenax for head space analysis
in Cincinnati, and has applied it to the study of New Orleans
drinking water.ll

In summary, adsorption is probably the single most
valuable techinique for the anelysis c¢f crganic compounds
of intermediate to low polarity which are found in air,
water and, to some extent, solids. The primary limit-
ations of adsorption are in_the occurence of artifacts
resulting from the decomposition of the organic adsorbent.
Most of these artifacts, however, can be avoided by the
proper cleaning of the adsorbent before use. XAD resins,
for example, can be cleaned of the residual monomer and
oligomer species by Soxhlet extraction for several hours
with acetonitrile followed by extraction with acetone and

L2 Other'lipophilic adsorbents can be

Methylene chloride.
cleaned in a similar manner. In most cases, where analysis
by devolatilization is used, suitable cleaning of the resin
can be achieved by heating the adsorbent in a stream of

helium or pure nitrogen for several hours at its maximum tol-

erable temperature.

11. U.S. Environmental Protection Agency, Draft Analytical
Report--New Orleans Water Supply, Nov., 1974,

12. Junk, G.A., et. al., J. Chrom., 99: 745 (1974).
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High concentration factors can be achieved by the
use of these lipophilic adsorbents as accumulators for
organic compounds. The final limitation on concentration
enhancement is due to the sample capacity of the adsor-
bent. The total volume of air or water which can be
passed through the lipophilic adsorbent sets a practical
limit to the concentration factor and fixes the duration
of sample collection. When samples are taken from a
polluted body of water, for example, considerable debris
1s collected on the column, which eventually decreases
the flow through the column to impractical levels. In
general, concentration factors of 4 to 6 orders of mag-
nitude can easily be achieved using lipophilic adsorbents.

A great advantage in the use of adsorbents is that
the solid systems can easily be handled once a gample has
been collected in the field. Sealed collection columns
can often be stored for long periods of time prior to
analysis with no sample decomposition. This is not the
case, however, when there is enough adsorbed organic matter
to support bacterial growth13 (this has occurred on carbon
traps). Those systems which allow for direct heat desorp-
tion into the G.C. require very little manipulation and
the adsorbent is the only chemical in the system which

requires purification. This method of desorption does

13. Personnal communication: A.A. Rosen, National Field
Investigation Center, Cincinnati, December 1974.
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have the disadvantage of total sample loss, if G.C.
conditions should fail to give a good separation. Ex-
traction methods require more manipulation, but result
in the ability to run a number of analyses on one field
sample. Unlike extraction, adsorption can accomodate

large volumes of water when necessary.

2.1.3 Other Methods

Freeze concentration is a method which has been
used for the accumulation of organic compounds from water
when the compounds of interest are not'necessarily lipophilic.
The water sample is frozen slowly, while being stirred,
allowing only pure water to be crystallized and leaving
all of the impurities in the remaining solution. The
choice of technique is critical in order to keep impur-
itieslfrom becoming embedded in the ice as it forms.
This method leads to concentrations of only a factor of
10, however, before the recovery of organic molecules drops
off drastically. P.A. Kammerer, Jr. and G.F. LeelLl have
accumulated glucose, glycerine, phenylanine, and citric
acid with 88-100% recovery; the average concentration
factor was only five in this procedure.

There does not appear to be any advantage to the use

of freeze concentration. There are much more efficient

14. Kammerer, P.A., Jr., Lee, G.F., Environmental Science
& Technology, 3: 276 (1969).
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methods for the accumulation of lipophilic organic mole-
cules. While this form of concentration might be use-
ful for the analysis of water-soluble organic molecules
(perhaps by liquid-liquid chromatography), for low-tem-
perature concentration freeze-drying would appear to be a
much more efficient method of removing water.

Reverse osmosis is another concentration method which
is under investigation.15 This technique 1s expected to
yield concentration factors of 10 or 20. Since membranes
may be chosen with pores of varying sizes, this method of
collection may prove to be advantageous for a prelimi-
nary separation of organic molecules largely (but not tot-
ally) on the basis of molecular size. However, at the pre-
sent time this technique is not well developed.

Flocculation with FeCl3 and floatation using sur-
factants have also been used occasionally to concen-
trate organic compounds from water, but recoveries from
these processes are not quantitative (M3-63%).16

In the past fractional distillation of water was
used to separate compounds for further classification and

analysis. The use of the G.C. seems to have superceded this

method.

15. Deinzer, et. al., "Trace Organic Contaminants in
Drinking Water: Their Concentration by Reverse
Osmosis", presented before the Division of Environ-
mental Chemists ACS, Los Angeles, 1974.

16. Sridharan, N., Lee, G.F., Environmental Science &
Technology, 6: 1030 (1972).
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2.2

Accumulation of Inorganic Solutes From Water

2.2.0 Introduction

The accumulation and subsequent analysis of the dis-
solved inorganic contents of waters are based on the chem-
ical properties of the solutes. This situation contrasts
with that of particulates found in air, where physical
properties (size distribution, density, mean diameter, etc.
determine the means of accumulation.

Natural waters can be classed according to their total
content of dissolved solids:

® Sea water: ca. 3% dissolved solids by weight

® Fresh water: traces of dissolved solids

® Brine: more concentrated than sea water

® Brackish water: intermediate between sea

water and fresh water.

Most accumulator systems will work on any of these four
classes of water; therefore, no distinction will be made
among them in the following discussion, unless specifically
noted.

The solutes found in natural and in polluted waters
span the periodic table and have widely varying chemical
properties. Those occurring in the highest concentrations

are the ions of the common salts: Na+, Mg++, Ca++, cl—,
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SOM=, etc. and analyses can normally be performed

wlithout preconcentration. Large concentrations of other
components are encountered occasionally, but they gener-
ally are found near their sources, such as the outfall from
an industrial plant. Because these components are usually
found in trace amounts, some degree of preconcentration

or accumulation is convenient, if not actually necessary,
as a prelude to quantitfative analysis.

Among trace inorganics, those of particular interest
are the substances which are toxic to human and other life
forms. Their chemical properties range from alkali and
alkaline earth metals, such as Cs, Be, and Ba, to transi-
tion metals, such as Zn, Cd, Hg, and Pb, to metalloids,
such as As and Se. Because of the wide range in chemical
properties, no single accﬁmulation system will quantitative-~
ly collect all of them. Indeed, in some cases, a‘given
accumulator will not be capable of collecting all the
different complexes and oxidation states of a single ele-
ment present in a sample.

Since the concentration methods discussed bélow share
the characteristic that some part of the system undergoes
a change of phase, it is useful to describe these systems
by the kind of phase change that occurs. The classifica-

tion to be used in this report is as follows:

-32-



Chelation/Extraction: A second liquid phase 1s

placed in contact with the aqueous system and
the accumulant is extracted into it. Formation
of a chelation complex is an essential aspect

of this type of system.

ITon Exchange: A solid phase 1s placed in con-
tact with the aqueous system and the accumulant
is adsorbed onto it.

Coprecipitation and Cocrystallization: A solid

phase is formed which incorporates the accum-
ulant.

Headspace Analysis: The accumulant is chem-

ically converted (usually by reduction) to a
volatile species which is driven out.of solution
and collected or directly analyzed. |
Flotation: A floating foam is formed which
incorporates the accumulant.

Evaporation, Freeze Drying, and Freezé Con-

centration: The water is partially or totally
removed through a phase change; The accumu-
lants are left as sollds or in a more concen-
trated solution.

Electrolytic Reduction: The accumulants are

collected as metals on the anode of an
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electrolytic cell. (Subsequent analysis is
performed by anodic stripping voltammetry.)
The three most useful methods are Chelation/Extraction,
Ion Exchange, and Coprecipitation and Cocrystallization.
The fourth method, head space analysis, is limited to the
analysis of those elements which can be reduced to vola-
tile forms, such as Hg, As, and Se, but it is a good
method for these elements. The discussion which follows
will be limited to these four methods, since the others
have been put to relatively litfle use in the analysis of

environmental samples.

2.2.1 Chelation/Extraction

Solvent extraction, an accumulator method of major
importance for organic substrates, 1s not directly appli-
cable to metal ion accumlants since charged species are
generally not soluble in solvents which are immiscible with
water. However, most metals can be made to form stable

unchanged complexes with organic chelating agents. These

complexes can be extracted into an organic phase without
difficulty, given a proper choice of solvent and pH.
There are several important chemical equilibria that

govern chelation/extraction: The acid-base equilibria of
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the chelating agent, the formation equilibrium of the
chelate complex, and the distribution equilibrium of the
complex between the aqueous and organic solvents. For

example, the dissociations of 8-hydroxyquinoline are

1) acidic: _
OH
N N BN
N
| = ®HY 4 ,/ (1)
& |
and 2) basic: ,
OH ?
N
// | +\\
+ H,O = + OH
2 ™ S

Hence the chemical form of 8-hydroxyquinoline, like all
chelating agents, depends on the pH. The basic require-
ments for a successful chelation—extréction procedure are
that a sfable complex must be formed between the cheléting
agent and the metal; the pH must allow the right number of
acidic or basic dissociations to yield a neutral complex;
and the distribution equilibrium: |
Complex (aq) = Complex (org)
must favor extraction into the organic (org) phase. The
solvent must be capable of forming a two-phase system with

water, and the less water solubility it has, the better

-35-
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the extraction efficiency. In some chelation/extraction
systems, the chelating agent 1s placed in the aqueous phase
prior to extradtion, while 1in others the agent is introduced
in the organic phase, the complex forming during extraction.

Examples of chelating agents that have been used in
various chelation/extraction systems are 8-hydroxyquinoline,
acetyl acetone; diphenyl thiacarbazone (dithizone), and
ammonium pyrolidine dithiocarbamate (APDC). Metals col-
lected with these agents are shown in Figure 2-3, Like all
chelating agents, each of these possesses at least two
groﬁps that can simultaneously form coordinate bonds to
metal ions. The extraction solvents include methylisobutyl
ketone (MIBK), ethyl propionate, chloroform and benzene.

The basic equipment for chelation/extraction is the
same as that used for organic solvent/solvent extraction,
and the procedure is similar. The use of chelating
agents and careful control of pH constitute the main
procedural differences.

Stability of the aqueous sample can be a problem for
some metals, for example Ag and Hg. Immediate extraction
in fhe field is sufficient to stabilize them, but if the
water sample is to be taken to the laboratory, it should

be acidified in the field. This will prevent, for example,17

17. F.K. West, P.W. West, and F.A. Iddings, Anal.. Chem.
38, 1566 (1966), F.K. West, P.W. West, and F.A. Iddings,
Anal. Chim. Acta, 37, 112 (1967).
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the adsorption of Ag+ on the walls of the sample vessel.
Treatment with 5% HNO3 + 0.05% K2Cr07 is sufficient to
stabilize dilute Hg solutions.18 However, since such acid-
ification increases the possibility of metal contamination,
it is advisable to perform the chelation/extraction in the
field shortly after the sample is collected, since the

organic solution of metal chelates is quite stable.

With a proper choice of chelating agents, most trace
metals can be accumulated by chelation/extraction procedures.
Although some chelating agents are specific to only one
or two metals, others form complexes with a wide range of
elements. One especlally useful system19 combines three
agents (dithizone, 8-hydroxyquinoline, and acetyl acetone)
and quantitatively collects Al, Be, Cd, Co, Cu, Fe, Pb,
Ni, Ag, and Zn, all in one extraction at pH = 6. Other
documented systems account for at least an equivalent num-
ber of elements.

One major class of elements is not generally collected
by chelation/extraction procedures, namely the alkali and
alkaline earth metals. In addition, mercury is difficult
'to handle because only some of its compounds can be easily

collected. However, other methods do exist for these

18. C. Feldman, Anal. Chem. 46, 99 (1974).

19. S. L. Sachdev and P. W. West, Envir. Sci. Tech. 4,
749-51 (1970).
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elements, notably héadspace analysis for mercury aﬁd
ion exchange for the alkali and alkaline earth metals.

The concéntration factor attainable for a given solvent
is limited by its water solubility. For example, ethyl
propionate forms an approximately 3% aqueous solution by
volume. Thus the maxihum concentration factor for a single
extraction is in the range of 10 to 50. Benzene, with a
water solubility of about 0.1% allows for concentration
factors up to 500. In any case, concentration factors much
in excess of 1,000 are probaﬁly inaccessible. Water samples
of more than 2 liters are difficult to handle in separatory
funnels, and the minimum volume of ortanic solvent is at
least 1-2 ml.

One major advantage of the chelation/extraction ﬁethod
is that the organic extract is an ideal sample for atomic
adsorption spectroscopic analysis. In addition to providing
a concentration factor, the method also separates out the
interfering ions of the common salts (Na+, Mg++, Ca++, c17),
and the organlic solvent enhances the instrument.sensitivity
by a factor'of 2 or 3 over water. Another major advantage
is the simplicity of both equipment and procedure. A
technician using simple equipment can rapldly produce, from
a glven water sample, a single extrédt that is suitable

for atomic absorption analysis of a broad'range of elements.
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This is possible because elements do not usually inter-

fere with each other in atomic absorption spectroscopy.

2.2.2 Ton Exchange

The fundamental chemistry of ion exchange is shown

in Equation (1):
pated + aBEb = bAEa + aBtD (1)

where A*2 gng B*D represent ions in agueous solution, and

Aﬁa and Bﬁb represent ions bound to resin. The process of
ion exchange consists of one kind of ion, originally in
aqueous solution, displacing another ion from its binding
site on the resin. The result is that the first ion be-
comes bound to the resin while the second is released to
the solution.

If the ilons are both univalent and if equilibrium is

established, the following equilibrium expression holds:

(a1 (B%)

= K (2)
(a*) [B}]

where (A1) and (BY) are the concentrations of the ions in
solution and [AE] and [BE] are the activities of the ions
bound to the resin. It is convenient to tabulate a series

of equilibrium constants, Ky, Ky...for a series of ions
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A{, A;... all relative to a single ion B*. The convenﬁional

standard for cationic exchange resins is H+, since such
resins are normally charged with strong acid before use.
Constants in such a series are known as selectivity co-
efficients, and a typical set is displayed in Figure 2-4.
In general, the larger the selectivity coefficient.for a
given ion, the more strongly it is held by the resin, and
the ion with a larger coefficient will tend to displace
the ion with a smaller coefficient. However, given a high
enough concentration of even a low-valued ion 1ike g
(1.0), most ions will be displaced, hence the usefulness
of strong concentrated acid such as eluenﬁ.

Most ion exchange materials are manufactured in the
form of polymeric beads. For example, in the manufacture
of DOWEX resins, styrene and divinyl benzene are copoly-
merized to form a polystyrene type resin with a degree of
crosslinking governed by the amount of divinyl benzene in
the formulation. Ion exchange sites are then chemically
attached to the phenyl rings. According to the chemical
nature of the exchange site, the resin can be classed as:

® Strongly acidic (Sulfonic acid)
¢ Weakly acidic (Carboxylic acid)
® Strongly basic (Quarternary ammonium)

® Weakly basic (Ternary ammonium)
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® Chelating (Imino diacetic acid)
® Zwitterionic (Weak acid and weak base groups
on adjoining polymer strands).

Jon exchange resins are normally used chromatograph-
ically. The resin is held in a column, and the aqueous
solution is allowed to flow through the column at a slow
rate. Much higher collection efficiencies are aftainable
with columns than can be achieved using batch methods,
since a column can be considered a series of "plates".

As the aqueous solution passes each plate equilibrium is
established, and some of the accumulant binds to the ion
exchange sites; the remainder passes to the next plate where
still more of the accumulant binds. Given enough plates,
collection efficiencies of 100% are possible. Batch methods
have been used because of their speed and ease of use, but
collectlon efficiencies are generally not as high as with
column methods.

When the entire aqueous sample has passed through the
column, and the accumulation is complete, the column is
washed with distilled water. Following thils, the column
1s usually eluted in order to remove the accumulant. The
eluant solution must contain an ion or combination of ions
which can effectively and efficiently displace the éccum—

ulant, and in some cases it may also contain a chelating
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agent that will complex the accumulant to ease its removal

from the column.

As With other types of accumulator systems for inor-
. ganic solutes, control of pH is important in the use of ion
exchange. This is especially true for resins that are weakly

acidic, weaking basic, or chelating, and which are therefore

chemically quite sensitive to pH. A weakly acidic resin,
for example, has a relatively high affinity for protons.
The control of the pH of the eluant is even more important,
and the key to efficient separation of the components of

a mixture of ions. This is true whether the eluant is a
concentrated strong acid or a buffered chelating agent

such as EDTA.

The amount of resin and the length of the column are
also important. There must be enough binding sites for
the accumulants as well as enough plates for effective
collection. In addition, the flow rate must be low enough
so that near-equilibrium is attained at each plate.

Analytical applications of ion exchange are oriented
toward the separation of ions within a mixture. Although
much of the early work on ioﬁ exchange was performed as
part of the Manhattan Project, which demanded accurate
separations and analyses of mixtures of lanthanide and

actinide rare earths, its potential as an accumulation
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system is high. The collection equilbrium (Equation 2)
favors the retention of ions at trace levels, making it
possible to'pass large volumes of sample through an ion
exchange columﬁ and still have 100% collection of the trace
metals. An ion exchange method has been used to concentrate

a 40 liter samplé'.20 It is then possible to use a relatively

small amount ofAeluant to remove 100% of the desired mater-
ial from the column. In this way concentration factors

of several thousand are attainable.

Ion exchange methodé, in principle, can be used to
collect elements from all parts.of the periodic table. .
This is made possible by the wide choice of resins and
eluting solutions. Strong acid.resins such as DOWEX 50
can collect nearly any cation, but they are optimum only
fdr the alkaline earths. Polyphosphate type materials are
favored for alkali metals, and chelating resins for trans-
ition and main group metals. For anions, the basic. resins
are indicated.’ (This includes the:anionic chloro com-
plexes of Zn, Cd, Bi, Au (III) and T1 (III).)

One significant disadvantage in the use of ion exchange
accumulators is the possibility of sample contamination.

This arises largely from the use of concentrated, strong

20. T. Joyner, M. L. Healy, D. Chakravarti, and T. Koyanagi,
Environ. Sci. Tech., 1, 417-24 (1967).
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mineral acids for the conditioning of columns and for
elution. Such acids often contain traces of heavy metals
which may interfere with accurate analysis.

Another disadvantage lies in the time necessary to
process a water sample. Typical flow rates are in the
range of milliliters per minute, and in the case of liter
size samples, this means hours per sample. On the other
hand, one person can run many samples at once since col-

umns can be set up with constant flow reservoirs.

2.2.3 Coprecipitation and Cocrystallization

One of the fundamental procedures in wet analytical
chemistry is precipitation of a solid containing the ion
or ions to be analyzed. The formation of analytically
useful precipitates, however, depends on the solubility
product of the solid being exceeded by at least several
orders of magnitude. Therefore direct precipitation,
in which the desired ion is a major component of the solid,
cannot be applied to materials found in solution in trace
amounts only.

However, solid formation is still useful as an accum-
ulation technique for trace analysis, if the major component
of the solid acts as a carrier which quantitatively col-

lects the desired trace ions. The process 1s known as

L6~



coprecipitation if the carrier is a slightly soluble

inorganic base or salt. In general, the solid form of
the carrier has the same crystalline structure as the
solid form of the accumulant; all accumulants whose solid
form matches that of the carrier will be collected.

One commonly-used carrier for coprecipitation is Fe(OH)S.
The formation of this carrier involves addition of ferric
ions to an aqueous sample, followed by strong base. The re-
sultant Fe(OH)3 precipitate collects the hydroxides of

the other transition metals.
The use of Fe(OH)3 presents two problems: the iron that
is introduced may interfere with subsequent analysis, and
it also may contain its own traces of other metals which
will rendef the analysis invalid. Another coprecipitation
method, especially developed for sea water analyses, avoids
both problems: the addition of strong base generates a precip-
itate of Mg(OH)2 from the natural magnesium lon content of
the sea; the hydroxides of Pb and six transition elements
are quantitatively collected,-and the interference and
cqntamination problems of iron are avoided.21
Another type of cobrecipitation is involved in the

accumulation of radiocactive ions from solution. With

radioactive barium, for example, BaCl2 is added,

21. T. Joyner, et al, op. cit.
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followed by stou. The resulting precipitate of BaSOu is
largely unradiocactive, but it will contain essentially
all the radiocactive barium and can be analyzed by radio-
assay.<?

When an organic chelating agent is used as a carrier,

the process is called cocrystallization. A suitable

cocrystallization reagent is relatively insoluble in

water, and 1t forms complexes with the desired metal ions
that have even less water solubility than the reagent it-
self. Their chemical form is quite similar to that of

the agents used in chelation/extraction, and it is possible
that some chelating agents could be used for both types of
concentration.

In practice, the process begins with an aqueous sam-
ple. The chelating agent is added in an organic solvent
(such as acetone) that is miscible with water. The system
is then heated to remove the solvent, and as the solvent
is stripped off, crystals of the chelating agent form.

If the agent is well-chosen the crystals will contain

the desired metal ions as chelation complexes. Examples

of chelation agents used in this manner are 5,7-di-bromo-

8-hydroxyquinoline, thionalid and 2-mercaptobenzimidazole.

22. D. N. Kelkar and P. V. Joshi, Health Phys., 17,
253-7 (1969).
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Elements collected by these agents are shown in Figure 2-5,.
-As an alternative method of crystal formation, a

water soluble chelating agent might be rendered insoluble

by the addition of ethanol to the system. In this manner

potassium rhodizonate can be used to accumulate Sr and Ba

from aqueous solution.23

Cocrystallization has been tested on approximately
25-30 elements, mostly transition and main groﬁp metals.
Quantitative collections have been reported for most of
them. The alkali metals and the metalloids are not gen-
erally collected. As with other accumulators of metal
ions, pH is an important collection parameter.

Both coprecipitation and cocrystallization yield
solids which can readily be taken up in solution for fur-
ther processing. Solids produced by cocrystallization
can readily be taken up in an organic solvent, or directly
inserﬁed into an AA spectrophotometer for analysis.
Coprecipitated hydroxides can be taken up in a small
amount of acid for further analysis, and at least one
investigator has treated such a solution by chelation/

24

extraction. Very large concentration factors are

23. H. V. Weiss and M. G. Lai, Anal. Chem., 32, 475-8
(1960)

24, T. Joyner et al, op. cit.
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2-Mercaptobenzimidazole

5,7-Di-Bromo-8-
" Hydroxyquinoline

Cr Mn | Fe {Co CulZn
B TB B |TB B|TB
Ru Ag In Sn
T ™ T ™
Hf | Ta W ] Os }|Ir Au | Hg |T1
T ] T™ T T ] T ™ | T™ T
T = Thionalid
M =
B =
Figure 2-5: Cocfystallization by Thionalid, 2-Mercaptobenzimidazole,

and 5,7-Dibromo-8-Hydroxyquinoline



possible, especially if the weight of the solid phase
is measured against the weight of the aqueous sample.

For either method, in addition to the equipment nor-
mally used for the collection of aqueous samples, either a
filtration setup or a setup for centrifugation and decan-
tation is needed. Filtration is necessary for large
samples; sea water samples of up to 100 liters have been
treated by Mg(OH), coprecipitation.2?

As in the case of ion exchange, the process times may
be quite long (overnight in at least one case) but many
samples can be treated at once.

Both methods have been used in oéeanographic work.
Both have the advantage of reducilng a huge agqueous sample
of low stability to a small sollid.sample that is easily
handled and stable enough.to be preserved until the ship

has returned to its home port.

2.2.4 Head Space Analysis

In head space analysis, an aqueous sample is treated

with reégents that convert the accumulants into volatile

chemical forms. The volatile species are swept from

solution by aeration (if necessary), cryogenically trapped

25. T. Joyner (telephone interview).
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(if necessary), and analyzed, usually by atomic absorption
spectroscopy.

Head space analysis is limited to a small portion of
the periodic table: Hg, As, Sb, Bi, and Sé.- It may be
possible to apply this method to such elements as Ge, Sn,
and Te in addition, but there seems little likelihood of
using 1t on any other large famlly of elements. It is
nonetheless a useful method since it is applicable to
elements which are difficult to accumulate by other methods.
The equipment is necessarily more complex for head space
analysis than for the other methods discussed above
for accumulating trace metals from water. In a procedure26
for As, Sb, Bi, and Se, the gaseous hydrides are collected
in thg ballon of a gas generator and subsequently released
into the burner of an atomic absorption spectrophotometer.
In the standard head space procedure2? for Hg, the solu-
tion is aerated to sweep out elemental Hg, and the air
stream is driled and then passed into a quartz-windowed
atomic absorption cell. A reaction flask, a drying flask,
a pump, and tubing complete the apparatus.

The chemistry of head space analysis for inorganic

26. F. J. Schmidt and J. L. Royer, Anal. Lett., 46,
489-92 (1974). '

27. W. R. Hatch and W. L. Ott, Anal. Chem., 40, 2085 (1968).
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accumulants usually consists of reduction to the metal (Hg)
or the hydride (AsH3, SeH2, SbH3, BiH3). The reducing agent
for Hg is SnSOu in hydroxylamine sulfate, sulfuric acid
and sodium chloride. For As, Se, Sb and Bi the reducing
agent 1s NaBHu added to the sample solution previously
acidified with 6M HCl. For both methods, with a sample
of 50 ml, detection limité of 1 ppb are attainable for
Se, Hg and Bi; for As and Sb the 1imit is 0.1 ppb.

If it is assumed that the accumulanﬁ is removed from
the aqueous solution into the same volume of vapor, a
concentration factor'of about 1000 by weight is obtained,
based on the relative densities of water and air. For
aqueous concentrations in the ppb range this is sufficient.
If additional accumulation is necessary, cryogenlc trap-
ping of the vapors can.provide the additional concentra-
tion factor.

This method is fairly simple to apply to the analysis
of environmental samples, at least after the apparatus
is set up and tested. Grab samples are collected in the
field and brought back to the laboratory, and assay by
head space analysis is rapid and routine enough to be

run by a technician.
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TABLE 2-3

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER BY COMPOUND

This table lists those organic compounds or classes
of compounds which have been concentrated from water using
one of the accumulation techniques which have been described.

The accumulator column lists elther the solid adsorbent

or liquid extractant that was used for preconcentration.

The desorption or extraction medium in most cases is the

solvent or temperature which was used to remove the organic

compounds from a solid adsorbent.

5l
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ACCUMULATION CF ORGANIC SUBSTANCES

FROM WATER

Desorption -

Sampling Recovery Associated
- . . or . Collection . o —a .
accuzulant Accunulator Rate ample and Analytical Referznce
- Extraction Volume Pararmeters Sensitivity Method
Mediun s

AlXkanes ané )

Alkenes

sym-Tetra-~ XAD-2 Chloroform . 22ce/min Distilled water 70% Webb (1975)
. chloroethane . Extraction .

sym-Tetra- XAD-4+8 90 GC

chloroethane -

n-Hexadeéane 11

sym-Tetra- XAD-4 90

chloroethane

‘bis-Chloro 80

isopropyl ethen

n-Hexadecane * XAD-2 90

sym-Tetra- XAD-T 90

chloroethane

n-Hexadecane - 3

sym-Tetra- 90

chlorgethane

CHC1, " | Chromosorb 102 | Heat Sce/min 85-93 ?ieur?, Dietrich

. . . 1973
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

acguz=ulant

Accumulator

Desorption -

or
Extraction
Mediun

Sampling
Rate Sample
. Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytical
_ Method

"Reference.

BrClZCH

ClBrZCH

ClchCI2

Br3CH

CZC16

.Alcohols and

amines

Hexyln
alcohol

2-Ethyl-
hexanol

2-Octanol -

Décyi
alcohol

Dodecyl
alcohol

Activated -
Carbon

XAD-2

CHCl3.

Ether

23202
3 days

30-50cc/min
12

1ppb

pH=8

22%

93
99

100
91

93

GC=MS

SE 30 on
Chromosorb W
4ge-210°C

Kleopfer, Fairless
(1972)

Junk, et al. (197")’
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

1(1973)

Desorption -, Recovery . | Associated .
' or Collection . and Analytical " Reference
* mmpymre) * DadlY¥Yva WLaeCCll
Assuzulant Accunulator Extraction Parameters Sensitivity Method i
. Mediun .
Hexanol XAD-2 Ether 50cc/min pH=8 85¢ GC-MS Burnham, et al.
" 1508 15% Carbowax| (1972)
’ 20M on
Chromosorh P
200° C
Hexadecylamine 50cc/min 9y GC-FID Junk, et al.
12 - (1974)
a-Terpineol XAD-4+8 Chloroform 22ce/min Distilled water 30 GC Webb (1975)
: Extraction *
a-Terpineol XAD-14 8o
2-Ethylhexanol 91
a-Terpineol XAD-2 81
2-Ethylhexanol 85
‘a=Terpineol XAD-7 36
2-Ethylhexanql . 74
a-Terpineol XAD-8 62
2-Ethyihexanol 79
Methanol Chromosorb 102 |Heat See/min <5% Mieure,Dietri
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

acid

pH=2

Desorption -|g, R vy . | Associatea .
: mpling ecovery ss t .
o or g . Collection . " - lytical Pelerence .
FPp— : Rate Sample and Aralycica seseren
. Assuzuiant Accuaulator Extraction Volnze Parameters Sensitivity Method ..
) Medium I
Ethers
. bis=Chloro -} XAD-2 Chloroform 22ce/min 70 GC/MS Webb (1975)
isopropyl ether Extraction .
Hexyl ether Ether 50ce/min pH=3.2 75 GC-FID Junk, et al.
-12 neutral 5% OV-1 on (1974)
Chromosorb W
bis-Chloro XAD-4+8 Chlofoform 22cc/min Distilled Water 77 GC Webb (1975)
isoprophyl : Extraction : ’
ether
bis-Chloro XAD-8 71
1sopropyl ether
Bis(2-chloro- Activated CHCI3 23202 1ppb GC-MS Kleopfer,
isopropyl) Carbon SE-30 on Fairless (1972)
éther : Chromosorb W . .
. 4pe-210°C
Bis(2-chloro-
isopropyl)
ether
Aclds
n-Heptanolc XAD-1 2N NH,OH 5ce/min Seawater 30 luc-counting Riley, Taylor (1969)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

acid

94

Desorption - jg.. R ry Associated -
npling ecovery s ]
o or . : Collection . fcal Pelerence .
= asrm=y X b Rate Sample and Aralytica eferen
_ asguzulant Accunulator Extraction ~ Volume Parameters Sensitivity Method
Mediun c.
n-Heptadecanoi XAD-1 1N KOH_ 5¢e/min Seawater 100 1uC-c:ount:ing Riley, Taylor (1969)
.?cid - pH=2 .
4-Ketoglutaric EtOH pH=7.6 100" .
acid !’ : )
Octanoic Acid | xap-y Ether 50cc/min .5% HC1 - H,0 108 1 Ge-FID “Junk, et al.
. - 12 : : 5% ov-} (1974)
Chromosord W
Decanoic Acid 90
Palmitic Acid 101
Oleic Acid _ 100
. 14
Heptanolc Acid NH, OH pH=2 100 c Riley,Taylor
. (1969)
Heptadecanoic =
Acid - . NH), OH 12 pH=2 100
4-Ketoglutaric KOH | 5ce/min pH=7.6 100
Acid .
Palmitic acid XAD-4 Chloroform 22ce/min Distilled water 79 . GC Webb (1975)
Extraction : !
Palmitic acid XAD-2 67
Dehydroabietic




ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption

benzoate

: -| Sampling Recovery Associated -

: or - : Collection . : Refe=an ~
~ amgam—ny . . Rate Sample and Analytical elerence
Aceuzaiant Aeeuaulator | Extraction "Volume|  Pavameters Sensitivity | ~ Method

Mediunm -
Y
Palmitic acid XAD-T7 Chloroform . 22¢ce/min Distilled water GC Webb (1975)
extraction
Palmitic acid XAD-8 16
Dehydroabietic XAD=7 390
acid
Dehydiroabletic - -
acid - | XAD<8 90
Esters
Acetophenone XAD-2 Ether SOcc/miﬁ pH=8 92 GC-FID Junk, ét al,
i 1 5% OV~1 on (1974)
Chromosorb W
‘Diethyl XAD-2 pH=3.2 86
fumarate neutral
Dibutyl . 92
fumarate
Di-2-ethyl 84
hexyl fumarate :
Diethyl 103
malonate
Methyl 101



ACCUMULATION CF ORGANIC SUBSTANCES FROM WATER

Desorption - | ‘ R ; Associated .
: ampling ecovery 9 .
. . or ‘Ra ; Collectlion . and nalytical " Peferance
sgduzulant Accunulator Extraction |13%€ ,‘S,:’i"ﬁ;g Parapeters Sensitivity A Method
Medium .
Methyl XAD-2 Ether 50cc/min pH=3.2 - 95% GC-FID Junk, et al.
-decanoate 1% neutral o 5% OV-1 on (1974)
’ Chromosorb W
Methyl 98 -
octanoate
Methyl 70
palmitate
Methyl 96
salicylate
Methyl . 35
methacrylate
Ethyl |2ee/min 100 GC-MS Burnham, et al.
butyrate 50ce 15% Carbowax | (1972)
20M on .
Chromosorb P
200°C
Di-2-ethyl Extraction Extraction ¢. [2320% 1ppb GC-MS - rJ Hites (1973)
hexyl adipate with CH2013 n-heptane .05% OV-17 o
. glass beads
70°-250°C
Ketones and .
Aldehydes !
2,6-Dimethyl XAD-2 Ether 50ce/min pH=8 93 GC-FID Junk, et.al.
~b-neptanone 1) 5% OV-1 on | (1974)
Chromosorb W '



ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption

92

o “{Sempiing Recovery . | Asscciated -
assuzulant Accunulator Ext*gztion Rate ample gg%iggzigg : and | Analytical FRelerexce
o . Volume Sensitivity Method :
. Medium < s
b Gg-FID .gunkl,J et al.
.2=Undecanone XAD-2 Eth = 92% 5% 0V-1 on 1974)
. er 50ce/min pH=8 : Chromosorb ¥ .
Isophorone XAD-4 €hloroform 22ce/min Distilled Water 86 GC Webd (1975)
Extraction *
Isophorone XAD-2 76
Isophorone i XAD-7 46
Isophorone XAD-8 . 47
Methyl isobutyl | Chromosorb 102 | Heat S5ce/min 100 Mieure and
ketone . : Dietrich (1973)
Acetone 21-42
Unsubstituted
Aromatics )
.Naphthalene XAD-2 Ether S0cc/min’ pH=8 98 GC-FID Junk, et al.
< . 12 acid-washed |} (1974)
DMCS-treated
Chromosorb-W
5% OV-1
Biphenyl 101
Fluorene 84
Anthracene 83
Acenaphthene
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ACCUMULATION OF ORGANIC SUBSTANCZS FROM WATER

. Desorption -

92

-| Sampling Recovery Associated s
or ) . Collection . . 1ytical ReZferance
PPp— . Rate ample and Analytica eleran
Aseusulant (Aecuaulator | pygraction " Volume|  Pavameters Sensitivity | = Kethod
Mediun A
, ] GC-FID
Tetrahydro- XAD-2 Ether 30-50ce/min pH=8 62% g;ég::igg:gd Junk, et al.
‘- naphthalene 1 Chromosorb Wl (187H)
. 5% ov-} :
Benzene 100 GC~-MS Burnham, et al.
Naphthalene 15% Carbowax| (1972)
20M on
Chromosord P
. 200° C
Acenaphthylene Ether pH=3 10.3 ¥ 2ppv | ce/ms
: Extraction Iowa wellwater
Indene 18.8 ¢ 8ppb
Acenaphthene 18.0 * 2ppb
2,2-Benzothio-~ 1.7 pd 2ppb
phene .
“Naphthalene 15pph
2,3-Dihydro- A 15ppb
indene :
sym-Tetra- 16ppd, .
chloroethane
Indole pH=3.2 892 GC-FID Junk, et al.
neutral (1974)
Benzothiazole 100
r
Quinoline 84
Benzoxazole' *



ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption

Dibenzofuran

: mpl Recovery Associated :
Accu=ulant " Accumulator Extrgztion 3222 1fg5§?§;2 g:i;;:gtgg : Senzigivity An;éz;égal Peferance
Mecium . €

Naphthalene XAD-4+8 gh%oroggrm 22¢¢/min Distiiled water . 90% GC K Webb (1975)
. xtraction . :

Benzothiazole A 82’

Dibenzofuran. 84

Naphthalene XAD-4 8o

Benzothiazole 82

Dibenzofuran 82

Acenaphthené- 81

Naphthalene XAD-2 79

Benzothiazole T4
“Acenaphthene 99

Dibenzofuran 93

Naphthalene XAb-? 64

Benzothiazole 40

Aéenaphthene 72

73
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

2°73

Desorption - . Recovery Associated =
" heaw or gz:glinsSample " Collection . and ‘|1 Analytical Refereace
Accuzulant Accumulator Extraction . Volume Parameters Sensitivity |  HMethod ..
' ' Medium .
. 'Naphthalene XAD-8 Chloroform "22¢cc/min Distilled water .78% GC -1 vebb (1975)
. Extraction ’
Benzothiazole ’ : 53
Acenaphthene 20
Dibenzofuran ) . 95
Benzene Chromosorb 102 | Heat 5ce/min 90 Mieure,
pyridine . _ 46-79 Dietrich(1973)
Anthracene Tenax GC- Ethér. 3%/hr pPH 6.8-7.2 . 71-104 GC, Electron| Leoni, Puccetti,
: Extraction 1ug/% standard : capture, and| Grella (1975)
. . Phosphorus -
detectors
Perylene 95-86
_Idene . 95-86
Pyrene 98
Fluoranthene 96
3,4 Benzopyrene 97 )
Toluene Activated CHCl3 23202 1ppb GC-MS Kleopfer,
Carbon : SE-30 on Fairless (1972)
: Chromosorb W
4o°-210°C
Biphenyl Extraction . Ektraction ¢ (23202 i6-79 GC-MS Hites (1973)
with CH,C1 n-heptane * .



- ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption -

-] sampling Recovexy Associated -
or . . Collection . - . iytical Relereace .
P— : Rate Sample and Analytica seseren
asguzulant Accumulator Extraction i VQlﬁme Parameters Sensitivity Method .
Medium T
Substituted- 9
Non-polar
1-Me XAD-2 Ether 30-50cc/min pH=8 87-93% GC-FID Junk, et al.
naphthalene ) 1002 acid-washed | (1974)
DMCS-treated
ChromosorbW
. . 5%0V-1

2-Me 50ce/min ‘95
naphthalene 12
Ethyl benzene 30-50cc/min 81
Cumene ’ 93
p-Cymene 92 :
.1-Methylnaph- ' Ether 50ce/min pH=3 19.3 ¢ 2ppb | Ge/Ms Burnham, et al.
thalene Extraction 150¢ Iowa wellwater (1972)
Isopropyl ’ 4 4% 2ppb
Benzene ’
Ethyl éenzene 15ppb
Beﬂéyl Ether’ 50cc/min 883 GC-FID Junk, et al.
chloride 12 (1974)
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ACCUMULATION OF ORGANIC SUBSTANCZS FROM WATER

Desorption -,

_ . Collestion Recovery ASsociateg o
PP : . .oor ; Sample =2 and Analytica Pelference
agguzulant Accunmulator Extraction |Hete ' VOlﬁme Parameters Sensitivity “ethod .
Mediunm .
Chlorobenzene XAD-2 Ether 50ce/min pH=3.2 .90% GC-FID Junk, et al,
12 . neutral : (1974)
Iodobenzene 81 -
o=-Dichloro- 88
benzene
m-Dichloro- 93
benzene .
1,2,4,5-Tetra- 74
chlorobenzene
2,4-Dichloro~ 71
toluene
a-0-Dichloro~ 96
toluene -
m-Chlorotoluene 80
1,2,4-Tri- 99
chlorobenzene .
2Methyl XAD-4+8 Chloroform 22cc/min Distilled water. 77 GC Webb (1975)
naphthalene Extraction
2-Methyl .
naohthalene XAD-4 77
1l-Methyl
naphthalene 77
2-Methyl _
naphthalene XAD-2 75
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

(1]

p=ulant

" Accumulator

Desorption

or
Extraction
Mediun

-18ampling

Rate

Sample
- Volume

Collection
Parameters

Recoveéy '
and
Sensitivity

Associated
Aralytical
_ Method

th

e

erence

1 Methyl
naphthalene

2 Methyl
naphthalene

1 Methyl
naphthalene

2 Methyl
naphthalene

1 Methyl
naphthalene

. Xylene

Styrene
Ethylbenzene

Hexachloro-
benzene

Substituted-
Polar

Benzyl alcohol

Cinnamyl
alcohol

2~Phenoxy-
ethanol

XAD-2

XAD-7

XAD-8

Activated

LCarbon

XAD-2

Chloroform
Extraction

CHC1

Ether

3

22¢ce/min

23202

30-50ce/min
Sl

Distilled water

lppdb

pH=8

763
63"
64

77

8o

91
85

102

" GC K

GC-MS

SE-30 on
Chromgsorb W
Loe-.210°C

Webb (1975)

Kleopfer

Fairless’ (1972)
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ACCUNMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption -,

Recovery

o-Nitrotoluene

Sampling Associated s
or . . Collection . tical ReZeran
o sy s Rate Sample and Analytica elerance
Aseuzaiaat Accunulator Extraction " Volune Parameters Sensitivity Method
Medium . o
. Nitrobenzene XAD-2 Ether 50ce/min pH=3.2 .91% GC-FID - Junk, et al.
- 12 neutral : (1974)
o-Nitro- 80
. toluene
N-Methyl- 84
aniline
Phenylene 2 ce/min 98 GC-VS Burnham, et al.
diamine .50ce 15% Carbowax| (1972)
20M on
Chromosorb P
200°C
TNT Acetone 250cc/min 80 LC- Walsh, Chalk.
Toluene : 95 cla/Corasil Merritt, Jr.
acetonitrile (1973)
H,O
) 2
Aniline XAD-2 KOH Sec/min pE =7.6 100 ¢ 14, Riley, Taylor
' ) . (1969)
o-Nitrotoluene | XAD-4+8 Chloroform 22¢ce/min Distilled water 83 GC Webb (1975)
' Extraction -
o-Nitrotoluene | XAD-4 83
o-Nitrotoluene } XAD-2 82
o-Nitrotoluene | XAD-7 64
XAD-8 77
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ACCUMULATION OF ORGANIC SUBSTANCZS FROM ‘'WATER

Desorption -

4,6-Dinitro-2-
amino phenol

43

Recovery . | Associated
. or Collection . c4 "Refessn
aoouzul Accunulator - and Analytical elerence -
~v aat Extraction Parameters Sensitivity Method
Medium .
TNT Activated Acetone 23202 lppbi 22% LC'CIB/ Walsh, Chalk,
’ carbon . ’ Merritt, Jr.
Corasil (1973)
Acetonitrile
H,O
2
Phenols
-_— . 0
Phenols XAD-1 2N KOH 5ce/min pH=2-9 (not accum) Photometric Rilzys Taylor
: : (1469
2,4-Dimethyl : :
phenol : XAD-2 Ether 50cc/min pH=8 100 GC-MS Burnham, et al.
. - 1502 15% Carbowax| (1972)
20M on ..
Chromosorb P
200°C
Phenol 45
p-Nitro
phenol 100
2-Methyl
phenol, 100
o-Cresol 100
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

4y

Desorption -|g vy 1ated
ampling Recovery Associate .
p or . : Collection . e Referen
. mmreesd waulator ¢ Rate Sample and Analytical elference
Assuzziant Aee : Extraction " Volume Paraneters Sensitivisy Method
) Mediun c.
- 0=Cl phenol XAD-4 Ether 30-50cc/min .5% HCL 96%. GC-FID Junk, et al.
1e 5% OV-17 (1974)
N ChromosorbW
Phenol 40
¢~-Cl phenol 95
o-Cresol '73
2,4,6-C1,
phenol . 99
3,5 Xylenol 79
1-Naphthol 91
"Phenol XAD-7 KOH 5ce/min pH=T7.6 86 GC-MS Burnham, et al.
15% Carbowax (1972)
20 M on
ChromosorbP
200°C
Phenol XAD-4+8 Chloroform 22ce/min Distilled Water 46 GC Webb.(1975)
. . Extraction .o
p=Cresol 68 :
Phenol XAD-2 14
p-Cresol
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ACCUXULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption

. s -| Sampling Collection Recovery . | Associated o
accuzulant Accunmulator Extra;tion Rate Sample]| - Parameters : and Analytical Refereace
+ Volune ¢ Sensitivity fethod .
Mediun - .
Pentachloro- XAD-2 Chloroform 22ce/min Distilled Water 84% GC Webdb (1975)
phenol Extraction : . ’
Phenol XAD-7 19
p-Cresol 33
Phenol XAD-8 29
p-Cresol 47
Pentachloro-"
phenol 77 . )
"Phenol Chromosorb 102] Heat 5¢cc/min 25-61 Mieure,
' ) A Dietrich
(1973
m-Cresol 75
o-Ethyl
phenol 97
p=-Ethyl
phenol _ 89
Phenol A-26 Anion UM HC1 elution| 10-15c¢ce/min - pH=12,0-12.5 93-95- GC-0V-17 Chriswell, et al.
. Exchange Resin| followed by (1675)
. CHZCIé
extraction
o-Cresol 90-94
p-Cresol 80-96"
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ACCUNULATION CF ORGANIC SUBSTANCES FROM WATER

Desorption -

: Sampling ' Recovery . | Associated -

. . . or . ‘ Collection . T pas
accu=ulant Accunmulator Rate Sample an Analytical Reference
- : Extraction - Volume Parameters Sensitivity Method

Medium -

p-Chloro- A-26 Anton UM HC1 elution| 10-15c¢c/min pH=12.0-12.5 95-100% GC-0V-17 - Chriswell, et al.
phenol Exchange Resin |followed by ’ (1975)

i-c 3 CH2C12

-Chloro-3- . 95-100
methyl phenol extraction

2,4,6-Tri- 95-102 B
chloro phenol. . -
Pentachloro- 80-89

phenolv

3,5-Dimethyl- 90-95 '

" phenol ’
2 Naphthol 95
Cresols Activated CHC1 2320% 1ppd §5<100 GC-FID Eichelbergef,
. Carbon - folléwed by 10% Carbowax Dresser,
: Florisil 2M on Longbottom
column Chromosorb W (1970)
210°-240°C

Dimethyl 60-88

phenols .
Trimethyl 88-94

phenols

2,3,5,6-Tetra 90

methyl phenol

V

Chlorophenols 80-82

Dichloro- '

phenol 86-100
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ACCUMULATION OF ORGANIC SUBSTANCES

FROM WATER

Desorption -

Sampling Recovery kssociated <
s or . . Collection . iytical Peferen
2 ——— Rate Sample and Analytica Jeferaence
~ Accumulant Accunulator Extraction . Volime Pzrameters Sensitivity Merhod
Medium .
Trichloro- Activated CHC1 ‘ 2320¢ 1ppb . 83-100% GC-FID ~3Eichelberger,
phenols Carbon 3 - 10% Carbowax |Dresser
followed by oM L t’
Florisil on ongbottom
Phenol column 104 Chromosorb W | (1970)
210°-24Q0°C
1-Naphthol 77
2-Naphthol ‘111
o-Nitro-
phenol 102 |
_Pentachloro- Extraction Extraction ¢ -| 100ce 2cec conc. stou GC-ECD Rudling (1970)
phenol with n-hexane/ h-heptane QF-1 on
isopropanol Varaport
150°C
Ketones and
Aldehydes
Benzil XAD-1 Ether 50cc/min pﬁ=8 91-97 . GC-FID Junk, et al.
. ST} acid-washed (1974)
DMCS~treated :
Chromosorb VW
5% 0V-1
Acetophenone XAD-2 92
Benzophenone pH=3.2 93
neutral
Benzil T 97
’Benzaldehydei 101
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ACCUMULATION OF ORGANIC SUBSTANCZS FROM WATER

Desorption -

~1 Sampling Recoveéy Assoclated o
or . : Collection . - 1ys 1 Referance
= aavimes mulat . Rate Sample oy and Aralytica elerance
Aceusulant Accuaulator Extraction T Volome Parameters Sensitivity Method -
Mediun LB
' GC-FID
‘Salieyl- XAD-2 Ether S0cc/min pH=3.2 100% acid-washed | Junk, et al.
aldehyde Y (neutral) s DMCS-treated | (1974)
Chromosorb W
Chlorohydroxy- : .
benzophenone Activated Acetone 23202 lppb GC-MS Kleopfer,
carbon : SE-30 on Fairless
Chromosorb W (1972)
4oe-210°C
Ethers
Benéyl ether ’ XAD-2" Ether 50cc/m1n' pH=3.2 99 GC-FID Junk, et al.
. " - 12 neutral 5% OV=1 on (1974)
Chromosorb W
Anisole 87
2-Methoxy~
naphthalene 97
Phenyl ether 91
Aclds
Benzene 2ce/min Distilled water 31 GC or UV Webb (1975)°
Sulfenic
Acia
p-Toluene 50¢ce 23 Burnham, et al.
Sulfonic (1972)
Acid
Benzoic v pH=3.2 100
(neutral)
Benzolc 23




_9L_

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

- U saming 7 | coliesston | Recove | dsestaned |
M e $eled - < SaelTal
Accumulant Accunulator Extraction _ Volume Parameters Sensitivity Method .
Medium .

. 2 Hydroxy- XAD-2 Ether " 50ce pH=3.2 39% GC or UV Burnham, et al. (1972)
naphthoic (neutral) .
Benzoic 50cc/min .5% HCl—H20 107 GC-FID Junk, et al.

1% 5% OV-IM (1978)
Chromosordb W )
Esters
Benzyl acetate 100
. neutral :
Dimethoxyethyl
‘Phthalate 94
Dimethyl
phthalate 63-91

. Diethyl
phthalate 92
Dibutyl N
phthalate 90-101
Di-2-ethyl-
hexyl phthal-
ate ] ) 88
2-Ethylhexyl Chloroform 22ce/min - Distilled Water 33. GC Webb (1975)
phthalate Extraction
2-Ehtylhexyl XAD-7 22
phthalate
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ACCUMULATION OF ORGANIC SUBSTANCES FROM

WATER

phthalate

Desorption - s . AS fated
. ~! Sampling Recovery ssoclate .
. or . . Collection . lytical Reference
PP o Rate Sample - and Analytica leference
assuzilant Accumulator Extractlon "~ Volume Parameters Sensitivity Method
Mediunm N
. 2-Ethylhexyl XAD-4 Chloroform " 22ce/min Distilled Water 11% . GC Webdb (1975)
phthalate . . Extraction ’
2-Ethylhexyl
phthalate 13
Diethyl -
phthalate Extraction Extraction ¢ 23202 Ippb . GC-MS Hites (1973)
with CH2013 n-heptane .05% OV-17 orf
- glass beads
70°-250°C
Di-n-butyl
‘phthalate
Di-octyl
phthalate
. Butyl
_‘benzoate
Diisodecyl .
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption -, ) Recovery . | Associated
A " Aceu L.or - Gollection . “and nalytical "Reference
Ascuzziang Recunulator | Extraction Parameters Sensitivity | | Heshod
Medium . *
Pesticldes
. 14 .
Lindane XAD-1 EtOH 5¢c/min pH=2 100% c Riley, Taylor
12 sea water - (1969)
DpT 100 GC
Endrin 75 GC
Malathion ) 100 GC
Atfazine XAD-2 Ether. 50ce/min. 83 GC-FID Junk, et al.(1974)
. . S1R
Lindan 95
Aldrin 47
Dieldrin 93
DDT . .96
DDE XAD-2 * Ether 81 Junk, et al.(1974)
Hexachloro- Tenax GC Ether 32/hr pH 6.8 - 7.2 71-91 GC, Electron |Leoni, Puccetti,
benzene . lpug/% standard Capture, and |Grella (1975)
. h
' sz |Enospncius
Dieldrin 94-97
Heptachlor 88-102
Heptachlor 96
epoxide
a-Chlordane 99
DDT 91-109
DDE 60-96
93-96

TDE
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption -

7

o ) Recovery Assoclated e
 accuzulent Accunulator Extraction g:%:;:zégg Senzzgivity An;izgégal Reference
. Mecdium . :
DCBP Tenax GC Ether 3¢/hr .pH 6.8 ~17.2 80-84% GC, Electron | Leoni, Puccetti,
. : 1 ug/2 standard . : Capture, and §| Grella (1975}
BHC . 62-105 Phosphorus
Methoxychlor C 75 detectors
Ronnel 88-104
Dursban 89
Diazinon 80
. Malathion 71-104
Parathion 90-112 .
Surmmithion 108
Lindane "Polyurethane hexane 30-250%/min 1ppb 55 GC-ECD Uthe, Reinke,
Heptachlor 4z - 50 3% SE-30 Gesser (1972)
© Aldrin 45
Heptachlor- : 68
epoxide .
Endrin 78
p,o'-DDE " 80
Dieldrin 73
0,0 '-DDT 68 . '
p,p'~-TDE 80
p,p'-LDT 8Y
PCB's 84 "GC Webb (1975)
Lindane Polyurethane hexane 30-2502/min lppb 95 GC-ECD Uthe, Reinke,
Heptachlor Coated © e 80 32 SE-30 Gesser (1972)
" Aldrin SE-30



ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption - Recovery Associated <
Accumulat or Collection . and | Analytical © "Reference
Accumulant censulator Extraction Paraneters Sensitivity Method
Medium co.

Heptachlor- Polyurethane hexane 30-250 2/min .lppb 959 GC-ECD .Y Uthe, Reinke,

epoxide Coated ¢ Tohg 3% SE-30 Gesser (1972)
Endrin SE-30 .90

p,p'-DDE 92
Dieldrin 60

0,p'-DDT 50

p>p'-TDE 72 ) .

p,p'-DDT . 50

Lindane Polyeurethane hexane 30-250 2/min 1ppb 100 G-C-ECD Uthe, Reinke,
Heptachlor gggtgd T - 4L ‘ 87 3% SE-30 Gesser (1972)
Aldrin 73
Heptachlor- .89

epoxide .
Endrin 95

P,2'-DDE 88

Dieldrin 51 -
0,p'-DDT .47
p,p'-TDE T4

P>p'-DDT L : A 34
Lindane Polyurethane ) hexane 30-250 £/min 1ppb 100 G-C-ECD Uthe, Reinke,
Heptachlor coated ¢ 42 87 3% SE-30 Gesser (1972)

QF-1 ' .

Aldrin 80

Heptachlor- 95

epoxide
Endrin 100




ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption -

Recovery

: : Sampling Assoclated o
. . or g ; Collection . ) nalytical Reference .
: Rat Sample and Analytic 2
Accumulant Accuaulator Extraction |0V~ Volume Parameters Sensicivity Method R
Medium .
p,0"~DDE Polyurethane hexane 30-250 ¢/min 1ppb 963 G-C-ECD Uthe, Reinke,
D; ldri ’ coited c © by - i -* 3% SE-30 Ge;ser (1972)
eldrin SE-30 73
o,p'~-DDT 72
psp'=-TDE 87
p,p'-DDT _ 69
Lindane Polyurethane hexahe‘ 30-250 2/min 1ppb _§7 G-C-ECD Uthe, Reinke,
‘Heptachlor Coated E . uE . 58 3% SE-30 Gesser (1972)
Aldrin ov-25 47 .
Heptachlor- 77
epoxide
Endrin 70
P,0'-DDE T2
Dieldrin 48
Q,P'-DDT 50
p,p'~TDE 60
p,0'-DDT 45
Lindane Polyurethane hexane 30-%50 %/min 1ppb 91" G-C-ECD Uthe, Reinke,
Coated c - ke : . | 3% sE-30 Gesser (1972)
Heptachlor oV-225. 58 ' E-
Aldrin s
Heptachlor-- 76
epoxide
T
Endrin 74
p,p'=-DDE 72




ACCUMULATION OF ORGANIC SUBSTANCES FROM.WATER_

Desorption - . Recovery . | Associated o
o or - Collection . and v Analytical Referaace
Accuzulent Accumulator Extraction Parameters Sensitivity |  Method :
Medium .
Dieldrin Polyurethane | hexane 30-250 %/min 1ppdb uhg G-C~ECD Uthe, Reinke,
: coated ¢ 42 3% SE-30 Gesser (1972)
©,9'-DDT ov-225 30
p,P'-TDE ’ 64
9,0'-DDT 45
DDT Humic Acld~ | Extraction ¢ .80.5 4g Poirrier, Bordelon,
Fe colloids n-heptane: x 15,000 conc Laseter (1972)
Y~EHC Extraction 500ce L] GC Konrad, Plonke,
with benzene Chesters (1969)
Heptachlor ) : 89
Aldrin 95
Heptachlor 97
epoxlide
Dieldrin 98
Endrin 96
Surfactants . .
Teepol XAD-1 EtOH See/min ° pH=2 100 Photometric ?i;ggs Taylor
Hyamine 2839 : 100
Triton-X-100 100
Nonidet P80 100
Dyes :
Rhodamine B XAD-1 EtOH pH=7.6 100 Photometric | Riley, Taylor
Methylene Blue ' 100 ’ ’ (1969)

2N HNO3
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption -

-| samp1ing Recovery Associated -
. or . . Collection . lytical Reference .
2 > Rate Sample and Analycica Reler
Accumulant Aecumulator Exgraction |0 S 7 A0 0 Parameters Sensitivity Yethod
Medium .
Other )
Cholesterol XAD-1 EtOH S5ce/min pH=2 1003 Fluorimetric Riley, Taylor
= ) (1969)

Pregnenalone pH=2 100 luc-counting

Vitamin 82 pH=2 . 100 Flourimetric

Vitamin B> pH=2 - 100

57C—counting




TABLE 2-4

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER BY ACCUMULATOR

This table 1lists those organic compounds or classes
of compounds which have been concentrated from water using
one of the accumulation techniques which have been described.

The accumulator column lists either the solid adsorbent

or liquid eitractant that was used for preconcentration.

The desorption or extraction medium in most cases is the

solvent or temperature which was used to remove the organic

compounds from a solid adsorbent.

-8~
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ACCUMULATION OF ORGANIC SUESTANCES FROM WATER.
ARRANGED BY ACCUMULATOR

: Desozgtion Sampling Collection Recovery Assoclated .
Accumulator Accumulant Extraction Rate Sample Parameters Senzzgivity An;:z;égal Reference
Medium Volume
XAD-1 n-Heptanoic’ 2N NHudﬁ Sce/min Seawater 100% 1uc-countzing Riley, Taylor (1969)
acid pH =2 .
n—Heptadecénoic 1N KOH pH = 2~ 100
aciag . ’
4.Ketoglutaric|] EtOH pH = 7.6 100 - -
acid ’
Cholesterol EtOH pH = é 100 Fluorimetric ;
Pregnenalone EtOH pH = 2. 100" l"’c-co.xmt:ingr, “
Vitamin B, EtOH 100 Fluorimetric
Vitamin B, EtOH pH = 7.6> 100 5o counting
Surfactants
Teepol EtOH pH = 2 100 Photometric
Hyamine 2389 " 100
Triton-X-100 100
Nonidet P80 100
Dyés
Rhodamine B EtOH PH = 7.6 100 Photometric
Methylene Blge 2N HN03'
Humic Acids 2N KOH 100




ACCUMULATION OF ORGAMIC SUBSTANCES PRCM WATER.

ARRANGED BY ACCUMULATOR

Desorption

Sampling . Recovery Assoclated i
or € Collectidn & : lyti Reference
Accumulator Accunmulant Extraction Sample Parameters énd‘ . Analytical
Sensitivity Method
Medium Volune
XAD~-1 Carbohydrates 2N KOH Sce/min 0 . Photometric Riley, Taylor
' Amino aclds : pH =2 -9 (not accum) (1969)
° Phenols ’
Herbicides and
_Pesticides
Lindane EtOH Sce/min PH = 2 100% cl4 Riley, Taylor
DDT - 1% sea water 100 ac- (1969
Endrin 75 GC
Malathion 100 GC
XAD-2 Aromatics
1-Me Ether 30-50ce/min pH =8 87-93 GC-FID Junk, et al,
naphthalene - acid-washed (1974)
' DMCS-treated
Chromosorb-W
: 5% OV-1
Benzil 50cc/min 91-97
Napthalene . 98
2-Me 95
Napthalene
Biphenyl 101
Fluorene 84
Anthracene 83
Acenaphthene 92
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ARRANGED BY ACCUMULATOR

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption

Sampling 4 Recovery Assoclated .
or Collection
Accumulator Accumulant_ Extraction Sample: Parameters and Analytical Reference
Medium Volume Sensitivity Method
XAD=-2 Hexanol Ether 50cc/min 85% GC-MS Burnham, et al.
150% . 15% Carbowax | (1972)
s 20M on
Chromosorb P
200° ¢
Phenols
2,4-Dimethyl Ether 50cc/min 100 GC-MS ‘Burnham, et al.
phenol ' ’ 1508 15% Carbowax | (1972)
20M on
45 Chromosorb P
Phenol 200° ¢
p=Nitro 100
phenol
2-Methyl 100
phenol
Q-Cresol 100
i 6-Dinitro-2- 43
amino phenol
Aldehydes &
Ketones &
Ethers
; 2,6~Dimethyl ‘Ether S50ce/min 93 GC-F1ID Junk, et al. (1974)
~l4-heptanone 1 5% OV-1 on
Chromosorb W
2-Undecanone 88

Acetophenone

92




ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRAKGED BY ACCUMULATOR

Deso:gtion Collection Recovery Assoclated
Accumulator Accumulant Extraction Parameters and Analytical Reference -
Medium Sensitivity Method
XAD-2 Aromatics
‘Acenaphthylene | Ether 50cc/min pH=3 .. 19.32% 2ppy GC/MS Burnham, et al. (1972}
Extraction 1502 Iowa wellwater ’
1-Methylnaph- 11.0 ¥.6ppb
thalene -
Indene 18.8 i.Bppb
Acenaphthene 18.0 ¥ 2ppd
2,2-Benzothio- 1.7 2. 2ppp
phene N
Isopropyl Lu :.1ppb
Benzene
Ethyl Benzene - 15ppb
Naphthalene 15ppb
2,3-Dihydro- 15ppb
indene .
Alkyl 15ppb
Naphthalenes
bis-Chloro Chloroform 22¢ce/min Distilled water 70 Webb (1975)
isopropyl ether| Extraction . .
sym-Tetra- 61
chloroethane - -
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ARRANGED BY ACCUMULATOR

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER.

Desorption

: or Sampling Collection Recovery Assoclated
. 2 -
vAccumulator Accumulant Extraction Rate Sample Parameters Senz?givity An;;g;égal Reference
Medium Volume s
XAD-2 n-Hexadecane Chloroform 22cc/min Distilled water 90% GC’ Webb (1975)
Extraction s )
‘a-Terpineol 81
Naphthalene 79
o-Nitrotoluene 82
2-Methyl 75
naphthalene
1-Methyl 76
naphthalene .
Benzothiazole _ T4
Phenol 14
p-Cresol 4y
Acenaphtliene - 99
Dibenzofuran’ - ¢ 93
2-Ethylhexarol 85
Isophorone 76
Pentachloro- 84
phenol
Palmitic acid 67
Dehydroabietic 94
acid -
2-Ethylhexyl 33

phthalate
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

ARRANGED BY ACCUMULATOR

A ulat . Desoggtion Sampling Collectloﬁj Recovery Associated )
ceumulator Accumulans Extraction | B3%€ ~"sample Paraneters s azgi P An;l{iigal Reference.
Medium Volume ensitivity ietho
- Benzene Sulfonid Ether 2¢cc/min - 312 GC or UV
acld ’
XAD-2 p-Toluene .
Sulfonic acid 50cc 23 Burnham, ¢t al.
Senzoic pH=3.2 100 (1972)
Benzolc (-3-) neutral 23
2~Hydroxynaph- 39
thoilc
Esters GC-FID Junk, et al.
Benzyl acetate Ether 50ce/min 100 5% OV-1 on (1974)
1R . Chromosorb W
Dimethoxyethyl 94
phthalate N
Dimethyl 63-91
phthalate
Diethyl -~ 92
phthalate
Dibutyl” 90-101
phthalate
Di-2-ethyl- 88
hexyl phthalate
) Diethyl 86
fumarate
Dibutyl 92
fumarate
Di-2-ethyl- 84

hexyl fumarate
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

Desoggtion Sampling Collection Recovery Associated
Accumulator Accumulant Extraction Rate Sample, Parameters Sen22ziv1t An;ézgégal Reference
Medium Volurme y
XAD-2 Diethyl Ether 50ce/min 103% GC~FID Junk, et al. (1974)
malonate 1 5% OV-1 on
. Chromosorb W
Methyl 101
benzoate
Methyl 95
decanoate
Methyl 98
octanoate
Methyl 70
palmitate
iethyl 96
sulicylate
Methyl - i -35
methacrylate Ether 2ce/min 100 GC-MS Burnham, et al.
Ethyl 50ce 15% Carbowax| (1972)
butyrate 20M on
Chromosorb P
200° C
Nitrogen
Compounds
Lompounds .
Hexadecylamine | Ether SOci/min 9y GC-FID Junk, et al. (1974)
1
Nitrobenzene 91
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

: Desozgtion Sampling Collection Recovery Assoclated
Accumulator Accumulant_ Extraction Rate Sample Parameters s aggi 1t An;lz;igal Reference -
Medium Volume ensitlvity etho
XAD-2 Indole Ether 50ce/min 89% GC-FID Junk, et al. (1974)
12
o-Nitro- 80
toluene
N-Methyl- 84
aniline
Benzothiazolé 100
Quinoline 84
Isoquinoline 83
Benzonitrile 88
Benzoxazole 92
Phenylene Ether 2cc/min 98 GC-MS Burnham, et al.
diamine 50cc 15% Carbowax | (1972)
20M on
Chromosorb P
200° C.
TNT Acetone 250cc/min 30 LC- . Walsh, Chalk,
Toluene 95 Cis/Corasil Merritt, Jr. (1973)
. acetonitrile-
H,0
Halogenated
Aromatics ]
Benzyl Ether 50ce/min 88 GC-FID Junk, et al. (1674)
chloride 12 ’




_E:6._

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

ARRANGED BY ACCUMULATOR

. Desoggtion Sampling Collection Recovery Associated
Accumulator Accumulant Extraction Sample Parameters s ax;céivn An;lz;igal Reference
Medium Volume ens y etho
XAD-2 Chlorobenzene Ether soig/min 90% GC-FID "Junk, et al. (1974)
Iodobenzene 81
0-Dichloro- 88
benzene
m-Dichloro- 93
benzene
1,2,4,5-Tetra- Y
chlorobenzene
2,4-~Dichloro- 71
toluene
a-0 Dichloro- 6
toluene go
m~-Chlorotoluend
1,2,4-Tri- 99
chlorobenzene
Herbicides &
Pesticides
Atrazine Ether 83 Junk, et al. (1974)
Linéan 95
Aldrin 47
Dieldrin 93
DDT 96




_n6_

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

Desoggtion Sampling Collection Recovery Assoclated
. .
Accumulator Accumulan._ Extraction Rate Sample Parameters s and Analy?ical Reference
Medium Volume ensitivity Method
XAD-2 Benzophenone Ether 50cc/min 93% GC-FID Junk, et al. (1974)
12 5% 0OV-=-1 on ’
Benzil - 97 Chromosordb W
Benzaldehyde- 101
Salicyl- 100
aldehyde
Hexyl ether 75
Benzyl ether 99
Anisole 87
2-Methoxy- 97
naphthalene
Phenyl ether 91
Methyl iso- Ether 2ce/min 100 GC-MS Burnham, et al. (1972)
butyl ketone ’ 508 15% Carbowax
. 20M on
Chromosorb P
200° C.
XAD-2 DDE Ether 81 Junk, et al. (1974)
i Acids
Octanoic Ether 50ce/min .5% KC1 - H20 108 GC-FID Junk, et al. (1974)
1% 5% OV-1M
Decanoic 90 Chromosorb W
Palmitic 101
Oleic 100
Benzoilec.- 107
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

ARRANGED ‘BY ACCUMULATOR

Desorption. -

-| Sampling Recovery Assoclated -
. or . Collection . . : —~an
Accumulator Accumulant Extraction |TaFe Sample Parimeters and Aralytical Peleraace
. - ¢ - Volune Sensitivity Methed
Medium .
XAD-4 sym-Tetra- Chloroform 22ce/min ' Distilled water 90% GC Webb(1975)

-lchloroethane Extraction N
bis-Chloro . 80
isopropyl ether :
a~Terpineol 80

- [Naphthalene’ 80
o-Nitrotoluene 83
2-Methyl .
naphthalene 77
i-Methyl
naphthalene 77
Benzothiazole 82
Phenol 38
p-Cresol ’ 69
Acenaphthane 81
Dibenzofuran 82
2-Ethylhexanol 91
Isophorone 86
Pentachloro- ' 84
phenol

tPalmitie acid

79
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

- Desoggtion Sampling Collection Recovery Assoclated
Accumulator Accumulant Extraction Sample Parameters se azgi 1t An;lg;igal Reference -
Medium Volume nsitlvity etho
XAD-U4 Dehydroabletic Chloroform 22ce/min Distilled VWater 90 GC W
acid | S Extraction * ’ e§b (1975)
2-Ethylhexyl 11
phthalate * .
Phenols )
XAD-4 0~-Cl phenol Ether 30-50ce/min 5% HCL 6 Junk, et al. {(1974)
: Phenol . 1z - : 0
p=C1l phenol’ 95
o-Cresol 73
2,“,6-013 99
phenol )
3,5 Xylenol 79
1-Naphthol 91
Acids
Heptanoilc NH,0H pH=2 100 luc- Riley, Taylor (1963)
Heptadecanoic NH,,OH 12 pH=2 100
U<Ketoglutaric | KOH 5ce/min pH=7.6 100
XAD-T Nitrogen
Compounds
Aniline 100 GC-MS Burnham, et al.
. 15% Carbowax {{1972)
20 M on
Phenols Chromosorb P
(-]
Phenol . . 86 200° ¢.
sym-Tetra- Chloroform 22¢cce/min Distilled water 90 GC Webb (1975)
chloroethane -
n-Hexadecane
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ARRANGED BY ACCUMULATOR

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER.

Desorption

Sampling ; Recovery Associated
N - or p Collectlon - : Refererce
Accumulator Accumulanu Extraction Rate Sarple . Papameters Sengig*vity Anﬁiggégal ef ce.
Medium Volume - )
XAD~7 a-Terpineol Chloroform _ 22ce/min Distilled water 364 GC Webb (1975)
. Naphthalene Extraction ) 64"
o-Nitrotoluene 53
.2-Methyl " 63
naphthalene
1-Methyl 64 .
naphthalene
Benzothiazole 40
Phenol 19
p~Cresol 33
-| Acenaphthene 72
Dibenzofuran 13
2-Ethylhexanol T4
Isophorone 46
Pentachloro- 83
phenol
Palmitic acid 12
Dehydroabletic 30
acid
2-Ethylhexyl
phthalate : 22
XAD-8 sym-Tetra- "Chloroform 22¢c/min Distilled water 90 GC Webb (1975)
chloroethane
bis-Chloro - 77

isopropyl ether
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ACCUMULATION OF ORGANIC SUBSTANCES FROM VATER.
. ARRANGED BY ACCUMULATOR

Desorption

Sampling . Recovery Associated
- Tane or Collection nd nralvt R rence -
Accuzulator Accunulant Extraction Sarple Parameters Seﬂzztivi*y A“;i{hggal eference
Medium Volume i v i
XAD-8 a-Terpineol Chloroform 22cc/min- Distilled water 622 GC Webb (1975)
Extraction ’
Naphthalene e ’ . : N 78
o-Nitrotoluene 77
2-Methyl 77
naphthalene ’
1-Methyl 80
naphthalene
Benzothiazé;e - 53
Phenol 29
p-Cresol 47
Acenaphthene - 20
Dibenzofuran 95
12-BEthylrexanol 79
| Isophorone T y7
Pentachloro- 77
phenol A
Palmitic acid 16
Dehydroabletic 90
acid
2-Ethylhexyl 13

phthalate
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ACCUMULATION OF CRGANIC SUBSTANCES FROM WATER.

ARRANGED -BY ACCUMULATOR

Desorption

Sampling : Recovery Associlated
or Collection
Accumulator Accumulant Extraction Sample Parameters Sengzgivit An;iz;ggal Reference
Medium Volume ¥ y °
XAD: 446 sym-Tetra- Chloroform 22ce/min Distilled water 90% Gc | Webb (1975)
T chloroethane Extraction' )
n~-Hexadecane 11
a-Terpineol 80
Naphthalene 80
o-Nitrotoluene 83
2-Methyl  * 77,
naphthalene
1-Methyl 79
raphthalene
Benzofhiagélel- 82
Phenol ’ 46
p~Cresol 68
Acenaphthene 81
Dibenzofuran 8{ L.
Tois-chlore
isoprophyl
ehter L
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER .
ARRANGED BY ACCUMULATOR

: Deso:gtion Sampling Collectiog Recovery Associated .
Accumulator Accumulant Extraction Sample Parameters s a;ii 1t An;lz;igal Reference
Medium Volume ensitlvity etho
Chromosorb 102| Aromatics
. Benzene Heat S5ce/min .90z GC Mieure,Dietrich
pyridine 46=79 (1973)
Phenols
Phenol 25561
m-Cresol 75
o-Ethyl
phenol 91
p~Ethyl 89
phenol
Ketones
Methyl isobuty . 100
ketone .
Acetone - 21-42
Halogenated
Aliphatics
CHCl3 85-93
Alcohols .
Methanol <5%
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ARRANGED BY ACCUMULATOR

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER.

: Deso:gtion Sampling Collecticn Recovery Assoclated
Accunulator Accumulant Extraction R Sample sapameters Seni?iivit Anﬁizgigal Reference
Medium Volume y
Tenax GC Pesticldes )
'Hexachloro- Ether ‘3%/hr pE 6,8 - 7.2 71-91% GC; Eleetron| Leoni, Puccetti,
benzene Extraction lug/2 standard . Capture, and| Grella (1975)
B Phosphorus
detectors
Aldrin 42-92
Dieldrin 94-97
Heptachlor 88-102
Heptachlor 96
epoxide
a-ChJorpdepe: 99
DDT 91-109
DDE : 60-96
'fDE 93-96
DCBP 80-84
BHC 62-105
Methoxychlor 75
Ronnel 88-104
Dursban . 89
Diazinon ° 80
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ACCUMULATION OF OHGANIC SURSTANCES FROM WATER
ARRAMGED BY ACCUMULATOR

Desorption

: on Sampling Collection Recovery Associated
Accunulator Accumulant Extraction Rate Sample Parameters Sengzgivity An;iz;égal Reference -
Medium Volume :
" Tenax GC Malathion Ether '3£/hp pH 6.8 - 7.2 71-104% GC, Electron| Leoni, Puccetti,
Extraction - lug/ 2 standard : Capture, and| Grella (1975)
. : Phosphorus
detéctors
Parathion 90-112
Summithion 108
Aromatics
Anthracene. 97-100 TLC and
. Spectrophoto-
Perylene 86-92 fluorimetry
. Ideno '95-86
Pyrene 98
Fluoranthene 96
3,4 Benzopyreng 97
A-26 Anion Phenél UM HC1 elution| 10-15cc/min pH 12.0 - 12.5 93-95 GC-0V-17 Chriswell; et al,(1975)
Exchange Resin followed by Coe :
CH,C1
exgragtion
g-Cresol . 90-94
p-Cresol 80-96
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
' ARRANGED BY ACCUMULATOR

. Desoggtion Sampling Collection Recovery Assoclated
Accunulator Accumulant Extraction Sample Parameters s andi - | Analytical AReference -
Meddum Volume ensitivity Method
A-26 Anion p-Chlorophenol| 4M HCL eluticn 10;-15cc/m1n pH 12.0 - 12'.5 95-100% GC-0v-17 Chriswell, et al. (1975)
. Exchange Resin followed by : . . .
- ’ CH2012 :
extraction
4-Chloro-3-
methyl phenol 95-100
2,4,6-Tri- _
chloro phenol _95-102
H Pentachloro-.
phenol 80-89
3,5-~Dimethyl--
phenol 90~95
2 Naphthql 95
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ARRANGED BY ACCUMULATOR

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Desorption

: Sampling Recovery Assoclated
. or Collection
Accumulator Accumulant Extraction Sample Parameters Sen:?givit An;:g;igal. Reference .
Medium Volume y g
XAD-2 Tetrahydro- Ether 30-50ce/min . pH=8 62% GC-FID Junk, et al. (1974)
naphthalene : acid-washed
. : - ] DMCS-treated
Ethyl benzene 81 Chromosorb-W
5% OV-1
Cumene 93
p-Cymene 92
Benzene Ether 2cc/min 100 GC=-MS Burnhan, et al.
naphthalene : 50 g . 15% Carbowax | (1972)
' 20M on
Chromosorb P
200° C
Alcohols
Hexyl Ether 30-50ce/min 93 Junk, et al. (1974)
- 1 2
2-Ethylhexanol 99
2-Octanol 100
Decyl 91
Dodecyl 93
Benzyl 91
Cinnamyl 85
2-Phenoxy- 102

ethanol
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

Desoggtion Sampling Collection - Recovery Assoclated
Accunulator Accumulant Extraction Rate Sample Parameters s and Analytilcal Reference
Medium Volume ensitivity Method
Fotyzechene hexane | Sorgpo min | L oot T B R T
Lindane ss8
Heptachlor 50
Aldrin 45
Heptachlor- 8
epoxide
Endrin 78
: p,p"'-DDE 80
Dieldrin 23
o,p"-DDT 68
p,p'-TDE 80 ‘
p,p"-DDT 84 o
FCB's 84 Gc Webb .(1975)
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ACCUMULATION OF ORJANIC SUBSTANCES FROM WATER

ARRANGED BY ACCUMULATOR

Desoggtion Sampling Collection Recovery Associated .
Accuzulator Accurulant Extraction Rate Sample Parameters Senasl?givit An;izgégal Reference .
lediun Volume - y t
lyur hexana - 30-250 £/min 1 ppb G-C-ECD* Uthe, Reinke,
Fol ethane : 4. PP - 3% SE«30, & Gesser (1972) _
Coated ¢ . : .
DC-200 Lindane 97%
Heptachlor 92
Aldrin 92 .
Heptachlor- 100 '
epoxide :
_ Endrin 100
" p,p'~DDE 99
Dieldrin 100
0,p'~DDT — 93
P,p'~TDE 100 '
98

P, P '~DDT
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

Desorption

Sampling . Reccvery Assoclated
R . . or Collection A - -
Accumulator Accumulant Extraction Rate Sample Parameters se zigivit nn;lggégal aefe-ence.
Medium Volune n y ¢
Polyurethane hexana ° 30+250 ¢ /min 1 ppb G-C-ECD' Uthe, Reinke, .
_ a0 . 3% SE-30 Gesser (1972)
Coated ¢
SE-30 Lindane 95%
Heptachlor 80
Aldrin 71
Heptachlor~ 95
epoxide
Endrin 90
‘p,p'~DDE 92
piéldrin 60
o,p'-DDT 50
p,p'~TDE 72
p,p'~DDT ’ 50
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ACCUMULATION OF ORGANIC SUESTANCES FROM WATER

ARRANGED.BY_ACCUMULATOR

Desoggtion Sampling Collection Recovery -Associated .
Accuaclator Accurulant Extraction Rate Sample Paramet;rs s and Ana‘ly tical Reference .
Medium Volume ensitivity Method
Polyurethane hexana " 30-250 %/min 1 ppb_ g-e-zco . i’tEZ;s‘Zi“i’iSsz) .
gggtgd ¢ Lindane 1o0s .
Heptachlor 87
Aldrin 73
Heptaghlor— 89
epoxice
Endrin 95
p,p'~DDE 88,
Dieldrin 51
0;p '=DDT 47 .
p,p " '~TDE 74

p,p '~BDT

34
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

Desorption

mn N 1
Aecuzulator Accumulant Extrgition gi;‘:'.f;l:'.ngSar:‘.ple g:ii;::é;g sRegggerY ﬁi;§§§i§§i feference
. . Medivm Volume ensitivity Fethod
reigurestaze eane | S0z asmn |3 A T N
Coated C
QF~1 : Lindane 100%
Heptachlor 87
Aldrin 80
Heptachlor~ 95
epoxide
Endrin 100
p,p'-DDE 96 |
Dieldrin 73
o,p'-DDT 72
p,p'~TDE 87
p,p'<DDT 69
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ACCUMULATION OF GRGANIC SUBSTANCES FROM WATER.‘

ARRANGED BY ACCUMULATOR

Desozguion Sampling Collection" Recovery Assoclated : .
e + Tye
.Accm\.lator Accurulant Extraction Rate Sample Parameters Senzzz*vit An;g;}égal fleference
~ Medium Volume svity i
1 hexane " 30+250 &/min 1 ppb G~C-ECD' Uthe, Reinke,
Polyurethane : it 3% SE-30 . & Gesser (1972)
Coated ¢ : - .
ov-25 Lindane 97% .
Heptachlor 58
Aldrin 47
Heptachlor- 71
epoxice
Endrin 70
?,P'-DDE 72
Dieldrin 48
0,0'-DDT 50
p,p*~TDE 60
p,pteDDT 45
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ACCUMULATION OF ORGANIC SUESTANCES FROM WATER

ARRANGED BY ACCUMULATOR

A A Des"ﬁitm‘ Sampling Collection Recovery Associated
e iyl .
ceumulator ccumulant Extraction Rate Sample Parameters Sen‘:i‘éivit An;;zgsgal Reference
Medium Volume y ¢
Polyurethane hexane - 30+250 &/minb 1 ppb G-C-ECD Uthe, Reinke .
¥e : 4 ¢ 3% SE+30., & Gesser (1972)
Coated © . '
oV-225 Lindane 91g °
Heptachlor 58
Aldrin 45
Heptachlore .
epoxide 76
vEndrin 74
p,p"'=DDE 72
‘Dieldrin 44
o,p '-DDT 50
p,p'~TDE 64
p,p"~DDT 45




-cTli-

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

ARRANGED BY ACCUMULATOR

R 1 A 1 Deso:gtion Sampling Collection Recovery Associated .
ccumulator ccumulant Extraction Sample Parameters and Analytical Reference
Medium Volume Sensitivity Method
Activated Aromatics
Carbon .
Toluene CHCl3 23202 GC-MS Kleopfer , Fairless
SE-30 on (1972)
Chromosorb-W
_ 40°-210° C
Xylene
Styrene
Ethylbenzene-
Phenols .
Cresols CHCl3 95-100% GC-FID Eichelberger, Dressern
followed by 10% Carbowax | Longbottom (1970)
2M on
iigﬁéiil' Chromosorb W
210°-240° C
Dimethyl 60-88
phenols
Trimethyl 88-94
phenols
2,3,5,6-Tetra- 90
methyl phenol
Chlororhenols 80-92
Dichloro- 86-100

phenols
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

s Desorption Recovery Assoclated
. or Collection
Accumulator ~ Accumulant Extraction Parameters and Analytical Reference
Medium Sensitivity Method
Activated Trichloro- CHC1,- 83-100% GC-FID Eichelberger,
carbon phenols followed by %g%ogarbowax ?igggir, Longbottom
- Plorisil :
Phepol column 104 g?ggfgiggg W
1-Naphthol 71
2~-Naphthol 111
o~Nitro- 102
phenol
Ketones &
Ethers
Bis(2-chloro- CHCl3 2320 & GC-MS Kleopfer, Fairless
ethyl) ether 35-30 on b W (1972)
romnosor
4ge-~210° C.
Bis(2-chloro-
isopropyl)
ether
Chlorohydroxy-
benzophenone
Nitrogen
Compounds
TNT ' Acetone 22 LC-Cyg/ Walsh, Chalk,
Corasil Merritt, Jr. (1973)
Acetonitrile-

Hzo
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER
ARRANGED BY ACCUMULATOR

Desorption

: Recovery Assoclated
Accumulator Accumulant ExtrSZtion g:ii::g:g: and Analytical Reference
. Medium Sensitivity Method
Activated Halogenated
Carbon Aliphatics
Br012CH CHC1 23202 GC-~MS Kleopfer, Failrless
3 3 days SE 30 on (1972)
Chromosorb W
40°-210° C
ClBrZCH
01200012
BrBCH

02016
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ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER.
ARRANGED BY ACCUMULATOR

. Desoggtion Collection Recovery Associated
Accumulator Accumulant‘ Extraction Parameters and Analytical Reference -
Medium Sensitivity Method
Activated Halogenated
Carbon Aromatics
Hexachloro- CHCl3 2320 2 GC-MS Kleopfer, Fairless
benzene . SE-30 on (1972)
Chromosorb W
40°-210° ¢
Humic Acid- Herbicides &
Fe colloids Pesticides
DDT Extraction T : 80.5 luC Poirrier, Bordelon,
n-heptane x 15,000 conc Laseter (1972)
Extraction Aromatics
with C32613 ' .
Biphenyl 46-79% GC-M3S Hites (1973)
Esters
Diethyl GC-MS Hites (1973)
phthalate .05% OV-17 on
glass beads
70°-250° C
Di-n-butyl
|phthalate
Di-2-ethyl-

hexyl adipate
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ARRANGED BY ACCUMULATOR

ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

Accunulator

Accunulant

Desorption
or
Extraction
Medium

Colilection
Parameters

Recovery
and :
Sensitivity

Assoclated
Analytical
Method

Reference -

Extraction
with CH2012

Extraction

with n-hexane/

isopropanol

Extraction
with benzene,

Di-octyl
phthalates

Butyl
benzoate

Diisodecyl
phthalate

Halogenated
Aromatics

Pentachloro-
phenol

Herbicides &
Pesticides

vy-BHC

Heptachlor
Aldrin

Heptachlor
epoxide

Dieldrin

Endrin

100ce

500ce

2¢ce conc. stou

94z

89
95
97

98
96

GC-MS

.05% OV-17 on
glass beads
70°-250°C

GC~-ECD
QF~1 on
Varaport
150° c.

GC

Hites (1973)

Rudling (1970)

Konrad, Pionke,
Chesters (1969)




ACCUMULATION OF ORGANIC SUBSTANCES FROM WATER

BIBLIOGRAPHY

Ahmed, S.M., Beasley, M.D., Efromson, A.C., and Hites,
Ronald A., "Sampling Errors in the Quantitation of
Petroleum in Boston Harbor Water." Analytical
Chemistry, 46: 1858-1860 (1974).

Allen, S.C., Pahl, R.H., and Mayhan, K.G., "Organic Desorption
- From Carbon-1." Water Research, 5: 3-18 (1971).

Baker, Robert A., "Microchemical Contaminants by Freeze
Concentration and Gas Chromatography." Journal WPCF, 37:
1164-1170 (1965). '

Baker,ARobert A., "Trace Organic Contaminant Concentration
by Freezing-~I. Low Inorganic Aqueous Solutions."
Water Research, 1: 61-77 (1967).

Baker, Robert A., "Trace Organic Contaminant Concentration
by Freezing-~II. Inorganic Aqueous Solutions."
Water Research, 1: 97-113 (1967).

Baker, Robert A., "Trace Organic Contaminant Concentfation
by Freezing--IV. Ionic Effects." Water Research, ﬂ:
559-573 (1970).

Baker, Robert A., and Malo, Bernard A., "Phenolics by Aqueous-
Injection Gas Chromatography." Environmental Science &
Technology, 1: 997-1007 (1967).

Barth, Edwin F., and Acheson, Nicholas H., "High-Molecular-
Weight Materials in Tap Water." Journal AWWA, 54: 959-
964 (1962).

Burnham, A.K., Calder, G.V., Fritz, J.S., Junk, G.A., Svec,
H.J., and Willis, R., "Identification and Estimation of
Neutral Organic Contaminants in Potable Water " Analytical
Chemistry, 44: 139-142 (1972).

Chriswell, Colin D., Chang, Richard C., and Fritz, James S.
"Chromatographic Determination of Phenols in Water."
Analytical Chemistry 47: 1325 (1975).

-117~



Deinzer, M., Melton, R., Mitchell, D., Kopfler, F., and
Coleman, E., "Trace Organic Contaminants in Drinking
Water; Their Concentration by Reverse Osmosis." Presented
before the Division of Environmental Chemistry, American
Chemical Society, Los Angeles, CA, March 31-April 4, 1974.

Eichelberger, James W., Dressman, Ronald C., and Longbottom,
James E., "Separation of Phenolic Compounds from Carbon
Chloroform Extract for Individual Chromatographic Iden-
tification and Measurement.”"  Environmental Science &
Technology 4: 576-578 (1970).

Ettinger, M.B., "Proposed Toxicity Screening Pfocedure for
Use in Protecting Drinking-Water Quality." Journal
American Water Works Association 52: 689-694 (1960).

Glaze, William H., Henderson, James E. IV, Bell, Johnny E.,
and Wheeler, Van A., "Analysis of Organic Materials in
Wastewater Effluents After Chlorination." Journal of
Chromatographic Science 11: 580-584 (1973).

Hites, Ronald A., "Analysis of Trace Organic Compounds in
New England Rivers." -Journal of- Chromatographic Science

11: 570-574 (1973).

Hites, R.A. and Biemann, F., "Water Pollution: Organic Com-

pounds in the Charles River, Boston." Science 178: 158-
160 (1972). :
Hurley, John T., "Pesticide Analysis in Water." Journal

AWWA 66: 27-31 (1974).

Junk, G.A., Svec, H.J., Vick, R.D., and Avery, M.J., "Con-
tamination of Water by Synthetic Polymer Tubes."
Environmental Science and Technology 8: 1100 (1974).

Junk, G.A., Richard, J.J., Grieser, M.D., Witiak, D.,
Witiak, J.L., Arguello, M.D., Vick, R., Svec, H.J.,
Fritz, J.S., and Calder, G.V., "Use of Macroreticular
Resins in the Analysis of Water for Trace Organic Con-
taminants." Journal of Chromatography 99: 745-762 (1974).

Kammerer, Phil A. Jr., and Lee, G. Fred, "Freeze Concentra-
tion of Organic Compounds in Dilute Aqueous Solutions."
Environmental Science & Technology 3: 276-278 (1969).

Kennedy, David C., "Treatment of Effluent from Manufacture of
Chlorinated Pesticides with a Synthetic, Polymeric Adsor-
bent, Amberlite XAD-4." Environmental Science & Tech-
nology 7: 138-141 (1973).

-118-



Kleopfer, Robert D., and Fairless, Billy J., "Characteriza-
tion of Organic Components in a Municipal Water Supply."
Environmental Science & Technology 6: 1036-1037 (1972).

Konrad, J.G., Pionke, H.B., and Chesters, G., "An Improved
Method for Extraction of Organochlorine and Organophos-
phate Insecticides from Lake Waters." Analyst 94 490-
492 (1969).

Lee, E.G.H., and Walden, C.C., "A Rapid Method for the Esti-
mation of Trace Amounts of Kerosene in Effluents."
Water Research 4: 641-644 (1970).

Leoni, V., Puccetti, G., and Grella, A. "Preliminary Results
on the Use of Tenax for the Extraction of Pesticides and
Polynuclear Aromatic Hydrocarbons from Surface and
Drinking Waters for Analytical Purposes." Journal of
Chromatography 106: 119 (1975).

Mieure, J.P., and Dietrich, M.W., "Determination of Trace
Organics in Air and Water." Journal of Chromatographic
Science 11: 559-570 (1973).

Myrick, H. Nugent, and Ryckman, DeVere W., "Considerations
in the Isolation and Measurement of Organic Refractories
in Water." Journal AWWA 55: 783-796 (1963).

Poirrier, Michael A., Bordelon, Billy Ray, and Laester,
John L., "Adsorption and Concentration of Dissolved Car-
bon-14 DDT by Coloring Colloids in Surface Waters."
Environmental Science & Technology 12: 1033-1035 (1972).

Rambrow, Carl A., "Effect of Flow Rate on Carbon Filter Per-
formance." Journal AWWA 55: 1037-1043 (1963).

Riley, J.P., and Taylor, D., "The Analytical Concentration
of Traces of Dissolved Organic Materials from Sea Water
With Amberlite XAD-1 Resin." Analytica Chimica Acta
46: 307-309 (1969).

Rosen, A.A., Skeel, R.T., and Ettinger, M.B. "Relationshlp
of Rlver Water Odor to Specific Organic Contamlnants
Journal WPCF 35: 777-782 (1963).

Rudling, Lars, "Determination of Pentachlorophenol in Organ-
ic Tissues and Water." Water Research 4: 533-537 (1970).

Semmens, Michael, and Gregory, John, "Selectivity of Strongly
Basic Anion Exchange Resins for Organic Anions." Environ-
mental Science & Technology 8: 834-9 (1974).

-119-



Snoeyink, Vernon L., and Weber, Walter J. Jr., "The Surface
Chemistry of Active Carbon."  Environmental S
Technology 1: 228-234 (1967).

Sridharan, Nagalaxmi, and Lee, G. Fred, "Coprecipitation of
Organic Compounds. from Lake Water by Iron Salts."
Environmental Science & Technology 12: 1031-1033 (1972).

Tardiff, R.G., and Deinzer, M., "Toxicity of Organic Com-
pounds in Drinking Water." Presented at the Fifteenth
Water Quality Conference, February 1973, University of
Il1linois.

Uthe, J.F., Reinke, J. and Gesser, H. "Extraction of Organo-
chlorine Pesticides from Water by Porous Polyurethane
Coated and Selective Adsorbent." Env. Lett. 3: 117
(1972).

Walsh, John T., Chalk, Ronald C., and Merritt, Charles Jr.,
"Application of Liquid Chromatography to Pollution
Abatement Studies of Munition Wastes." in Adv. Gas
Chrom. (ed. A. Zlatkis). p. 219 (1973).

Webb, Ronald G. "XAD Resins, Urethane Foams, Solvent Ex-
traction for Isolating Organic Water Pollutants."
EPA report (to be published).

-120-



TABLE 2-5

ACCUMULATION OF METAL IONS FROM WATER

The followlng pages contain tables that function as
a guide to the accumulator literature. The entries are
arranged in alphabetical order by atomic symbol with each
entry referring to a specific accumulation procedure for
that‘metal.

Each entry contains the literature reference and
ldentifies the procedure by type of accumulator and
specific accumulator formulation (chelating agent and
solvent for chelation/extraction, resin type for ion
exchange, carrier for coprecipitation and cocrystallization,
and reducing agent for head space analysis).

Where avallable, the concentration factor, applicable
concentration, collection efficiency and optimum collection
pH are also given. The collection efficiency 1s stated in
terms of percent recovery and/or the standard deviation in
the percent recovery. Lists of abbreviations and references

are given at the end.
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ACCUMULATION OF METAL IONS FROM WATER

SpecificH Concen- | Applicable %
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor “tration (+) Parameters
Ag Chelation- APDC/ pH = 2.8 Brown,
extraction MIBK : Skougstad,
‘ Fishman (1970)
Ag Chelation- DQA/ PH = 6 Sachdev and
extraction ethyl pro- West (1970)
plonate
Ag Chelation- Dithizone Takelchi, et
- extraction al. (1966)
Ag Chelation-— Oxine/ 10 .002~.25ppm pH = 6 Sachdev, and
extraction ethyl pro- West (1970)
pionate :
Ag Chelation- Oxine/ 4 x 105 .3 ppb 100 pH = 7.2 Brooks (1965)
extraction CHCl3
Ag Chelation- APDC/ pH = 2.0-2.5| Chao, Fishman,
extraction MIBK and Ball
(1969)
Ag Chelation - Dithizone/ 10 .002 ppm PH = 7.5 Sachdev and
extraction Ethyl pro~ West (1969)
prionate
1 Ion exchange Anionic resin Chao, Fishman,

Ag

¥ See list

of Abbreviations at end of table.

and Ball
(1969)
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- Applicable A s
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation | Factor tration (+) Parameters
Ag - Ion exchange | AG 1-X8 resin .02-6.0 ppb 90-100 pH = 1 Chao, Fishman,
. and Ball
(1969)
Ag Ion exchange | Chitosan .01 ppm 100 pH = 7.8 Muzzarelli, et
al. (1969,
1970)
Ag Chelation- DEDC/ Joyner et al.
extraction CHC13 (1967)
Ag Evaporation .05~100 ppt +11.7 T = l1l2gQ°cC LeRoy and
Lincoln (1974)
Ag Cocrystal- Thionalide 100 pH = 3.5-7.0) Lai and Welss
lization (1962)
Ag Cocrystal- 2-Mercapto- 99 pH =1 - 5§ Weiss and Lai
i1ization benzimidazole (1963)

# See 1ist of Abbhreviations at end of ftabhle.
3 : ‘
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- Applicable 4
Accumulant Accumulator Accumulator tration Concen-~ Recovery Collection Reference
Type Formulation | Factor tration (+) Parameters
Al. Chelation- Oxine/ pH = 8 Fishman
extraction “MIBK (1972)
Al Chelation- 2§ﬁ{]- 100 pH = 6 Sachdev and
extraction ayl pro-
pionate West (1970)
Al Chelation- Oxine/ 10 -10-10.0 ppny PH = 6 Sachdev and
“extraction Ethyl pro- West (1970)
piocnate ’
Al Chelation- Trifluoro- Joyner et al.
extraction acetyl ace- (1967)
tone/
CHCl3
AL Chelation- Oxine/ 4 x 105 | .01 ppm 100 pH = 7.2 Brooks (1965)
extraction CHCl3
Al Chelation- DQA/ .009 ppm 100 pH = 5§ Hsu and Pipes
extraction benzene (1972)
Al Ion exchange CPG~-8-HOQ 270 ppb 100 3 pH = 4-9 Sugawara,
Weetall, and
Schucker
(1974)

* See 1ist of Abbreviations at end of table.




ACCUMULATION OF METAL IONS FROM WATER

-GetT-

Seellist of Abbreviations at end of table.

Specific* Concen~ | Applicable % ‘
Accumulant Accumulator | Accumulator tration Concen- Recovery Collectilon Reference
. Type Formulation | Factor tration (+) Parameters
A1 Filtration HA Millipore Joyner (1964)
filter; com-
plex with
" ferron and
orthophenan-
throline
Al Evaporation .0lppm-.2ppt| %7.3 T = 120°C LeRoy and
' Lincoln (1974
As Chelation~ APDC/ Mulford
Extraction MIBK (1966)
As Chelation- pDDC/ 1 ppm 10346 pH = 2 (six | Tam (1974)
Extraction CHCl3 hours UV
photooxida-
tion) :
As Chelation~ AMTH/ .025 ppm pH = 0.6-1.4 Ramakrishna,
Extraction butanol, Robinson and
ethyl ace- West (1969)
tone and
isoamyl
acetate
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ACCUMULATION OF METAL IONS FROM WATER

. _ Specific# Concen- | Applicable %
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Pactor tration (+) Parameters
As - Evaporation .2=1.0 ppm $19.2 T = 120°C |LeRoy and
‘ Lincoln (1974)
As Head space Reduce with 20.00015 ppdb Fernandez
analysis NaBHy, (1973)
Au Ion exchange | AG 1-X8 resin .05 ppb pH = 1 Chao (1969)
for storage
Au Ion exchange Chitin u‘x'lo’uM 100 pH = 6 Muzzarelli and
' 1-5 hr., Tubertini
distilled (1969)
water
Au Chelation- Dithizone/ .000004 ppm 100 pH = 7.5 Brooks (1965)
extraction CHCl3 )
Au Evaporation ‘ .02-1.0 ppm +11.7 T = 120°C LeRoy and
i Lincoln (1974)
Au Cocrystal- Thionalide 98 pH = 0-7 Lai and
lization ' Weiss (1962)
Au Cocrystal- 2-Mercapto-~ .069 ppb 89 pH = 1 Welss and
lization benzimida- . Lai (1963)
zole

# See list

i

of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- | Applicable %
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Ba- Chelation- HFA/ 5 ppb 100 1 mg/ml K* to Edelbeck and
Extraction isoamyl ace- control ion~ West (1970)
tate ization;
high pH
Ba Ion exchange | Dowex 50W-X8 91ty . Szabo and
resin Joensuu
(1967)
Ba Ion exchange Dowex 50-X12 1 ppb 10.86 Andersen and
Ca form ' Hume (1968)_
Ba Cocrystal-~ - Potassium 10-14_10-16 99-100 pH = 5-8 Welss and
lization rhodizonate M Lai (1960)
Be Chelation- DQA/ 10 .002-.10 ppn 100 pH = 6 Sachdev and
Extraction ethyl pro- West (1970)
plonate i
Be Evaporation .01-1.0 ppm +18.6 T = 120°C | LeRoy and .
' Lincoln .
(1974)

# See list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

Applicable

Specific# Concen- 4
Accumulant Accunulator Accumulator tration- Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Bi Chelation- APDC/ pH = 2.8 Mulford
Extraction MIBK : (1966)
Bi Ion exchange | Chelating Riley and
resin Taylor (1968)
- Bl Evaporation .01-1.0 ppm %12.4 T = 120°C |LeRoy and
: ' Lincoln (1974)
B1i Head space Reduce with Pollock and
analysis NaBH) - West (1973);
Schmidt and
Royer (1973);
Fernandez
(1973)
Ca Ion exchange Chelex-100= 1 ppm Blake, Bryant
Dowex A-1 and Waters .
(1969)
Ca Ton exchange Dowex 50-X10 Christova and
Kruschevska
(1966)
+
Ca Evaporation .01-500 ppm ~10.4 T = 120°C LeRoy and
Lincoln
(1974)

# See 1ist of Abbreviations at end of table.

i
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ACCUMULATION OF METAL IONS FROM WATER

. Specific# Concen- Applicable %
Accumulant Accumulator Accumulator tration Concen- - Recovery Collection Reference
Type Formulation | Factor tration (+) Parameters
cd - Chelation- APDC/ pH = 2.8 Brown,
Extraction MIBK Skougstad and
Fishman (1970)
cd Chelation- Dithizone Takeuchi,
Extraction Suzuki and
Yanagisawa
(1966)
cd Chelation- DQA/ 10 .001~.1 100 pH = 6 Sachdev and
Extraction ethyl pro- : ‘West (1970)
pionate
Ccd Ton exchange Chelating Riley and
resins Taylor (1968);
: Biechler .
(1965)
cd Evaporation .01-1.0 ppm *12.5 T = 120°C LeRoy and
’ : Lincoln
(1974)
cd Chelation- | Dithizone/ 10 .001 ppm pH = 7.5 Sachdev and
Extraction ethyl pro- : West (1969)
plonate

%  See 1list of Abbreviations at end of table.



-0ET-

ACCUMULATiON OF METAL IONS FROM WATER
Specific# Concen- | Applicable %
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (€] Parameters
Ce’ Chelation- H(FHD)/ 0.2-15 ﬁg 991> pH = 5.5 Burgett and
Extraction DBSO ' Fritz (1973)
Ce Chelation- Bis(2-ethyl Joyner et al.
extraction hexyl)-hy- (1967)
drogen phos-
phate/n-Hep-
tane
Ce Cocrystal- " 1-Nitroso- >95 pH = 7 Joyner et al.
lization 2-naphthol » (1967)
Co Chelation- APDC/ pH = 2.8 Brown,
Extraction MIBK Skougstad and
Fishman (1970)
Co Chelation- Diethyl/ Nix and
Extraction Dithiocarba- Goodwin (1970)
. "mate
Co Chelation- Dithizone Sachdev and
Extraction West (1969)

*# See list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

® See 1list of Abbreviations at end of table.

" Specific# Concen- Applicable %
Accumulant Accumulator Accunmulator tration Concen~ Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Co Chelation- Dithizone/ " 10 4 ppb pH = 7.5 Sachdev and
Extraction Ethyl pro- ‘ West (1969)
plonate
Co Chelation- DQA/ 10 .004-.20 ppm 100 pH = 6 Sachdev and
Extraction Ethyl pro- West (1970)
plonate
Co Ion exchange | Chitosan .0104 ug 100. pH = 7.8 Muzzarelli,
from sea Raith, and
water Tubertini
(1970)
Co - Chelation- APDC/ Joyner et al.
Extraction MIBK (1967)
Co Chelation- Dithizone/ .5 ppb 100 pH = 7.5 Brooks (1965)
Extraction CCly or . -
CHCl3;
Co Ion exchange | Chelating Riley and
resin Taylor (1968)
. Co Evaporation .01-10.0ppm +11.6 T = 120°C LeRoy and
Lincoln
(1974)
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ACCUMULATION OF METAL IONS FROM WATER

See l1list of Abbreviations at end'of table. -

. : SpecificH Concen~ | Applicable %
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Co Cocrystal- 1-Nitroso-2- 100 pH = 1-9 Joyner et al.
lization naphthol (1967)
Co Cocrystal- Thionalide 96 pH = 10 Lai and Weiss
lization (1962)
Co Coerystal- 5,7-Dibromo- .025 ppm 99 pH = 8 Riley and
lization 8-Hydroxy Topping (1969)
quinoline
Co Coprecipita- | KOH 9718 pH = 6-7 Joyner et al.
tion From (1967)
_ Sea Water
Co Copreclpita- Magnesium .1-100 ppb 93 Geetha and
tion hydroxide Joseph (1968)
Co Ion exchange | CPG-8-HOQ 248 ppb 100%3 pH = 5-7 Sugawara,
: ' Weetall, and
Schucker
(1974) .
Co Chelation- Dithizone/ 2 ppm 8ots pH = 2-8 Matkovich and .
Extraction acetone ' Christian
) (1974)
Co Chelation HHFA and .2 ppt 30-40 pE = 4-9 Mitchell and
Extraction TOPO/cyclo- Ganges (1974)
hexane .
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ACCUMULATION OF METAL IONS FROM WATER

¥ See l1list of Abbreviations at end of table.

_ Specific# Concen-~ | Applicable 4
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation { Factor tration (+) Parameters
Co Chelation- DEDC/ 100 pH = 6 Joyner et al,
Extraction MIBK (1967) .
0023 Sodium di- 3 x 10~1%g/ | 99.5%1.4 | pH = 5.0-5.5| Motojima,
cob0 Chelation- ethyldithio- ml Kenji, Bando,
Extraction carbamate/ and Tamura
benzene (1967)
Cr Chelation- Diethyl Nix and
Extraction dithiocarba-~ Goodwin (1970)
mate
Cr Chelation- Add MnOy- pH = 2.8 Mulford (1966)
Extraction Extract:
APDC/MIBK
Cr (VI) | Chelation- Dithizone/ Joyner et al,
' Extraction MIBK (1967)
cr (VI) Evaporation .01-500 ppm +9.8 T = 120°C LeRoy and
: Lincoln
(1974)
Cr Cocrystal-~ Thionalide 100 pH = 10 Lai and Weiss
lization ' (1962)
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ACCUMULATION OF METAL IONS FROM WATER

_ Specific# Concen- | Applicable %
" Accumulant Accumulator Accumulator tration Concen- . Recovery Collection Reference
‘ Type Formulation Factor tration (+) Parameters
Cr (III) | Cocrystal- 5,7-Dibromo- .5 ppb 100 pH = 8 Riley and
lization 8-Hydroxy- Topping
: quinoline (1969)
Cr,07 Chelation- APDC/ pH = 2.8 Mulford
Extraction MIBK (1966)
Cs Jon exchange AMP crystéls ) 5-50 ppm 100 pH = 2 Joyner et al.
: (1967)
Cs Ion exchange APMW 100 pH £7 Krtil and
crystals Krivy (1963)
Cs Jon exchange AMP .006 ppb g7¥2 pH = 6-7 Feldman and
Rains (1964)
Cs Ion exchange .Chitoéan .1l ppb 100 pH = 7 Muzzarelli and
Tubertini
(1969)
Cs Cocrystal- Ammonium >98 pH g 2-5 Joyner et al.
lization dipiecryl- : (1967)
aminate

# See list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

# See list of Abbreviations at end of

. : Specific# Concen- | Applicable )
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type - Formulation Factor tration (+) Parameters
Cu Chelation- APDC/ pH = 2.8 Brown,
Extraction MIBK Skougstad, and
: Fishman (1970)
Cu Chelation- DQA/ 100 pH = 6 Sachdev and
Extraction Ethyl propi- West (1970)
onate
Cu Chelation- Diethyldithid Takeuchi,
Extraction - carbamate Suzuki, and
‘ Yanagisawa
(1966)
Cu Chelation- Dithizone/ 10 2 ppb pH = 7.5 Sachdev and
Extraction Ethyl pro- West (1969)
pionate
Cu Ion exchange| - Chelating Riley and
1 resins Taylor- (1968);
Biechler
(1965)
table.
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ACCUMULATION OF METAL IONS FROM WATER

DEDC/CC1y or]
CHC1

2,2'-Digquino+
1yl neocupro+

ine/n-Hexanold
Trifluoro-

acetyl acetone
/CHC1
8-Quinolinol
/CHC1,
APDC gr Cup-
feron/MIBK

%# See 1ist of Abbreviations at end of table.

4 Specific# Concen- | Applicable %
~ Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Cu Ion exchange Lix-64 pH 22 Cerral and
Ghersini
(1969)
Cu Jon exchange Chitin 4 x 10‘“M 100 pH = 6 (1 hr|Muzzarelli and
: dist. water)| Tubertini
(1969)
Cu Chelation- DEDC/
extraction MIBK 100 pH = 6 Joyner et al.
(1967)
Cu < Chelation- Dithizone/ Joyner et al,
extraction CCly or CHC14 (1967)



ACCUMULATION OF METAL IONS FROM WATER
_ Specific¥ Concen- | Applicable %
" Accumulant Accumulator Accumulator tration Concen- | Recovery Collectlion Reference
Type ] Formulation Factor tyation (+) Parameters
Cu Solvent Dithizone .003 ppm 100 pH = 7.5 Brooks (1965)
extraction CHCl3 .
Cu - Evaporation .01-500 ppm 8.0 T =°120°C LeRoy and
) | Lincoln (1974)
Cu Coprecipita- | KOH ' ’ 92-99 pH = 6-7 Joyner et al.
tion - (1967) .
| Cu Cocrystal~ 5,7=Dibromo- | 5 ppb 100 pE =8 . Riley and
A lization 8-Hydroxy - Topping
W quinoline : (1969)
! ] : .
: Cu Ion exchange | CPG-8-HOQ 39 ppb ' 100%3 pH = 4-7 Sugawara,
Weetall, and
‘ . Schucker (1974)
Cu Chelation- Dithizone/ 5 ppm 90:10 pH = 1-8 Matkovich and
Extraction acetone Christian
‘ _ (1974)
Cu Chelation- HHFA and .2 ppt 50 pH = L-6 Mitchell and
Extractlon | popo/cyclo- Ganges (1974)
hexane

# See list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

* See‘list of Abbreviations at end of table.

_ Specific¥ Concen- | Applicable %
" Accumulant | Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation | Factor tration (+) Parameters
Eu Chelation- H(HFD)/ 0.2-15 ug 9912 pH = 5.5 Burgett and
Extraction DBSO Fritz (1973)
Eu Chelation- HHFA and .002 M 25=40 pH = 1-5 Mitchell and
Extraction TOPO/ cyclo- Ganges (1974)
' hexane
- Fe Chelation- APDC/ pH = 2.5-3 |U.S. Environ~-
Extraction MIBK mental Protec-
| tion Agency
Fe Chelation- Cupferron or Takeuchi,
Extraction Oxine et al. (1966)
Fe Chelation- Diethyl- Platte (1968); .
Extractlion dithio- Nix and
carbamate "Goodwin (1970) .
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ACCUMULATION OF METAL IONS FROMAWATER

Specific*¥ | Concen- Applicable %
" Accumulant Accumulator Accumulator tration Concen- . Recovery Collection Re’erence
: Type Formulation Factor tration (+) Parameters
Fe Ion exchange | Chelating Biechler
resins (1965);
Galle
(1971)
Fe "Chelation- DEDC/ 100 pH = 6 Joyner et al.
extraction MIBK (1967)
Fe Chelation- Diphenyl- Joyner et al.
extraction phenanthro- (1967)
line/Isobu-~
tyl Alcohol
Cupferron/
MIBK .
APDC or DEDC
CHC1
Trifluoro- )
acetone/
0HCl3
Fe Filtration HA Millipore Complex with| Joyner (1964) .

filter

* Seé list of Abbreviations at end of table.

ferron and
orthophenan-
throline
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ACCUMULATION OF METAL IONS FROM WATER

See 1ist of Abbreviations at end of table.

. Specific# Concen- Applicable %
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type - Formulation Factor tration (+) Parameters
Fe Evaporation .05-500 ppm +10 T = 120°C LeRoy and
‘ Lincoln (1974)
" Pe Cdcrystal- 1-Nitroso-2- 99 pH =-2-9 Joyner et al,.
lization naphthol (1967)
Fe Coprecipita- | KOH 100 p% = 6-7 Joyner et al,
tion rom
Sea Water (1967)
Fe (II) Ion exchange Chitin l x-lO‘uM 100 pH = 7, sea Muzzarel;'
’ : water and Tubertini
(1969)
Fe (II) Chelation- Dithizone/ 4 ppm  100 pH = 0-5 Matkovich and
. " ] Bxtraction Acetone Christian
(1974)
Fe (II) | Chelation HHFA and 70t5 | pH = 4-5 Mitchell and
Extraction TOPO/ cyclo- Ganges (1974)
hexane .
Fe (III)| Chelation- DQA/ 10 .004-.40 ppm 100 pH = 6 Sachdev and
Extraction Ethyl West (1970)
propionate
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ACCUMULATION OF METAL IONS FROM WATER

SpecificH Concen- | Applicable %
. Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation | Factor tration (+) Parameters
Fe (III) | Cocrystal-~ 5-7-Dibromo- 5 ppb 98-99 pH = 8 Riley and
lization 8-Hydroxy- Topping
quinoline (1969)
-Fe (III) Ion exchange | CPG-8-HOQ 41 ppdb 92ty pH = 4-5 Sugawara,
. Weetall, and
Schucker
(1974)
Fe (III) Chelation- Dithizone/ 4 ppm 100 pH = 0-5 Matkovich and
Extraction acetone Christian
(1974)
Fe (III) Chelation- HHFA and 20-50 pH = 1-4 Mitchell and
~ Extraction TOPO/cyclo- Ganges (1974)
hexane
Ge Head space Reduce with Pollock and
Analysis NaBHy ' West; Schmidt
and Royer
(1973)
Hf Cocrystal- Thionalide 99 pH = 10 Lal and Welss
lization (1962)
Hg Ion exchange| Chitosan L0400 pg 100 from| pH =-7.8 Muzzarelli,
' : sea water . Raith and
: Tubertini
(1970)
® See list of Abbreviations at end of table. Muzzarelli and
Tubertini

(1969)
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- | Applicable %
. Accumulant Accumulator Accumulator tration Concen- . Recovery Collection Reference
: Type Formulation Factor tration (+) Parameters
Hg Ion exchange Diethylamino- 100 ug 100 SCN Kuroda,
ethyl cellu- Cl conc. {Kiriyama and .
lose, thio- Ishida (1968)
cyanate form .
Hg | Salvent High-molecu- <l .ng 100 Extracted Moore (1972)
" Extraction lar-welght from brine
amines (qua- solutions
tenary)
.Hg Evaporation . .5-100 ppm +24.6 T = 120°C LeRoy and -
Lincoln (1974)
Hg Cocrystal- Thionalide 98-100 pH = 3.5-7 Lai and Weiss
' lization (1962)
Hg Cocrystal- 2-Mercapto-~ 99 pH = 1-5 Welss and Lai
lization benzimidazole (1963)
Hg . Head space Helium satur- 10 ng-10 ug: 100 TiCly in April and )
analysis ated with H,80y to Hume (1970)
water vapor reduce Hg
. compounds
' CH3Hg Extraction Benzene <1l ug 9014 Bisogni and
' ' ’ Lawrence
(1974)
# See 1list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

# See 1list of Abbreviations at ernd of table.

Specific# Concen~ | Applicable %
" Accumulant Accumulator Accumulator tration Concen- | Recovery Collection Reference
Type Formulation | Factor tration (+) Parameters
Hg Head space Reduce with 20.0001 ppm Hatch and Ott
analysis SnC1, : (1968)
In Ion exchange{ Chitosan 2.6 ug 100 pH = 7.8 Muzzarelli,
Raith and
Tubertini
(1970)
In Cocrystal- Thionalilde 98-100 pH = 3.5-T7 Lal and Weiss
- lization ‘ (1962)
Ir Evaporation .07-2.0 ppm +14.8 T = 120°C | LeRoy and
o Lincoln (1974)
Ir Cocrystal~ Thionalide 95 pH = 10 Lai and Weiss
lization (1962)
K Evaporation 1.-100. ppm- t39.8 T = 120°C | LeRoy and

Lincoln (1974)
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ACCUMULATION OF METAL IONS FROM WATER

. : Specific# Concen- | Applicable %
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
- La Chelation- H(HFD)/ 0.2-15 ug 9912 pH = 5.5 Burgett and
Extraction DBSO , ‘ : Fritz (1973)
La Chelatior- Oxine/ 4 x 102 .0003 ppm 100 pPH = 7.2 Brooks (1965)
extraction CHCl3
Lu Chelation- HHFA and . .002 M 20-60 pH = 1-5 Mitchell and .
Extraction TOPO/cyclo- Ganges (1974)
hexane
Mg Chelation- Erlochrome +5 pH, conc;, Zolotov and
Extraction black T/ time of Bagreev (1967)
Butyl Alco- contact ’
hol .
Mg Ion exchange Dowex 50-~X10 Christova and
' Kruschevska
(1966)
Mg Evaporation .01-20 ppm. +13.4 LeRoy and

* See 1list of Abbreviations at end of table.

T = 120° C

Lincoln (1974)
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ACCUMULATION OF METAL IONS FROM WATER

%

SpecificH Concen~ | Applicable _
Accumulant | Accumulator Accumulator | tration Concen- Recovery Collection | Reference
Type Formulation Factor tration (+) Parameters
Mn Chelation- . | APDC/ pH = 6 Brown,
Extraction MIBK immediate Skougstad and
analysis Fishman (1970)
Mn Ion exchange | Chelating Riley and
S Resins Taylor (1968);
Galle (1971)
Mn Chelation- TTA/Acetone- Joyner et. al.
Extraction. - | benzene (1967)
. 1-Nitroso-2-
naphthol/
CHCl3
APDC/MIBK
Cupferron/
MIBK
APDC/CHCl3
Mn Chelation- DEDC/ . 99 pH = 6 Joyner et al,
Extraction MIBK (1967)
Mn Chelation- Oxine/ 4 x 10° | .002 ppm 100 pH = 7.2 Brooks (1965)
' Extraction CHC1g4
Mn Evaporation .01~5 ppm 111 T = 120°C LeRoy and

# See l1list

of Abbreviations at end of table.

Lincoln (1974)_



ACCUMULATION OF METAL IONS FROM WATER

Specific¥ Concen- | Applicable: %
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
‘Type Formulation Factor tration (+) Parameters
Mn Cocrystal- Thionalide 96 pH = 10 Lail and Welss
lization (1962)
Mn Cocrystal- 5,7-Dibromo-8 5 ppb 95 pH = 8 Riley  and.
lization -Hydroxy- (pure water) Topping
quinoline 85 (1969)
(sea water)
Mn Coprecipita- | KOH 102y pH = 6-7 Joyner et al.
tion From. (1967)
: Sea Water ‘
Mn Chelation- Dithizone/ 2 ppm 85+5 pH = 6-9 Matkovich and
Extraction Acetone - Christian (1974)
Mn Chelation- HHFA and .2 ppt . 30' "pH = 4-9 ~Mitchell and
Extraction TOPO/cyclo- Ganges (1974)
hexane
‘Mo Chelation- Oxine/ pH = 2-2.4 | Chau and Lum-
Extraction MIBK Shue-Chan
‘ (1969)
Mo Ion exchange Dowex 1-X8, <10 ppb 100 Kawabuchi
SCN- or Cl- and Kuroda
form (1969)
% -

See list

of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

4 Specifich Concen~ | Applicable - %
Accumulant Accumulator Accumulator tration Concen- - Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Mo Chelation- - DEDC Joyner et al,
Extraction CHgl or APDC/ (1967)
8~Qu;nolinol/
CHC13
APDC or
Dithiol/MIBK
a-Benzoinoxime/
CHC1
2-AmIno-Y4-
chlorobenzene~
thiol
hydrochloride/
CHC13
Mo Chelation- [ Oxine/ 4 x 10° | .01 ppm 100 pH = 7.2 Brooks (1965)
' Extraction CHCl3 :
Mo Evaporation .02-20 ppm %9.8 T = 120°C | LeRoy and '
Lincoln (1974): -
Mo Cocrystal- a-Benzol 99-100 pH = 2-5 Joyner et al,
lization olnoxime (1967)
Mo Coprecipita-| Fe(OH)3 . 12 ppb 96.5 pH = 4.0 Kim and Zeitlin
tion (1969)
Mo Ion exchange | CPG-8-HOQ 212 ppb 100+3 pH = 2-5 Sugawara, Wee-

~ % See list of Abbreviations at end of table.

tall and
Schucker (1974)
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ACCUMULATION OF METAL IONS FROM WATER

Specific* Concen- | Applicable %
Accumulant | Accumulator Accumulator | tration Concen~ Recovery Collection | Reference
Type Formulation Factor tration (+) Parameters
+
Na -Evaporation .001-3.5 ppt -13.3 T = 120°C LeRoy and
: Lincoln (1974) .
Nd Chelation- H(HFD)/ .2-15 ug 99¥2 pH = 5.5 Burgett and
Extraction DBSO ' : Fritz (1973)
Ni Chelation- APDC/ pH = 2.8 - Brown,
Extraction MIBK Skougstad and
' Fishman (1970)
N1 - Chelation- Diethyldithio- Takeuchi,
Extraction carbamate Suzuki and
Yanagisawa
(1966);
‘Nix and Goodwin
(1970) '
N1 Chelation- Ox1ine - Takeuchi,
Extraction Suzuki and
Yanagisawa
- (1966)
Ni Chelation~- Dithizone Takeuchi et al,
Extraction (1966) ;Sachdev

# See list

of Abbréviations~at end of table.

and West (1969)

r
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- | Applicable- %
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Ni Chelation- furil 10 .3-50 ppb 99 Wilson (1968)
’ Extraction a-dioximel/
CH013 . .
Ni -Chelation~- Dithizone/ 10 .004 ppm pH = 7.5 ~Sachdev and
Extraction Ethyl pro- West (1969)
pionate
N1 Ion exchange| Chelating Riley and
Resins Taylor (1968);
Biechler (1965);
Galle (1971)
Ni Chelation- DEDC/ 99 pH = 6 Joyner et al.
extraction MIBK (1967)
Ni Chelation- APDC or Joyner et al.
extraction Cupferron/ (1967)
MIBK
Dithizone or
DEDC/CHCl3
Dimethylgly-
oxime/CHCl3
Ni Chelation- “ Oxine/ 4 x 10° .002 ppm 100 pH = 7.2 Brooks (1965)
extraction CHCl3

See 1list

of Abbreviations at end of table.




ACCUMULATION OF METAL IONS FROM WATER
Specifich Concen- Applicable - %
Accumulant Accumulator Accumulator tration Concen- - Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
N1 Evaporation .01 -50 ppm t9.3 T = 120°C LeRoy and
: Lincoln (1974)
Ni Coprecipita- KOH. 98 pH = 6-7 Joyner et al.
tion From (1967)
: Sea Water
N1 Chelation- DQA/ 10 .004~.30 ppm pH = 6 Sachdev and
Extraction Ethyl pro- West (1970)
pionate
| , ) -
o Ni Ion exchange | CPG-8-HOQ 248 ppb 100%3 pH = 6-7 Sugawara,
© ' . Weetall and
1 Schucker
(1974)
Ni Chelation- Dithizone/ 2 ppm 80 pH = 1-6 Matkovich and
Extraction | Acetone Christian
(1974)
Os Cocrystal- Thionalide 100 pH = 7-10 Lal and Weiss
lization (1962)

See list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

Specific® Concen- | Applicable %
Accunulant Accumulator Accumulator tration Concen- Recovery .| Collection Reference
Type Formulation Factor tration (+) Parameters
P ‘Chelation-- | AMTH/ .01 ppm pH = 0.6-1.0 | Ramakrishna,
Extraction iso-butyl Robinson and
acetate West (1969)
P Evaporation 1-100 ppm I5.9 T = 120°C | LeRoy and
i : Lincoln (1974)
Pb Chelation- APDC/ pH = 2.8 Brown,
Extraction MIBK Skougstad and
Fishman (1970)
Pb Chelation- Diethyl di- Takeuchi,
_Extraction thiocarbamate Suzuki and
Yanagisawa
(1966); Platte
(1968); Nix and
Goodwin (1970)
Pb Chelation- Dithizone or Takeuchi,
: Extraction Oxine Suzukl and
Yanagisawa
(1966)

# See 1list of Abbreviations at end of table.-
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ACCUMULATION OF METAL IONS FROM WATER

SpecificH Concen- | Applicable: %
Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
' Type Formulation | Factor tration (+) Parameters -
Pb Chelation- Dithizone/ 10 004 ug/ml pH = 7.5 Sachdev and
Extraction Ethyl pro- West (1969)
' plonate
Pb Jon exchange Chelating Riley and
Resins Taylor (1968);
' Biechler (1965);
Galle (1971)
Pb Solvent K1/ .013 ppm EDTA added tof Chakrabarti,
: extraction MIPK remove inter- Robinson and
of PbI, ferences West (1966)
Pb Chelation- Oxine/ 4 x 10° | .0001 ppm 100 pH = 7.2 Brooks (1965)
extraction CHCl3
Pb Chelation- Dithizone/ Joyner, et al.
extraction CHClg (1967)
Diethyl-
ammonium
diethyl-
dithio-carb-
. amate/CHCl3
Nal, dithi-
zone/Iso-
propyl
methyl
Ketone

¥ Sece 1ist of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- | Applicable - %
Accumulant Accumulator Accumulator tration Concen- - Recovery Collection Reference
Type Formulation | Factor tration (+) Parameters
Pb Evaporation .01-5.0 ppm 1y T = 120°C | LeRoy and
: Lincoln (1974)
Pb Coprecipita- | KOH - 90~95 pH = 6~7 Joyner, et al.
tion From (1967)
i Sea Water :
Pb Chelation- DA/ 10 .005-.6 ug/| 100
Extraction ethyl propi-~ ml pH = 6 Sachdev and .
onate West (1970)
Pb Adsorption Anion- .1 ppb Ca inter- Lochmuller,
Exchange feres Galbraith, and
Membrane : Walter (1974)
Pa Ion exchange ¢ Chitin 4y x 10-4 M 100 pH = 6, 2hr, Muzzareli and
: dist. water| Tubertini
(1969)
Chitosan 100 pH =7
Pd Chelation- | Dithizone/ 100 pH = 7.5 Brooks (1965)
Extraction CHCl3 :
Pad Evaporation: 9.8 T = 120°C | LeRoy and

See 1ist of Abbreviations at end of table.

.02-1.0 ppm

Lincoln (1974)
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen~ | Applicable %
Accumulant | Accumulator Accumulator | tration Concen- Recovery Collection | Reference
Type - Formulation Factor tration (+) Parameters
Pr 'Chelation-. H(HFDY .2-15 g 99i2 pPH = 5.5 Burgett and
Extraction DBSO : Fritz (1973)
Pt ‘Chelation- Dithizone/ 100 pH = 7.5 Brooks (1965)
' extraction CHCl3
Pt Evaporation .05-10 ppm 10,3 T = 120°C | LeRoy and
: Lincoln (1974)
Pu Cocrystal- Potassium 10-14 100 pH = 7-8 Weiss and Lai
lization rhodizanate 10-16 u (1960)
Ra Cocrystal- Potassium 10-14 100 pH = 5-7 Weiss and Lai-
lization rhodizonate 10-16 M (1960)
Ra Coprecipita- ; ZnS(Ag) scind >1 pCi/l 68 pH = 3 Kelkar and
“tion " tillation T 50°C Joshi (1969)
powder/Ba '
carrier
% See list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

Specifict Concen- Applicadble- %
Accunulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Rb Ion exchange | AMP crystals 5-50 ppm 100 pH = 2 Brooks (1965)
Rb .Ion exchange | APMW crystals 100 pH 57 Krtil and
: = Krivy (1963)
Rb Cocrystal- Ammonium 295 pH = 2-8 Joyner, et al.
lization dipicylamin- (1967)
ate
Rh Evaporation .01-1 ppm 7.4 T = 120°C | LeRoy and
- Lincoln (1974)
Rn Coprecipita-} ZnS(Ag) scin- >1 pCi/l 68 pH = 3 Kelkar and
tion tillation T = 50°C Joshi (1969)
' powder/ Ba :
carrier
Ru Ton exchange| Chitin and 1.3 ppdb 100 pH = 3.1 Muzzarelll
Chitosan HNO3 added (1970)

¥ See list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- | Applicable - %
Accunulant Accumulator Accumulator tration Concen- - Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Ru Cocrystal- Thionalide 100 pH = 10 Lai and Welss
lization : (1962)
Ru Evaporation .01-5.0 ppm Hio.8 T = 120°C | LeRoy and

# See l1list of'Abbreviétions at end of table.

Lincoln (1974)
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ACCUMULATION OF METAL IONS FROM WATER

# See 1ist of Abbreviatibns at end of table.

A - Specific¥ Concen-~ | Applicable %
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
: Type Formulation Factor tration (+) Parameters
Sb Ion exchange | Chitosan 100 pH 7.8, Muzzarelli,
. - from brine Raith, and
Tubertini
(1970)
Sb Evaporation .04-1.0 ppm +11.1 T=120°C LeRoy and
Lincoln
(1974)
Sb Head space Reduce with Pollock and
analysis NaBH) West (1973);
Schmidt and
Royer (1973):
Fernandez
(1973)
Se Chelation- APDC/ pH=3-6 Mulford
extraction MIBK *(1966)
Se Head space ‘| NaBH as 20.00015 ppm Fernandez
analysis reduéing -(1973)
agent .
. 81 Chelation- AMTH and 0.01 ppm pH=0.6-1.2 | Ramakrishna,
extraction citrate/MIBK : Robinson,
and West
(1969)
Si ‘Evaporation .1-10 ppm +10.0 T=120°C LeRoy and

Lincoln (1974)



_891_

ACCUMULATION OF METAL IONS FROM.WATER

# See list of Abbreviations at end of table.

; . Specific# Concen- | Applicable %
Accumulant | Accumulator Accumulator | tration Concen- | Recovery Collection | Reference
Type Formulation Factor tration (+) Parameters
Sm Chelation- H(FHD) /DBSO .02-15 gg 99+2 pH = 5.5 Burgett and
extraction Fritz (1973)
Sn Chelation~ Oxine/ 4 x 105 .003 ppm 100 pH = 7.2 Brooks (1965)
extraction CHCl3 ' '
Sn Evaporation .04-1.0 ppm 9.2 T = 120°C LeRoy and
Lincoln (1974)
Sn Cocrystal- Thionalide 96 pH = 10 Lai and Weiss
lization (1962)
Sn Cocrystal- 2-Mercapto- 100 pH =5 Weilss ‘and Lai
lization benzimidazole , (1963)
Sn Head space Reduce with 20.0002 ppm 0.2N HC1 Fernandez
analysis NaBH, (1973)
Sr Ion exchange); Dowex 50-X10 Christova and
Kruschevska
(1966)
Sr Ion exchange{ Dowex 50-X12 1 ppm +0.15 Andersen and
Ca form Hume.(1968)
Sr Evaporation .08-3.0 ppm{ +8.8 T = 120°C LeRoy and

Lincoln (1974)
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ACCUMULATION OF METAL IONS FROM WATER

. : Specific# Concen- | Applicable %
" Accumulant ‘Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
-14 ~16 _
Sr Cocrystal- Potassium 10 ~ '-10 100 pH = 5-7 Weiss and Lail
lization rhodizonate M (1960)
Ta Cocrystal- | Thionalide 98 pH = 3.5 Lai and Weiss
lization (1962)
Ta Cocrystal- 2-Mercapto- 95-98 pH = 1-5 Weiss and Lai
lization benzimidazole (1963)
Te Evaporation .1-50 ppm £13.7 T = 120°C LeRoy  and
' Lincoln (1974)
Te Head space Reduce with Pollock and
analysis NaBH, West (1973);
Schmidt and
Royer (1973);
Fernandez
(1973)
. . . Sugawafa,
T1 Ion exchange| CPG-8-HOQ ¥7 ppb 9523 pH = 2-4 Weetall and
.Schucker
o (%?74)
T1 Evaporation .01-1.0 ppm +11.7 T = 120°C LeKoy and
vl Lincoln (1974)
% See list of Abbreviations at end of table.
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lizatien

# See list of Abbreviations at end of table.

Specific# Concen- | Applicable 4
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation ‘Factor tration (+) Parameters '
T1 Chelation- Dithizone/ .01 ppb 100 pH = 7.5 Brooks (1965)
extraction CHCl3 . 4
T1 Cocrystal- Thionalide 100 pH = 10 Lai and Weiss
lization (1962) )
71 Chelation— APDC/MIBK pH = 3-10 Mulford (1966)
extraction o
233U Ion exchange| Chitosan .1 ppm 94-97 pH = 5.5 Muzzarelli,
(1-18 hour Raith, and
shaking time)| Tubertini
(1970)
U02++ Ion exchange Chitosgn 4 x IOFHM 100 pH = 1T Muzzarelli
and
Tubertini .
(1969)
B Cocrystal- 1-Nitroso-2- >95 pH = 7f8 Joyner et al.
naphthol

(1967)
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# See 1ist of Abbreviations at end of table.

: . Specific# Concen- [ Applicable % :
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
v Chelation- Cupferron/ pPH = 1 Crump-Wiesner,
extraction MIBK Feltz, and
Purdy (1971)
v Chelation-- Dichloro- Chau and
extraction oxine Lum-Shue-Chan
(1970)
\' Chelatlon- Phosphotung- Joyner et al,
extraction state/Iso- (1967)
butyl alcohol
DEDC/CHCl3
APDC/MIBK
V. Chelation- Oxine/ yx 105 .002 ppm 100 pH = 7.2 Brooks (1965)
extraction CHCL3 -
v Chelation- | KCN, CyDTA, .025 ppb +8 at 1 ppY pH = 6.5 |Nishimura,
extraction and PAR/CHCl3 Matsunaga,
. Kudo and
Obara
v Evaporation .05-50 ppm +8.3 T = 120°C | LeRoy and :
o Lincoln (1974)
~V(IV) Chelation- Cupferron/ pH = 3.8 Crump—Wiésnér
and V(V) extraction MIBK. and Purdy
: (1969)




_th_

ACCUMULATION OF METAL IONS FROM WATER

# gSee 1list of Abbreviations at end of table.

Specific# Concen- | Applicable %
" Accumulant Accumulator Accumulator tration Concen- Recovery Collection Reference
: Type -Formulation Factor tration (+) Parameters
V(V) Ion exchange | CPG-8-HOQ 200 ppb 100+3 pH = 4-7 Sugawara,
Weetall and
Schucker (1974) -
W Ion exchange | CPG-8-HOQ 250 ppb 100+3 pH = 2-4 Sugawara,
' ' : Weetall and
Schucker (1974)
W Ion exchange | Dowex 1-X8 .1 ppb 100 Kawabuchi
SCN-form ' and Kuroda
(1969)
W Chelation- Oxine/ Joyner et al,
extraction CHCl3 , (1967)
W Cocrystal- Thionalide 91 pH = 3.5 Lai and Weiss
' lization (1962)
Zn Chelation- Dithizoﬁe/ 2 ppm 100 pH = 6-9 Matkovich énd
extraction acetone Christian-
(1974)
Zn Chelation- | HHFA and ".0028 M .10-25. pH = 3-6 Mitchell and
extraction TOPO / ’ Ganges (1974)
cyclohexane
Zn Chelation- DQA/ethyl 10 .001-.10ppm 100 pH = 6 Sachdev and
extraction propionate West (1970)
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ACCUMULATION OF METAL IONS FROMVWATEB

~#* See 1list of Abbreviations at end of tabdble.

' Specific# Concen- | Applicable %
Accumulant Accumulator Accumulator tration Concen~ | Recovery Collection Reference
Type Formulation Factor tration {(+) Parameters
Zn Chelation- Dithizone/ 10 1 ppb pH = 7.5 Sachdev and
extraction ethyl pro- West (1969)
plonate
Zn Chelation- | APDC/MIBK pH = 2-6 Mulford
extraction (1966)
Zn Chelation- Diethyl di-
extraction. thio carbam- Platte (1968);
ate Nix and
Goodwin (1970)
Zn Chelation- . Dithizone Sachdev and
extraction ' West (1969)
Zn Ion exchange Chelating' Riley and
resins. Taylor (1968);
Biechler
{ (1965); Galle
(1961) :
Zn Ion -exchange} Chitosan 0.02 ug 100 pH = 7.8 Muzzarelli,
. ‘ ’ Raith, and
Tubertini

(1970)
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: Specific# Concen~ | Applicable %
" Accumulant Accumulator Accumulator tration Concen~ Recovery Collection Reference
Type Formulation Factor tration (+) Parameters
Zn Ion exchange | Chitin 0.4 ppb 100 PH = 7 Muzzarelli
: distilled and Tubertini
|water (1969)
Chelation- | DEDC/MIBK 101 pH = 6 Joyner et al.
extraction (1967)
in Cheiation- Dithizone/ Joyner et al.
extraction CHCl3 or CClu (1967)
APDC/CH013
Oxine /
C
CH 13
Zn Chelation- Oxine/ 4 x 105' 0.01 ppm 100 pH‘¥ 7.2 Brooks (1965)
' extraction CHCl3 : :
Zn Evaporation .01-2000ppm +11.0 T = 120°C - |LeRoy and
. Lincoln (1974)
Zn Cocrystal- 1-Nitroso-2~ >95 pH = 7 Joyner et al.
lization naphthol (1967) .
Zn Cocrystal- Thionalide 98-100 pH = 7-10 Lai-and Weiss
lization , (1962)
Zn Cocrystal- 5,7-Dibromo- 5 ppb_ 100 pH = 8 Riley and
‘ligation 8-Hydroxy- Topping -(1969)
quinoline

# See 1list of Abbreviations at end of table.
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ACCUMULATION OF METAL IONS FROM WATER

Specific# Concen- | Applicable | b
Accumulant Accumulator Accumulator | tration Concen- Recovery Collectlon | Reference
Type Formulation Factor tration (+) Parameters
Zn’ Coprecipi- KCH 96x7 .pH = 6-7 Joyner et al.
tation From (1967)
Sea Water
Zr - Ion exchangd CPG~-8-HOQ 135 ppb 10025 pH = 4-6 Sugawara,
’ : . Weetall, and
Schucker (1974)
Zr Evaporation .01-1.0 ppm 9.7 T = 120°C | LeRoy and
. ‘ Lincoln (1974)
Zr Cocrystal- 1—Nitfoso—24 97 pH = 5 Joyner et al.
lization (1967)

naphthol

# See 1ist of Abbreviations at end of table.




AMP

AMTH

APOC

APMW
CPG-8-HOQ

DBSO
DDDC
DEDC
DQA
HFA, HHFA
H(FOD)
MIBK
MIPK
TOPO
TTA
Oxine

Dithizone

- LIST OF ABBREVIATIONS USED IN TABLE 2-5

Ammonium molybdophosphate

Ammonium molybdate tetrahydrate
Ammonium pyrrolidine dithiocarbamate
Ammonium phosphomolybdatotungstate

Controlled Pore Glass with 8-Hydoxyquinoline as
immobilized chelate

Di-n-butylsulphoxide

Diethylammonium diethyldithiocarbamate

Sodium diethyldithiocarbamate |

Dithizone, 8-Hydroxyquinoline, and acetyl acetone
Hexafluoroacetylacetone
1,1,1,2,2,6,6,7,7,7-decafluoro-3,5~-heptanedione
Methyl isobutyl ketone

Methyl isopropyl ketone

Tri-n-octyl-phosphine oxide
2-Thenoyltrifluoracetone

8-Hydoxyquinoline

Diphenylthiocarbazone
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SECTION THREE: ACCUMULATION OF TRACE ELEMENTS
FROM AIR

3.0 Introduction

The ambient atmosphere is an aerosocl composed of nitro-
gen and oxygen vith vapors, particulates and other gases
in trace amounts. 1In order to analyze for most of the
atmospheric gases, vapors and particulates, they must be
separated from the aerosol and concentrated. The condi-
tions for collection must be carefully controlled and
measured in order to relate the mass of the trace substance
accumulated to its concentration in the atmosphere. The
quantitative collection of substances is complicated by
the fact that the aerosol volume changes with variations
in temperature aﬁd pressure.

The problem of reliable and accurate sampling is
exacerbated by the dynamic nature of the atmosphere.
Changes in humidity, temperature, and windspeed can also
have significant effect on the collection efficiency of
sampling devices. If an aqueous solution is used to col-
lect the trace substance, change in this ambient temper-
ature can cause freezing or significant evaporation of
the solution, producing questionable results. The reli-

ability of the sampling technique is the most critical
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factor in determining the precision and accuracy of the
analytical results of a given measurement.

Organic, inorganic and organo-metallic substances are
found in trace gases of the atmosphefe. The metallic
elements are primarily found in the atmospheric particu-
lates along with some inorganic salts such as silicates
and sulfates. A significant amount of organic particulates
is present in the atmosphere as a result of fossil fuel
combustion. The composition of these particulates can be
significantly altered by adsorption of organic gases and
vapors present in the atmosphere. The atmospheric par-
ticulates demonstrate a dichotomous distribution with a
separation size of approximately 2u. The larger particu-
lates generally emanate from mechanical sources such as
suspended soil particulates from fields, or particles
from rock-crushing for the production of cement. Si, Co,
Fe, Cr, and Mg are found primarily in the larger particles.
The smaller particulates originate principally from com-
bustion sources, heterogenous and photochemical reaction,
and condensation. The highest concentration of V, Mn,

Cu, Zn, and S are observed in these particulates. Because
these smaller particulates are readily inhaled, they are
most significant in determining the health hazard of

atmospheric particulates.
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3.1

The techniques for the accumulation of substances from
the atmospheric aerosol discussed in this report are based
on physical, chemical, aerodynamical and electrical prop-
erties. Some of the more important properties employed
in the collection of gases and particulates are absorptiv-
ity, solubility, adsorptivity, chemical reactivity,
polarity, mass, inertia, boiling point, and electrical
resistivity and conductivity. The methods of collection
described in the report are (1) absorption; (2) adsorption;
(3) condensation; (4) filtration; (5) sedimentation;
and (6) electrical precipitation. These methods are best
suited for the collection of different trace substances,
depending on their chemical and/or physical properties.

The efficiency of collection of a sampling system is
normally in the range of 90 to 100 percent.

In the next section, the various collection devices
for sampling trace substances in ambient air are described.
For each method, the sampling device should be designed
to minimize interference and contamination and to

maximize reliability, precision and accuracy.

Particulate Sampling

The atmospheric aerosol is composed of particles of

diverse physical and chemical composition. The particles
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that readily settle out of the atmosphere (greater than
50u) are referred to as dustfall or settlable particles.
Particles in the 0.01ly to 10u range, which can remain in
the atmosphere for several weeks, are defined as suspen-
ded particles because these particles have a settling
velocity comparable to the velocity of air motion. The
particles of the size range 0.0lpy to 0.1y that can act
as condensation sites for supersaturated vapor in the
atmosphere are known as Aitken nuclei.l

The sources of particles in the atmosphere may be
industrial operations, transportation sources, natural
sources, or may be formed from chemical reactions in the
atmosphere involving natural or man-made gases.

Atmospheric particulétes are generally classified by
their equivalent particle diameter based on their aero-
dynamic characteristics. This method of classification
of particles is necessary because of the aggregate nature
of atmospheric particles, and the attendant large varia-
tion in particle density and shape. The equivalent par-
ticle diameter is measured in microns in the range
10_3u to 50pu. Most methods of collection of atmospheric

particulates are base%ﬂpn their aerodynamic or mass

&

1

Methods of Air Sampling and Analysis. Intersocietv
Commi.tee, American Public Health Association, Washington,
D.C. (1972)
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properties. No change in the momentum of the particle
should occur during sampling in order to get a represent-
ative sample of the aerosol. This type of sampling
(isokinetic) is not required for smaller particles because
they exhibit small inertial effects.

Little information is known about the chemical com-

position of the atmospheric aerosol. Sampled dustfall

particulates usually contain high levels of iron and
aluminum oxides, and calcium oxide. Suspended particles
are generally consldered to consist of organic compounds,
metals and inorganic salts, such as sulfates, nitrates
and chlorides. The organic portion of the collected
particulates consists mostly of organic acids, alcohols,
and other water soluble organic acids and neutral com-
pounds.

The sampling techniques for atmospheric particulates
are based on sedimentation, filtration, aerodynamic
properties and precipitation. Sedimentation (the gravity
settling of particulates) is relied on for the accumula-
tion of the larger particulates. A wide range of
filtration methods is available for many sizes of par-
ticulates. Aerodynamic sampling devices separate
particles by utilizing thelr size and density differences.

Examples of this technique are the cascade and Lundgren
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impactors. Precipitation of particles from the atmosphere
is accomplished by either thermal or electrical methods.
The collection efficiency of devices used to remove
particulates from the atmosphere may be determined by
their efficiency of removal of the total weight of par-
ticles or the particle count. Devices that exhibit high
efficiency for removal of the total mass of particles may
not efficiently remove the total number of particles.
The particulate sample may not accurately reflect
the composition of the atmospheric aerosol from which it
was sampled because the chemical and physical properties
of the particulates can be altered after collection by
condensation, adsorption, chemical reactions, and agglo-
meration. In the collection of sulfates by high volume
samplers, the relative humidity has a significant effect
on the determination of the total amount of sulfate in
the sample. Also, some organic particles may be lost -
because they are volatile. New compounds may be formed
from reactions in the collected material during sampling
and storage. The size distribution of the particulates
can also be changed by fragmentation and agglomeration

during the sampling process.
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3.1.1 Fiitration

As a method for the collection of suspended particu-
lates from the atmosphere, filtration permits great
flexibility in selection of the sampling rate, sampling
duration, and filter media. Filtration is a complex
process based on such phenomena as inertial impaction,
interception, diffusion, electrostatic attraction, grav-
imetric and adhesion forces, and reentrainment. The
colleciion efficiency of specific sized ﬁarticles by a
medium is a function of particle size, porosity of medium,
face velocity, aerosol composition, load, pH of medium,
humidity and temperature. The total mass and particle
count efficiencies of a filter system must be determined
experimentally on the aerosol of interest.

The filter medium for atmospheric particulate sampling
is selected on the basis of its collection efficiency,
its inertness for reaction catalysis and the analytical
techniques to be performed. The two major types of fil-
ters employed for atmospheric sampling are fiber and
membrane filters. The fiber fillters are prepared from
elther glass or cellﬁlose. Glass fiber filters are non-
hygroscopic and are generally used for gravimetric
analysis. Because glass fiber filters are not contaminated

with trace elements, they are usually selected when wet

-179-



chemical analyses are to be performed on the sample.

The filter is almost 100% efficient for collecting the
total mass of suspended particulates at high velocity
sampling rates. Because of these characteristics, the
glass filter has been selected as the principle filter
medium in the high volume sampler used by the Environ-
mental Protection Agency to evaluate ambient air concen-
trations of suspended solids and many inorganic salts

and metals. DBut, because glass fibers will abscrb sulfur
dioxide and promote its catalysis to sulfate, the Environ-
mental Protection Agency 1is evaluating other media for
sulfate aerosol determination. Although the c¢ellulose
fiber filter has been shown to be inert in the conversion
of sulfur dioxide to sulfates, it has not replaced the
glass fiber filter because of its hygroscopic‘nature and
the presence of chemical contaminants. The collection ef-
ficiency of the cellulose filter dramatically changes
with variations of humidity. A wide range of collection
efficiencies for cellulose fiber filters has been
observed, depending on the manufacturer and the filter
type. Cellulose filters are not usually selected for

the filter medium if wet chemical analysis of particulates
is to be performed because the binders usually interfere

with the analysis. The use of either filter allows sam-
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pling at high volume flow rates with low pressure drops
because of their loose structure. These filters are
usually employed when collection of a large mass of the
aerosol is desired.

Membrane filters are thin (150u) with controlled
pore size and usually consist of a dry, stabilized cellu-
lose-ester-gel membrane. A wide range of sizes of membrane

filters with various pore diameters is available com-
mercially. Membrane filters are not affected by water,
saturated aliphatics, and aromatics, but they are dis-
solved by methanol, esters and ketones. The ash content
of the filter is barely traceable. The filter is thermally
stable within the temperature range of the atmosphere.
Membrane filters have been designed for aerosol assay at
flows of 0.05 to 5.0 liters cm_2 min_:L at 1 em of mercury
differential pressure. Because the particulateées are
trapped on the surface of the filter rather than in the
interstices, the method is amenable to x—fay diffraction
or fluorescence, and light microscopy ftechniques. This
kind of filter has demonstrated nearly 100% mass removals
for particulates from 0.05 to 1l0u, and has been used for
collection of fine particulates from auto reactions and
chemical particles in the atmosphere. Because of its

relatively high resistance to flow, the filter is sel-

ected primarily for low volume flow sampling techniques.
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The high volume air sampler method is the most widely
used and accepted method for suspended pafticulate meas-
urement in the United States. The high volume sampler
uses fiber filters and can sample an aerosol at the rate
of 2.12 liters min_l, which permits the sampling of a
large Volﬁme of aerosol over a relatively short period
of time. An illustration of the high volume sampler is
shown in Figure 3-1. This sampler has many advantages,
being relatively inexpensive, rugged, and durable. With
a glass fiber filter it is well suited for high volume
flow sampling of particles in the 0.1 to 10u range. The
sampling method is capable of measuring wide ranges of
particle concentration. The instrument has demonstrated
a high level of precision, but it has been difficult to
determine its accuracy. A study was performed by EPA in
Texas in which twelve high volume samplers that simul-
taneously collected a synthetic atmosphere exhibited an
average error of 3.6%. Current research is being per-
formed to determine whether the anisokinetic sampling by
the high volume sampler introduces a significant error
in accuracy to the procedure. The high volume sampler
has been the predominant method for collecting atmospheric
particulates for chemical analysis, However, this
method is limited for size analysis, because it does

not provide for fractionization of composition sampled
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Figure 3-1: High Volume Air Sampler With
Shelter
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into an individual size and shape, or for the analysis

of specific fractions of particles collected.

A source of error in measuring the concentration of
the total suspended particulates by the high volume sample
is caused by the method of estimation of sample volume
flow rate. The sample volume flow rate is estimated by
arithmetically averaging the initial and final flow rates
for the sample period. Another source of error is the
influence of humidity on the sample weight. At a relative
humidity of 55%, a U40% increase in the sample weight has
been observed compared to samples collected from dry air.
Also, above 70% relative humidity, particulates in the range
of 0.01lp to 1y serve as nuclei for vapor condensation.
Other sources of error in high volume sampling can be
created by the volatilization of organic aerosols collected
on the filter and the change in the collection efficiency

of the filter with variations of volume flow rate.

Particles collected on fiber filters from the high
volume sampler are usually analyzed by atomic absorption
spectrophotometry and wet chemical methods which generally
require many hours of sample preparation. Cellulose
fiber filters and membrane filter samples have been

analyzed by x-ray diffraction and fluorescence.
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Bonner, et a12, who analyzed various cellulose fiber
filters from high volume samplers, estimated that the
accuracy of this sampling and analysis system is + 10%
and that its reproducibility is better than 5%. The
x-ray fluorescence technique offers the advantage of
being nondestructive, permitting further chemical analy-
sis by x-ray diffraction or microchemical methods.

3

Dittrich and Cothern~” analyzed a twenty-four hour sample,
collected on a glass fiber filter with a high volume
sampler for Ti, Fe, Cu, Zn, Pd, Cd and Sn using Xx-ray
fluorescence with a sensitivity 1limit of 0.1 microgram/
m3 of air. Mitsugl et alll analyzed glass fiber filters
from low volume samplers which were operated for a month
at a sample volume rate of 20 %/min. The filter was
molded into briquets and assayed by x-ray fluorescence
for the elements of V, Mn, Ni, Cu, As, Br, Mo, Cd, Cr,
Sn, Sb and Pb. The detection limits observed were

3 3

0.002 ug/m” for Mn, Ni, Cu, and As; 0.004 ug/m~ for

Br, Mo, Cd and Sn; 0.006 ug/m> for V and Pb; 0.009 ug/m>

for Cr; and 0.013 ug/mD for Sb. The polynuclear aromatic

2. Bonner, N. A., F. Bayun, and D. (. Camp. California
University, Livermore, California. Lawrence Radia-
tion Laboratory Report, Atomic Energy Commission
Contract # W-7405-~-ENG-48.

3. Dittrick and Colthern. JAPCA 21: 716-719 (1971).

4., Mitsugi, Hidikatsu, Yoshihiro Nakagaua, and Nobuliro
?akat?. Institute Hyogo Project Report 5: 1-6
1973). -
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hydrocarbons collected on glass fiber filters from high
volume samplers can be analyzed by benzene extraction
with subsequent spectrophotometric or GC analysis, or
by cyclohexane extraction followed with separation by
column chromotography and analysis by spectrophotometric
or microanalytic methods.

A new generation of samplers is currently being
developed by the Environmental Protection Agency. A

5

prototype dichotomous sample has been constructed” which
divides the aerosol sample into two fractions at a
separation point of 2u diameter. The particles are
evenly distributed over the two membrane collecting fil-
ters. The filters are in cassettes in order to permit
rapid analysis by x-ray fluorescence. Thirty-six samples
can be analyzed by a small computer-controlled unit for
nineteen elements without requiring the operator's
attention, thus producing great savings in operations
cost for sample analysis.5 Because sulfur dioxide

absorbed on small particles causes the same physiolog-

ical respcocnse as the particulate sulfates, the analysis

5. Dzubay, T. C. and R. K. Stevens. Second Joint
Conference of Sensing of Environmental Pollutants,
Washington, D. C. December 10-12, 1973.
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for elemental sulfur by x-ray fluorescence of the small
particulates gives an excellent indication of the health
hazard of the sulfur compounds in the aerosol.

Other methiods for analysis of atmospheric particulates
collected on filters are neutron activation analysis and
photon activation analysis. Neutron activation analysis
for trace elements of Cl, V, Mn, Cu, and Br has demon-
strated reproducibilities of greater than lO%.6 The rare
earth elements in atmospheric particulates collected by
a high volume sampler on Whatman 41 cellulose filters
were analyzed by Potts, et al.”’ using neutron activation
analysis. The elements La, Ce, Nd and Sm were found in
the ppm range, whereas Eu, Gd, Tb, Yb and Lu were found
in the sub ppm range for three American midwestern cities.
Photon activation analysis has been used to measure as
many as nineteen elements in a particulate sample,8
Elements that are readily analyzed by photon activation
analysis to the submicrogram range include Pb, Ni, As,

Zn, Sb, Br and I. The sensitivity of this method is

6. Heindryckx, R. and R. Dams. "Evaluation of Three Pro-
cedures for Neutron Activation Analysis of Elements in
the Atmospheric Aerosol using Short-Lived Isotopes."
Radiochem., Radioanaly. Lett., 16:209-225, (1974).

7. Potts, Mark J., Charles W. Lec, and James R. Gadiux.
"Rare Earth Element." Env. Science Tech. 8:585-7 (1974).

8. Zoller, W.H. "Photon Activation Analysis." Second
Joint Sensing Environmental Pollution, Washington, D.C.,
December 10-12, 1973.
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intermediate between neutron activation and atomic
absorption. The destructive ring-oven technique can

also analyze atmospheric particles collectéd on Whatman 41
filter paper. Substances that are measured by this method
are Fe, Ni, Cu, and 50,9, cal® ana Pb 1.

Another system employing filtration to collect atmos-
pheric particulates is the paper tape sampler. The tape
sampler collects particles on a narrow strip of paper and
evaluates the darkness or density of the soiled area by
its reflectance or transittance. This method has been
specified for continuous monitoring of fine particulates
by the American Society of Testing and Materialslz. The
paper tape can be impregnated with various chemicals in
order to determine the concentration of specific gases in
the air. Natusch, et al.13 developed a method for collect-

ing hydrogen sulfide on paper tapes impregnated with silver

nitrate and determined the optical density of the metal

9. West, Philip W. and Sham L. Sachdev. "Air Pollution
Studies - The Ring Oven Technique." Journal of
Chemical Education, 46:96-98, (1969).

10. Dharmarajan, V. and P. W. West. "Microdetermination

of Cadmium Airborne Particulates by Means of the
Ring-Oven Technique." Anal. Chim Acta 57:469-72 (1971).

11. Jungreis, E. and P.W. West. '"Microdetermination of
Lead by the Ring-Oven Technique Applicable to Air Pol-
lution Studies." Israel J. of Chem. 7:413-16 (1969).

12. Amer. Soc. of Testing and Materials. 1971 Annual Book

of ASTM Standards, Part 23, ASTM, Phil., PA, (1971).

13. Natusch, D.F., J.R. Sewell & R.L. Tanner. "Determina-
tion of Hydrogen Sulfide in Air - Assessment of Impreg-
nated Paper Tape Methods." Anal. Chem. 46:410-15 (1974).
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sulfide formed. The sensitivity of this analytical
method is in the parts per billion range. Mac Leod and
Leelll determined by anodic stripping voltametry the trace
elements of Cd, Pb, and Cu collected by paper tape samplers.
The analytical sensitivities of anodic stripping volta-
mefry were sufficient to characterize diurnal variation

of the metals in samples collected in Chicago and Wash-
ington. The tape sampling method is not suited for air
evaluation based on volumetric or mass measurement, but

is used to determine the relative level of contaminant

concentration.

3.1.2 Inertial Separation

Atmospheric particles can be collected according to
size by utilizing their aerodynamic properties. Instru-
ments using this principle are usually called inertial
impactors or fractionators because they divide the aerosol
into fractions. The removal of particles is accomplished
when a stream of particle-laden air approaches a flat,
solid surface in its path. As the plate is approached,
the air velocity changes markedly, allowing the air to
flow around the plate. The particle, however, because of

its own inertia, will follow a separate path and will

14. MacLeod, Kathryn E. and R. E. Lee, Jr. "Selected Trace
Metal Determination of Spot Tape Samples by Anodic
Stripping Voltammetry." Anal. Chem. 45:2380 (1973).
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usually impact on the surface of the plate. The collection
efficiency will vary with the air stream velocity and the
orientation of the plate.

Inertial impactors are classified as wet impingers or
dry impactors. Wet implngers collect particles 1in water
or some other liquid, but have such a low flow rate
(2.81 liters min~1) that they do not usually collect suf-
ficiently large particulate samples for trace substance
analysis. Dry impactors are usually in the "cascade"
configuration, which provides aerodynamic size separation
of particles by decreasing the size of the impaction jets
at successive stages (Figure 3-2). As the jet size is
increased, successively smaller mass particles obtain
sufficient velocity to impact on collection surfaces.

Common types of wet impingers used to collect gas
samples are the midget and the Greenburg-Smith impinger.
Wet impingers are efficient in the collection of particles
greater than approximately 0.001uy diameter. The samp-
ling volume rate for Smith-Greenburg impingers 1s ap-
proximately 0.028m3/min., while the midget impinger is
around 2.81 liters/min. Samples collected in impingers
are generally analyzed by colorimetry, or any other

microchemical method, or by light or atomic absorption.
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A. S. Landryl®

has developed a method for the determin-
ation of atmospheric Pd and Cd, using wet impingers as
collection devices. Some other trace substances that
héve been collected for analysis by wet impingement are
Asl6, Bel” and Asbestosl8.

Two dry inertial separators currently used for air
sampling are the Andersen Sampler (Figure 3-3) and the
Lﬁndgren Impactor (Figure 3-4). The Andersen Sampler
uses multijet impaction stages with progressively smaller
jet openings. Particles are collected on plates on each
stage, and size distribution is usually determined by
gravimetric analysis of each plate. The collection sur-
face for the Andersen Sampler may be glass or cellulose .

fiber filters, membrane filters of mylar, glass or tef-

lon. The Andersen Sampler can normally operate from

28.32 liter min~! metric units to greater than 0.85 m3
15. Landry, A.S. "The Simultaneous Determination of
lLead and Zinc in Atmospheric Samples". J. Ind. Hyg.

Toxic, 29:163-74 (1949).

16. Katz, Morris. Measurement of Air Pollutants, Guide
to the Selection of Methods, World Health Organiza-
tion, Geneva (1969). '

17. Black, M. and R. E. Sievers. "Environmental Analysis
Problems Created by Unexpected Volatile Beryllium
Compounds in Various Samples." Analytical Chemistry

45:1773-1775 (1973).

18. Homes, S. "The Measurement of Asbestos Dust." Staub
Reinhaltung Luft, 33:64-66 (1973)
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min~l metric units and collect particles in the size
range of 0.45 to 1lup with 95% collection efficiency. It
has been widely used for studies of atmospheric size dis-
tribution and for size distribution of specific aerosols
such as sulfates, lead compounds, and nitrates. A net-
work of ten Andersen Samplers, modified to operate at
0.14 m3 min~! metric units has been used in the National
Air Sampling Network (NASN).

Recently, a modified four-stage Andersen Sampler
has been developed which is a high volume sampling head.
The sampling head can sample at a rate of 0.57 m3 min_1
metric units and fits directly onto the top of the
standard high vclume sample unit. It sizes particles
from 1.1u to 7Tu and above, and if a standard high volume
sampler fllter is used as a back-up, particles in the
range 0.1 to 1l.1lpy are also coll=acted. It was designed
to be readily adaptable to routine air sampling, and
field tests by EPA showed very satisfactory performance.
This instrument makes it possible to sample total sus-
pended particulates and particle size distribution at
the same time. EPA is using this sizing head in con-

nection with i1ts current NASN operations.
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Fugas, et a1.19 performed simultaneous tests on a
modified Andersen Sampler and a high volume sampler.
The investigators found that significant amounts of par-
ticulates were lost by adhesion to the walls of the
Andersen Sampler. They observed losses of suspended
particles of (35%), Fe (15%), and Mg (16%). Only Pb
particles were not affected by wall losses. Roesler,
et al.29 noted that significant conversion of 502 to
sulfates occurred when the ambient aeroscl was collected
by a six-stage Andersen impactor, as compared with a
high volume sampler. In six four-hour samples, the aver-
age sulfate concentration was two to three times as
large as the average concentration from the high volume
sampler. Because of these problems with artifact for-
mation and wall losses, modified Andersen samplers should
not be used for measuring the total suspended solids, Fe,
Mg, or sulfate concentrations of an atmospheric aerosol.
The same methods of analyzing particulate samples col-

lected by the Andersen Samplers can be performed as

19. PFugas, Mirka, J. Hrsak, and Dragica, Steiner-
Slereb. "Wall Losses With the Modified Andersen
Cascade Impactor." 1Inst. Natl. Rechn. Chim Appl.
Dixieme Collog. Atmos. Pollues., Proc., Paris,
France, May 3-5, 1972.

20. Roesler, H., J.R. Stevenson and J.S. Nader. "Size

Distribution of Sulfate Aerosols in the Ambient
Air". JAPCA, 15:576-79 (1965).
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described in Section 3.1.1. Dams, et al.21 evaluated
the material used on the collection surfaces of the An-
derson Samplers. They found mylar and teflon to be
unsatisfactory, but concluded that polyethylene is an
excellent collection surface for neutron activation
analysis.

The Lundgren Impactor uses rotating drums with mylar
filters or foil as collection surfaces. This impactor
increases the total collection surface area and permits
evaluation of changes in size distribution with time.
The impactor can operate from 0.014 to 0.14 m3 min—'l
with a normal sampling period of 24 hours. The impactor
will sample particles from 0.3 to 10u. The Lundgren
Impactor has never been widely used in routine sampling,
although its performance appears to be very comparable
to the modified Andersen Sampler for aerosol particle
size fractionation without the problems of sulfate arti-
fact formation and large losses due to collection of

1,22

particles on the walls. Blander, et a used a Lundgren

21. Dams, R., K. A. Rahn, and J. W. Winchester. "Eval-
uation of Filter Materials and Impaction Surfaces
for Nondestructive Neutron Analysis of Aerosols".
Environ. Sci. Tech. 6:441-448 (1972).

22. Blander, M., P.T. Cunningham, et al. "Chemistry of
Airborne Particulates." Chemical Eng. Div. Phys.
Inorganic Chem. Semiannual Rept. Jan.-June, 1973,
Argonne Nat'l. Laboratory, Argonne, IL (1973).
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sampler to fractionate urban aerosol particles in order

to analyze for Pb, Br, Fe, and Zn. From x-ray fluorescence
and ion-microprobe mass analysis, the concentrations of

Pb and Br were observed to decrease with increasing par-
ticle size, while PFe and Zn concentrations showed the
opposite trend. In general, all analytical techniques

used in the analysis of filters can be used to assay the

particle distribution collected by the Lundgren sampler.

3.1.3 Electrostatic Precipitation

Electrostatic precipitators remove particles from
the air or from a gas stream by imparting an electrical
charge to the particles, causing them to move and adhere
to a grounded or oppositely charged collection surface.
This basic principle of operation is common to the dif-
ferent designs available. A high electrical potential
difference is applied between the discharge and collect-
ing electrodes.

A corona of charged gas ions is produced around the
discharging electrode. As particles flow around the
discharging electrode, they are charged by colliding
with the ions. The charged particles are then attracted
to the oppositely charged electrode, where they are neu-

tralized and collected. The collecting electrode is
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usually a tube or set of parallel plates surrounding the

discharge electrode, which 1s commonly -a platinum wire.

Conventional electrostatic precipitation is generally
‘selected when a relatively large sample collection is
desired for all suspended particulates particle sizes.

The electrostatic precipitator offers two advantages

over filtration: the sampling efficiency is not influenced
by sampling rate, and the collected sample is in a readily
recoverable form. The sampling rate for the electro-
static precipitator ranges from 7 to 85 liter min"l, with
efficiencies near 100% for particulates ranging from
0.0lu’to 10u. Frazer23 evaluated the collection effic-
iency of an electrostatic precipitator for the collection
of various particle.sizes using electron microscope
screens. The minimum collection efficiency was found for
particles with a 2y diameter, with increased‘efficiencies
exhibited for larger and smaller particulates.

The precipitation force with an electrostatic pre-
cipitator is gentle, and sample alteration through

shattering of larger particulates is usually avoided.zu

23. Frazer, D.A. "The Collection of Submicron Particles
by Electrostatic Precipitation."  Am. Ind. Hyg. Quart.
17:75-79 (1956)

24, Williams, F.W. & E. Umstead. "Determination of Trace
Contaminants in Air by Concentrating on Porous Poly-
mer Beads." Anal. Chem. 40:2232-4 (1968).
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The collected samples can be analyzed for metals and in-
organics by the non-destructive analytical methods described
in the section on Filtration (Section 3.1.1). The micro-
chemical and other destructive methods for analyzing
organics can be performed on the samples directly, or
after other non-destructive analytical methods.

As particle samplers, electrostatic precipitators
are extremely precise, but are only accurate in collecting
particles with specific size, shape and electrical pro-
perties. Because of their high purchase and operating
cost and thelr unreliability under field conditions,

they are not often used for routine air sampling.

3.1.4 Thermal Precipitation

Thermal precipitation 1s based on the principle that
particles under the influence of a temperature gradient
will move towards a region of lower tempefature. The
basic components of a thermal precipitation collector are
a hot wire suspended near a glass microscope slide. A
steep thermal gradient is created between the heated
wire and the unheated collecting surface, causing the
particles to be deposited on the glass slide.

3

Very low flow rates (10 or 20 cm min_l) are pro-

vided by a vacuum pump or by water displacement. Sampling
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is virtually 100% efficient for the particle size range
of 0.01 to 10u. Collection forces are gentle, so dis-
aggregation or shattering of particles do not occur.

High cost and very low flow rate make these instruments
impractical for routine ambient measurements. Currently,
their primary application is in the efficilent collection

of particles for microscopic analysis.

Gas Sampling

The primary methods employed for concentrating trace
gases and vapors from the atmosphere are absorption, ad-
sorption, and condensation. In absorption, gases or
vapors are trapped by diffusing them into a liquid or
reacting them with a chemical absorbing agent into a
solution. Absorption is generally used for sampling
gases from aerosols that can be prefiltered without
causing interferences.

Adsorption occurs when a gas is trapped by a solid
which holds the desired molecule with weak chemlcal bonds
or by electrostatic forces.

Condensation is a desirable method for collect-
ing non-reactive, insoluble gases and vapors, and non-
polar hydrocarbons. A major problem with condensation
is that a large amount of water vapor is generally col-

lected along with the trace gases. Because the gases
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or vapors are collected at low temperatures, reactions
between the collected substances gre inhibited. The pre-
servation of the chemical composition of the sample by
condensation (cryogentic trapping) i1s an important ad-
vantage over the other methods for collecting gases and

vapors previously described.

3.2.1 Absorption

The absorbers conventionally used for air sampling
are those in which the gas samples bubble through a fixed
quantity of liquid. The most desirable type of collec-
tion system is chemisorption, in which gas or wvapor
reacts with an absorbent in solution to form a non-
volatile product. In the chemisorption system, insoluble
products may be formed from the reaction of the collected
gas or vapor with the collecting reagent. In order to
insure that significant losses of the product do not
occur, special precautions must be taken.

Physical absorption, the other type of collection
system, is accomplished by absorbing the gas in a liquid
to form a solution with appreciable vapor pressure. Since
physical absorption is reversible, the vapor pressure
of the solution limits the amount of gas that can be

absorbed by the liquid. Therefore, strong chemical
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reactions are usually required in order to attain high
collection efficiencies. Low collection efficlencies are
usually obtained with physical absorption unless the gas
or vapor to be sampled has a high solubility in the liquid
"and the ratio of gas to liquid volume is small. The ratio
of the volumes is minimized by decreasing the bubble size
and increasing the volume of collecting solution. In
physical absorption systems, the formation of binary or
tertiary mixtures in the absorbent solution can severely
limit the system's collection efficiency. These mixtures
can reéult in lowering of the boiling point of the collected
gas, resulting in its}loss by evaporation. An attempt to
lower the vapor pressure of the collected gas or vapor by
refrigeration may cause loss of collection efficiency by
increasing the viscosity of the 1liquid.

Absorbers frequently employed for air sampling are:
(a) simple impingers; (b) fritted glass absorbers;

(¢) spiral absérbers; and (d) packed towers. Examples of
these various types are 1llustrated in Figure 3-5.

No device will exhibit the same efficiency for all
gases under all conditions. Characteristic ranges of use
for some of the absorbers are displayed in Table 3-1.

The following are a few questions to consider in the sel-

ection of an absorption device for gas sampling systems:
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Figure 3-5: Absorption Devices

C \f’ ] L___’\lr

iy, S——

c

Simple Bubble Absorbers

American Public Health Assoclation. Methods of Ailr
Sampling and Analysis, Washington, D.C. (1972)

-205-




Figure 3-5 (cont'd): Absorption Devices
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Figure 3-5 (cont'd): Absorption Devices
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TABLE 3-1

CHARACTERISTICS OF ABSORBERS -- APPROXIMATE RANGE OF USE

Absorbent Sample Rate,
Type of Absorber Capacity, ml ml per min. Remarks
Simple Bubbler 5 to 100 5 to 3,000 Simple, non-plugging,
(Figure 3-5 a-d4d) short gas-1liquid con-
tact.
Bubbler With Diffuser 1 to 100 500 to 100,000 Easy to use, good gas
(Figure 3-5 e & ) liquid contact,
subject to plugging.
Spiral 10 to 100 Lo to 500 Effective only at
(Figure 3-5 i & j) low flow rates.
Bead-packed Tower 5 to 50 500 to 2,000 Efficient onliy at

(Figure 3-5 g & h)

low flow rates,
Resistance variable.




1) At the desired sampling flow rate, will a
decrease in bubble sige significantly
increase the collectlon efficiency of the
gas or vapor?

2) What amount of absorbing species is required
in order to collect the expected concentra-
tion of gas or vapor?

3) Will sufficient contact time of the gas
with the liquid exist to insure efficient
collection if the selected absorber is
used?

The particulates in the atmospheric aerosol may inter-
fere with the chemical analysis that follows absorption
sampling, and may cause clogging of the collection and meter
devices. If prefiltration is installed for the collection
of trace contaminants, any particles collected on the filter
should be analyzed in order to insure quantitative analysis
of sampled gas or vapor. The filter should also be non-
reactive and non-absorbing to the sampled gas or vapor.

Many dusts are highly absorbent, and often carry large
amounts of gaseous components in trace amounts on particles.
For the analysis of lead in the air, for example, absorp-
tion without prefiltration for alkyl lead can cause gross

overestimations of lead concentration because of the con-
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tribution of lead from inorganic particulates. The use of
a pretreatment -- such as dehydrating agents to remove
moisture, soda lime for carbon dioxide, and liquid
scrubbing containing oxidizing agents -- can result in
large systematic errors in analyéis. The use of silica
based or anhydrous calcium sulfate granules for removal of
water or interfering substances may partially or completely
absorb the gas or vapor to be sampled as well.

Absorption is principally used for sampling inorganic
atmospheric gases that are soluble in an aqueous solution.
Because most absorption processes are accomplished by
chemisorption, and are analyzed by colorimetric and spec-
trophotometric techniques, the reagent is usually selected
on the basis of its efficiency in collecting the substances
of interest and its abllity to limit the collection of
substances that would cause interferences or masking during
analysis. In most cases, the absorbent reagent will trap
a group of elements or compounds. The substance of in-
terest will be selected by using its chemical or physical
properties in the subsequent analytical technique. An
aqueous potassium 1odide solution will accumulate halogens
such as Br2 and 012 from the sampled air. The specific
element of analysis is then selected by precipitation dur-

ing sample preparation. Table 3-2 displays some of the
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specific reagents for chemisorption of a few inorganic
gases.

The major difficulties in using absorption for the
analysls of trace gases are the limited-volume sampling
rate, the susceptibility of the solutions to freezing and
evaporation, and the requirements for large amounts of
sample preparation for most analytic techniques. Because
the flow rates for most absorbers are in the range of a
few liters per minute, high gas collection efficiencies

are required in order to obtain reasonable sampling times.

3.2.2 Adsorption

Adsorption 1s largely a surface phenomenon. The amount
of absorbate collected in the process is dependent 6n the
total surface of adsorbent and the mass of the adsorbate.
Other factors that control efficiencies of adsorption are:
(1) nature of adsorbate and adsorbent; (2) geometric state
of the adsorbent; (3) temperature; (4) velocity of the air
stream; and (5) concentration of gas of interest and other
gas in the stream.

The adsorptive capacity of most columns is from 15 to
30 percent by weight. An adsorptive bed operates at high

efficiency until just before the capacity of the bed is
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reached. The adsorptive capacity of an adsorbent closely
parallels the critical temperature of the gas: gases with
critical temperatures below -50°C and boiling points below
-150°C are almost never adsorbed at normal temperature and
pressure. Compounds and gases with critical temperatures
between zero and 150°C are moderately adsorbable, and ad-
sorption is not quantitative at normal pressure and temp-
erature. The compounds and gases of low boilling point can
be adsorbed only if the adsorbent is refrigerated. Heavy
organic vapors (vapors with boiling points greater than
0°C) are easily adsorbed at normal temperature and pres-
sure by activated charcoal. Most heavy vapors demonstrate
increased adsorptivity with decreasing temperature.

Most common adsorbents are roughly granular in form,
and are supported in columns through which air is passed.
Those commonly used for air sampling are activated char-
coal, silica gel, activated alumina and other active earths.
The electrically polar adsorbents, such as silicous oxides,
metallic oxides, and active earth compounds, attract polar
gases. Lipophilic polymeric resins may be used to concen-
trate many organic vapors.

Since the polarity of the adsorbed compounds or ele-
ments determines the strength of their binding on alumina
or silica gels, components with a higher polarity will

displace those with a lesser polarity. If the adsorption
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of benzene on silica gel is attempted in the presence of
phenol and acetic acid in the sampled air, the adsorbent
will act according to the principles of gas chromatography.
The benzene previously adsorbed on adsorptive beds will be
replaced by the phenol and acetic acid until the collection
process is completed. Under high humidity conditions the
polar adsorbent may be deactivated by saturation with water
vapor. Activated charcoal is usually selected for the
collection of non-polar gases and vapors from the atmosphere
since it exhibits this effect to only a limited degree.

On the other hand, recent studies utilizing gas chromato-
graphic techniques have shown that precautions must be taken
in the application of activated charcoal because charcoal
can act as a catalyst or oxidizing agent to some gases

and vapors adsorbed.

Methods employed for the desorption of the gases from
adsorptive beds are heating, while driving hot air or
super-heated steam through the bed, or eluting the adsor-
bates with a liquid solvent. Compounds desorbed from beds
by steam or hot air can be condensed and collected in oil
and aqueous fractions. The application of steam sometimes
presents difficulties for the desorption of organic com-
pounds because it can cause the compounds to hydrolyze,

resulting in a quantitative change in the yield of the
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accumulated substance. The elution of an adsorptive bed
by increasing vacuum may be used for fractionization.

The tenacity of the forces which provide for guantita-
tive extraction of the components from the alr may cause
great difficulty when desorption of the collected compounds
is attempted. Mercury metal or volatile organic derivatives
are not desorbed quantitatively either by heating or by
elution with liquid reagents from silica gel. Activated
charcoal, when used for lead components, demonstrates the
same properties. Some non polar aromatic hydrocarbons are
irreversibly adsorbed in activated charcoal.

Organic molecules from the alr can be readily adsorbed
on lipophilic solid supports either at ambient temperature
or with cooling (see Condensation - 3.2.3). The adsorp-
tion 1s due to the attraction between the lipophilic
adsorbent and the lipophilic adsorbate. The adsorbing
resin is usually packed into a tube through which an air
sample is drawn. This acts as a chromatography column with
air as the eluting mobile phase. As with all such systems,
an adsorbed compound will have a retention volume (of air
introduced into the column) above which it begins to elute
from the column. The size of the air sample which can be
used to accumulate a given substance is determined by this

volume, which depends upon the adsorbent, the column
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temperature and the air flow rate.

The adsorbents which have been used to collect organic
compounds from the air include many of the standard gas
chromatography supports. In addition to thése, both activated
carbon and silica gel have been employed. These supports
vary wildely in their ability to adsorb hydrocarbons, and
they are often chosen with characteristics which match the
GC column in which the analysis takes place. Heat desorp-
tion into the GC or a trap (usually packed with another
adsorbent and often cooled) is used almost universally,
although some investigators have used solvent extractions
to remove the concentrated organics from the adsorbing
column. The desorption step will often 1limit the types of
molecules which can be analyzed.

A major advantage of the lipophilic adsorbents is that
they do not retain water vapor from the air and they are not
affected by it. Silica gel has been used for analyses of
benzene and toluene, but the air must be dried by molecular
sieves before reaching the silica gel since moisture de-
activates the silica. Desorption of polar organics from
silica can be very difficult, making it a more limited
accumulating material than many of the other adsorbehts
which are now in use.

~Activated carbon has been used for collection of air
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pollutants. Grob and Grob2u

in Zurich, Switgzerland have
made use of small traps containing about 25 milligrams of
cigarette filter charcoal to collect pollutants from the
Zurich atmosphere. The organic compounds were subsequently
desorbed with carbon disulfide, a solvent selected for its
intermediate polarity and for its low response in a flame
ionization detector. Analysis of these extracts was per-
formed with very elegant high resolution capillary column
gas chromatography in combination with mass spectrometry.
The compounds identified included a variety of normal al-
kanes, a considerable number of alkyl benzenes, and sdme
alkyl substituted polycyclic aromatic hydrocarbons._ A1l
of these compounds could be attributed to pollution of the
Zurich atmosphere by automobile exhaust.

The same authors also studied the collection efficiency
of their system by using two carbon filters in series. The
collection efficiency for compounds less volatile than do-
decane was approximétely 90%. However, for more volatile
compounds the collection efficiency was 50% to 30%.

The Porapak series is another group of lipophilic ad-

sorbents which have been used for the accumulation of

24, Grob, K. and G. Grob. "Gas-Liquid Chromatographic-
Mass Spectrometric Investigation of Cg-C Organic
Compounds in an Urban Atmosphere". J. Chromato-

graphy, Vol. 62:1-13 (1971).
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organic compounds from both air and water. Work by Williams
and Umstead25 has demonstrated the applicability of Porapak
Q and S to the accumulation of small halogenated hydro-
carbons from the atmosphere. The Porapak beads were 80-

100 mesh packed in 6 foot by 1/4 inch stainless steel
columns. Accumulation of various freons and chlorinated
ethanes and ethylenes at a level of about one part per
million was demonstrated for calibration samples. Precis-
ions of about 10% and recoveries in excess of 95% were ob-
tained with these techniques.

Another polymeric lipophilic adsorbent used in the
analysis of air 1s Chromosorb 102. This is a high surface
area, styrene-divinyl benzene copolymer which is very similar
to the Porapak series. Air flow rates of approximately Yy
liters per minute over collection periods of several minutes
have given an analytical sensitivity of approximately 10-10
grams per liter of alr. Satisfactory blank analyses with
these materials were also carried out, indicating no con-
taminants in the resin.

Another lipophilic adsorbent of potential use is closely

related to gas chromatographic column packings; 1t consists

"25. Williams, F.W. and E. Umstead. "Determination of
Trace Contaminants in Air by Concentrating on Porous
Polymer Beads". Anal. Chem. 40:2232-4 (1968).
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of support-bonded silicones such as stearic acid bonded to
a silica by chemical ester bonds. W. A. Aue and T8112§
have shown that these materials can accumulate organic
compounds from polluted air with considerable effective-
ness. In operation, the solid adsorbent is packed in a
tube, air is pumped through it, the support is extracted
with pentane, and the pentane extract is evaporated aﬂd
analyzed by gas chromatography. The air samples analyzed
included auto exhaust and chlorinated hydrocarbons, but
these were laboratory studles and were not based on real
environmental problems. The authors discuss two limita-
tions of these materials. One is the occasional occurrence
of artifacts, and the second is the restriction of these
materials to collection of the less volatlle components
of the atmosphere.

J. P. Mieure and M. W. Dietrich27 of the Monsanto
Chemical Company in St. Louis used lipophilic adsorbants
for the analysis of trace organic compounds in both air

and water. They recommend the use of porous polymer bead

columns of 4 to 6 inches in length, for which flow rates

26. W.A. Aue and P.M. Teli. "Sampling of Air Pollutants
with Support-Bonded Chromatographic Phases." J.
Chromatography , 62:15-27 (1971).

27. J.P. Mieure and W.B. Dietrich. "Determination of Trace
Organics in Air and Water". J. Chrom. Sci., II:559-
69 (1973).
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of 1/2 to 2 liters per minute can be achieved. These short
porous polymer bead columns were subsequently analyzed by
insertion into either the injection port of a gas chrom-
atograph or into the chromatographic oven directly
preceeding the analytical column. These authors have
used three lipophilic adsorbents:
(1) Chromosorb 101, useful for acidic and
neutral components;
(2) Chromosorb 105, useful for low boiling
components; and
(3) Tenax GC, useful for basic, neutral and
high boiling components.
They recommend the use of these three columns in pérallel
when attempting the analysis of an unknown air sample.

Zlatkis28 has also found Tenax columns to be excellent
adsorbers of volatile organic compounds from air.

The use of solid supports for the adsorption of organic
molecules is even more advantageous for air analysis than
it is in the analysis of aqueous samples. For quantitative
results, the air volume which is pumped through the resin

must be accurately measured. The sample, once collected,

28. Zlatkis, A., Lichtenstein, H.A. and A. Tishbee.
Chromatographia, 6:67 (1973).
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can then be easily stored in the collection column until
analysis can be carried out. This form of storage is much
more convenient than the use of large bags for grab samples.

More tests are needed to determine the stability of
organic compounds from the air when they are adsorbed onto
resins for long periods of time. It has been found, however,
that very little sample loss occurs in sealed resin-filled
tubes when they are stored at low temperature.

The resins used .for adsorption must be carefully cleaned
before they are used, but after collection there 1is very
little sample manipulation needed in order to analyze the
sample, thus minimizing the danger of contamination. Some
automatic sampling and analysis devices based upon the use
of a solid adsorbent have already been designed. TFor the
analysis of most lipophilic organic molecules from air, the
use of solid adsorbents appears to be preferable to cryogenic

trapping, the other alternative.

A current application of adsorption for air sampling
is the impregnation of filter materials of paper tape and
other samplers with adsorbing reagents. Atmospheric hy-
drogen sulfide has been collected with a filter containing
silver nitrate. Other compounds collected by this method

are boron hydrides, Cl chromic acid, HF, and NH,. The

2° 3
sampling of mercury vapor by gold amalgamation has been
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developed by Bullock and Ka1b29 for sampling source emis-
sions containing high concentrations of sulfur dioxide.

The adsorption of mercury onto silver wool has been eval-
uated for application for measuring ambient air concentrations
of mercury Vapor.3O Scaringelli, et al.?’l have advanced

a method for determination of total mercury by adsorption

on activated charcoal with analysis by ultra-violet spec-

trophotometry.

3.2.3 Condensation

Cryogenic trapping is probably the most popular
method for accumulating volatile compounds from an aerosol.
The basic principle involved i1s the lowering of the temper-
ature far enough so that the desired accumulant is condensed
into a trap. Liquid air, liquid nitrogen and dry-ice in

acetone are usually employed for cooling the trap.

29. Bullock, C. and G. W. Kalb. The Determination of
Mercury in Stack Gases of High S0O. Content by the
Gold Amalgamation Technique. _Trgdet, Inc.,
Environmental Protection Agency, EPA #R2-73-153.

30. Long, S.J., et al. "Atomic Absorption Determination
of Elemental Mercury Collected from Ambient Air on
Silver Wool". 165th National Chemical Society Meet-
ing, Dallas, April 8-13, 1973.

31. Scaringelli, F.P., et al. "Determination of Total
Mercury in Air by Charcoal Adsorption and Ultraviolet
Spectrophotometry." 165th Nat'l. Amer. Chem. Soc.
Meeting, Dallas, April 8-13, 1973.
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The choice of cooling temperature depends upon the vola-
tility of the desired compound as well as the volatilities
of the major components of a given air sample.

A major difficulty with cryogenic trapping is the large
amount of water in most atmospheric samples (1 & of air
at 25°C and 50% relative humidity contains 11 mg. of
water vapor). Accumulated organic trace compounds are thus
swanped by the volume of condensed water in the sample and
usually must be extracted from it with an organlc solvent.

When liquid N2 or liquid air are used, 002, 0 and some-

2,
times N2 condenses in the trap. This problem can be over-
come by lowering the pressure across the trap or by allowing
these gases to escape as the sample slowly warms. Water

vapor and CO, can also be adsorbed before trapping with

2
molecular sieves and ascarite, respectively.

A second problem with cryogenic trapping involves the
formation of a micro-fog which passes through the trap in
the air stream and causes loss of a portion of the sample.
The use of packing materials in a trap or filters before

the outlet reduces this problem, but Kaiser32 has found that

a 4 mm column of molecular sieves cooled with 1iquid'N2 at

32. Kaiser, R.E. Anal. Chem., 45:965 (1973).
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a flow rate of 2%/hr. has a constant loss of about 10 ppb
of hydrocarbons. Kalser has developed a temperature grad-
ient trap which cools the sample gradually, which he bel-
ieves has eliminated this problem for packed traps.

The types of traps used for the collection of organic
matter vary widely. The simplest are either thin metal
tubes, usually coiled, which run through a Dewar containing

the liduid N_. or stoppered tubes with air inlet and outlet

2
tubes. Often two or more of these -.ubes are used in series
to assure complete trapping of the /olatile components.

Much of the current work involves the use of adsorbents 1n
the trap to further hinder the loss of organic volatiles.
Methane has been accumulated on carbon molecular sieves

at liquid nitrogen temperature33 while it passed through

an unpacked tube at the same temperature.3u A number of
different GC phases have been used in these traps, including
Carbowax, silica gel, molecular sieves, Porapaks and
Chromosorbs.

Once the volatile constituents of the atmosphere have

been trapped, they must be made suitable for further

33. Kaiser, R.E. Anal. Chem. 45:965 (1973).

34. Cooper, J.C., Birdseye, H.E. and R.J. Donnelly.
Environ. Sci. & Tech., 8:671 (1974).
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analysis. PFor organic molecules this almost invariably
means the use of a GC or GC/MS. The usual preparative
procedure is to extract the organic fraction from the water
that has been trapped with it, using an organic solvent such
as ether, chloroform or benzene. This solvent can then be
reduced in volume or used as 1s for injection into a GC.
This procedure can lead to the loss of water-soluble
organics such as oxygenated derivatives. If only the
volatile components are of interest, they may be distilled
from the water and heavier organics into another cold-trap
or directly into a GC. Most of the packed columns are
designed for simple heat desorption of the organic compounds
directly into a GC column or occasionally into another cold
trap. The development of the flame-ionization detector
(FID) has greatly facilitated this type of analysis because
of its relative insensitivity to water vapor, simplifying
the separation needed prior to analysis.

Two major difTiculties with cryogenic trapping are the
clogging of lines with ice during sample collection and
its inconvenilence as a field method for sampling. In most
studies, a bag sample is taken and the cryogenic trapping

is done in the laboratory. The use of low temperatures

has a great advantage, however, because it decreases the

possibility of reactions when the trapped pollutants become
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more concentrated. This usually means that samples can be
stored at low temperatures for periods of a few weeks
before an analysis 1s performed. For samples of high
volatility (i.e., methane), some form of cryogenic trapping

is absolutely necessary for accumulation.
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GLOSSARY OF TERMS

Aerosol: Finely divided solid or liguid particles sus-
pended in a gas. The term refers to a colloidal
system, with both a dispersed medium (particles)
and a dispersion medium (a gas). Includes
particles whqse sizes range from 50u to 0.01u
or less. (lu = 1076 M.)

Atmospheric Aerosol: An aerosol whose dispersion medium
is air.
Particulate Size: For air poliution, the radius or dia-

meter of a spherical particle having the same
fall velocity with a density of 1 gm. cm~3.
The diameter is expressed in microns (u).
This definition is necessary because of -the
large variation of the density and shape of
atmospheric particles.

Total Suspended Particles: The term is used to describe
the actual measurement of suspended particles.
It is expressed_as mass/volume of air sampled,
usually in ug/m3.
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TABLE 3-2

ACCUMULATION OF INORGANIC SUBSTANCES FROM AIR

The table has been prepared from a review of current
literature concerning sampling of inorganic substances
from air. Because much of the current literature collected
did not contain information about the specific methods of
accumulation of the substances, they were not included in
the table. Some of the original research for development
of sampling and analytical techniques was reviewed in order
fo obtain an evaluation of the collection efficiency of
specific devices for the substances of interest.

Because surveys of the literature concerning the
analysis of mercury, ozone, nitrogen oxides and sulfur
oxlides in air currently exist, the methods for concentrating

these substances have not been included in the table.
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ACCUMULATION OF INORGANIC SUBSTANCES FROM AIR

Specific Sampling Recovery Associated
Accumulant Accumulator - Accumulator |Rate Sample Collection and Analytical Reference
Type Formulation Volume Parameters Sensitivity Method
AsH3 (Arsine) Fritted tube Silver diethyl 0.5 2/min Spectro- Saltzman (1961)
absorber dithio carba-~ photometry .
mate (0.5%)
Boron Hydrides Continuous or | TTC* reagent 1 &/min 4 min sampling 0.1 ppm Reflectance | Kuhns, Forsyth, and
(pentaborane, field model on paper or time photometry |Masi (1956)
decaborane) analyzer tape .
Boron Hydrides . Vigreaux TTC in alka- 0.5 &/min 1 hr sampling time 0.2 ppm Spectro-
bubbler line solution photometry Hill et al. (1960)
Br2 Midget KI reagent 0.5 2/min Spectro- Saltzman {(1961)
Impinger photometry
COCl2 (Phosgene) | Adsorption 15% Kel-F10 on] Basu, King and Lynn
Chromosorbd T (1972)
or MS 5A
012 . Impinger NaOH T = 20-40°¢C 1 ug Colorimetry- |Katz (1969)
0-Tolidene
012 Midget KI reagent 0.5 £/min Spectro- Saltzman (1961)
Impinger photonmetry
1, Absorber Methyl orange .1 ppm Katz (1969)
and HZSO,J

¥TTC = triphenyltetrazolium chloride
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ACCUMULATION OF INORGANIC SUBSTANCES FROM AIR

Accumulant

Accumulator
Type

Specific
Accumulator
Foramulation

Sampling
Rate Sample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytical
lethod

Reference

Cl

Cl

Cl
ci0

Chromic

CrO3 (
Acid)

Fluorides

Adsorption

Adsorption

Filtration
Midget

Impinger

Filtration

Impinger

15% Kel-F10 on
Chromosord T,
Silica Gel, or
S 5A

Modified Elin-
son Apparatus-
K boride-,

Na2003- soaked

silica gel
with fluore-
sceine

Alkaline fi1-
ter paper

KI reagent

Piiter paper
impregnated
with 5-di-
phenylcarba-
2ide reagent

NaOH and HZSON

0.5 2/min

600 me

hand pump

99% at.lmg/m3

0.6 ug/m3

Alizarin
complexion

Spectro-
photometry

Colorimetry

Alizarin lake

Basu, King and Lynn
(1972)

Elinson et al,(1973)

Ito (1972)
Saltéman (1961)

Silverman and Ege
(1947)

.

Katz (1969)
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ACCUMULATION OF INORGANIC SUBSTANCES FROM AIR

Specific Recovery Associated
Accumulant Accumulator Accumulator Collection ard Analytlcal Reference
Type Formulation Parameters Sensitivity Method
Fluorides Impinger Titance¢hromo .2 ppm-in Colorimetry | Katz (1969)
tropate solution
Fluorides Fritted glass: H20 or dilute 8 g/min 100% 1 ppdb Spectro- West, Lyles and
scrubber alkall . photometry- | Miller (1970)
; Lanthanide-
Alizarin
complexan
reaction
Fluorides Bubble or 100% 0-10 ppb| Titration Nielsen and
impinger fol- Dangerfield (1955)
lowed by ion
exchange
HCN Midget 5% NaOH 0.5 2/min Colorimetry | Saltzman (1961)
Inpinger :
ECN Fritted tube 5% NaOH 0.1 &/min Colorimetry Saltzman (1961)
HCN Hi Vol Sampler|Glass fiber 6 L/min 10 min sampling 100% 0.5 ug Colorimetry Tanaka et al.
filter impreg- (1573)
nated with
nickle ammo-
niate
3
HC1 Midget 0.01 N NaOH Titrimetry ' Sé}tzman (1961)

Impinger
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ACCUMULATION OF INORGANIC SUBSTANCES FROM AIR

. Specific Sampling Recovery Associated
Accumulant Accumulator Accumulator {Rate Sample Collection and Analytical Reference
Type Formulation Volume Parameters Sensitivity Method
HC1 and €1~ Midget Distilled 2m3 0.5 ppm Spectro- Katz (1969)
Impinger water pr.ctometry; B
Nephelometry;
Silver Hi-
trate titra-
tion
HF Filtration Alkaline Alizarin Ito (1972)
. filter paper completion
HF Silver tubes NaCO3 dried on 66 2/min 95% 3 Buck and Stratmann
Filled with ° 2-500 ug/n (1965)
silver beads beads at 200°C
HF Glass 0.1 M NaOH 1 2/min Colorimetry Saltzman (1961)
impinger -
HZS Adsorption Modified Elin- Elinscn et al.
son Apparatus- (1973)
Zn acetate-
soaked marble
powder with
BaCl2
st Absorber Alkaline American ‘Chemical

Cadmium hydroxt

ide solution

Society (1973)
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ACCUMULATION OF INORGANIC SUBSTANCES FROM AIR

Specific Sampling Recovery hssoclated
Accumulant Accumulator Accumulator |Rate Sample Collection and Analytical Reference
Type Formulation Volume Parameters Sensitivity Method
stou (Sulfuric| Filtration Mineral Wool - 80-100%. Billings, Kurker
Acid) ‘ and Silverman (1958)
stou ApSOrbér 50% ethanol 30 £/min 95.5% Fudura et al.(1973)
NH Impinger Dilute H,SO 1 g Nessleriza- Katz (1969)
3 2%y
tion to form
color
NH3 Impirger H280u 4-10 ppd Indophenol Torii (1973)
analysis,
automatic
NH3 Midget Boric Acid 1 2/min 0.5-0.9 ppm Indophenol’ Muramatsu et al.
Impinger Analysis . (1973)
NH3 Filtration Glass fiber 1 2/min Technicon Chuone et al.
N filter impreg- auto-analyzer} (1674)
‘{nated with Indophenol
sodium nitro- analysis
prussiate
NH3 Filtration Glass fiber 10 2/min NHQ salts Kadowaki et al.

filter soaked
in 20% stou

and dried

analyzed by
pyridine py-
razolone

(1973)
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ACCUMULATION OF INORGANIC SUBSTANCES FROM AIR

Specific Sampling Recovery Associated
‘Accumulant Accumulator Accumulator |Rate Sampie Collection and Analytical Reference
Type Formulation Volume Parareters Sensitivity Method
0s0y | Filtration Low-resistance 75 a/hr 2 hr sampling Colorimetry McLaughlin et al.
Whatman filter (1946)
paper
PH3 (Phosphine) | Adsorption 1% Mercuric 0.06 ug Muthu and Majumder
chloride in (1973)
0.1% cresol
red in ethanol
Pb and In Greenburg- 5% HNO3 1l cfm 35 min Polarography | Landry (1947)
(simultaneously) Smith Impinger :
Pb and Zn Electrostatic 3 cfm 12 min Polarography | Landry (1947)
. precipitator
SiClu Adsé;ption Kel-F10 on 2asu, Xing and

Chromosorb T

Lynn (1972)
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TABLE 3-3

ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR BY COMPOUND

This table lists those compounds which have been analyzed
in air samples along with the accumulation method which was
used.

The accumulator is the system used for accumulation
(i.e. midget impinger) or, if a chemical is given, it refers
to an absorbent which was used in a column (i.e. Texax).

The desorption or extraction medium generally refers
to the method of taking materials from an absorbent resin
for analysis. Where collection was by absorption, however,
this column contains the name of the absorbing liquid.

All other information is given if it was included in

the original article.

236~
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

) , Desogation " 1sampling Collection Recovery Associated
agcuzulant Accumulator Extra;tion Rate Sample Param:ters and Analytical Relerence-
. Volume i Sensitivity Hethod
Medium
¢y - ¢y Carbon molecu- | Temperature 122/min -20° to liquid N, 9Lk% at GC-FID. Kaiser (1973)
lar sieves—lOc# gradient - 4L temperature .01 ppb Carbon mole-
<200°C gradient cular sieves
-2C° -200°C
¢; - €15 Porapak Q & S 22/hr -100°C GC-FID Kaiser (1970)
10% DC 200 on
- Supelcort Q
-60 - 150°C
C2 - 012 Alumina <koo°cC ) 1.58/hr -20°C GC-FID Kaiser (1970)
temp.. gradient . . DC-200 on
Supelcort Q.
-60° - 150°C
c,-¢C Molecular " Coon
2 6 sieves . )
Chromosorb P _ 120°C .52/min -80°¢C ~100% GC~FID Williams (1965)
deactivated with (5 min) through drying agentk. didecyl
di n-butyl MgClOu or KCO3 phthalate on
phthalate i Chromosorb™ P
90°cC
or - -
tri-m-tolyl
phosphate on
- Chromosorb W
: : 93° or 73°C
02 - CR Cryogenic trap heat with 1% 1iq. H2 77°K 89-1004% GC-FID Feldstein,
hot water hexadecane onfBalestrierl (1965)
firebrick ..
. Looc
C, - Cg Cryogenic trap | distillation 12/min lig. 0, Mass spectra |Shepherd,et al.
Glass-wool - 2002 (CO, removed with - (1951)
filter asgarite)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

.

. _Desogition Sampling Collection Recovery Assoclated
Ascu=ulant Accunmulator - Extraction Rate Sample Parameters and ] Analytical Reference
' Volume Sensitivity Method
Medium
- C5 Carbowax room tempera- T7cc liq. N2 77°K GC-FID Kbpczynski, et. al,
ture dibutyl (1972)
maleate
. 0°C
- C5 Acid silica gel| room tempera=- 90cc/min 1liq. N2 GC-FID Lonneman, et, al.
#58 ture T2cc acid silica [(1974).
. gel 30°C IR .
- C10 10% Carbowax- - | room tempera- . 100cc 1liq. N2 1-3000ppb GC-FID Altshuller, et. al.
1540 on gas - ture 15% dibutyl [(1971)
Chromosord Z maleate or
acid Chromo-
sorb G
i 25°C
- C5 Silica gel #15 heat. i100£ 21° - 24°C GC~FID Beilar‘ Sigsby
. T (unpublished)
- CS . 12X molecular- heat " " "
sleves :
- ? Cryogenic trap 1iq. N2_ 77°K 95% total carbon bcoper: Birdseye,
. ) i?U"Hg pressure analyzer Jonne%Ay (1574)
3" 05 Layer trap heat <4002 21° - 24°C GC-FID Bellar, Sigsby
- OV-17 on . ' unpublished)
Chromosorb G '
silica gel, &
molecular sieve
5X & 13X
- C5 Porapak Q heat <504 " 95% " "
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

cone

. . Desoggtion Sampling _ céllection Recovery Associated
Accuzulant Accumulator Extraction Rate Sample Parameters and - Analytical Reference
: ’ u . Volume - Sensitivity Method
Medium
€y - C Chromosorb 103 £10¢ 22°¢C 952 GC-FID BSellar, Sigsby
375 ' 4 (unpublished)
C3 - CS Silica gel #58 <2548 21° - 24°¢ GC-F1D T
Cu - C 10% Carbowax room tempera- 90ce 1iq. N2 GC-FID Kopczjnski, et al.
oot 1540 on Gas ture 100ce/min dibutyl (1972)
4 8 Chron 2 - maleate Lorineman,et al.
. . acid silica | (1973%)
- gel .
) 30°C
Cy - C1 Tenax GC 50-200cc/min >90% GC-FID Bert¢sch, Chang,
5 ‘etched N1  |zZlatkis (1974)
with Emulphop
. 30° - 170°C ) .
Cu - C15 Dexsil 300 on. heat -140°C to 1liq. N2 GC-FID Kaiser (1973)
f Chromosord W . DC 200 on
. temp. gradlent Kieselguhr
. -80° - 150°C
Cu - C5 10% Carbowax hot water 40cc/min 1iq. N2 «1ppb GC-FID Bellar, Brown,
1540 on fire- heating (4 min) . bs-2(methoxy|Sigsby Jr. (1963)
brick ethyl) adi- - .
pate
37°C L
C5 :-CG Cryogenic trap hot water 12 1liq. N2 99% GC-FID Feldéstein,
: . heating silicon on |Balestrieri (3965)
firebrick
49°c
C1 - C10 Cryogenic trap |room tempera 500cc 11q. air GC- Hughes, Hurn
ture : . polyethylene| (1960)
glycol or .
DC 550 sili-
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ACCUMULATICN OF ORGANIC SUBSTANCEZS FROM AIR

Desorption

. s Sampling _ ' Recovery Assoclated
Ascumulant Accunmulator “xtrggtion Sample g:i;;ggig: and Analytical Reference
’ = . Volume Sensitivity Method
Medium
Cb - C20 €igarette-filtel extraction 2.54/min GC-MS Grob & Grob (1G71)
charcoal with C52 25”3
. 75°C e ’
07 - Clu Suppoét-bonded extraction 182/min Quantitative GC-FID Aue, Teli (1971)
silicones with pentane 0vV-101 on
(018H375103/2) gh;omgsgggoﬁ
on Chromosorb A . . et e
C8 - C18 Graphitized- 400°C ".5%/min GC-FID Raymond, Guiochon
carbon black 2002 OV-101 (1974)
Capillary '
. columns
09 - Cig Tenax GC 25° - 60°C GC-FID * | ¥leure, Dietrich
5% Dexsil . (1973)
alkanes 300 on .
Chromosorb W
C1 - 03 10% sucrose 100°C -55°C GC-FID Bellar, Sigsby, Jr.
acetate on PorapaX Q (1907)
Gas Chrom 2 160°C
Alkanes and
Alkenes
Isobutane Carbowax 1540 heat-hot water}{ 30-300cc/min Cincinnati Air 6.0 ppb GC-FID Bellar, Brzwn
* Liquid N Sigsby (1963)
n-Butane q 2 244 gsby
Butene-1 <1.5
trans-Butene-2 1.0

cis~Butene~2

1.1
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampling . ‘Recovery Associated
or . Collection . .
atcuamulant Accumulator Rate ample and Analytical Reference
" Extraction Volume Parameters Sensitivity Method
Medium .
Butadiene-1,3 Carbowax 1540 heat-hot water{ 30-300cc/min Cincinnati Air 1.0ppdb GC-FID Bellar, Brown, Sigsby
60-300ce/min ‘Liquid N, . (1963) _

Isobutylene <1.5

Isopentane 15.5

n-Pentane 7.6

3-Methyl-~ 2.6

butene~1l
Petene-1 1.6

2-Methyl- 3.8°

butane-2

cis-Pentene-2 1.7
Methane . Chromosorb 103 heat <5% 22°C 95% GC-FID Bellar, Sigsby

: (Unpublished)
Ethane
Ethylene
Acetylene
retention
. volume (1)

Propane 20cc/min head-space <10 GC-FID Bellar, .
n-Butane . <20 Ci01 Lichtenberg (1974)
n-Pentane 50 '

n-Hexane

500
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

sor on - '
De ogti % | sampling Collectio Recovery Associated
accurzulant Accumulator Extraction Rate ample Parameterg and Analytical Reference’
" : Volume * Sensitivity Method
Medium
Methane Porapak heat <52 22°C 95% GC-FID Bellar, Sigsby
Ethane : (Unpublished)
Acetylene
retention
volume (1)
Propane Porapak Q heat 20ce/min head-space <50 GC-FID Bellar, Lichtenberg
n-Butane <100 Cio1 (1974)
n-Pentane > <250
n-Hexane >500.
n-Dodecane Tenax GC heat 56;200cc/min atmosphere in GC-FIC Bertsch, Chang,
. Houston capillary Zlatkis (1974)
n-Tridecane . columns .
n-Hexadecane
n-Pentadecane
n-Nonane 1.3-15 ppb
n-Decane 1.6-4.4 ’
Limcnene 0.0-5.7

n-Pentane

2,3 Dimethyl
butane

n-Hexane

Methyl Cyclo-
pentane

n-Octane

2-Methyl
Octane

n-Undecane
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

n-Heptadecang
n-Octadecane
n-Nonadecane
n-Eicosane
Limonene
Isododecane
Isotridecane
n-Dcdecane

2-Methyl-
hexane

n-Heptane
Isooctane
n-0Octane
Isononane
n-Nonane
Isodecane
n-Decane
Isoundecane

n-Undecane

. Desogition " | Sampling Collection Recovery Associated

accuzulant Accumulator Extraction Rate Sample Parameters and Anazlytical Reference,
it Volume * Sensitivity Method
Medium
retention
: . volume (1) Bellar, Lichtenberg
n-Hexane Tenax GC heat 20ce/min head-space >500 GC-FID (1974)
C101

Cigarette extraction ¢ 2.5 1/min GC-MS Grob & Grob
n-Hexadecane | Filter ’ cs, T2° 3 (1971)

Charcoal 25m



ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

. Sampling Recovery Associated
accumulant Accumulator Extr::tion Rate Sample ggiiggzégg and Analytical Reference
Volume Sensitivity Method
Medlum

n-Tridecane Cigarette extraction ¢ | .2.5%/min GC-Ms Grob & Grob

Filter Carbon [oh} 2°
Isotetrade- T2 7 25m3 (1972)

cane ’

n-Tetradecane
n-Pentadecane
n-Pentadecane| Graphitized 400°cC .5 % /min GC-FID Raymind, Guiochon
n-Hexadecane | Carbon Black 200 % » 2Z;ig%ary (197 )
n-Heptadecane column

n-Dodecane
Isotridecane

Isotetrade-.
cane

n-Decane
Iscundecane

Decahydrona-
phthalene

Isododecane
l-octene
n-Octane
l-nonene
Isonane
n-Nonane
Isodecane
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ACCUNMULATION OF ORGANIC SUBSTANCEZS

FROM AIR

Desorption - |gampying Recovery Associated
szcuzulant Accunulator or g Rate ample gollectéon and Analytical Reference
Extraction Volume arameters Sensitivity Hethod
Mediun -
Ethylene Silica Gel 100°¢ 550cc/min o°cC >90% Stitt, Tomimatsu
: (6.2ppm) (1953)
Ethylene 2500cc/min -78e¢ 100% Stitt, Tomimatsu
. (1953)
Acteylene 200cc/min -78°¢C 10ppb color Hughes, Gordon
reaction (1959)

Ethane 12x lolecular heat <204 22°C 95% GC-FID Bellar, Sigsby

Sieves ’ (Unpublished)

thane Layer Trap heat <252 22°C 95% GC-PID Bellar, Sigsby
(7% OV-17 on : (Unpublished)
Ethylene chromosord G £504 :

-+ silica gel .

+ 13x & 5A

molecular

sieves)

Acetylene Scrubber Recom temperature; GC-FID Mitsuo, Aoyama,
Hg(ClOu)2 on must be dry Yamaki (1975L)
diatomaceous
earth

Halogenated

Hexachloro- Chromosorb 101 hexane 3%/min ambient temperature 88-100% GC-FID Mann, et al.

butadiene up to 90°C ov-17 (1974)

150°C




ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

.ethylene

. Sampling Recovery Associated
or Collection . fcan
accumular Accumulator . Rate Sample and Analytical Reference,
Aceuzulant Extraction Volume Paraneters Sensitivity Method
Medium
retention
Chromosorb 103 heat 20ce/min head-space volume (1) GC-FID Be1l
Methylene 500 - c - L1 ;:r’b (2971)
¢hloride 500 101 ¢htenberg (.
Chioroform -
CClu Chromosorb P 120°C .58/min -80°C dried with ~100% GC- Williams (1965)
deactivated MgCloq or KCO3 didecyl .
C.Cl.H with di-n-butyl phthzlate on
2773 phthalate Chromosorb P
90°¢c”
retention
volume (1)
Methylene- Porapak Q heat ‘20ce/min head-space 500 GC~FID Bellar,
chloride C101 Lichtenberg (1974)
Chloroform 500
1,1 Dichloro-} Porapak Q on-column 100¢cec-500cc 30°-50°C GC- Williams & Umstead
ethylene adsorption coulometric | (1968)
heat detector
CleCCFecl
CHCl3
o}
CHBC 13
Chloro-
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Recovery Associated
or Collection - N Ps
ascu=ulant Accunulator - Sample and Analytical Reference
Exgrac»ion Volunme Parameters Sensitivity Method
Medium :
CCle2 Porapak S on-column 100ce-500cc 30°-50°C Gc- Williams & Umstead
adsorption coulometric (1968) .
CC13F heat detector
CH2012
CH2=CCI2 )
C12F0001F2
BercCBer Porapak S on column 100cc 30°-50°C GC- Williams & Umstead
concentration coulometric (1968)
CHCl3 detector
CH30013
CHCl=CCl2
CC12=CCI2
CHCl3 Tenax GC heat 50-200ce/min atmosphere in GC-FID Bertsch, Chang,
Houston capillary Zlatkis (1974)
Tetrachloro- columns
ethylene
retention
volume (1)
Methlene- Tenax GC heat 20ce/min head-space 500 GC-FID Bellar,
chloride Ci01 - Lichtenberg (1974)
Chloroform 500




ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Deso;gtion " | sampling Collection Recovery Associated
accuzulent Accumulator Extraction Rate Sample Parameters and Analytical Reference-
vees Volume * * Sensitivity Method
Medium
CH,C1, Tenax GC heat 20ce/min head-space 3-8 ppb ‘GC-FID Bellar,
: Cio1 Lichtenberg (1974)
CZ-{CI3 7-12 N
Cl3CCH3 8-16
ClchHCI 9-Lo
01200012 3-6
General Activated heat 13cfm IR . Turk, D'Angio (1962)
esters & carbon GC-capillary,| '
. ethers columns
Trichloro- decane 500cc/min '95-100% GC- Herbolsheimer,
ehtylene 602 : SE-30 on Funk, Drasche
. Chromosorb (1972)
110°C
c,Cl Cigarette cs 2.54%/min GC-MS Grob & Grob (19371)
277 2.
filter
charcoal
Tetrachloro- extraction ¢ 2.54/ain GC-MS Grob - & Grob (1971)
etnylene cs, 72°C 25m3
" Trichloroethane Silica Gel cumine, dry ice 90% Colorimetry Ogata, et al. (1973)
" c.Cl pyridine or
2774 Et20
C2H2C1u
C2013H
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption - s »
ampling Recovery Associated
or Collection Y » .
accuzulant Accunulator Rate ample and Analytical Relerence
neeE Extraction Volume Parameters Sensitivity Method
Mediun
Dichloro- 1,2,3-tris heat: 50cc/min GC-FID Bellar, Sigsby
methane (2-cyanoethoxy) ’ Porapak Q (1970)
propane on .
Chromosorb W
CcC1 Cryogenic Trap distillation 12/min liquid © Mass spectra Shepherd, et al.
4 2
Glass Wool 2002 (1951)
C1C,H Filter : CO, removed with
ascarite
Perfluoroiso-| Midget MeOH - <1ft3/hp 95% Colorimetry Marcali, Linch
butylene impinger ‘ - (1966)
Hexafluoro-
propene
CH3Br Impinger 5% KOH in " 79% Titration Blinn and Gunther
EtOH (1949)
Acids .
N-butyric acid| Filter paper concentrated 2-62/min <99% GC Ckita, et al.
Isovaleric with 10% NaOH HCl/hexane . TMCBA on (1973)
acid Chromosorb W
139°C
Alcohols
and Thiols
Methanethiol Chromosorb P 120°C .52/min -80°C dried with ~100% GC- Williams (1965)
deactivated MgCl0, or KCO didecylphal-
2-propanethiol 1o Gibutyl- 8 3 ate on
phthalate Chromosorb P

90°cC
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampling Recovery Associated
or . Collection . -
accuzulant Accunulator Rate ample and Analytical Reference
- Extraction Volume Parameters Sensitivity Method
Medium
EtOH Chromosorb P 120°C .58/min -80°C dried with ~100% GC- Williams (1965)
deactivated MgClOu or KCO3 ’ didecyl
with di-n-butyl| phthalate on
phthalate Chromosorb P
. 90°C
Propanol Porapak Q GC-Porapak Q Bellar, Sigsby
160°C (1970)
Methanol Polyethylene 24ecC GC- Novak, Vadik,
Glycol 400 Celite 545 + | Jandk (1965)
Apiezon L
Methanol %,2,3-tris y heat 50ce/min GC-FID Bellar, Sigsby
2-cyanoethoxy - Porapak Q (1970)
Ethanol propane on
2-Propanol Chromosorb W
Allyl Aicohol 1,2,3-tris heat 50ce/min GC-TID Bellar, Sigsby
(2-cyanoethoxy) Porapak Q (1970)
2 Methyl propane on
Propane-~2-o0l | Chromosorb W
2-Methyl
Propanol
Propylene Folin water 3004 70—80% Colorimetry Wise, Puck, Stral
Glycol aeration tubes 20-304/min (1967)
Triethylene 95-97%

Glycol
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desogition Sampling Collection Recovery Assoclated
Accumulant Accunulator Extraction |Rate Sample Sarameters and Analytical Reference’
A Volume ¢ e Sensitivity Method
Medium
Esters
EtOAc Chromosorb P 120°C .52/min -80°C dried with ~100% GC- ¥Williams (1955) .
deactivated : MgCl0, or KCO3 didecyl
with di-n-butyl pathzlzate on
phthalate Chromosord P
90°C
Methyl 1,2,3-tris heat 50cce/min GC-FID Bellar, Sigsby
Acetate (2-cyanoethoxy) Porapak Q (1970)
propane on
Chromosorb W
Ethyl Midget KMnOu/NaOH 300ce/min Colorimetry Gisclard; Robinson,
acrylate impinger - Kuezo, Jr. (1958)
Methyl
methacrylate °
Maleic Chromosorb 104 (not removed){ _ .25%/min 80 GC~FID Pellizzari, et al.
annhydride (1975)
20% Tricresyl 20,
phasphate on
Chrom W(HP)
100/120
25% Didecyl 50
phthalate on
Chrom P
100/120
Oxypropio- 90
nitrile/Poracil
c 8o0/100
90

Porapak Q
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

rrb+ . :
. Desoaguion Sampling Collection Recovery Associated
agcuzulant Accunulator Extraction Rate Sample Parameters and Analytical Reference -
Volume Sensitivity Method
Mediun
Maleic 20% Carbowax (not removed) «25%/min 907 GC-FID Pellizzari, et al.
annhydride 600 on Chromo- : (1975)
sorb W(HP)
100/120 mesh
Carbowax 400/ 95
Poracil C :
100/120
Chromosorb 101 95
Tenex GC 80
. Actlvated 0-90
carbons
8-Propio- Chromosorb 104! (not removed) .25%/min 98 GC-FID Pellizzari, et al.
lactone " : (1975)
20% Tricresyl 20
phosphate on
Chrom W(HP)
100/120
25% Didecyl 50
phthalate on
Chrom P
100/120
Oxypropio- - 98
nitrile/Poracil
c 80/100
Porapak Q 90
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

o 4 .
Desoaic-on Sampling Collection Recovery Assoclated
~ocumulant Accurulator Extraction Rate ample Parameters and Analytical Relerence
= Volume g Sensitivity Method
Medium .
B-Propio- 20% Carbowax (not removed) | _.25%/min. 90% "GC~FID’ Pellizzari, et al.
lactone 600 on Chromo- . (1975)
sorb W(HP)
}00/120 mesh
Carbowax 400/ 90
Poracil C
100/120
Chromosorb 101 95
Tenax GC 95
Activated 90-95
carbons
Ketones and
Aldehydes
Acetone Chromosorb P 120°C .52/min -80°C dried with ~100. GC- Williams (1965)
deactivated MgCl0, or KCO3 didecyl
Acrolein with di-n-butyl phinalate on
phthalate Cnromosorh 2
90°C )
Acetone Porapak Q GC-Porapak Q| Bellar, Sigsby
160°C (1970)
Butanone -~
Cyclohexanon# Silicone E301 120°C 100cc/min .5mm Hg GC-FID Cropper, Kaminsky
on Celite 545 <230cc pressure drop Silicone E30Y (1963) -
on celite
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Ethyl Formate

Methyl
Acrolein

Vinyl Methyl
Ketone

2,3-Butane-
dione

Desoggtion | Sampling Collection Recovery Associated
accuzulant Accumulator Extraction Rate Sample Parameters and Analytical Reflerence .-
ﬁedium Volume Sensitivity Method

Octenal Cigarette extraction ¢ 2.5%/min . GC-MS Grob & Grob
Filter Charcoalj CS, 72° 25m13 (1571)

Acetone Polyethylene 24oC GC- Novak, Vabék,
Glycol 400 Celite 545 + | Janak (1965)

Aplezon L

Acetaldehyde |1,2,3-tris heat 50ce/min GC-FID Bellar, Sigsby
(2-cyanocethoxy) : Porapak Q (1970)

Acrolein propane on

Propanal Chromosorb W

. Acetone
2~Methylpro-
panal -
Butanal
Methylethyl-
ketone
Methyl
Formate



-6Ge-

ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

. Desorption | s,mp11ng Recovery Associated
ascuzulant Accumulator Ext orti Rate Sample goliggzégg and Analytical Reflerence
xcract.ion Volume ar Sensitivity Method
Medium
Cyclobutanone1l,2,3-tris heat 50ce/min GC~FID Bellar, Sigsby
(2-cyanoethoxy) Porapak Q (1970)
Crotonalde- propane on
hyde Chromosorb W
2,2-Dimethyl
Butanal
Methyl Ethyl |Chromosorb 104 (not removed) .252/min 98% GC~FID Pellizzari, et al.
Ketone (1975)
20% Tricresyl 20
phosphate on
Chrom W(HP)
100/120
25% Didecyl 50
phthalate on
Chrom P
100/120
Oxyproprio- g8.
nitrile/Poracil
c 80/100
Porapak Q 90
20% Carbowax 90
600 on Chromo-
sorb W(HP)
100/120 mesh
Carbowax 400/ 90

Poracil C
100/120
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampliing Recovery Assoclated
Accumulant Accunmulator Extrgztion Rate ample ggii;:zigg and Analytical Reference-
. Volume Sensitivity Method
Medium .
Methyl ethyl | Chromosorb 101} (not removed) .25%/min 95% GC-FID Pellizzari, et al,
ketone : (1975)
Tenax GC 95
‘Activated 90-95
carbons ’
Ethers and
- Oxides
Ether Chromosorh P 120°C 5¢/min -80°C dried with ~100 felol Williams (1965)
deactivated MgCl0, or KCO didecyl
Propyl ether | with di-n-butyl] 4 3 phthalate on
phthalate Chromosorb P
. 90°C
bis{chloro~ Porapak Q 180°¢C" 152 100 Mass spectra| Colller (1972)
methyl) ethexn 1.58/min -
bis-Chloro~ Porapak Q 180° 152 at . Quantitative | Mass. spec. Collier (1972)
meth under vacuum 1.52/min to 204
Ethylene 1,2,3-tris heat 50cc/min GC-FID Bellar, Sigsby
Oxide (2-cyanoethoxy) Porapak Q (1970)
propane on
Chromosorb W
2,3-Butylene
Oxide
Isobutylene
Oxide
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desozition "1 Sampling Collection Recovery Associated
accuzulant Accumulator Rate ample and Analytical Reference
- . Extraction Volume Parameters Sensitivity Method

Medium
1,2-Butylene| 1,2,3-tris heat 50cc/min GC-FID Bellar, Sigsby
Oxide (2-cyanoethoxy Porapak Q (1970)
propane on
Tetrahydro- Chromosorb W
furan
1,2 Dichloro4 Chromosorb 104 (not removed) .258/min 98% GC-FID Pellizzari, et al.
ethyl ethyl (1975)
ether -} 20% Tricresyl 20
phosphate on
Chrom W(H?)
100/120
25% Didecyl 50
pnthalate on
Chrom P
100/120
Oxyproprio- 98
nitrile/Poracil
c 80/100
Pofapak Q 90
20% Carbowax 90
600 on Chromo-
sorb W(HP)
100/120 mesh
Carbowax 400/ 90
Poracil C
100/120
Chromosorb 101 95
Tenax GC 95
Activated 90-95

carbons




ACCUMULATION OF ORGANIC SUBsTANCES FROM AIR

Desorption

_892_

Sampling Recovery . | Assoclated
accuzulant Accumulator Extrgition Rate Sample g:gi;ggég: ’ and Analytical Reflerence.
Volume Sensitivity Method
Medium .
Styrene Chromosorb 104 | (not removed) .25%/min 90% GC-FID - Pellizzari, et al.
epoxide : : . (1975)

20% Tricesyl 20 .
phosphate on
Chrom W(HP)

100/120

25% Didecyl : 80
phthalate on

Chrom P

100/120
Oxypropio= ) . 96 .
hitrile/Poracil
¢ 80/100
Porapak Q ’ 95

20% Carbowax . 90

600 on Chromo-

sorb W(HP)

100/120 mesh
Carbowax 400/ 30

Poracil ¢

100/120
Chromosorb 101 95
Tenax GC T . 90 -
Activated ’ 30-95

carbons
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption Sam A 4 a
. mpling Recovery ssoclate
or Collection " Rer R
accuzular Accunulator Rate Sample and Analytical eflerence
Aseuzulant Extraction Volume Parameters Sensitivity Nethod
Medium
Butadiene Chromosorb 104] (not ﬁemoved) " .25%/min 90% - GC-FID Pellizzari, et al.
diepoxide ] (1975) .
20% Tricresyl 20
phosphate on
Chrom W(HP)
100/120
25% Didecyl 80
phthalate on
Chrom P
100/120
Oxipropioy 96
nitrile/Poracil
c 80/100
Porapak Q 95
20% Carbowax 90
600 on Chromo-
sorb W(HP)
100/120 mesh
Carbowax 400/ 90
Poracil C
100/120
Chromosorb 101 95,
Tenax GC 90
Activated

carbons

30-95




-09¢~

ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption - Sam - A jated
mpling Recovery ssoclate
or Collection . P
ASCuT Accumulator Rate Sample and Analytical Reference
Aesumalant Extraction Volume Parameters Sensitivity Method
Mecdium

Propylene Chromosorb 104} (not Eemoved) .25%/min 90% GC~-FID Pellizzari, et al.
oxide - (1975)

20% Tricresyl 20 )

phosphate on

Chrom W(HP)

100/120

25% Didecyl 80

phthalate on

Chrom P

100/120

Oxipropio- 96

nitrile/Poracil

¢ 80/100

Porapak Q * g5

20% Carbowax’ 90

600 on Chromo-

soro W(HP)

163/120 mesh

Carbowax 400/ 90

Poracil C
100/120

Chromosorb 101 95

Tenax GC 90

Activated

carbons

30-95
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ACCUMULATION CF ORGANIC SUBSTANCES “FROM AIR

Desorption -

Sampling Recovefy Assoclated
or 3 Collection s Refer
PP r - Rate ample and Analytical eference .
agcumulant Accumulato Extraction Volﬁme Parameters Sensitivity Method
Mecdiunm
Bis-(2-chloro-{ Chromosorb 104 (not femoved) .252/min 80%. GC-FID Pellizzari, et al.
ethyl) ether (1975) *
20% Tricresyl 20
.phosphate on
Chrom W(HP)
100/120
25% Didecyl 50
phthalate on
Chrom P
100/120
Oxypropio- 90.
nitrile/Poracil
c 80/100
Porapak Q 90
20% Carbowax 90
600 on Chromo-
sorb W(HP)
100/120 mesh
Carbowax 400/ 95
Poracil C
100/120
Chromosord 101 95
Tenax GC 80
Activated 0-90

carbons
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption - | g, R r Associated
. pling c ecovery
or ollection 1ytical Reference -
s acu=ulant Rate ample and Analytica elere
accu=ulant Accumulator Extraction VOlime Parameters Sensitivity Method
Medium
Bis-(chloro- Chromosord 104 (not femoved) .25%/min 80%. GC-FID Pellizzari, et al.
methyl) ether (1975) .
20% Tricresyl 20
.phosphate on
Chrom W(HP)
100/120
255 Didecyl 50
phthalate on
Chrom P
100/120
Oxypropio- 90
nitrile/Poracil
80/100
Porapak Q " 50
20% Carbowax 90
€00 on Chromo-
sord W(HP)
100/120 mesh
Carbowax 400/ 95
Poracil C
100/120
Chromosorb 101 95
Tenax GC 80
Activated 0-90 .

carborns
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~ ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampling Recovery Associated
Agcuzulant Accumulator Extr:Ztion Rate ample g:iig:g::g and ‘| Analytical Reference -
Medium Volume Sensitivity ~ Method
Other
Aliphatics
Methyl nitrate] Chromosorb P 120°C .54/min -80°C dried with ~100% GC- Williams (1965)
deactived MgClOu or KCO . didecyl
Ethyl nitrate | with di-n- 3 ‘phtnelate on
butyl Chromosorb 2
Butyronitrate' phthalate 90°C
Methyl sulfide
Methyl
disulfide
Trimethyl Graphitized heat .<5 2 25° 100 GC Raymond, Guiochon
phosphate carbon black (1975)
Acetonitrile 1,2,3-tris heat 50ce/min GC-FID Bellar, $1gsby
. (2-cyanoethoxy) Porapak Q (1970)
Methyl nitrate propane on
Acrylonitrile Chromosorb W }
Nitromethane
Proplonitrile
Acrylonitrile ?;dggte KMnO, /NaOH 300ce/min Colorimetry | Gisclard, Robinson,
mpinger. Kuezo, Jr. (1958)
Cﬁiéghexyl— 01N HCl} 1.54/min 100 Colorimetry Watrous, Schultz
(1950)
Nitroglycerin{ Midget - ~
BIVSETIR| Inpingers witn| o0 oo 14/min 100 Einert, et al.
Ethylene Fritted Glass ' (19€3)
glycol :
dinitrate




ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

sorb W(HP)
100/120 mesh

Desozgtion " | sampiing Collection Recovery Associated
accuzulant Accumulator Rate ample and Aralyticai Reference.
" Extraction Volume Parazeters Sensitivity Method
Medium
Dichloro- Impinger H,S0,, 95-28% Jones, Riddick
_nitro-ethane (1952)
2-nitropro- Fritted glass |[conc. HZSOu .58/min 100 Colorimetry Viles (1960)
pane bubbler silica gel 32
2-propancl
Hzg P 50-100
Methyl amine Filter paper concentrated 2-62/min <99 . GC Okita, et al.
with 9% oxalic} HCl/hexane TMCBA on (1973)
acld Chromosorb ¥
139°C
AEthyl methane} Chromosorb 104 (not removed) .252/min 98% GC-FID Pellizzari, et al.
sulfonate _ , (1975)
20% Tricresyl 20
phosphate on
Chron W(HP)
100/120
254 Didecyl 50
phthalate on
Chrom P
100/120
Oxyproorio- 98
nitrile/Poracil
c 80/100
?orapak Q 90
20% Carbowax " g0
600 on Chromo-
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

: Desoggtion Sampling Collection Recovery Associaved
accuculant Accunulator Rate Sample and Analytical Reference
" Extraction Volume Parameters Sensitivity Method

Medium

Ethyl methane| Carbowax 400/ (not removed) .25%/min 90% ' GC-FID Pellizzari, et al,
sulfonate Poracil C (1875)

100/120 *

Chromosorb 101 95

Tenax GC 95

Activated 90-95

carbons
N-Nitroso- Chromosorb 104| (not removed) .252/min_ GC-FID Pellizzari, et al.
diethylamine Ce (1975)

‘20% Tricresyl

phosphate on
Chrom W(HP)
100/120

25% Didecyl
phthalate on
Chrom P
100/120

Oxyproprio-
nitrile/Poracil!
¢ 80/100
?orapak|Q

20% Carbowax

600 on Chromo-

sorb W(HP)
100/120 mesh
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accunulator

Desorption
or
Extraction
Medium

Sampling
Rate

Sample
Volume

Collection
Parameters

Recovery
and

Sensitivity

Assoclated
Analytical
Method

Reference

N-Nitroso;
diethylamine

Nitromethane

Carbowax 400/
Poracil C
100/120
Chromosorb 101
Tenax GC

Activated
carbons

N-Nitroso-

diethylamine

Chromosorb 104

20% Tricresyl
phosphate on
Chrom W{HP)
100/120

25% Didecyl
phthalate on
Chrom P
100/120

Oxyproprio-
nitrile/Poracil
¢ 80/100

Porapak Q

20% Carbowax
600 on Chromo-
sorb W(HP)

"1100/120 mesh

(not. removed)

(not removed)

- .25%/min

.254/min

98%

20

50

98

90
90

' GC-FID

GC-FID

Pellizzari, et al.
(1975)

Pellizzari, et al.
(1975) -
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

. Desozgtion "{Sampling Collection Recovery Associated
accuzulant Accumulator Extraction Rate Sample Parameters and Analytical Reference.
Volume Sensitivity Method
Mediun
Nitromethane | Carbowax 400/ | (not removed)| -.25%/min 90% " GC-FID Pellizzari, et al.
Poracil C . ’ (1975)
100/120
Chromosorb 101 g5
Tenax GC 95
Activated §0-95
carbons )
Sulfolane Chromosorb 104 | (not removed) .254/min 90 ‘GC-FID . Pellizzari, et al.
) (1975) -
20% Tricresyl 20
chosphate on
Chrom W(HP)
106/120_.
25% Didecyl 8o
phthalate on
Chrom P
100/120
Oxypropio- 96
nitrile/Poracil
c 80/100
Porapak Q 95
20% Carbowax 90,
600 on Chromo-
sorb W(HP)
100/120 mesh
Carbowax 400/ 90

.1100/120

Poracil C
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampling Recovery Associated
or P Collection . .
accumulant Accumulator Rate ample and Analytical Reference
» Extractlon Volume Parameters Sensitivity NMethod
Medium . :
Sulfolane Chromsorb 101 (not removed)| .25%/min 95% * GC-FID Eié%égzari, et al,
Tenax GC 90 N
Activated 30-95
carbons '
1,3-Propane- | Chromosorb 104 (not removed)| .25%/min 80 GC-FID Pellizzari, et al.
sultone (1975)
20% Tricresyl 20
phospnhate on
Chrom W(HP)
100/120
25% Didecyl 50
phythalate on
Chrom P
100/120
Oxyproprio- 90
nitrile/Poraci} :
¢ 80/100
Porapak Q 99
20% Carbowax 90
600 on Chromo~
sorb W(HP)
100/120 mesh
Carbowax 400/ 95
Poracil C
100/120

Chromosorb 101

85
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

. Desorption - | g, mo1ing Recovery Associated
or ; Collection g - )
sscumu - Sample and Analytical Reference
Accuzulant Accumulator Extraction Volﬁme Parameters Sensitivity Met hod
Medium
1,3-Propane~| Tenax GC (not removed)| ..25%/min 80% GC-FID Pellizzari, et al.
sultone ’ (1975)
Activated 0-90%
carbons e
General
Aromatics
C7 - C10 10% Carbowax room 100cc .1iq. N2 1-50ppb GC-FID Altshuller, et al.
1540 on Gas temperature bis(M-phenoxy| (1971)
Chrom 2Z -phenoxy)
benzene &
apiezon
70°C
C7 - 09 Carbowax room 77cc GC-FID Kopezynski, et al.
. temperature 10% poly- (1972)
' ethylene
glycol on
Gas Chrom 2
Cg - Cy3 Tenax GC heat 25° - 60°C GC-FID Mieure, Dietrich
Dexsil 300 (1973)
on Chromo-
sorb W
Ce = €y Cigarette cs, 2.52/min GC-MS Grob & Grob (1971)
filter .’ 3
25m
charcoal
CB - ClS Graphltized 400°C .58/min GC-FID Raymond, Guiochon
carbon black 2002 ovV-101 (1974)
capillary

columns
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Recovery

Sampling Assoclated
or . Collection A rtical Reference -
PP - Rate ample and Analytica e 3
Accuzulant Accumalator | pxtraction Volume|  Parameters Sensitivity | = Method
Medium )
C6 - C10 Silica Gel 58 250°C <50 21°0-24°¢C GC-FID Bellar, Sigsby
Silica Gel 15 heat <500 21°-24°C GC-FID (unpublished)
Glass beads 120° T2cc 1liq. N2 2-130ppd GC-FID Lonneman, Bellar,
: - bis{m-phencxy Altshuller (1968)
-phenoxy) Lonneman, et al.
benzene with | (1974)
: :
Unsubstituted apiezon 73°C
Aromatics retention
aromavics volume (1)
Bgnzehe Chromosorb 103 heat 20ce/min head~space 500 GC-FID Bellar,
. 101 Lichtenberg (1974)
Naphithalene 500
Benzene | Porapak Q heat 20ce/min head-space 500 GC-FID Bellar,
i . Ci01 Lichtenberg (1974)
Napthalene 500
Benzene Glass Beads heat T2¢cc liquid N2 15ppb GC Lonneman, Bellar,
. . Altshuller (1968)
Naphthaleﬂe' Tenax GC heat 50-200cc/min 25°-60°C >90% GC-FID Mieure, Dietrich
Dexsil 300 (1973) -
on Chromo-
sorb W
Tenax GC heat 50-200cec/min atmosphere in GC-FID - |Bertsch, Chang,
' Houston capillary Zlatkis (1974)
columns
Benzene Tenax GC heat 50-200cc/min | atmosphere in 1.3-15ppb {GC-FID Bertsch, Chang,
Houston capillary Zlatkis (1974)

columns
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Associated

. Desoggtion " | Sempling Collectlon Recovery
~ccuzulant Accumulator Extraction Rate Sample Parameters and Analytical Reference’
et Volume * < Sensitivity Method
Medium
retention
volume (1)
Benzene Tenax GC heat 20cc/min head-space >500 GC-FID Bellar, .
c Lichtenberg (1974)
101 .
Benzene Silicone 24e GC-FID Novak, Va%hk,
elastomer 75% Celite Janék (1965)
E-301 con 545
Celite 545 25% Apiezon L
or
polythyene
glycol 400
Indene
Napthalene
Benzene Silicone E301 . 120°C <29cc .5mm Hg GC-FID Cropper, Kaminsky
on Celite 545 ° pressure drop Silicone E30Y (1963) -
Pyrldine <1l0ce : on celite -
' . and others
Benzene Cigarette cs 2.5%/min GC-MS Grob & Grob (1971
filter charcoal 2 3 (1971)
Benzofuran 25m
Naphthalene
Diphenyl
Fluorene
Benzothia- extraction ¢
zole CS2 72°

Biphenyl
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampling Recovery Associated
~ccumulant Accunulator Extrggtion Rate ample ggiiggzigg and Analytical Reference .
" Volume * Sensitivity Method
Medium .
Acenaphthene | Clgarette extraction ¢ 2.52/min GC-MS Grob & Grob (1971
filter cs, 72° 3 reb (1971)
Dibenzofuran | charcoal U2 25m -
Fluorene
Benzofuran
Benzene
Napthalene
Acenaphthene Graphitized 400°C .58/min GC-FLD Raymond, Guiochon
Carbon Black 2004 oV-101 (1974)
Fluorene _capillary
Napthalene column
Diphenyl
Indane
Indene
Benzene Silica Gel 58 250°C <50 21°-24°C GC~FID Bellar, Sigsby
Silica Gel 15 heat <500 21°-24eC GC~FID (unpublished)
Acid Treated 60ce/min 20ppm formaldenyde Hubbard, Silverman
Silica Gel stain (1950)
Silica Gel isooctane 1.2-1.5%/min uv .| Maffett, Doherty,
Comproni (1962)
Silica Gel 1sopropanol 1-3%4/min dried with 54 80% GC-FID Whitman, Johnston
molecular sieves Ipolypropylene| (1964)
glycol on
diatomaceous

earth
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption -

Sampling Recovery Assoclated
or - Collection . " . ~
ASCuUDR Accunulator Rate ample an Analytical Reference
Aecazilant ’ Extraction Volume|  Farameters Sensitivity |  Method
Medium .
Benzene Silica Gel cyclohexane/ 1-32/min dry air 80-100% uv Elkins, Pagnotto,
heptane sat. air 30% Comproni (1962) _
02H2012/C2F2C1u
Benzene 1,2,3-tris heat 50cc/min GC-FID Bellar, Sigsby
(2-cyancethoxy) Porapak Q (1970)
Furan propane -on : L
Chromosorb W
Benzene Cyrogenic distillation 12/min 1liq. 02 Mass spectra| Shepherd, et al.
Trap Glass (1951) -
Wool Filter
Midget i
Impinger isooctane 200cc/min cool air before 90-100% uv Andrews, Peterson
sampling (1947)
Layer Trap heat <5004 21°-24°C GC-FID Bellar, Sigsby
(7% OV-17 on (Unpublished)
chromosorb G
+ silica gel
+ 13x & 5A
molecular
sieves)
Glass Beads 120° T2ce 1iq. N2 .2-130ppb GC-FID Lonneman, Bellar,
: : bis(m-phenoxy Altshuller (1968)
-phenoxy) .

benzene with
apiezon 73°C
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampling Recovery Associated
or g Collection s
Accux=ulant Accumulator Rate ample and Analytical Reference-
e Extraction Volume Parameters Sensitivity Method
Medium :
Substituted
Nonpolar
Toluene 10% Carbowax room 100cc 1iq. N2 1-50ppd GC-FID Altshuller, et al.
1540 on gas temperature bis(M-phenoxy] (1971)
Xylene Chrom 2 -phenoxy)
benzene &
apiezon
70°C
‘Toluene Carbowax roon TTecc GC-FID Kopczynski, et al.
. temperature 10% poly- (1972) k
Xylenes ethylene
glycol on
Styrene Gas Chrom 2
Hexachloro—~ {Chromosorb 101 lhexane 32/min 88-100% GC-ECD Mann, et al.
benzene - ov-17 (1974)
15¢c°C
Toluene Chromosorb 103 {heat 20ce/min head-space retention GC-FID Bellar
volume (1) c Lichtenterg (1974)
500 101 :
Chlorobenzene 500
o-Dichlorobent -
zene ’ 500
1,2,4-Tri~
chlorobenzene 500
Toluene Porapak Q heat 2dcc/m1n head-space retention GC~FID Bellar, Lichtenberg
o volume (1) Ci01 (1974)

500
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ACCUMULATION OF ORGANIC SUBSTANCES FROX AIR

phor
30°-170°C

Desorption - s r i
ampling Recovery Associated
or Collection . P .
sceusular . Accumulator Rate ample and Analytical Reference
Aecuzulant Extraction Volume Parameters Sensitivity Method
Medium
Toluene Glass Beads heat Tce liquid N2 37 ppb GC Lonneman, Bellar,
Altshuller (1368)
Ethyl Benzene 6
p-Xylene 6
m-Xylene 16
o-Xylene 8
Isopropyl 3
Benzene
" n-Propyl 2
Benzene
3,4 giethyl . 8
Toluene
Mesitylene 2
t-Butyl ~ .
Benzene
sec-Butyl -
Benzene
n-Butyl -~
Benzene
Toluene 50-200¢ce/min >90%. GC-FID Bertsch, Chang,
Etched Ni Zlatkis (1974)
with Emul-
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

Desorption - | R Associated
. . mpling ecovery ssociate
or Collection ! 1 Ref .
2 oyt Ac ulator Rate Sample and Analytica eference
Accuzulant cumul Extraction Volume Parameters Sensitivity Method
Medium
Xylenes 50-200ce/min >90 GC-FIC Bertsch, Chang,
Etched Ni Zlatkis (1974) -
with- Emul-
phor
30°-170°C
1,2,4-Tri- Tenax GC heat 50-200cc/min atmosphere in GC-FID Bertsch, Chang,
methyl< Houston capillary Zlatkis (1974)
benzene columns
o-Diethyl-
benzene

T

Methyl Propyl
benzene

Dichloro-
benzene

Methylindane

Methylnaph-
thalene

Styrene
1,3,5-Tri-

methyl-
benzene




ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

-Lle~

Desozgtion " Sampling Collection Recovery . { Associlated -
accuzulant Accumulator Extraction Rate ample Pa;ameters and | Analytical Reference .
Volume Sensitivity Method
Medium
Isobutyl Ben-} Tenax GC heat 50~200ce/min atmosphere in ) GC-FID Bertsch, Chang,
zene ) Houston capillary Zlatkis (1974) .
columns
o-Ethyl
toluene
Dimethyl-
ethyl-
benzene
Toluene 0.3-9.7
- Ethyl Benzene : ' 3.1-4.5
p-Xylene . . 2.1-3.4
m-Xylene ' . . 5.9-7.8
o-Xylene . 3.0-4.8
m-ethyl )
toluene . 1.5-4.0
20ce/min head-spaée retention  |GC-FID Bellar,
volume (1) Ci01 ] Lichtenberg (1974)
Toluene . 500
Chlorobenzene 500
o-Dichloro- o 500
benzene : ..
©1,2,4-Tri1- 500
chlorobenzene : .
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ACCUMULATION OF ORGANIC SUBSTANCES

FROM AIR

. Desoggtion ’ Collection Recovery Associated
Accumulant Accunulator Rate arple and Analytical Reference -
Extraction Volume - Parameters Sensitivity Method
Medium
Acetophenone | Support-bonded | extraction g /min filtered to Su GC-FID Aue, Teli (1971)
silicones with pentane ' 0V-101 on .
: Chromosorb W
R.T. - 130°C
Toluene Silicones 24e GC-FID Novak, Vasék,
— 75% Celite Jandk (1965)
Xylenes Silicone 545
’ elastomer 25% Apiezon [
E-301 on
Celite 545
or
polyethylene
glycol koo
Toluene Silicone E301 120°C <29ce .5mm Hg GC-FID Cropper, Kaminsky
. on Celite 545 <T7cc pressure drop Silicone E301 (196€3)
Xylenes B <110cc on celite
<210ce and others
Benzyl 100ce/min GC-FID
chloride <500cc Silicone E30]
on Celite
Aromatics Cigarette-
filter .
Ce - 020 Charcoal 082 2.5%/min GC-MS Grob & Grob (1971)
Toluene 25m3
Methylindan
2-Methyl- extraction ¢ 2.5%/min
naphthalene. cs, 72° 25m3




ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption -

Sampling
Sample

Collection

Asscclated
Analytical
~ Method

Recovery
and
Sensitivity

Reference-

Accumulator

or
Extraction
Mediun

Rate

Volume

Parameters

GC-MS

Grob & Grodb
(1971)

1-Methyl~
naphthalene

2,6-Dimethyl4
napnhthalene

1,6-Dimethyl-
napthalene

1,8-Dimethyl

naphthalene

Methyldi-
phenyl

m-Ethyl-
toluene

1,3.5-Tri-

methylbenzene

o-Ethyl-
toluene

1,2,4-Tri-
methylbenzene .

p -cymene

n-Butylben-

zene

Methylpropyl+

benzene

Cigarette

filter
Charcoal

extraction ¢
052 T2°

" 2.5%/min
25m3
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~ ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

accumulant

Accumulator

Desorption

or
Extraction
Medium

Sampling

Collection

Parameters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reference’

sec-Butylben-
zene

1,2,3-Tri-
methyl-
benzene

Ethyldi-
methyl-
benzene

Toluene

Ethylbenzene

Xylene

m-xylene

o-xylene

n-Propyl-
benzene

Ethyl-tolueng

Dichloro-
benzene

1>2:3:5‘
Tetramethyl-
benzene

Methylindane

Cigarette

Filter Carbon

extraction ¢
s, T72°

GC-MS

Grob & Grob
-(1971)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accuzulant

Accunmulator

Desorption -

_or
Extraction
Medium

Sampling
Rate Sample

Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reflerence -

1,2,3,4-
Tetramethyl-
benzene

1,2,“,5-

Tetramethyl-
benzene

1,4-Dimethyl-
naphthalene

2,3-Dimethyl

Graphitized

Carbon Black

naphthalene] ..

Hexamethyl-
benzene

Diphenyl-
methane

Pentamethyl-
benzene

2-methylnaph-
thalene

l-methylnaph
thalene

n-Tetra- -
gecane 2-~ethyld
naphthalene

1-Ethylnaph-
thalene

koo°cC

.52/min
2002

GC-FID
OovV-101
caplllary
column

Raymond, Gulochon
(1974)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

accumulant

Accunmulator

Desorption

or
Extraction
Medium

Sampling
Rate ample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Aralytical
~Method

"Refersnce.

1,6-Dimethyl
naphthalene

sec-Butyl-
benzene

1,2,3-Tri-

methylbenzene

P-cymene

Diethylben-
zene

n-Butylben-
zene

Ethyldi-
methyl-
benzene
1)231‘)5‘
Tetramethyl-
benzene
Toluene

Ethyl-
benzene

m-xylene
Styrene

o-Xylene

- Graphitized
Carbon Black

4oo°cC:

.5%/min

GC-FID
0ovV-101
capillary
columns

Raymond, Guiochon

(1974)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

Ethyl benzene

Propyl ben-
zene

Isopropyl .
benzene

: Sampling ' Recovery Associated
or : Collection ! Ref
. Accumulator Rate ample and Analytical eference
hecuzalant Extraction Volume Parameters Sensitivity Method
Medium .
r-Propyl- Graphitized 400 ¢’ .52/min
benzene Carbon Black 2002 GC-FID Raymond, Guiochon
—_— 0V-101 (1974)

p-~ethyl capillary

toluene columns

1,3,5-Tri-

methylben-

zene

p-xylene

m-ethyl

toluene

PCB Polyurethane pet. ether .u-.8m3lm1n >90% GC-ECD vBidlemén, Olney

; Foam 0V-17/CF-1 (197%a)

(Aroclors -39ng/m3
" 1242 or 1248)

PC3's 12-34 hr 5-20°C 96-99% Bidleman, Olney

(1974b{
Toluene Silica Gel 58 1} 250°C <50 21°=24°C GC-FID Bellar, Sigsby
Silica Gel 15 heat <500 21°-24°C GC-FID (unpublished)
Styrene N



ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

Desorption

Sampling Recovery Associated
atcumulant Accumulator Extr§:tion Rate ample ggii;gg::: and | Analytical Reference.
. Volume Sensitivity Method
Medium :
Toluene Acid treated 60cc/min 20ppm formaldéhyd% Hubbard, Silverman
Silica Gel ’ stain (1950) .
Toluene Silica Gel isooctane 1.2-1.52/min dried with 5A 80% GC-FID Whitman, Johnston
molecular sieves . polypropyl=- (1964)
ene glycol
Xylenes on diatoma~
ceous earth
Toluene Cryogenic distillation 1%/min 11q. 0, Mass spectral Shepherd, et al.
Trap Glass (1951)
Wool Filter o, ::’::;{ige"“h
Xylene
Methyl Impingers KMnOu/NaOH 300ce/min Colorimetry Gisclafd, Robinson
vinyl-"~ Midget ‘Kuezo, Jr. (1958)
pyridine Impinger
PéC's n-hexane cooled prior to h

collection

Okuno, Tsuji
(1972)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption

dehyde

Sampling Collection Recovery Assoclated
Aceuzular Accumulator or Rate ample o and Analytical Reference
Aseumilaat -Extraction Volume Parameters Sensitivity |  Method
Medium :
Toluene Layer Trap heat ~ © <5002 21°-24°C GC-FID Bellar, Sigsby
Layer Trap - (Unpublished)
Styrene (7% OV-17 on
. chromosorb G
Ethyl + silica gel
benzene + 13x & 54
molecular
Propyl sieves)
benzene
Isopropyl
benzene
Toluene Glass beads 120° 72cc 11q. N2 2-130ppb GC-FIC Lonneman, Bellar,
bis(m-phen- Altshuller (1968)
Xylenes ‘oXy-~phyenoxy Lonneman, et al.
) Benzene with ~ (1974)
Substituted apiezon 73°d
Polar )
Phenols Chromosorb 103 heat 20cc/min head-space retention GC-FID Bellar
: volume (1) c Lichtenberg (1974)
101
500
Phenols Porapak Q 500
Acetophenone{ Tenax G{ heat 50-200cc/min >90% GC-FID Bertsch, Chang,
: etched Ni Zlatkis (1974)
Tolualdehyde with Emul-
phor
Methyl
acetophenone
Benzal-
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~ ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

_ Desoigtion ’ Collection Recovery Assoclated _
agcuzulant Accunulator Extraction Parameters and ,Analytic_al Reference
Medium Sensitivity Ahgthou
p-Tolual- Tenax GC heat 50-200cc/min atmosphere ‘in - GC-FID Bertsch, Chang,
dehyde Houston capillary Zlatkis (1974) --
. columns
m-Tolual-
dehyde
Acetophenone
o-Tolﬁal—
- dehyde
Phenols . Tenax GC 25°-60°C GC-FID Mieure, Dietrich
A Dexsil 300 (1973)
p-cresol on Chromo- .
- . sorb W . . .
Benzaldehydel Silicone E301 ] 120 C 100cc/min . .5mm Hg -GC-FID Cropper-, Kaminsky
. . on Celite 545 230ce pressure drop SiliconeE301} -(1963)
Benzoyl on celite
chloride’
Aniline 3
Nicrobénzene
Berizaldehyde| Cigarette~ 052 2.5%/min GC-MS Grob & Grob (1971)
Filger Charcoal .
Acetophenone - '
Benzaldehyde extraction ¢ 2.54%/min
J 082 T72° 25m .
4-Methylbenz
aldehyde 1 *




ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

Desorption

-Lg8e-

zene

_ e’ Sampling ) Recovery Assoclated
accuzulant Accumulator Ex‘rgé‘ion Rate ample gg;i;:gig? ’ and Aralytical Referance
ek Volume Sensitivity Method
. lediun S
Acetophenond Cigarette extraction ¢ .2.S£/min Ge-Ms Grob & Grob
Filter Carbon cs T72° 2em3 (1971)
2 >m : :
2-Methyl-
benzalde~
hyde N
Dimethyl- -t
benzalde~
hyde
Dimethyl- Graphitized heat 1-22 20° 87-104%2 GC Raymond, Guiochon
phthalate Carbon Black - . . (1975)
Phenol Acld Treated .
Silica Gel 60ce/min 20ppm Formaldehyde Hubbard, Silverman
stain (1953)
Xylidine Midget isooctane 200ce/min cool air before 90—100%' uv Andrews, Peterson
Impinger N sampling (1574)
2-amino Sintered H20 1.52/min 100% Colorimetry Watéous, Schulz
pyridine glass . (1950).
p-chloro Bead~filled fuming
nitroben- “tube nitric acid



ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

ascuzulant

" Accumulator

Desorption

or
Extraction
Medium

Sampling
Rate Sample

Volume

Collection

Parameters

Recovery .
and !
Sensitivity

Associated
Analytical
Method

"Reference

Aniline

Bis-(2-
chloroethyl
ether

N-Nitroso-
diethylamine

Bis-(chlorod
methyl) -
ether

Maleic
anhydride

1, 3-PropaneH
sultone

Aniline

Bis-(2-
chloro-
ethyl)ether

N-Nitroso-
diethylamine

Bis-(chlorod
methyl)
ether

Chromosorb
104

20% Tricresyl
phosphate on
Chrom W(HP)
100/120

(not removed)

.25%/min

80%

20%

GC-FID

Pellizzari, et al.



ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

Desorption -

ether

‘| Sampling . Recovery Associated _
or o . Collection . - Refersn
asgu=ul Accunulator " Rate Sample and Analytical Reference
aat Extraction ) Volume Parameters Sensitivity Method
Medium :
Maleie 20% Tricresyl (not femoved) .25%/min 20% GC-FID Pellizzari, et al.
anhydride phosphate on . . o
Chrom W(HP)
1,3~-Propanet 100/120
. sulfone
Aniline 25%Didecyl (not removed) .252/min 50 GC-FID Pellfézari, et al,
phthalate on B : .
Bis-(2- Chrom P
chloroethyl) 100/120
ether ’
. N-Nitroso-
diethylamine ~
Bis-(chloro}
methyl)
ether
Maleic -
anhydride
1,3-Propane
sulfone
Aniline Oxypropio- 90
nitrile/Poracil .
Bis-(2- Cc 80/100
chloro-
ethyl)
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

guzulant

Accumulator

Desorption -
or
Extraction
Mecium

Sampling
Rate Sample

Volume

Collection

Paranmeters

Recovery
and
Sensitivity

Associated
Analytical
_Method

Reference

diethylamine

diethylamine

N-Nitroso-

Bis-(chloro}
methyl)
ether

Maleic
anhydride.

-1,3-Propane
sulfone
Aniline
Bis-(2-
chloro--

ethyl)ether

N-Nitroso-

Bis-(chloro-
methyl)
ether

Maleic
anhydride

1,3-Propane
. sulfone

Oxypropio~

.C 80/100

‘Porapak Q

nitrile/Poracil

(not removed)

.25%/min

90%

903

GC~-FID

Pellizzari, et al.
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Desorption
or
Extraction
Mediunm

Sampling
Rate

ample
Volume

Collectioni

Parameters

Recovery
and

Sensitivity

Associated
Analytical
_ Method

Referance

'diethylamine

diethylamine

Aniline .

Bis-(2-
chloro-
ethyl)
ether

N-Nitroso-

Bis-(chlord-

methyl)
ether

Maleic
anhydride

1,3-Propanef

sulfone

Aniline
Bis-(2~
chloro~
ethyl)ether

N-N1troso-

20% Carbowax

600 on Chromo-

sorb W(HP)

. 100/200 mesh

Carbowax L00/
Poracil C
100/120

(not removed)

.252/min

9G%

95%

GC-FID

Pellizzari, et al-
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~ ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

”»

-~
-

-
[~

-y o

a=ulant

‘Accunulator

or
Extraction
Medium

Desorption - Sampling

Rate

Sample
- Volume

Collection

Parameters

Recovery
and
Sensitivity

Assoclated
Analytical
_ Method

"Reference

diethylamine

" Aniline

Bis-(chlord
methyl)
ether

Maleic
anhydride J

1,3-Propan
sulfone
Aniline
Bis-(2-
chloro-

ethyl)ether]

N-Nitrosé-

Bis-(chloro
methyl)
ether

Maleic
anhydride

1,3-Propane
sulfone

Carbowax -400/
Poracil C
100/120

Chromosorb '
101

Tenax GC

(not rémoved)

-.25%/min

95%

95

80

GC-FID

Pellizzari, et al.
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~ ACCUMULATICN OF ORGANIC SUBSTANCES FROM AIR

agtuzulant

" Accumulator

Desorption

or
Extraction
Mediun

Sampling
Rate ample

Voluime

Collection

Parameters

Recovery
and

Sensitivity

hAssociated
Aralytical
_ Method

"Reference

Bis-(2-
chloro-
ethyl)
ether

N-Nitroso-
diethylamine

Bis-(chlord
methyl)
ether

Maleic
anhydride

1,3-Propand
sultone

Aniline

Bis-(2-
chloro-
ethyl)
ether

N-Nitroso-
diethylamine

. Bis-(chlordg
methyl)
ether

Tenax GC

Activated
cgrbons

(not rémoved)

.252/min

80%

0-90%

GC-FID

Pellizzari, et al.
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

Desorption -

Sampling Recovery Associated
: or : Collection . - P
socusulant Accunulator PO Rate Sample o and Aralytical Reference
- Exsraction Volume Parameters Sensitivity Method
Medium o
Maleic Activated (not removed) ..252/m1n 0-90% GC:FID Pellizzars, et al.
anhydride carbons g .
1,3-Propan
sulfone
Pesticides
Lindane Silicones 184/min GC ‘Aue, Tell- (1971)
Suppert-bond- OV-101 on R
Heptachlor ed silicones’ Chromosorb W
: R.T.-130°C
Aldrin .
Dieldrin
Heptachlor
expoxidg )
p,p'-DDT ‘"Polyurethane pet. ether .u-.8m3/m1n .009-.009ng/m3 GC-ECD Bidleman, Olney
Foam . . . 3 0vV-17/QF-1 (1974a)
o,p'-DDT . .008-.03Tng/m -
Chlordane .5m3/min .005-0. 25ng/m3
Lindane Impingers ethylene 1.5&3/hr cooled prior poor Titration Herzel, Lahmann
Polyethylene- | glycol to collection 100% (1973)
Coated Silica
Aldrin
Dieldrin

DDT




TABLE 3-4

ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR BY ACCUMULATOR

This table lists those compounds which have been analyzed
in air samples along with the accumulation method thch
was used.

The accumulator is the system used for accumulation
(i.e. midget impinger) or, if a chemical is given, it refers
to an adsorbent which was used in a column (i.e. Texax).

The desorption or extraction medium generally refers
to the method of taking materials from an adsorbent resin
for analysis. Where collection was by adsorption, however,
this column contains the name of the adsorbing liquid.

All other information is given if it was 1included in

the original article.

-295-
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

: Desoggtion gzggling Collection Recovery Associlated
Accumulator Accumulant Extraction Sampl P and Analytical Reference-
ple arameters Sensitivit Method
Medium Volume ¥
Carbowax Aliphaties
Carbowax C2 - C5 room T7cc 1iq. N2 77°K GC-FID Kopczynski, et al.
temperature . dibutyl - (1972)
maleate
o°C
10% Carbowax C2 - C10 room 100cc 1iq. N2 1-3000 ppb GC-FID Altshuller, et al.
1540 on Gas temperature ) .15% dibutyl (1971)
Chrom 2 . maleate or
acid Chromo-
sorb G
25°C
10% Carbowax Cu - c8 room 90cc 1iq. N2 GC-FID Kopczynski, et al.
1540 on Gas temperature 100ce/min dibutyl (1972)
Chrom Z . maleate Lonneman, €t al.
acid silica (1974)
gel
30°C
10% Carbowax {Cy - C5 hot water 40ce/min 11q. N, .1 GC-FID Bellar, Brown,
1540 on fire- heating (& min.) bs-2(methoxy-| Sigsby, Jr. (1963)
brick ethyl) adi-
pate
37°C
Aromatlics .
"10% Carbowax C7 - Cip room 100cc liq. N, 1-50 GC-FID Altshuller, et al.
1540 on Gas Toluenes temperature bis(m-phenoxy| (1971)
Chrom 2 Xylenes : ~phenoxy)
Alkyl benzene benzene &
I apiezon
70°C
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ACCUNULATION OF ORGANIC SUBSTANCES FRCM AIR

Desorption

Recover Associated
Accunulator Accunulant Extrgztion g:?glingsample ggigg:gégg Seni?givzty An;ig;igal Reference
Medium Voluxe
Carbowax Isobutane heat—ﬁot water 30-300cc7m1n Atmosphere in 6.0 ppb GC~-FID Bellar, Brown,
1540 n-Butane 60-300ce/min Cincinnati o4 Sigsby (1963)

Butene-1 Liqyid N2 <1.5
trans-Butene-2 1.0
cis-Butene-2 1.1
Butadiene-1;3 1.0
Isobutylene < 1.5
Isopentane . 15.5
n-Pentane 7.6
3-Methyl- 2.6
butene-1

. Pentene~1. 1.6
2-Methyl 3.8
butene~2
cis~-Pentene-2 1.7

Carbowax C7 - 09 room
temperature 77cc GC-FID Kopczynski, et al.
. Toluene 10% poly~ (1972)

Xylenes Zi;ziingn

Alkyl benzenes
Styrene

Gas Chrom 2
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accumulant

Desorption
or
Extraction
Medium

Sampling
Rate

Sample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reference

20% Carbowax
600 on Chromo-
sorb W(HP)
100/120 mesh

.8-Propiolactongd

Ethyl methane
sulfonate

N¥-Nitroso-
diethylamine

1,2 Dichloro-
ethyl ethyl
ether ’

Nitromethane

Methyl ethyl
ketone

Styrene epoxide

N-Nitroso-
diethylamine

Butadiene
lepoxide

Glycidaldehyde
Sulfolane

Propylene
oxide

(not removed)

.252/min

90%

GC-FID

Pelllzzari, et al.
(1975)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption Sampling Recovery Associated
Accumulator Accumulant Extrgztion Rate Sample ggi;;gzig: and Analytical Reference
Medium Volume Sensitivity Method
20% Carbowax |aniline (not removed) -25%/min GC-FID Pellizzari, et al.
600 on Chromo- (1975)
sorb W(HP) Bis-(2-chloro-
100/120 mesh ethyl) ether
N-Nitroso-
diethylamine
90%

Bis-(chloro-~
"methyl) ether

Maleic
anhydride

1,3-Propane~
sultone
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ACCUNMULATION OF ORGANIC SUBSTANCES FROM AIR

Deso§§t¢on Collection Recovery Assoclated
. and Analytical Reference
Accunulator Accumulant Extraction Parameters Sensitivity Method
Medium
Carbowax 400/ {Aniline (not removed) .25%/min GC-FID Pellizzari, et al.
Poracil C (1975)
100/120 Bis-(2-chloro-
- ethyl) ether
N-Nitroso-
diethylamine
95%
Bis-(chloro-

methyl) ether

Maleice
anhydride

1,3-Propane-~
sultone
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‘Desorption

ACCUMULATION OF ORGANIC SUBSTANCES

FROM AIR

Accumulator

Accumulant

or
Extraction
Medium

Collection
Parameters

Recovery
and
Sensitivity

Assoclated
Analytical
Method

Reference

Carbowax 400/

Poracil C
.100/120

Ethyl methane
sulfonate

N-Nitroso-
diethylamine

1,2 Dichloro-
ethvl ethvl
ether‘ ’

Nitrgmethane

Methyl ethyl
ketone

N-Nitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde
Sulfolane

Propylene
oxide

.B-Propiolactong

Styrene epoxide]

(not removed)

.25%/min

90%

90%

GC-FID

Pellizzéri, et al,
(1975)



ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accunulant

Desorption
or
Extraction
Medium

‘| Rate

Sampling
ample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Assoclated
Analytical
Method

Reference

Chronmosorb
101

-20€&-

Ethyl methane
sulfonate

B-Propiolactong

N-Nitrosc-
diethylamine

1,2 Dichloro-
ethyl ethyl
ether -

Nitromethane

Methyl ethyl
ketone

Styrene eboxide

N-Nitroso~
diethylamine

Butadiene
diepoxide

Glycidaldehyde
Sulfolane

Propylene
oxide

(not removed)

.25%/min

95%

95%

GC-FID

Pellizzari, et al,
(1975) :
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desoggtion Sampling Collection Recovery Assoclated
- . . ample and Analytical Reference
'Accumulator Accumulant Extraction Volume Parameters Sensitivity Method
Medium
Chromosorb A ;
omo niline (not removed) .252/min GC-FID Pellizzari, et al.
Bis~(2-chloro- (1975)
ethyl) ether .
N-Nitroso-
diethylamine
95%
Bis-(chloro-
methyl) ether
Maleic
anhydride
- |11,3-Propane-
sultone
Chromosorb 101jAcidic and heat -’ .5-2%/min ambient temperature GC~FID Mieure, Dietrich
. . {neutral com- N : up to 90°C (1973)
pounds
Hexachloro- hexane 32/min 88-100% GC-ECD Mann, et al.
butadiene ov-17 (1574)
-]
Hexachloro- 150%¢
benzene
Chromosorb 102 |Organics ' 120°C 42/min 2 psi pressure drop| >95% GC-FID Dravnieks, et al.
(bp>60°C) 104 .1 ppb Carbowax 20N | (1971)

60-180°C
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ACCUMULATION OF‘QRGANIC SUBSTANCES FROM AIR

. Desorption iated
Sampling . Recovery Associzate
or il Collection and Analytical Reference
Accumulator Accumulant Extraction Rate Sample . Parameters Sensltivity Mezhod
Medium Volume
Cnromosorb 103 |Low-boiling heat .5=22/min anblent temperature GC-FID Mieure, Dietrich
: compounds ) up to 90°C (1973)
: © GC-FID Bellar, Sigsby
Methane heat <5% 22°C (Unpubiished)
2° 14 GC~FID Bellar, Sigsby
Ethane heat <52 22°¢C 95 g (Unpubiished)
< 22°¢ GC-FID Bellar, Sigsby
Ethylene hLeat 5% ‘ (Unpubiished)
Acetylene ] -
retention .
volume (%) .
Propane heat 20ce/min head-space <10’ GC-FID Bellar,
n-Butane <20 Ci01 Lichtenberg (1974)
° in-Pentane 50
n-Hexane 560
Benzene 500
Toluene 500
Methylene 500
chloride
Chloroform 500
Phenols 500
Napththylene 500
Chlorobenzene 500
o-Dichloro- 500
benzene
1,2,4-Trichloro- 500
benzene’ .
€3 - Cg 102 22°cC 95% GC-FID ° Bellar, Sigsby
aliphatics : (Unpublished)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accumulant

Desorption
or
Extraction
Medium

Sampling
Rate Sample

Volume

Collection
Parareters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reference

Chromosorb
104

.B-Propilolactong

Ethyl methane
sulfonate

N-Nitroso-
diethylamine

1,2 Dichloro-
ethvl ethvl
ether .

Nitrgmethane

Methyl ethyl
ketone

Styrene epoxide]

N-Nitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde
Sulfolane

Propylene
oxide

(not removed)

.252/min

98%

GC~-FID

Pellizzari, et al.
(1975)



ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption
og gagpling 1 Collection Recovery Associated
Accumulator A t Ext 1 ate: ample and Analytical Reference
ceumulan Mzsizmon Volume Parameters Sensitivity Method
Chrngiorb Aniline (not removed) .258/nmin ’ GC-FID Peiiizzari, et al.
Bis~-{2-chloro- (1975)
ethyl) ether
N-Nitroso-
diethylamine
80%.
Bis-(chloro- 0%
methyl) ether
Maleic
anhydride
i 1,3-Propane-
w sultone
o
N
1 .
ghrorsgsozde Methanethiol | 120°C .54/min ;8828 drieicgith ~100 GC- Williams (1965)
eactivate _ : Mg or didecyl-
with di- 2-propanethiol S 3 phthalate on
n-butyl : Chromosorb P
1 phthalate G0°C
c2 - C6 ~100 QC-FID Williams (1965)
aliphatics gidecyl-

phthalate on
Chromosorb P
90°C
or

tri-m-tolyl
phosphate on
Chromosorb W
93° or 73°C
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ACCUNMULATION OF ORGANIC SUBSTANCES PRCM AIR

Desorption

Supelcort Q
-60°-150°C

Sampling Recovery Associated
at < or € Collection nd Analytical Referznce
Accumulator Accunulans Extraction Rate Sarple Parameters Senzitivity Meghod
Medium Voluze
. Chromosorb P |EtOH " 120°C .52/min -80°C dried with | ~100% GC- Williams (1965)
deactivated c. MgClOu or KCO didecyl-
with di- Acetone 3 phthalate on
n-::t{lt EtOAc Cgfgmosorb P
alate
phth Ether 9
cl-Cu aldehydes
Propyl ether
Acrolein
Methyl nitrate
Ethyl nitrate
Butyronitrate
CClu
02013H
Methyl sulfide
Methyl
disulfide
Dexsil
Dexsil 300 on |C; - Cyq heat -140°C to 1iq. N, ggaggg o Kaiser (1973)
+
Chromosorb W aliphatics temp. gradient Kieselguhr
. -80°-150°C
Porapaks N
- -100° GC~FID Xaiser (1970)
Porapak @ & S C1 012 23/hr. 100°C 10Z DC 200 on
aliphaticg :



ACCUMULATION OF CORSANIC SUESTANCES FRCHM AIR

!
s + 1
De‘°z§“1°n Sampling Collection Recovery Assoclated i
A I ) A v - - “ . - n'x’ht f ren H
Accumulator Accumulant Extraction Sample Parameters Sen:iiivi* A“;:{bégal Feference 3
Medium Volunme : 2 etn {
. Porapak Q Methane heat <52 22°C 95% GC-FID Bellar, Sigsby
Ethane (Unpublished)
Acetylene heat <54 22°C GC-FID Bellar, Sigsby
. (Unpublished)
C3 - C5 heat 2504 22°C 95 GC-FID Bellar, Sigsby
aliphatics (Unpublished)
Porapaks
Porapak Q bis(chloro- 180°C 152 100 Mass spectra| Collier (1972)
: methyl) ether 1.52/min
Acetone GC-Porapak Q| Bellar, Sigsby
| 160°C (15970)
w Propanol
o
Poe) Butanone
! ¢, - C3 1.72 Quantitative | GC-ECD Williams, Umstead
chlorinated & E%S§g§26°c (1968)
fluorinated
alkanes and
alkenes ‘
retention
volume (2)
Propane . heat 20ce/min head-space <50 GC~FID Bellar, Lichtenberg
n-Butane <100 ClDl (1974)
n-Pentane <250
n-Hexane >500
Benzene 500
Toluene 500




ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption - s » ot
- ampling Recovery Associated
or Collection e 4 Refer
aAccumulant Accumulator Rate ample and Analytical eference
Accuzul Extraction Volume Paramegers Sensitivity Method
Medium
retention
volume (%) .
Porapak Q Methylene- heat 20cc/min head~-space 500 . GC-FID Bellar, Lichtenberg
: chloride C (1974)
101
Chloroform 500
Phenols 500
Naphthalene 500
1,1 Dichloro- on-column 100-500cc 30°-50°C GC-~ Williams, Umstead
ethylene adsorption coulometric | (1968)
heat detector
Cl, FCCF.C1l
2 2
| CHC1.
w 3
o
O Cii3CCl3
I
Chloro-
ethylene
bis-Chloro- 180° 152 at Quantitative | Mass Spec. |Collier (1972)
under vacuum 1.5%/min to 20%

methyl ether

Ny
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accumulant

Desorption
or
Extraction
Medium

Sampling
Rate

Sample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reference

Porapak Q

.B-Propiolactong

Ethyl methane
sulfonate

N-Nitroso-
diethylamine:

1,2 Dichloro-
ethvl ethvl
ether )

Nitromethane

Methyl ethyl
ketone

Styrene epoxide

N~Nitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde
Sulfolane

Propylene
oxide

(not removed)

.25%/min

90%

95%.

GC-FID

Pellizzari, et al.
(1975)



-T1¢-

ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accunulator

" Accumulant

Desorption
. or

Extraction
Medium

Sampling
Rate ample

Volume

Coliéction
Parameters

Recovery
and
Sensitivity

Assoclated
Analytical
Method

Reference

Porapak Q

Porapak §

Aniline

Bis-(2-chloro-
.ethyl) ether

N-Nitroso-
diethylamine

Bis-{chloro-
methyl) ether

Maleic
anhydride

1,3-Propane~
sultone

CCle2

CC13F

CH2012

CH2=CC12

C12FCCCIF2.

BrFZCCBr'F2

CHCl3

CH3CCI3

CHC1=CC1,
?Clz=0012

(not rémoved)

on-column
adsorption
heat

.25%/min

100cc-500ce

100cec

30°-50°C

90%

GC-FID

GC-
coulometric
detector

Pellizzari, et al,
(1975) ’

Williams, Umstead
(1968)



ACCUMULATION OF ORGANIC SUBSTANCES FROM:AIR i, ' . 4

Desozgtion Sampling Collection Recovery Assoclated
o] ] o i : 2lyti ren
Accumulator Accuzulant Extraction | hate Sarple Parameters Sen:z:ivity Anyii’;cgal Reference
Medium Volume i
Glgss Beads Benzene heat S T2¢cc . liquid N2 15 ppb GC ) Lonneman, Bellar,
. . : Altshuller (1$68))
Toluene 37
Ethyl Benzene A ' . 6
p-Xylene ' 6
m~-Xylene 16 .
o-Xylene : . 8 '
Isopropyl 3
Benzene
n-Propyl ' 2
| Benzene . '
w -
= 3,4 Ethyl 8
wJ Toluene
Mesitylene 2
t-Butyl : ) ’ -
Benzene
' sec-Butyl . : -
Benzene
n-Butyl ' : -
Benzene
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ACCUMULATION OF CRGANIC SUBSTANCES FRCM AIR

Desorption . Recovery issoclated
Acovmula 4 lant or Collection and Analiytical Reference
Aesusuiator coumians Extraction rarameters Sersitivity | Metnod
Mediun
oo° .5-2/min GC-FID Zlatkis
Tenax GC Xgézgiig 300%C > _/m etched Ni Lichtenstein,
with Emul- Tishbee (1973)
phor
30°-170°C
Basic, neutral heat «5=-28/min Ambient temperature GC~-FID Mieure, Dietrich
and high-~ up to 90°C (1973)
beiling com-
pounds
- 0-200cc/min >90% GC-FID Bertsch, Chang,
€y = Cy5 > / etched Ni Zlatkis (1974)
aliphatics with Emul-
phor
30°-170°C
- 09 - Cig 25° - 60°C GC-FID Mieure, Dietrich
5% Dexsil (1973)
alkanes 300 on
Chromcsorb W
Aromatics
Cg - Cyy heat 25° - 60°C - GC-FID Mieure, Dietrich
. ) Dexsil 300 (1973)
Alkyl benzenes on Chromo-
Naphthalene sorb W
Toluene 50-200ce/min >90% GC-FID Bertsch,(Chaﬁg,
Etched Ni Zlatkls (1974)
N%phthalene with Emule
Xylenes phor
30°-170°C

Alkyl. benzenes
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ACCUMULATION OF CRGANIC SUBSTANCES FRCM AIR

Des
. . oggtion Sampling Collection’ Recovery Assoglated
Accumulator Accunulan$ Ext Rate . - and - | Analytical Reference
xtraction Sarple Parameters s itivit tethod
Mediun Volume ensitivity Hetho
Tenax GC Oxygenated
. Compounds
Acetohenone heat 50-200cc/min >90% GC-FID Bertsch, Chang,
etched Ni Zlatkis (197%4)
To%ualdehyde with Emul-
Methyl phor
acetophenone
1,2,4-Trimethylq Atmosphere in GC-FID .
benzene Houston capillary :
columns

o-Diethylben-
zene

n-Dodecane

Methyl Propyl-
benzene

Dichlorobenzene
n-Tridecane
Benzaldehyde
Methylindane
p-Tolualdehyde
m-Tolualdehyde
Acetophenone
o-Talualdehyde
Naphthalene

Methylnaph-
thalene

n-Hexadecane

n-Pentadecane
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accuaulator

Accumulant

Desorption
or
Extraction
Medium

Sampling
Rate

Collsction
Parameters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reference

Tenax GC

.B-Propioclactonsg

Ethyl methane
sulfonate

N-Hitroso-~
diethylamine

1,2 Dichloro-
ethvl ethyvl
ether

Nitromethane

Methyl ethyl
ketone

Styrene epoxide

N-Nitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde

Sulfolane
Propylene
oxide

(not removed)

.254/min

95%

90%

GC-FID

Pellizzari, et al.
(1975)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption s L
amplin Recovery Associated
or Ratz 2 ample Collection and Analytical Reference
Accumulator Accumulant Extraction Volume Parameters Sensitivity Method
Medium
Tenax GC  |Aniline (not removed)| .25%/min GC-FID ?el%igzari, et al.
: - 1875

Bls-(2-chloro-

ethyl) ether
N~Nitroso-

diethylamine 80%
Bis-(chloro-

methyl) ether
Malelic

anhydrilde
1,3-Propane=-

sultone
Styrene heat '50-200cc/min | atmosphere in GC-FID Bertsch, Chang,

Houston

1,3,5-Trimethyl} Ezgir]:l:;ry Zlatkis (1974)

benzene i

Isobutyl
Benzene

1-Methyl,
2-Ethyl
Benzene '

Dimethylethyl-
benzene
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ACCUMULATION 6? ORGANIC SUBSTANCES FROM AIR

n-Pentane

2,3 Dimethyl ~
butane

n-Hexane

Methyl Cyclo-

pentane
n-Octane -

2-Methyl
octane

CHCl3

Tetrachloro-
ethylene

n-Undecane

.Desoggtion gzggling Collection Recovery Associated
Accumulator Accunulant and Analytical Reference
Extraction . Sample Parameters Sensitivit Method A .
Medium Volume ‘ Siied erae
.. Tenax GC Benzene heat .50-200cc/min atmosphere in 1.3-15 ppb GC=-FID Bertsch, Chang,
.. _ . Houston _ capillary 2latkis (1974)
n-Nonane . 1.6 4.4- columns
Toluene 0.3-9.7°
n-Decane 1.0-2.7
Ethyl Benzene 3.1-4.5
p-Xylene a 2.1-3.4
. m-Xylene 5.9-7.8
o-~Xylene 3.0-4.8
m-Methylethyl 1.5-4.0
benzene
Limonene 0.0-5.7
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desoggtion iggiling Collection Recovery Associated
Accunulator Accumulant Extraction Sample Parameters and Analytical Reference
P Sensitivity Method
Medium Volume
retention
Tenax GC heat 20cc/min head-space volume (%) GC-FID Bellar,
: ’ 01 Lichtenberg (1974)
n-Hexane >500
Benzene 500
Toluene 5060
Methylene- 500
chloride .
Chloroform 500
Chlorobenzene 500
o-Dichloro- 500
benzene
1,2,4-Tri- 500
chlorobenzense
CH,C1, heat 20cc/min head-space 3-8 ppb GC~FID Bellar,
chC1 . . 7-12 €101 Lichtenberg (1974b)
c1.cCH 8-16
3 3 9-40
C12CCHC1
3-6
C12CC012
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

epoxide

L Desoggtion ggﬁzling Collection Recovery Assoclated
Accumulator Accumulant Extraction Sample Parameters Sengigivit An;i{iégal Reference
Medium Volume . y
Tenax GC
Phenols 25° - 60°C GC-FID Mieure, Dietrich
N ; Dexsil 300 onf (1973)
P-cresols Chromosorb W
Alcohols
Ketones
Phthalate
esters
‘Silicones
Support-bonded C7 - Clu extraction 182/min Quantitative GC-FID Aue, Teli (1671)
silicones aliphatics with pentane 0OV-101 on
(C,gH4,510, ,,) [21°P Chromosorb W
18737°%"3/2 R.T. - 130°C
on Chromo- e
sorb A
Support~bonded jAcetophenone extraction 42/min filtered to 5u GC-FID Auve, Teli (1971)
silicones with pentane ’ QV-101 on
. Chromosorb W
R.T. -~ 130°C
Lindane 182/min GC- Aue, Tell (1971)
h 0V-101 on
H?ptac log Chromosorb W
Aldrin R.T. - 130°C
Dieldrin
Heptachlor
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desoggtion rS(:xtr_'x;eﬂ.irtg Collection Recovery Associated
Accumulator Accumulant and Analytical Reference
. Extraction Sample Parameters Sensitivit Method
Medium Volume y !
Silicones
Silicone Cs - 10 24°¢c GC-FID Novak, Vadak,
elastomer ’ 752 Celite 545 Jandk (1965)
E-301 on Benzene 25% Apiezon L
Celite 545
or Toluene
polyethylene Xylenes
glycol 400 Alkyl
benzenes
Indene
Naphthalene
Silicone E301 Benzene 120°C <29cc .5mm Hg GC-FID Cropper, Kaminsky
on Celite 545 Toluene £77ce pressure drop Silicgge E301 (1963)
£110cc on celite
Pyridine £210ce and others
Xylenes
Cyclohexanone 120°C 100ce/min .5mm Hg GC-FID Cropper, Kaminsky
£230cc pressure drop Silicone E301f (1963)
Benzaldehyde on celite
Benzoyl
chloride
Cy - C6 120°C 100cc/min .5mm Hg GC- Crogper, Kaminsky
pressure drop Silicone E301} (1963)
alcohols on celite
Aniline 120°C 100ce/min .5mm Hg Silicone E30l Cropper, Kaminsky
pressure drop on celite (1963)

Nitrobenzene
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

Desozgtion gzggling Collection Recovery Assoclated
Accumulator Accumulant ° and Analytical Reference
Extraction Sample Parameters Sensitivit Method
Medium Volume y
Silicones
Silicone E3oi Benzyl chloride 120°C 100cc/min .5mm Hg GC~FID Cropper,'Kaminsky
on Celite S45 ’ £500ce pressure drop Siliconé E301 (1963)
Benzotri- 1
’ chloride on Cellte
Benzal chloride
SE~52 on Cl - 02 heat 50cc/min dry ice 60-100% GC-ECD Murray, Riley
Chroggsorb W chlorinated .gg;gio:grb W (1973)
alkanes and : .
Charcoal alkenes heat 102/min 80-100
Activated
Carbon
Alkanes and heat desorp- 13cfm IR and GC- Turk, D'Angio (1962)
alkenes tion into capillary
liquid N, trap columns
General
aromatics
General heat - 13cfm IR Turk, D'Angic (1962)
esters & GC-capillary
ethers colunns
Trichloro- decane 500ce/min 95-100 GC- Herbolsheimer,
ethylene 602 SE-30 on . Funk, Drasche
Chromosorb (1972)
110°C
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Activated

Accumulant

Ethyl methane

Desorption
or
Extraction
Mediun

Rate

Sampling

Sample
Volume

/min

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytilcal
Method

Reference

carbons

sulfonate

8-Propiolactong

N-Nitroso-
diethylamine

1,2 Dichloro-
ethvl ethvl
ether '

Nitromethane

Methyl ethyl
ketone

Styrene epoxide

N-HNitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde

Sulfolane
Propylene
oxide

(not removed) L2584

90-95%

30-95%

GC-FID

Pellizzari, et al.

(1975)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption - Al
.. or Collection Recovery Associated
Accuzulator " Accumulant Extraction Parameters and Analytical Reference
- Medlum Sensitivity ‘Method
Activated : = X
garbons Aniline (not removed) | .25%/min GC-FID belltzsart, et al.
is-(2-chloro- s (1975)
.ethyl) ether
N-Nitroso-
diethylanine’ \
‘ 0-90% .

Bis-(chloro-
‘methyl) ether

Maleic
anhydride

1,3-Propane~
sultone
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accumulant -

Desorption
or
Extraction
Medium

Sampling
Rate
Sample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reference

Cigarette~
filter

Charcoal

C6 - Co0
aliphatics

Aromatics

€6 = Cao
Toluene
Benzene
Benzofuran
Methylindan
Néphthalene
Alkyl benzenes
Diphenyl
Fluorene
Alkyl
naphthalenes
Others

Benzaldehydes
Acetophenone

C10 alcohols

c201u

extraction
with 082
75°¢C

cs,

Ccs

2.58/min
25m3

2.5%/min.
25m3

2.5%/min

GC-MS

‘ce-MsS

GC-MS

Grob & Grob (1971)

Grob & Grob (1971)

Grob & Grob (1971)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption Sampling

. ) or Rate
Accunulator - Accumulant Extraction

. : Medium

Recovery Associated
Collection and Analytical Reference

Sample Parameters t
Volume ‘ Senéitivity Method

Cigarette 2=~Methylnaph- |extraction ¢ .2.5%/min__ - . . GC- MS Géob & Grob’
Filter Charcoal,_;tha}ene : cs, 72° 25 3 (1971)
n-Hexadecane ] ) A

l;Methylnaﬁh—
. thalene:

Benzothiazole
‘| n-Heptadecane
Diphenyl

2,6-Dimethyl-
naphthalene

1,6-Dimethyl- ‘ : ‘ X . ]
naphthalene .
1,8-Dimethyl-
naphthalene
n-Octadecane
Methyldiphenyl
Acenaphthene
n-Nonadecane
‘ Dibenzofuran
Fluorene
n-Eicosane
Benzaldehyde
Benzofuran

AT ST
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accunulant

Desorption
or
Extraction
Msdium

Sampling
Rate
Sample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Assoclated
Analytical
Method

Reference

Cigarette ;
1lter Charcoal|

“11,3,5-Tri- -

1-Ethyl-3-
methylbenzene

Limonene

methylbenzene
Isododecane

{ 1-Ethy1-2-

methylbenzene

1,2,4-Tri-
methylbeazene

Octenal

l—Isoprop&l-d-
methylbenzene

n-Butylbenzene

Propylmethyl-

benzene

sec-Butylben-
zene

1,2,3-Tri-
methylbenzene

Isotridecane
n-Dodecane

Ethyldimethyl-
, benzene

{ extraction ¢©

2.5%/min
25 m

GC-MS

Grob & Grob
(1971)




-LgE-

ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

coal

Isooctane
Benzene_
n-Octane
Isononane
n-Nonane °
Tpluéne §
Isodecane -

Tetrachloro-
ethylene .

n-Decane
Ethylbenzene

1,4-Dimethyl-
benzene

Isoundecane

1,3-Dimethyl-
benzene .

1,2-Dimethyl-
benzene

In-Propylbenzene
In-Undecane

l-Ethyl—4-methyi-
benzene

72°C

. Desoggtion g:filing Collection Recovery Associzted
. e - : : g o tica Referenc
Aecumulator Accunulant Extraction : Sample Parameters Sengifivity Aniézhognl Refenence
Medium Volume - e
Cigarette- 2-M¢thylhexane extraction © 2.5%/min GC-MS Grob & Grob
Filter Char- n-Heptane C52 25 m3 (1971)



ACCUMULATION OF CRGANIC SUBSTANCES FROM AIR

-gce-

Desorption Sampling Recovery Associated
or Rate Collection h O e
um > and Analytical Reference
hecuzulator Accunulant Extraction Sample Parameters Sensitivity Mezhod
Medium Volume
Cigarette Pichlorobenzend extraction ¢ 2.5%/min GC-MS Grob & Grob
F‘j_—"‘ | ° (1971)
ilter Carbon 1,2,3,5-Tetra- s, 172 25 o3
’ methylbenzene . C .
n-Tridecane
Methylindane
1,2,3,4-Tetra-
R nethylbenzene
Isotetradecane

‘{n-Pentadecane

1,2,4,5-Tetra~
methyl benzene

4-Methylbenzal-
dehyde

3-Methylbenzal-
dehyde

n-Tetradecane
Acetophenone

2-Methylbenzal-
dehyde

Naphthalene

éimethylbenzal-
dehyde
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accunulant

Desorption
or
Extraction
Mediun

Sampling

Sample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Associlated
Analyticel
Method

Reference

Graphitized

Carbon Black

Graphitized

Carbon Black

1-4-Dimethyl-
naphthalene

2-3-Dimethyl-
naphthalene

- Hexamethyl-
~ benzene

Acenaphthene
n-Pentadecane

n-Hexadecane
Fluorene
n-Heptadecane
n-Octadecane

Dimethyl-
phthalate

Trimethyl
phosphate

Naphthalene
n-Dodecane
Isotridecane
Tridecene

Pentamethyl-
benzene .
2-Methylnaph-
thalene

l-methylnaph-
thalene

Isotetradecane
Diphenyl

Diphenylhethane

400°C

heat

400°C

.58 /nin
200 g

1-2 ¢
<5 %

.5 t/min
200 2

20°

25°

87-104%

100%

GC-FID
ov-101
capillary
column

GC-FID
ov-101
capillary
columns

Raymond, Guiochon
(1974)

Raymond, Guiochon
(1975)
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ACCUMULATION OF ORGANIC SUBSTANCES FRCM AIR

Accuaulator

Accunulans

Desorption
or
Extraction
Medium

Sampling
R

Sample
Volume

Collection

. Parameters

Recovery
and

Sensitivity

'Associated
Analiytical
Method

Reference

. Graphitized
Carbon Black

n-Tetradecane
_2-ethylnaph-
thalene
1-Ethylnaph-
thalene
1,6-dimethyl-
naphthalene;

sec-Butylben-

zene
n-Decane

1,2,3-Tri-
methylbenzene

p-cymene
Indane
Isoundecane
Indene
Diethylbenzene
n—But}lbenzene

Ethyldimethyl~
benzene

Decahydronaph-
thalene .

n-Undecane

1,2,4,5-Tetra-
methylbenzene

Isododecane

400°cC

.52/nin
200 2

GC-FID
0ov-101
capillary
columns

Raymond, Guiochon
(1974)
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ACCUMULATION OF ORGANIC SUBSTANCES FRCH ' AIR

Desoggtion Sampling Collection’ Recovery Assoclated
v -~ - v o an A g n
Accumulator Accunulant Extraction Serple Parameters and . nnalytical Reference
Medium Volume Sensitivity Methoe
Graphitized 08‘018 4ooe°c - .52/min GC-FID Raymond, Guiochon
Carbon Black aliphatics 2002 ov-101 (1974)
e capil;ary
Aromatics - columns
Cg=C18
Toluene

Alkyl benzenes
Styrene
l-octene
n-octane
Ethylbenzene
l-nonene
m-Xxylene
Isonane
o-Xylene
n-Nonane
Isodecane

n-Propyl-
benzene

p-ethyl
toluene

1,3,5-Tri-
methylbenzene

p-xylene

m-ethyl
toluene
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ACCUMULATION OF CRGANIC SUBSTANCES FRON AIR

Desorption

or Sampling Collection Recovery Associlated
i a e Lot - ~ - 4 b
Accurmulator Accumulant Extraction Rate Sample Parameters Sen:igiv*t Aniégﬁggal Reference
Mediunm Volum by T
_ Polyurethane | PCB pét. ether .4-.8 m3/min >90% © | GC-ECD Bidleman, Olney
Foam (Aroclors 1242 .3-9ng/m3 oV-17/QF-1 (1974a)
or 1248) - .
0.p '-DDT .009-.090ng/m>
0,0 '~DDT .008-.037ng/m3
Chlordane .5 m3/min .005-0.25ng/m>
PCB's 12-34 hr 5-20°C 96-99% Bidleman, Olney
i (1974p)
“Alumina €,=C 5 s400°C 1.5%/hr - -20°C GC-FID Kaiser (1970)
1iphati temp. gradient DC-200 on .
alipnatlces Supelcort Q.
-60°-150°C
- retention
. volume (&)
Silica Gel Propane heat 20ce/min head-space >50 gC—FID gellar,b (1974)
n-Butane >500 101 ichtenberg 97
n-Pentane 500
. n-Hexane 500

Benzene 500
Toluene * 500
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ACCUMULATION OF ORGANIC SUBSTANCES

Ethyl benzene
Propyl benzene
Isopropyl

benzene

FROM AIR
Deso:gtion g:?gling Collection Recovery Associated
Accumulator Accumulant Extraction Sample Parameters and Analytical Reference
Medium Volume ; Sensitivity Method
Silica Gel Aliphatics
Silica Gel Ethylene 100°C 550ce/min o°C >90% - ) Stitt, Tomimatsu
. : : (.C2ppm) (1953)
‘Ethylene 100°C 2500cc/min ~78°C 100% Stitt, Tomimatsu
(1953)
Acetylene 200ce/min ~78°C 10ppb color Eughes, Gordon
: .reaction (1959)
Silica Gel 58 | Acetylene 250°C <252 22°C GC~FID Bellar, Sigsby
A : (Unpublished)
Acid Silica 02 - 05 room temp. 90cc/min 1iq. N2 GC-FID Lonneman, et al.
Gel 58 T2ce acid silica (1974)
gel 30°C
Silica Gel 15 02 - C5 heat £1002 21°-24°C GC~FID Belliar, Sigsby
- (Unpublished)
Silica Gel 58 C3 - C5 <2548 21°—2§°C GC-FID Bellar, Sigsby
: (Unpublished)
Aromatics
Silica Gel 58 Cg - C10 250°C £50 2Y°-24°¢C GC-FID Bellar, Sigsby
Silica Gel 15 : ‘heat £500 . 21°-24°C GC~FID (Unpublished)
Benzene °
Toluene
Styrene



-heE-

ACCUMULATION OF ORGANIC SUBSTANCES

FROM AIR

, Desoggtion gzﬂgling Collection Recovery Assoclated
Accunulator Accumulant - and Analytical Reference
Extraction Sample Parameters Sensitivit Method
Medium Volunme 4
Silica Gel Aromatics
€6 =~ C10
Acid Treated Benzene 60cc/min 20ppm formaldehyde Hubbard, Silverman
S;lica Gel Toluene stain (1950)
Phenol
Silica Gel Benzene isooctane 1.2-1.5%/min uv Maffett, Dohefty,
Toluene Monkman (1956)
Benzene isopropanol 1-32/min dried with 5A 802 GC-FID Whitman, Johnston
molecular sieves polypropylend (1964)
Toluene glycol on
Xylenes diatomaceous
earth
Bénzene cyclohexane/ 1-3%2/min dry air 80~100 uv Elkins, Pagnotto,
heptane sat. air 30 Comproni (1962)
C,H,C1,/C,F5C1)
Halogenated
Aliphatic
Trichlorethane cumene, pyrid dry 1ce 90 Colorimetry Ogata, et al.
dine or Et,0 (1973)
c,Cl 2
T2y . )
C2H201§
02013H
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ACCUMULATION COF ORGANIC SUBSTANCES FROM AIR

Stgel Nets

Desoggtion gzggling Collection Recovery Associated
Accumulator Accumulant and Analytical Reference
- Extraction Sample Parameters Sensitivit Method
Medium Volume v €
Molecular Aliphatics
"Sieves
Carbon Cy - Cy Temperature - 122/min -20° to liquid N, 94% at GC-FID Kaiser (1973)
Molecular | gradient 4s temperature .01 ppb Carbon
Sieves - 10cm <200°C __: gradient molecular
sieves
-20°-200°C
12x Molecular |Ethane heat <202 22°C 95% .GC~-FID Bellar, Sigshy
Sieves (Unpublished)
13x Molecular |Ethylene 1008/min 2ppd - GC-FID Harbourn, McCambley,
Sieves {10 min) Porapak Q Trollope (1973)
70°C
Molecular 02 - 06 2400°C GC-FID Kaiser (1970)
Sieves . temperature DC~-200 on
gradient Supelcort Q
-60°-150°C
12x Molecular 02 -C heat 21°-24°C GC~FID Bellar, Sigsby
Sieves 5 ' (Unpublished)
Polyethylene
Glycol
Polyethylene [Méthanol ' 24°¢ Ge- Novak, Va3ak,
Glycol 400 Aceton Celite 545 + | Janak (1965)
e Apiezon L
Polyethylene Insecticides benzene GC ’ Beyermann, Eckrich
Glycol 400 on (1975 & 1973)
Stainless ’
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ACCUMULATION OF

ORGANIC SUBSTANCES FROM AIR

Accumulator

Accunmulant

Desorption
or
Extraction
Medium

Sampling
Rate Sample

Volume

Collection
Parameters

Recovery
and
Sensitivity

Associated
Analytical
Method

Reference

25% Didecyl

phthalate on

Chrom P
100/120

Ethyl methane
sulfonate

.B-Propioclactong

N-Nitroso-
diethylamine

1,2 Dichloro-
ethyvl ethyvl
. ether

Nitromethane

Methyl ethyl
ketone

Styrene epoxide

N-Nitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde

Sulfolane

Propylene
oxide

(not removed)

.258/min

50%

80%

GC-FID

Pellizzari, et al.
(1975)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorptio
) og n Collection Recovery Assoclated
Accunulator - " Accumulant Extraction Parameters and Analytical Reference
’ Medium Sensitivity Method
25% Didecyl . |Aniline not removed) - Pellizzari, et al.
phthalate on ( -254/min GC-FID (1975) ’
Chrom P Bis-(2-chloro-~
100/120 .ethyl) ether
N-Nitroso-
diethylamine
o
Bis-(chloro- >0%
methyl) ether
Maleic
anhydride
1,3-Propane-
sultone
Oxypropio- Ethyl methane | (not removed)| .25%/mi GC-FID
nitrile/Poracil sulfonate ) >4/min V
C 80/100
.B-Propiolactong
, N-Nitroso-
diethylamine
98%

1,2 Dichloro-~
ethvl ethvl
. ether :

Nitromethane

Methyl ethyl
ketone




ACCUNULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accunulant

Desorption
or
Extraction
Medium

Sampling

Rate Sample

Volume

Collection’
Paraneters

Recovery
and

Sensitivity

Associated
Aralytical
Method

Reference

Oxypropioni- -

‘trile/Poracil
¢ 80/100

_8€E_

Styrene epoxide

N-Nitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde
Sulfolane
Propylene
oxide
Aniline

Bis-(2-chloro-
ethyl) ether

N-Nitroso-
diethylamine

Bis-(chloro-~
methyl) ether

Maleic
anhydride:

1,3-Propane-
sultone

{(not removed)

.258/min

96%

GC-FID

Pellizzari, et al.
(1975)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accumulator

Accunulant

Desorption
or
Extraction
Mediun

Sampling
Rate

Collection
Parameters

Recovery
and

Sensitivity

Associated
Analytical
Method

Reference

20% Tricresyl
phosphate on

Chrom W(HP)

100/120

-1 .B-Propiolactond

Ethyl methane
sulfonate

n-Nitroso-
diethylamine

1,2 Dichloro-
ethvl ethvl
ether

Nitromethane

Methyl ethyl
kgtone

Styrene epoxide

N-Hitroso-
diethylamine

Butadiene
diepoxide

Glycidaldehyde
Sulfolane )

Propylene
oxide

(not removed)

.25%/min

209

202

GC-FID

Pellizzari, et zl.
(1975)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption
°§ Collection Recovery Associated
Accumulator " Accumulant Extraction Parameters and Analytical Reference
Medium Sensitivity Method
-4 R N
gg;sggiggezﬁl Aniline (nét removed) .25%/min ' GC-FID pellizzart, et al.
Chrom W(HP) Bis-(2-chloro- . ] (35755
100/120 ethyl) ether :
4 N~Nitroso-
diethylamine
- o
Bis-(chloro- . 20%
methyl) ether
Maleic
anhydride

1,3-Propane~
sultone
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accuzulator

‘Accumulant

Desorption
or
Extraction
Mediun

Sampling
Rate

Sample
Volume

Collection
Parameters

Reccvery
and
Sensitivity -

Associzated
Analytical
Method

Reference

1,2,3-tris
{2-cyanoethoxy)
propane on

Chromosorb W

Propanal

Methanol
Acetaldehyde
Acrolein

Acetone

2-Methylpro-
panal

Butanal

Methylethyl-
ketone

Benzene
Ethylene Oxide
Methyl Formate
Ethanol

Propyléne
Oxide

Acetonitrile
Furan
Dichloromethane
Methyl Nitrate
Ethyl Formate
Acrylonitrile
é-Propanol
Methyl Acetate

heat

50cc/min

GC~-FID
Porapak Q

Bellar, Sigsby
(1970)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption Sampling Recovery Assoclated
or Rate Collectlion and Analytical Reference
- hecunulator Accunulant Extraction Sample Parameters Sensitivity Method
' Mediunm Volume
1,2,3-tris Nitromethane heat 50cc/min GC-FID Bellar, Sigsby
(2-cyanocethoxy) Allyl Alcohol Porapak Q (1970) o

propane on
Chromosorb W

2, 3-Butylene
Oxide

Methyl
Acrolein

Isobutylene
Oxide :

Propionitrile
2-Methyl Furan

1,2-Butylene
Oxide

2-Methyl
Propane-2-ol

Tetrahydro-
furan

Vinyl Methyl
Ketone

2,3-Butanedione|
Cyclobutanone
Crotonaldehyde
2,2-Dimethyl
Butanal
2-Methyl
Propanol




ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

-Ehg—

. Desoggtion Collection Recovery Associlated
Accumulator Accumulant Extraction Parameters and Analytical Reference
Medium . Sensitivity Method
1,2,3-tris .
§2 cianoethoxx -
Propane
1,2,3-tris General heat 50cce/min GC~FID Bellar, Sigsby
(2 cyanoethoxy) Aromatics Porapak Q (1970)
Propane on : 160°C
Chromosorb W
C3 - Cu 50cc/min .GC- Bellar, Sigsby
Alcohols, Porapak Q (1970)
esters, alde- ;60 ¢
hydes, oxides,
ketones .
Cryogenic
Trap . Aliphatics
Cryogenic Trap 02 - Cu heat with 12 1liq. N2 T7°K 89~100% GC-FID Feldstein,
’ hot water . hexadecane on Balestrieri (1965)
. firebrick
hooc
Cryogenic Trap|C, - Cg distillation | 12&/min q. 0, Mass spectra | Shepherd, et ‘al.
Glass=-wool 2002 (CO, removed with (1951)
Filter ascarite)
Cryogenic Trap 02 -7 11q. N2 77°K 95 total carbon | Cooper, Birdsiye,
o 17+
£24" Hg pressure analyzer Donnelly (1974)
C5 - Cg hot water 12 liq. N, 99 GC-FID Feldstein,
. heating silicon on Balestrieri (19€5)
firebrick ’
4o°cC
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ACCUMULATION CF ORGANIC SUBSTANCES FROM AIR

. Desoggtion gg:gling Collection Recovery Assoclated
Accunulator Accumulant Extraction Sample Parameters Sengggivit An;gz;égal Reference
Medium Volume : y
Cryogenic Aliphatics
pet E .
Cryogenic 06 - Clo room temp. 500cc liq. air GC- Hughes, Hurn
Trap polyethylene| (1960)
glycol or
DC 550 sili-
cone
Others
Cryogenic Benzene distillation 14/min 1liq. O2 Mass spectra| Shepherd, et al.
Trap Glass Toluene CO, removed with ' (1951)
Wool Filter 2 ascarite
Xylene *
Cryogenic C1 - C5 room temp.- 500cc liquid air GC-TC Hughes, Hurn
Trap . polyethylene| (1960)
Alcohols glycol 400
Aldehydes
Ketones
Epoxides
Cryogénic Trapi CClu distillation 1%/min 1iquid 02 ‘Mass spectra| Shepherd, et-al.
gii:s Wool 01302H 2008 CO, removed with (1951)
er ) ascarite
Impingers
Midget Benzene 1sooctane 200cc/min cool air before 90-100% uwv Andrews, Peterson
Impinger sampling (1947)

Xylidine
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

: Desoggtion g::zling Collection Recovery Associated
Accumulator Accumulant - and Analytical Reference
Extraction Sample Parameters Sensitivit Method
Medium Volume ! y
Impingers )
Midget Ethyl acrylate | KMnO,/NaOH 300cc/min Colorimetry Gisclard, Robinson,
I@pinger Methyl - Kuczo, Jr. (1558)
methacry;ate
Acrylonitrile
Methyl vinyl
Pyridine
Cyclohexyl- .0IN HC1 1.5¢/min 100% Colorimetry | Watrous, Schultz
amine (1950)
Midget Nitroglycerin 95% EtOH 12/min ~100¢% Einzrg, et al.
Impingers (1963
with Frittea |Ethylene glycol
Glass : *
Midget Perfluoroiso- MeOH <1 ft3/hr 95% Colorimetry | Marcali, Linch
Impinger butylene . (1966)
Hexafluoro-
propene
R—C=CF2
Impinger Nitroparaffins H,50, 95-98% Jones, Riddick
Dichloro-nitro- (1952)
ethane
CH,Br 5% KOH in 79% Titration Blinn, Gunther
EtOH - (1945)
PBC's n~hexane cooled prior to Okuno, Tsuji
(1972)

collection
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ACCUMULATION OF ORGANIC SUBSTANCES

FROM AIR
T Desoggtion gggzling Collection Recovery Assoclated
Accunulator Accumulant Extraction Sample Parameters Senzggivit An;:zgégal Reference
Medium Volume y
Impingers
Impingers Lindane ethylene 1.5 m3/hr ~ poor - Herzel, Lahmann
Polyethylene- Aldrin glycol 100% (1973)
Coated Silica
Dieldrin
DDT
R .
Layer Trap Aliphatics
Layer Trap Ethane heat <258 22°C 95% GC-FID Bellar, Sigéby
(7% OV-17 on : (Unpublished)
chromosorb G
+ silica gel
+ 13x & 5A
molecular
sieves)
Ethylene heat £502 Bellar, Sigsby
. ) (Unpublished)
C3 - CS heat 240048 21°-24°¢C GC-FID Bellar, Sigsby
: {(Unpublished)
Aromatices
Benzene ° heat £5002 21°=-24°C GC-FID Bellar, Sigsbhy
Toluene (Unpublished)
Styrene

Ethyl benzene
Propyl benzene

Isopropyl
benzene
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Accunmulator

Accumulanfi

Desorption
or
Extraction
Medium

Sampling
Rate

Sample
Volume

Collection
Parameters

Recovery
and
Sensitivity

Assoclated
Analytical
Method

Reference

Scrutbers
Serubber
Hg(C€10,), or
Hgsou-stou

on diato-
maceous earth

Scrubber
Hs(cmu)2 on

dlatomaceous
earth

Scrubber
Hg(ClOu)2 or
stou-xgsou on

diatomaceous
earth

Others
Sintered glass

absorber

Sintered glass

paraffins

acetylene

general
aromatics

aromatic
isocyanates

2-amino
pyridine

DMF/HC1

H,0

1y/min

1.5%/min

Room temperature
must be dry

100%

1003

GC-FID

Colorimetry

Colorimetry

Mitsuo, hoyama,
Yamak1i (1974)

Meddle, Radford,
Wood (1969)

Watrous, Schulz
(1950)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

Desorption Sampling
or Rate Collection Recovery Associated
Accumulator Accumulant and Analytilcal Reference
Extraction Sample Parameters Sensitivity Method
Medium Volune
Others
Bubbier aromatic .4NHC1/HOAC 2 ft3/hr 95% Colorimetry Marcall (1957)
’ isocyanates :
Fritted glass nitroalkanes | conc. H,80, .5%/min 100 Colorimetry Jones (1963)
bubbler 2—n;grg;e silica gel gg .
prop 2-propanol 50-100
HZO 2 tubes
Bubbler with organic EtOH with 500cc/nr Colorimetry Viles (1940)
. glass beads R-C=8 com- diethylamine
: : pounds .
Glass beads Ce - Cyp 120° T2cc 1liq. N2 2-130 ppb GC-FID Lonnemran, Bellar,
benz bis(m-phenoxy] Altshuller (1968)
ikyine -pheroxy) Lonneman, et al.
abe;éeres berizene with (1974)
4 °
toluene apiezon 73°C
xylenes
Bead-filled p-chloro fuming nitric| 1.52/min 1002 Colorimetry Watrous, Schulz
tube nitrobenzene | acid . (1950)
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ACCUMULATION OF ORGANIC SUBSTANCES FROM AIR

aldehydes

: Desorption Sampling Recover Assoclated
- or Rate Collection y
~ o + (o]
Aigumalauor Accumulant Extraction Sample Parameters Senzggivlty Aniizgégal Reference
) Medium Volume =
Oiﬂers
Folin aerationj Propylene Water 3002 70-80% Colorimetry Vilse, Puck, Stral
tubes Glycol 20-302/min 95-97 - (1967)
Triethylene 2 tubes .
Glycol
Filter paper N-butyric acid concentrated 2-62/min <99’ GC Okita, et al.
with 10% NaOH | Isovaleric acid HCl/hexane TMCBA on (1973)
: ’ Chromosorb W c
139°C
Filter paper |methyl amine
with 9% oxalic| trimethyl
-aclé amino
10% sucrose Cl - C3 100°C ~-55°C GC-FID Bellar, Sigsby
acetate on Porapak Q (1970)
Gas Chrom Z alcohols i60°C
. esters
epoxides
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SECTION FOUR ACCUMULATION FROM SOLIDS

4.0 Introduction

The accumulation of toxic substances from solids is a
‘broad and ill-defined topic covering such diverse solids
as soil, plant and animal tissue, sediment, and particulate
matter in the air. In an effort to narrow the scope of
study for this section, the solids chosen for detailed
analysis are soils and plant tissue. These two areas were
not chosen to imply that they are 1n any way more impor-
tant than any other solid but, rather, they were chosen
to be illustrative of all solids. The main accumulator
systems applicable to solids are solvent extraction, head
space analysis and biological accumulation. Biological
accumulation is considered elsewhere (Section Five) in

this report.

The method of toxic substance retention (ion exchange,
incorporation, etc.), type of medium (organic vs. inor-
ganic), and composition of the solid are all factors that
must be considered in choosing an extractant for a par-
ticular solid. For instance, before extractions from

animal tissues can be performed, it is necessary to
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separate the lipids from the other tissue constituents.
In contrast to this, many plant tissues are simply dry

ashed before extraction.

Solls and Plants

The soil is a dynamic chemical-biological system
composed of a complex matrix of inorganic matter that holds
animal material, water and gases. The complexity of the |
soil medium can be ascertained by looking at the wide range
of characteristics of its constituents. For instance, the
inorganic matrix is composed of material ranging in size
from meters to millimicrons, a difference of 9 orders of
magnitude or more. Likewlise the organic matter in the
soil varies from large tree roots to viruses.

In reality the soil acts as an accumulator for many
of the end products of today's society. 1In recent years
the soil has served as a receptor for municipal waste-
water, applied by spray irrigation and, when used in this
manner, the soil filters out most of the water's impuri-
ties. The soil also accumulates many of the materials
which fall on its surface, whether they are dusts from

a smoke stack or atmospheric gases dissolved in the rain-

water which falls on the earth's éurface.
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A clear understanding of the mechanisms by which these .
added materials are held in the soil is necessary to pro-
pose accumulation techniques. These retention mechanisms

can be broken down into the following six areas:

1) Surface filtration

2) Ion exchange

3) Plant uptake

4) Chemical immobilization
5) Clay entrapment, and

6) Microorganism activities.

These six retention mechanisms will be examined indivi-
dually in order to illustrate some of the problems which
will be encountered in applying accumulator techniques
to remove soil "pollutants".

Surface filtration occurs when a "pollutant" is too
large to infiltrate through the soil pores. If the compound
is organic in natﬁre, the soil microorganisms will decompose
it into smaller particles until it can be incorporated into
the soil. If the "pollutant" is inorganic in nature, it
will remain on the surface unaffected. Whether it is organic
or inorganic in nature, it 1is susceptible to surface runoff

forces as long as it remains on the soil surface.
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Ion exchange 1s simply the reversible process by which
cations and anions are exchanged between solid and liquid
phases. The general mode of ion transfer in the soil is
that of cation exchange, with the organic colloids and
clay minerals being the primary exchange sites. Since
the clay minerals and organic colloids are generally
negatively charged, they attract positively charged ilons,
thus neutralizing the system. The numerous cations which
soil colloids have adsorbed to their exchange sites are
held in varying degrees of tenacity, depending upon their
charges and their hydrated and unhydrated radii. As a
rule ions with a valence of 2 or 3 are held more tightly
than are monovalent cations. Also, the greater the de-
gree to which the ion is hydrated, the less tightly it
is held.

There are several pertinent points to consider when
selecting a solvent to extract a pollutant from the soil.
First, the cation exchange phenomenon is pH dependent,
the lower the pH the more H+ ions are on the exchange
sites and the fewer sites that are available for exchange.
Second, heavy metals of high valence with low hydration
will be held more tightly on the exchange sites than will
monovalent ions. Finally, in most solls, anion exchange
is very iimited, so that most added anions will not be

held in the soil by the exchange mechanism.
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Most plant nutrition occurs through the plant's

extensive root system. For root uptake to occur, the
nutrients must be in the ionic form. The ionization of
nutrients is accomplished by the soil microorganisms,
by chemical reactions caused by the root, or is spontan-
eous in nature. In many cases the root is "blind" to
the ionic species which 1is being taken into the plant.
In this manner the plant acts as an accumulator by ab-
‘sorbing the most readily accessible ions from the soil
solution. Once inside the plant, the ions may be pre-
ferentially translocated from one site in the plant to
another, depending on the plant's metabolism, state of
development, and species.

Chemical immobilization can occur in the soil when
two or more ions coprecipitate out of the soil solution.
This is the process. by which soil minerals are formed.
When this occurs the precipitate will follow well defined
solubility rules; For example, HgSe (tiemannite) is
insolﬁble in water but soluble in aqua regia. A knowledge
of mineral and toxic substance solubility is necessary to
differentiate between an extraction solvent which will
selectively accumulate ions which are relatively free to
enter the soll solution from those which are bound up in

soll minerals.
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Clay entrapment can occur in instances when there are
expanding clay minerals of the montmorillonite type and
anions of the correct radii present. The entrapment océurs
when the clay is dehydrated and the ions lose their hulls
‘of oriented water molecules. Ions whose diaméters allow
them to fit well into the lattice "holes" are then entrapped
in the clay micelle. Some anions which are affected by
this mechanism are K*, NHyt, Ro*, Cs*, Ba*2, Sr+2 and Lit.
Once these ions are taken into the clay micelle they are
not easily released by most soll reactions.

Microorganisms affect the availability of ions in
many ways. In general, microbial affects can be delineated
into the following six general areas:

1) release of inorganic ions during the decomposition

of organic materials

2) removal of inorganic ions from solution and the
disappearance of the available form of the element
to satisfy the nutrient demands of the microflora

(immobilization)
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3) utilization of inorganic ions as energy sources,
resulting in an oxidation

4) reduction of an oxidized state of the element
in the absence of adequate 02.

5) Indirect transformations resulting from the ac-
tivities or the products of microorganisms
(i.e., changes in pH or alterations in the par-
tial pressure of O2 by microbial respiration
causing oxidation state changes)

6) change in the total quantity of an element in
the soll by fixation, assimilation, or gas
formation.

Due to the extreme heterogeneity of the soil matrix,
it 1s essential that an adequate sampling technique be
derived so that the actual extraction is representative
of the soil chemical composition. Interpretation of the
extraction technique should also consider the possibility
that some elements which are immobile in soil solutions,
and therefore will not enter into the environment, will
become quite mobile in the extractant. An example of
this is the breakdown of minerals and release of ions
by acid extraction.

A compendium of the literature relating to the ac-

cumulation of toxlec substances from soils and plant
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tissues is presented in Tables 4-7 through 4-10. The material
is broken down into four areas -- accumulation of both organic
and inorganic material from both plant tissue and from

soil.

Accumulation by Extraction

In general, the extraction of inorganic material from
soils is accomplishéd by leaching the soil with the salt
of an acid or a chelating compound. This technique re-
places the available ions from the soil exchange sites.
Frequently ammonium acetate, sodium chloride or EDTA are
used for this purpose. If a total digestion of soil
inorganic matter is required, a strong acid - either
H2SOM or HCqu - is used, and the soil is frequently
refluxed. The effectiveness of the accumulation process
generally depends on the soil pH, soil texture, amount
of extractant applied, and the organic content of the
soil.

Inorganic nutrients are generally extracted from -
plant tissue after the tissue has undergone some pre-
treatment such as macerization or dry ashing. The most
frequently used extractants are acetonitrile and strong

acids. Likewlse, the accumulation of organic matter
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from plant tissue generally follows the pretreatment of
the sample.

The choice of extractant for organic accumulations
is much more varied due to the diverse nature of the
organic constituents. In Tables 4-9 and 4-~10 the or-
ganic material is differentiated into nine areas.

While these nine areas are specifically all sub-
divisions of pesticide analyses, in the more general sense
they are represenﬁative of all organic matter in the soil.
Most soll and plant analyses for organic matter have been
performed to determine the fate and metabolic pathways
of applied pesticides. Since the chemical nature of
pesticides is closely related to many toxic substances
of interest, the extraction of these toxic lipophilic
substances from soil will parallel the pesticide ex-
tractions. This can be verified by comparison of pest-
icide and toxic substance extractions from both air and
water. The following list shows the grouping and possible

extractants for each area:

1. Organochlorine pesticldes - hexane: acetone

2. Organophosphorus pesticides - acetone or

acetone: isopropanol

3. Acidic pesticides - KCl or ethyl ether

4, Triazine pesticides - chloroform or acetonitrile
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3

or methanol: HEO

5. Carbamate pesticides - polar: nonpolar solvent

mixtures

6. Uracil pesticides - NaOH

7. Anilide and anlline pesticldes - benzene or

acetone

8. Benzonitrile and amide pesticides - benzene:

isopropanol

9. Dipyridinium pesticlides - strong acids

The choice of extractant is dependent on the type
of organic matter desired, the moisture content of the
sample, the pH of the sample, and the equilibration

time required for sampling.

Headspace Analysis

Headspace analysis of soil samples can be accomplished
by heating samples to 70°C, thus causing the volatili-
zation of the various hydrocarbon species which are
present. The vapors are then swept into a Tenax trap
by a stream of purified nitrogen, and the trap i1s sub-
sequently analyzed by devolatilization into a gas
chromatographic column, as described in the section on

the accumulation of organic matter from water (Section

2.1).
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Compounds with volatilities less than octadecane
and pyrene can be quantitatively analyzed under these
conditions. The advantages of this headspace analysis
technique for solid samples, as compared with extraction
analysis, are a minimigzation of contamination, an in-
crease 1n analysis speed, and the potentlal for auto-

mation.
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TABLE 4-1

COMMON AND CHEMICAL NAMES OF ORGANOCHLORINE PESTICIDES

Common Name

Aldrin

Aroclors

o-, 8-, S§-and y-BHC

Chlordane

p,p'-DDE
p,p'_DDT
p,p'-DDT

Dieldrin

Fndosulfan

Endrin

Heptachlor

Heptachlor epoxide

p,p'-methoxychlor

TDE (DDD)

Toxaphene

Chemical Name

1,2,3,4,10,10~-hexachloro-1,4,4a,5,8,8a-
hexahydro-1,4-endo-exo~5,8-dimethano~
naphthalene

Polychlorinated biphenyls

-, B-, 6- and y-isomers of 1,2,3,4,5,6-
hexachlorocyclohexane

1,2,3,4,5,6,7,8-octachloro~2,3,3a,4,7,7a-
hexahydro-4,7~-methanoindane

1,1-dichloro-2,2-bis-(p-chlorophenyl) ethene
1,1,1-trichloro~-2,2-bis-(o-chlorophenyl) ethane
1,1,1-trichloro-2,2-bis-(p-chlorophenyl) - ethane
1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,

Ya,5,6,7,8,8a-octahydro-1,4-endo-exo0-5,8-
dimethanonaphthalene

6,7,8,9,10,10-hexachloro-1,5,5a2,6,9,%a~
hexahydro-6,9-methano-2,4,3-benzodioxathiepin
3-oxide

1,2,3,4,10,10-hexachloro-6,7,-epoxy-1,4,4a,

5,6,7,8,8a-octahydro~1,4-endo~-endo-5,8-
dimethanonaphthalene

1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-
tetrahydro-4,7-methanoindene

1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-
tetrahydro-2,3-epoxy-4,7-methanoindene

1,1,1-trichloro-2,2-bis-(p-methoxyphenyl)
ethane

1,1-dichloro-2,2-bis-(p~chlorophenyl) ethane

Chlorinated camphene containing 67 to 69%
chlorine

-367-



TABLE 4-2

COMMON AND CHEMICAL NAMES OF ORGANOPHOSPHORUS IWSECTICIDES

Common Name

Disulfoton

Dursban

Dyfonate
Hinosan
Kitazin P

Methidathion

Mevinphos

Phorate

POA (phoratoxon)
PSO

PSO2

POASO

POASO2

Zinophos

Chemical Name

0,0-diethyl S-[2-(ethylthio)ethyl]
phosphorodithioate

0,0-diethyl-0-3,5,6-trichloro-2-pyridyl
phosphorothioate

0-ethyl S-phenyl ethylphosphonodithiocate
O-ethyl S,S-diphenyl phosphorodithiocate
0,0-diisopropyl S-benzyl phosophorothicate

0,0-dimethyl S-(N-formyl-N-methylcarbo-
myl/methyl) phosphorodithioate

Mixture of isomers of methyl-3-hydoxycro-
tonater dimethylphosphate

0,0-diethyl S-(ethylthiomethyl)
phosphorodithioate

Oxygen analog of phorate

Sulfoxide analog of phorate

Sulfone analog of phorate

Oxygen analog of the sulfoxide of phorate
Oxygen analog of the sulfone of phorate

0,0-diethyl 0-2-pyrazinyl phosphorcthiocate
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COMMON AND CHEMICAL

TABLE 4-3

NAMES OF CARBAMATE, SUBSTITUTED UREA,

URACIL, BENZONITRILE,

ANILIDES, ANILINES AND AMIDE PESTICIDES

Common Name

CARBAMATES

Aldicarb

Carbofuran

Chlorpropham (CIPC)
Propham (IPC)

Triallate

URACILS
Bromacil

Terbacil

Chemical Name

2-methyl-2(methylthio)propionaldehyde
0-(methylcarbamoyl)oxime

2,3,-dihydro-2,2-dimethyl-7-benzofuranyl-
methylcarbamate

Isopropyl N-(3-chlorophenyl) carbamate
Isopropyl N-phenylcarbamate

S-2,3,3-trichloroallyl N,N-diisopropyl-
thiclcarbamate

5-bromo-3-sec-butyl-6-methyluracil

3-tert-butyl-5-chloro-6-methyluracil

ANILIDES and ANILINES

Alachlor

DCA
DCNA
Propanil

TCAB

2-chloro-2',6'-diethyl-N-(methoxymethyl)
acetanlilide

3,4-dichloroaniline
2,6-dichloro-l4-nitroaniline
3,4-dichloropropionanilide

3,3',4,4"'-tetrachloroazobengine

BENZONITRILES and AMIDES

Dichlobenil
2,6-DCBA

KERB

2,6-dichlorobenzonitrile
2,6-dichlorobenzoic acid

N-(1l,l~dimethylpropynyl)-3,5-dichloro-
benzamide
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TABLE 4-4

COMMON AND CHEMICAL NAMES OF TRIAZINE AND DIPYRIDINIUM PESTICIDES

Common Name Chemical Name
TRIAZINES
Atrazine 2-chloro~4-ethylamino-6-isopropylamino-

s-triazine

Hydroxyatrazine 2-hydroxy-l4-ethylamino-6-isopropylamino-
s-triazine

Prometryne 2,4-bis(isopropylamino)-6-methylmercapto-
s~triazine

Propazine 2-chloro-4,6-bis(isopropylamino)-s-triazine

DIPYRIDINIUM PESTICIDES

Paraquat 1,1'-dimethyl-4,4'-dipyridinium salt
usually dichloride or dimethylsulfate
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TABLE 4-5

COMMON AND CHEMICAL NAMES OF ACIDIC PESTICIDES

Common Name Chemical Name

2,4-D 2,0-dichlorophenoxyacetic acid

Picloram l-amino-3,5,6~trichloropicolinic acid

2,4,5-T 2,4,5-trichlorophenoxyacetic acid
TABLE 4-6

COMMON AND CHEMICAL NAMES OF SOME MISCELLANEOUS PESTICIDES

Common Name " Chemical Name

Amitrole 3~amino~S~-triazole

Oryzemate 3-allyloxy-1l,2-benzisothiazole 1,1-dioxide
Trifluralin a,a,a~trifluoro~2,6-dinitro-N-N-dipropyl-

p~toluidine
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TABLE 4-7

INORGANIC ACCUMULATION FROM SOIL
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INORGANIC ACCUMULATION FROM SOIL

- Accumulant Extractant Specilal Interferences Comments Concentration % Recovery Reference
Procedures (ppm)
Al CaCl2 Time, pH Available Al .7-38.9 Hoyt & Nyborg (1971)
Al NaCl pH Available Al .7-700 Koyt & Nyborg (1971)
Al KC1 pH Available Al 2.0-586 Hoyt & Nyborg (1971)
Al NH,, OAc pH Available Al 28.8-1,122 Hoyt & Nyborg (1971)
Al HC1 pH . ' Available Al .45-11.9 Hoyt & Nyborg (1971)
Al Dithionate- pH, Fe, Pou Total Al 0.5 92-100 McKeague et al. (1971);
Citrate- : Arshad et al. (1972)
Bicarbonate .
Al Ammonium pH, Fe, POu Amorphous inorganic 0.1 98-104 McKeague et al.(1971);
Oxalate and organic Al Arshad et al.(1972)
Al NahP207 “{pH, PFe, POu Organic complexed 0.6 92-100 McKeague et al. (1971);
o ) ) Al ) . Arshad et al. (1972)
Al H20 Pressure plate |pH From shale and 0.5-29,700 Massey & Barnhisel (1972)
spoil material * ’
Al H20 0.1-0.6 Bradford et al. (1971)
Al NHuP pH 105.0-4500 Tandon (1970)
As HC1 Head space 3.3-15.3 93-106 Melton et al. (1973)

analysis
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INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration % Recovery Reference
Procedures (ppm)
Ba H20 1.0-2.4 Bradford et al.(1971)
B H20 2.0 Bradford et al.(1971)
B hot HZO | Special Time dependent 0.7-4.1 John (1973)
apparatus :
Ca HZO 1.0-930. Bradford et al. (1971)
Ca HZO Pressure plate | pH From shale and 0.5 Massey & Barnhisel (1972)
. spoil material
cd’ HC1 Extractable only. Lagerwerff (1971)
A reference to
which the amount
of ions absorbed
by plant 1s related|
Co H,0  Water soluble only .01-.14 Bradford et al. (1971)
Co DPTA*-Sodium Shake pH, O/R Labile pool 0.5 Lopez & Graham (1970)
Acetate-CaCl2 nutrients

#DPTA = Diethylene triamine peniaacetic acid
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INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration % Recovery Reference
Procedures (ppm)
Co NaOAc pH Available 0.2 Lopez & Graham (1972)
nutrients
cr Hzo Water soluble only 0.01-.017 Bradford et al, (1571)
Cu HéO Water soluble only 0.01-.20 Bradford et al.(1971)
Cu DPTA Available Cu 0.2-3.2 Follett & Lindsay (1971)
Cu DPTA-Sodium | Shake pH, O/R Labile pool 0.5 Lopez & Graham (1970)
Acetate-CaCl2 nutrients
Cu’ NaOAc pH Available 0.1 Lopez & Graham (1972)
nutrients .
Cu HC1l time, pH, . Parent material, 1.6 Macias (1973)
organic matter| exchangeable Cu
phosphorus and Zn
Cu Ammonium time, pH, Parent material, 0.5 Macias (1973)
Acetate organic magter} exchangeable Cu '
. phosphorus and Zn
Cu Ammonium
oxalate time, pH, Parent material, 2.6 Macias (1573)
organic matter} exchangeable Cu
phosphorus and Zn
Cu Citric acid time Parent material, 0.7 Macias

exchangeable Cu
and Zn

(1973)
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INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration % Recovery Reference
Procedures (ppm)

Cu EDTA® Available 0.2-9.7 Haq and Miller (1972)
nutrients .

Cu DTPA Available 0.2-9.7 Haq and Miliér (1972)
nutrients .

Cu H20 Does not reflect Roth et al. (1971)
uptake by plant

Cu KC1 Does not reflect Roth et al. (1971)
uptake by plant

Cu H20 : Pressure plate | pH From shale and 0.5 Massey & Barnhisel (1972)
spoil material

Pe Dithionite- Total Fe McKeague et al. (1971)

. citrate-
bicarbonate
Pe Ammonium Amorphous, inorgan-d McKeague et al. (1971)-
oxalate ic, and organic Fe

Fe NauPZO7 Organlc complexed McKeague et al. (1671)
Fe

Fe H;0 Water soluble only 0.01-.8 Bradford et al. (1971)

Fe DPTA Available Pe 1.7-168.3 Follett & Lindsay (1971)

Fe CaCI2 Shake pH Nutrients avail- 0.1 Lopez & Graham (1970)
able for plant .

. growth
#EDTA = ethylenediamine tetraacetic acid
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INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Specilal Interferences Comments Concentration % Recovery Reference
Procedures (ppm)
Fe DPTA-Sodium
Shake pH, O/R Labile pool 0.5 Lopez & Graham (1970)
Acetate-CaCl, ’ nutrlients -
Fe NaCl,Sodium Removes free Fe and Anderson & Jeanne (1970)
citrate, ° Mn‘O2 from clay
Citric acid,
Sodium dithi-
onite
Fe HC1 Organic matter] Available Fe. Sorenson et al. (1971)
Varying importance
of total nutrient
level and pH
Fe NaOAc pH Available 1.7 Lopez & Graham (1972)
nutrients
Fe. - EDHA-NaNO3 Chelate Time, organic { Labile Fe 1.0 Johnson & Young (1973)
: matter
Fe Hzo Pressure plate | pH From shale and - 0.5 Massey & Barnhisel (1972)
: . spoil material
Hg Hzo Water soluble only .0002-.019 Bradford et al.{1971)
Hg BaCl, ' pH, €1 Hg (II) 0.7 Hahne & Kroontje (1973)
Hg HNOs-HESOQ- Total Hg 3.2-168 97-102.5 Melton et al.(1971)

KZSZOS
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INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comnments Concentration % Recovery Reference
Procedures : (ppm)

K H20 Pressure plate |pH From shale and 0.5 Massey & Barnhisel (1972)
spoll material

K H,0 Water soluble only 0.7-128 Bradford et -al.(1971)

Li H20 Water soluble only 0.03-1.08 Bradford et al.{(1971)

Mg H,0 Water soluble only 0.4-400 Bradford et al.(1971)

Mg HZO Pressure plate |pH From shale and 0.5 Massey & Barnhisel (1972)
spoil material

Mn | HZO Pressure plate |pH From shale and 0.5 Massey & Barnhisel (1972)
spoil material

Mn H20 pH 0.2 Gupta (1972)

Mn NaOAc pH Availlable 0.2 Lopez & Graham (1972)
nutrients

Mn CaCl2 solution|Shake pH Nutrients avail- 0.1 Lopez & Graham (1970)
able for plant

. growth
Mn DPTA-Sodium Shake pH, O/R Labile pool 0.5 Lopez & Graham (1970)

Acetate-Ca012

nutrients




~6LE-

INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration £ Recovery Reference
Procedures (ppm)
Mn NaCl, Sodium Removes free iron Anderson & Jenne (1970)
citrate, and MnO2 from clay
Citric acid,
Sodium
dithionite
Mn HC1 Organic matter|Avallable Mn. Sorenson et al. (1971)
Varying importance .
of total nutrient
level, pH
Mn KC1 pH Exchangeable pH 2.6-99.4 Hoyt & Nyborg (1971)
dep. . .
':Mﬂ;' NH, OAc Exchangeable 4.6-111.9 Hoyt & Nyborg (1971)
Mn -~ Hydroquinone- Reducible 2.7-266.9 Hoyt & Nyborg (1971)
NHHOAc
Mn CaCl2 Soluble 3.0-68.5 Hoyt & Nyborg (1971)
Mn HOAc Soluble-plant avail 5.1-78.4 Hoyt & Nyborg (1971)
able Mn )
Mn H3P0u Soludble 12.9-112.8 Hoyt & Nyborg (1971)
Mn HC1 LSoluble 0.2-31.7 Hoyt & Nyborg (1971)
Mn DPTA - Available Mn 3.9-111.6 Follett & Lindsay (1971)
Mn EDTA Avaiable 4.4-40.0 Haq and Miller (1972)
nutrients ‘
Mn DPTA Avallable 1.6~40.0

nutrients

Haq and Milier (1972) .
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INORGANIC ACCUMULATION FROM SOIL

- Accumulant Extractant Special Interferences Comnments Concentration % Recovery Reference
Procedures (ppm)
Mn H20 Water soluble only 0.017.95 Bradford et al.(1971)
Mo H20 Water soluble only 0.01-22.0 Bradford et al. (1971)
Mo H20: Dowex pH 0.2 Bhella & Dawson (1972)
(1-X4) resin: .
NaCl
Na H20 Pressure plate |pH From shale and 0.5 Massey & Barnhisel (1972)
spoil material
Na H20 Water soluble only 0.9-19,200 Bradford et al. (1971)
Ni H2Q Water soluble only | 0.01-0.09 Bradford et al. (1971)
Ni H20 Pressure plafe pH From shale and 4 0.5 Massey & Barnhisel (1972)
. spoll material
Ni HZO Does not reflect Roth et al. (1§71)
uptake by plant
Ni KCl . Does not reflect Roth et al. (1971)
uptake by plant
P NaHCO3 -7.5 Carter et al. (1972)
P HClOu Total P 423 Sommers & Nelson (1972)

Heat
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INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration % Recovery Reference
Procedures (ppm)
P Sodium Pouu,'pﬂ, Barrow (1974)
arsenate temperature
Pb HC1 Extractable only. Lagerwerff (1971)
A reference to
which the amount of
ions absorbed by
plant is related.
Pb H20 Water soluble only 0.01-.30 Bradford et al. (1971)
S CaCl2 solution Soluble sou Cowling & Jones (1970)
S KHZPOQ Absorbed SOu Cowling & Jones (1970)
solution )
Si H20 Water soluble only 0.2-24.0 Bradford et al. (1971)
Sr NH,C1 pH 'Does not remove Juo & Barber (1970)
- N nonexchangeable Sr
Sr Hzo Water soluble only 0.1-10.4 Bradford et al. (1971)
Ti H,O Water soluble only 0.1 Bradford'et al, (1971)
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INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration £ Recovery Reference
Procedures (ppm)
v HZO Water soluble only 0.01-1.20 Bradford et al.(1971)
Zn Hzo Water Soluble only 0.01-.40 Bradford et al. (1971)
in HZO P'ressure plate |pH From shale and 0.5 Massey & Barnhisel (1972)
spoil material
Zn CaCl2 solution|Shake pH Nutrients available 0.1 Lopez & Graham (1970)
for plant growth
Zn CaCl2 pH, clay con- 0.2 John (1972)
tent, organic
matter
Zn DPTA-—CaCl2 pH Avalilable nutrients 0.4 Lopez & Graham (1972)
Zn DP’I‘A-TI-:A“(':aC'l2 pH, clay con- 1.4 John (1972)
tent, organic
matter
Zn DPTA-Sodium Shake pH, O/R Labile pool 8.5 Lopez & Graham (1970)
Acet:at:e-(IaCI2 nutrients
Zn DPTA Soil texture 0.3 Alley et al. (1972);
) Brown et al.(1971)
Zn DPTA’ Available nutrients 0.2-9.7 Haq and Miller (1972)
Zn DPTA Available Zn 0.6-9.0 Folleétt & Lindsay (1971)
Zn EDTA Avallable nutrients 0.2-9.7 Haq and Miller (1972).
iethanolamine

*TEA = Tﬂ
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‘INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration % Recovery Reference
Procedures (ppm)
Zn EDTA Soil texture 0.2 Alley et al.(1972);
Brown et al. (1971)
Zn EDDHA* Available nutrients 2.0-7.5 Haq and Miller (1972)
Zn HC1 Soil texture 0.5 Alley et al. (1972)
Brown et al. (1971)
Zn HC1 timé, phos- Parent material. 4,2 Macias (1973)
phorus, organ-}!Exchangeable Cu and ' .
ic matter Zn
Zn HC1 Extractable only. Lagerwerff (1971)
A reference to
which the amount of
lons absorbed by
plant is related.
in HC1 Organic matter{Available Zn. Sorenson et al. (1971)
content Varying importance
of total nutrient
level and pH ‘
Zn HC1-H,80, pH, clay con- 2.8 John (1972)
tent, organilc
matter
Zn HCl—HZSOu Soll texture 0.6 Alley et al. (1972)
Zn HCl-stOu Available nutrients 0.0-4.4 Hag and Miller (1972)
Zn HNO,-HF-HC10,- Total zine 1.6 John (1972)
3 4 :
HC1
pH, clay con-
Zn MgCl, tent, organic 1.6 John (1972)
matter :
#EDDHA = Ethylene diamine di(O-hydroxyphlenyl acetic aciL)-
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* INORGANIC ACCUMULATION FROM SOIL

Accumulant Extractant Special Interferences Comments Concentration % Recovery Reference
Procedures (ppm)
Zn NHuOAc pH, type of Available Zn Reddy & ferkins (1974)
clay .
Zn NHQOAc pPH, clay con- 2.0 John (1972)
. tent, organic
matter .
Zn NHuOAc‘ Time, pH, Parent material. 1.2 Macias (1973)
organic matter| Exchangeable Cu and
phosphorus Zn .
in Ammonium Time, pH, Parent material. 5.3 Macias (1973)
oxalate organic matter|{ Exchangeable Cu and .
phosphorus | Zn
Zn Citric Acid Time Parent material. 4.2 Maclas (1973)
Exchangeable Cu and
in
Zn NaOAe pH, clay con- 0.96 John (1972)

tent, organic
matter
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INORGANIC ACCUMULATION FROM PLANTS

Accunmulant Extractant Speclal Medium Comments Concentration £ Recovery Reference
Procedures
Al HC1 Dry ash first Plant tissue 28 ppm Hoyt and Nyborg (1971)
Al HC1 Ignite sample |Plants AOAC 1 (1970)
first
As HN03: stou: Plants, food AOAC 1,2 (1970)
H20: NHu
Oxalate
As HN03; stou Food AOAC 2 (1970)
B Ca(OH) ,: Dr¥ after Plants AOAC 1 (1970)
Ca(OH), addi-
HZSOH tion 2
Ca ’ HC1 Ignite sample | Plants ACAC 1 (1970)
first
ca stou-HNO3 Pood AOAC 2 (1970)
Ccl Na2<303 Ignition Plants AOAC 1 (1970)
Co H,0: HC1Q,, Oven dry: Plants AOAC 1 (1670)
2 '}
HF grind: ash dry
first
Cu HC1 Dry ash first Citrus roots 10 ppm Brams and Fiskell

(1971)
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INORGANIC ACCUMULATION FROM PLANTS

Accumulant Extractant Special Medium Comments Concentration | % Recovery Reference
Procedures
Cu stou-HNo3 Food AOAC 2 (1970)
Cu HNO3 Dry ash first Grass pH dependent Bohn and Aba-Husayn
: (1971)
Cu NH, Ciltrate: Plants . AOAC 1 (1970)
: NH,OH: Dithid
zone 1in CClu
Cu HN03: HC1 Dry ash first Alfalfa plant | Total Cu determin- 8 ppm Baker (1971)
ed -
Cu HZO: HNO3: Alfalfa plant | No pretreatment 9 ppm 96-100 Baker (1971)
HC10 . necessary
[
Fe HC1 Ignite sample Plants AOAC 1 (1970)
first .
Fe HNO3 Dry ash first Grass pH dependent Bohn and Aba-Husayn
. ’ (1971)
Fl Ca(OH)2 Dry after Food AOAC 2 (1970)
Ca(OH)2 addi- .
tion :
Hg HN03 Plants and Total Hg 0.01 ppb 95-102 Hoover, Melton, and
food . Howard (1971)
Hg HNO3: HN03- Food Special apparétus AOAC 2 (1970)

stou
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INORGANIC ACCUMULATION FROM PLANTS

Accumulant Extractant Special Medium Comments Concentration % Recovery Reference
Procedures :
X stou: HC1 Plants AOAC 1 (1970)
Mg HC1l Ignite sample Plants AQAC 1 (1970)
first
Mn MgO-H,0: HC1} Dry ash after | Barley, '47-1658 ppm Hoyt and Nyborg (1971)
Mg0-H,0 Rape, Alfalfa .
Mn HNO3 Dry ash first Grass pH dependent Bohn and Aba-Husayn
- ) (1971)
¥n HC1 Dry ash first Wheat, alfal- .1 ppm 87.0-103.5| Smith and Schrenk
fa, corn, (1972)
sorghum
Mn - HNO3: HClOu: Wheat, alfal- Requires extra 1 ppm Smith and Schrenk
HCl fa, corn, attention (1972)
sorghum :
Mn HC1 Ignite sample Plants AQOAC 1 (1570)
first _ .
Mo HNO3: HC10, Plants AQAC 1 (1970)
Mo HClOu. Clover pH dependent 0.6 ppm Bhella and Dawson
) (1572)
Na H,50,,:HC1 Plants AOAC 1 (1970)
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INORGANIC ACCUMULATION FROM PLANTS

sorghum

* Accumulant Extractant Special Medium Comments Concentration % Recovery ' Reference.
Procedures ’
P HC1 Ignite sample Plants AOAC. 1 (1970)
first
Pb HCl - Dry ash first Food AOAC 2 (1970)
Pb HNO3: HClOuA Corn and 12 ppm Lagerwerff, Armiger,
alfalfa plant . and Specht (1973)
s Na,CO4: Hy0: | Fusion Plants AOAC 1 (1970)
Na202
Sb HNOj: H,S0y Food AOAC 2 (1970)
Se HZSOH-HNO3 Grind sample Plants AOAC 1 (1970)
first
Se HgO fixativey . Food ROAC 2 (1970)
‘H,S0,-HNO
25y 3
Sn HN03: HESOH Food AOAC 2 (1970)
Zn HCl Ignite sample Plants - AOAC 1 (19790)
first
Zn HNO,: HC10y: Wheat, alfal- Requires extra .03 ppm Smith and Schrenk
HC1 fa, corn, attention (1572)
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INORGANIC ACCUMULATION FROM PLANTS

grain

Accumulant Extractant Special Medium Comments Concentration % Recovery Reference -
Procedures
Zn HC1 Dry ash first Wheat, alfal- .03 ppm 89,5-106,5 | Smith and Schrenk
: fa, corn, - (1972)
sorghum
Zn, HNO;: HpSOy: Food AOAC 2 (1970)
HClOu
Zn HN03 Dry ash first Grass pH dependent Bohn and Aba-Husajn
- (1971)
Zn HNO3: HC10, Corn and oat 10.4 ppm John (1972)
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ORGANIC ACCUMULATION FROM SOIL

. Extractant Special Comments Concentration 4 Recovery Reference
Accumulant Procedures
ACIDIC PESTICIDES.
2,4-D HZSOQ, Hzo, ETHYL Tumbling - .013 to 1.3 ppm 85-100 Wodham, et al.
ETHER : (1971)
PICLORAM KC1 -lKOHA Shaking 18 hours equill - 94-100 Cheng (1971)
brium .
PICLORAM ACETONE ~ H3P°q Stirring - - - Biggar and Cheng
: (1973)
PICLORAM ACETONE - WATER Stirring . - .025 to .1 ppm 75 Metcalfl (1972)
HC1 :
2,4,5-T H20 Shaking - 4 ppm - Burge (1973)
’ ETHYL ETHER
ANILIDE .& ANILINE PESTICIDES .
ALACHLOR BENZENE Shaking - 0.1 to 10 ppm 95 Hargrove and
' . Merkle (1971)
DCA ACETONE Blending - - ~60 Chisaka and Kearney
(1970)
DCA ETHYL ALCOHOL Shaking - 50 ppm - Burge (1973)
_ DCNA HCl: ACETONE: Shaking Sterilize 1-66° 15.1 ppm .68-76 Greve and Wit

GLYCOL

days

(1971)_
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ORGANIC ACCUMULATION FROM SOIL

brium

Extractant Special Comments Concentration % Recovery Reference
Accunulant . Procedures
PROPANIL ACETONE Blending - - >90 . Chisaka and Kearney
: (1970)
PROPANIL ETHANOL Shaking - 100 ppm 97-108 Burge (1973)
PROPANIL ACETONE: BENZENE Blending - - 90 Kearney, et al.
(1970)
TCAB ACETONE Blending - - >90 Chisaka and Kearney
(1970)
TCAB ACETONE: BENZENE Blending - - 98 Kearney, et al.
(1970)
TCAB ETHANOL Shaking- - .05 ppm - Burge (1973)
BENZONITRILE AND AMIDE PESTICIDES
DICHLOBENIL ETHANOL Bolling 0.5-12 month 2.0 ppm 90 Verloop and Nimmo
equilibrium (1970) )
DICHLOBENIL- BENZENE: Shaking - .07-.08 ppm 81-~105 Skroch, et al.
ISOPROPANOL (1971)
2,6-DCBA ETHANOL Boiling 1-6 month 2.0 ppm .90 Verloop and Nimmo
equilibrium (1970)
KERB METHANOL Soxhlet 34 day equili- 20 ppm 38-100 Yih, et 81.(1970)
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ORGANIC ACCUMULATION FROM SOIL

Extractant Special Comments Concentration % Recovery Reference
Accumulant Procedures
KERB stou - METHANOL - - .01 ppm - Adler, et al,
. (1972)
CARBAMATE PESTICIDES
ALDICARB ACETONE: METHANOL Shaking - 0,1,7 day 20 ppm 85-100 Bull, et al.
AND CHLOROFORM: equilibrium (1970)
ACETONITRILE
CARBOFURAN HC1 Refluxing - 0.2-100 pph 71-115 Butler and
. McDonough (1971)
3-KETO HC1 Refluxing - 0.1-10 ppm 76-98 Butler and
CARBOFURAN McDonough (1971)
3-HYDROXYCARBO- | HC1 Refluxing - 0.2-100 ppm 72-119 Butler and
FURAN McDonough (1971)
CIPC ETHANéL Shaking - 100 ppm 92-100 Burge and
gross (1972)
EPTC ISOOCTANE Steam distill 1 day equilibrium - }90 Smith and
. Fitzpatrick (1971)
IPC ETHANOL - 100 ppm 94-100 Burge and Gross

Shaking

(1972)
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ORGANIC ACCUMULATION FROM SOIL

Accumulant - Extractant Special Comments Concentration % Recovery Reference
. Procedures :
TRIALLATE "~ | BENZENE: ISOPROPA~ Shaking - ©o9s5 Smith (1971)
NOL .
TRIALLATE . BENZENE: ISOPROPA- Shaking 1 day equilibrium - >90 Smith and
NOL . ) Fitzpatrick (1971)

DIPYRIDINIUM PESTICIDES

PARAQUAT H,80, Refluxing . - - >80 Earnest (1971)

MISCELLANEOUS PESTICIDES

AMITROLE NH,OH: GLYCOL Shaking 1 to 17 day 2.0 ppﬁ 68-97 Grove and Chough
i equilibrium (1971)
TRIFLURALIN HEXANE: ACETONE Sonified - 0.1 ppm - Parr and Smith
: (1973)
TRIFLURALIN BENZENE: ISOPRO- Shaking 1 day equilibrium| 0.1 to 1.0 ppm 89-99 mith (1972)
PANOL
TRIFLURALIN METHANOL _ Tumbling | 2 day equilibrium| 0.1 to 2.5 ppm 61-74 Harrison and

Anderson (1970)

TRIFLURALIN METHANOL Tumbling 0-7 day equilibrium 6.0 ppn 84-95 Harrison and
: Anderson (1970)

ORGANOCHLORINE PESTICIDES

ALDRIN HEXANE: ACETONE Shaking ' - .05-.1 ppm 90-100 Saha and Sumner
. (1971) ’
ALDRIN-DIELDRIN HEXANE: ACETONE Shaking - .005 to ,015 38-81 McCaskill, et al.

(1970)




ORGANIC ACCUMULATION FROM. SOIL
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Extractant Special ' Comments Concentration % Recovery Reference
Accumulant Procedures
ALDRIN-DIELDRIN | HEXANE: ISOPRO- Tumbling - - 88-102 Onsager, et al,

' PANOL ’ (1970)
ALDRIN-DIELDRIN | ACETONITRILE ' Blending - - 90-95 . Lichtenstein (1970)
ALDRIN, DIELDRIN { HEXANE Grinding . C - 0.1-0.4 ppm 90-105 Grussendorf (1970)
HEPTACHLOR, ’

HEPTACHLOR EPOX-
IDE
AROCHLOR ACETONE: PETROLEUM Soxhlet C - - >80 . Duke, et al. (1970)
ETHER X
y-BHC HEXANE: ACETONE Shaking = - 4 day equilibrium .001 ppm 87-92 Browman (1971)
y-BHC ' HEXANE: ACETONE " Soxhlet . 1.5 hour equilibriuj 50 ppm 79-104 Adams and Li
. . (1971)
¥-BHC ‘ HEXANE: ACETONE Soxhlet . | 14 aays 9~10 ppm 90-99 Guenzl and Beard
. (1970)
Y-BHC ‘ ACETONE " Polytron 1 month equili- 2.0 ppm 9l-99 - Johnsen and Starr
. brium ) (1972) .
CHLORDANE ACETONE Polytron : - 2.0 ppm 93 Johnsen and Starr
: (1972)
CHLORDANE WATER: HEXANE=- Shaker .- =1 ppm - ) Saha (1971)
ACETONE :
CHLORDANE . WATER: HEXANE- Shaker - ) 1 ppm - Saha (1971)
2-PROPANOL - : : -
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ORGANIC ACCUMULATION FROM SOIL

. Extractant Special - Comments Concentration £ Recovery Reference
Accumulant Procedures i
CHLORDANE WATER: METHANOL Shaker - 1 ppm. - Saha {1971)
CHLORDANE WATER: BENZENE- ‘Shaker - 1 ppm - Saha (1971)

. METHANOLA .

a-,Y-CHLORDANE BENZENE: ACETONE Shaking - 0.1 ppm 85-94 Dorough, et al.
HEPTACHLOR . (1972)
HEPTACHLOR EPOX-
IDE
p,p"~DDE HEXANE: AICETONE Shaking 8 day equilibrium { 0.32 ppm 84-99 Browman (1971)
p,p ~-DDE; ACETONE Polytron 1 month equili- 2 ppm 92-105 Johnsen and Starr
0,0 -DDT; brium ’ (1972)
p, P -DDT
p,P -DDE; HEXANE: ACETONE Shaking - .005-.015 ppm 38-81 McCaskill, et al.
0,p”=DDT; - 1 - . (1970)
0,p°-DDT
0,0 "~DDE; HEXANE: ISQPRO- Tumbling - - 88-102 Onsager, et al,
o,p”-DDT; PANOL" : (1970)
p,0”=DDT
p,0p°-DDE; HEXANE: ACETONE Shaking - .05 - .1 ppm 90-100 Saha and Sumner
0,p°-DDT; (1971}
p,p"-DDT
psp”~DDT HEXANE: ACETONE Shaking 4 day equilibrium| 0.1 - 0.2 ppm 88-112 Browman (1971)
0,p”~DDT HEXANE: ACETONE 8 day equilibrium 0.43 ppm 77-111 Browman (1971)

Shaking
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ORGANIC ACCUMULATION FROM SOIL

Accumylant Extractant Special Comments Concentration | % Recovery Reference
Procedures
@,0 “~-DDT HEXANE: ISOPRO- Soxhlet 31 days 1.2 ppm 87-102 Burge (1971)
p,p “-TDE PANOL - .
/. M .
p—p “-DDT BENZENE: ISOPRO- Shaking - - 90 Swoboda, et al,
PANOL ’ (1971)
p-p"-DDT HEXANE: ACETONE Soxhlet 30 day equili- - 70-102 Peterson, et al.
brium (1971)
p -p”=DDT HEXANE: ACETONE: Shaking - - 93 Willis, et al.
CH3CO00Na (1971)
p - p”-DDT HEXANE: ACETONE Soxhlet 14 day equili- 10.0 ppm 95-100 Guenzi and Beard
brium (1970)
DIELDRIN HEXANE: ISOPRO- Soxhlet - - g2-95 Caro and Taylor
’ PANOL (1971) .
DIELDRIN ACETONE Polytron 1 month equili- 2.0 ppm 92-105 Johnsen and Starr
brium : (1972)
DIELDRIN ACETONE Polytron - 0.2 ppm 96+2,2 Johnsen and Starr
. (1972)
DIELDRIN HEXANE: ACETONE Shaking. 4 day equilibrium} .04-.08 ppm 87-91 Browman (1971)
DIELDRIN, ACETONE Ultrasound - 1-2 ppm 92-99 Johnsen and Starr
HEPTACHLOR (1972)
EPOXIDE
y=- and 8 ENDO~ Heat - 0.2-0.3 ppm 87-89 Greve and Wit

SULFAN

PETROLEUM: ETHER

(1971)
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ORGANIC

ACCUMULATION FROM SOIL

Lceumulant Extractant 1;'Specﬁ.al Comments Concentration % Recovery . Reference
rocedures .
ENDRIN HEXANE: ISOPRO- Shaking 1.5-2 day equili- - 97-69 Saha and Sumner
PANOL brium : (1971)
HEPTACHLOR PENTANE: ACETONE Tumbling - - 92-98 McCaskiil, et al,
’ (1970)
HEPTACHLOR HEXANE: ACETONE Shaking. 8 day equilibrium 0.13 ppm - Browman (1971)
HEPTACHLOR HEXANE: ACETONE Shaking 8 day equilibrium 0.27 ppm 87-123 Browman (1971)
EPOXIDE )
HEPTACHLOR ACETONE Polytron 1 month equili-~ 2.0 ppm 9l-g9 ‘Johnsen and Starr
~EPOXIDE brium (1972) D
HEPTACHLOR ACETONITRILE _. Blending - - 90-95 Lichtenstein (1970)
EPOXIDE-
HEPTACHLOR
METHOXYCHLOR HEXANE: ACETONE Shaking 8 day equiiibrium 2.6 ppm 41-97 Browman (1971)
METHOXYCHLOR ACETONE Polytron 8 day equilibrium 2.0 ppm 934 Johnsen and Starr
(1972)
TDE HEXANE‘:: ACETONE Shaking - .05-0,1 ppm 90-100 Saha and Sumner
(1971)
p,p"~TDE HEXANE: ACETONE Shaking 8 day equilibrium|{ 0.6 ppm 89-108 Browman {1971)
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ORGANIC ACCUMULATICN FROM SOIL

Extractant Special Comments Concentration % Recovery Reference
Accunulant : Procedures ’
TOXAPHENE BENZENE: ISOPRO- Shaking - - S0 Swoboda, et al.
PANOL (1971)
TOXAPHENE . HEXANE: ACETONE Soxhlet - - 88+2.9 Velth and Lee
. (1971)

. MIXTURE OF 11 KEXANE: ISOPRO- Shaking - - 61110 Hannon, et al.
ORGANOCHLORINE | PANOL (1970)
PESTICIDES ’

ORGANOPHOSPHORUS PESTICIDES
DISULFOTON ACETONE: WATER Blending - - 85-92 Menzer, et al.

(1972)
DURSBAN ACETONE Tumbling - 0.1 ppm 110 Disch, et al.
. (1970)
DYFONATE HEXANE OR CHLORO- Shaking - - 86-83 Kiigemani and

FORM Terriere (1971ab)

METHIDATHION ACETONE: _Cac12 Shaking - 10 ppm 97-98 Getzin (1970)
MEVINPHOS HEXANE: Nazsou Shaking - 100 ppm 91 Burns (1971)
PHORATE HEXANE: Nazsou Shaking - 100 ppm 98 Burns (1971)




ORGANIC ACCUMULATION FROM SOIL
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’ Extractant: Special Comments Concentration % Recovery Reference
Accumulant : ) Procedures
PHORATE ACETONE: WATER Blending - - 85-92 Menzer, et al.
(1972)
PHORATE, POA, HEXANE: ACETONE Shaking - - 9496 Getzin and Shanks -
PSO ’ (1970)
PSOZ, POASO, HEXANE: ACETONE Shaking - - 64-77 Getzin énd Shanks
POASO, (1970)
ZINOPHOS HEXANE Soxhlet - - 86-91 Kiigemani and
Terriere (1971ab)
TRIAZINE PESTICIDES
ATRAZINE METHANOL Soxhlet 1 hour mix 8.0 ppm g5 Zimdahi, et al.
: (1970)
ATRAZINE ACETONITRILE: Blending 24 hour equili- .05-1 ppm 71-89 Ott, et al.
WATER brium : (1971) -
ATRAZINE ACETONITRILE: Refluxing - .05«2 ppm 80-114 lattson, et al.
WATER . - (1970)
HYDROXYATRAZINE HC1l: ACETONITRILE: - 3 day equilibrium - 89.5 1.5 Hance and Chesters
WATER (1970}
PROMETRYNE TOLUENE Shaking - - 75-80 Walker and

Crawford (1970)
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ORGANIC

ACCUMULATION FROM SOIL

HYDROCARBONS

Accumulant Extractant Special Comments Concentration | % Recovery Reference
Procedures
PROPAZINE TOULENE - - - 75-80 Walker and
Crawford (1970)
URACILS
BROMOCIL DIL NaOH Shaking, - 80 ppm 87 Zimdahl, et al.
: blending : (1970)
TERBACIL DIL NaOH Shaking, - 8 ppm 87 Z2imdahl, et al.
_blending (1970)
TERBACIL ETHYL ACETATE Shaking - 0.4-0.45 ppm 80-112 Skroch, et al.
.( 1971)
NON-PESTICIDES
POLYCYCLIC METHANOL: BENZENE | Soxhlet - ~8-3600 ppb 39-88 Giger and Blumer
AROMATIC (1974)
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ORGANIC ACCUMULATION FROM PLANTS

Accumulant Extractant Special Medium Comments Concentration % Recovery Reference
Procedures :
BENZONITRILE PESTICIDES )
KERB HZSOM' homogenize CROPS - .01 ppm - Adler, et al.
METHANOL first - (1972)
MISCELLANEOUS PESTICIDES
ORYZEMATE ACETONITRILE: filtration RICE PLANT - / - - Uchiyama, et al.
n-HEXANE (1973)
ORGANOCHLORINE PESTICIDES
CYCLODIENE HEXANE-ACE- SOXHELET SOYBEAN PLANTY{ 2-ENDRIN and - - Nash and Beall
PESTICIDE TONE-MENTHA- 2-HEPTACHLOR (1971)
RESIDUES NOL-H,0 RESIDUES
ORGANO- ACETONITRILE chopped and KALE, COLLARDS | 7 PESTICIDES and 0.2-20 ppm 56-107 Burke, et al.
CHLORINE mixed first IAND POTATO RESIDUES (1971)
PESTICIDE
RESIDUES
ORGANO- H20- chopped and kALE, COLLARDS{ 7 PESTICIDES and - 96-108 Burke, et al.
CHLORINE ACETONITRILE mixed first AND POTATO RESIDUE. FOR - (1971)
PESTICIDE . . DEHYDRATED SAMPLE

RESIDUES




-G0of-

ORGANIC ACCUMULATION FROM PLANTS

Extractant

Accumulant Special Medium Comments Concentration % Recovery Reference -
Procedures
ORGANO- | ETHYL ETHER- grind sample WHEAT 17 PESTICIDES and .01 ppm 82-95 Levi, et‘al.
CHLORINE HEXANE- first RESIDUES . (1972)
PESTICIDE Na,80, RAPID TECHNIQUE
RESIDUES
ORCANOPHOSPHORUS PESTICIDES
HINOSAN ACETONITRILE macerate and RICE PLANT - - - Ueyama, et al.
homogenize (1973)
first
HINOSAN WATER-TOLUENE pulverize RICE GRAIN - - - Ueyama, et al.
first . (1973)
KITAZIN P ACETONITRILE macerate and RICE PLANT - - - Yamamoto, et al,
. nomogenize (1973)
first
KITAZIN P ACETONITRILE: - RICE GRAIN - - - Yahamoto, et al.
H,0-TOLUENE (1973)
ORGANO~ ACETONITRILE chop and. CROPS AND 41 PESTICIDES and .02 ppm 81-116. ‘Storherr, Ott, and
PHOSPHOROUS blend first FRUITS RESIDUES Watts (1971)
PESTICIDE : )
RESIDUE
ORGANO- ACETONITRILE chop and KALE, COLLARDY 4 PESTICIDES and 8-16.3 ppm 88-107 Burke, et al.
PHOSPHOROUS mix first AND POTATO RESIDUES (1971)
PESTICIDE

RESIDUES -




‘ORGANIC ACCUMULATION FROM PLANTS
Accumulant Extractant Special Medium Comments Concentration % Recovery Reference’
Procedures
ORGANO- | ETHYL ACETATE4 1ce bath FOOD AND - - - - AOAC 3 (1970)
PHOSPHOROQUS NaZSOH CROPS
PESTICIDE
RESIDUES
MISCELLANEOUS NON-PESTICIDES
CH,I METHANOL 1ce cold SORGHUM AND - 6.7 ppm 75.3-100 Rangaswamy, et al,
-3 : RICE PLANT (1972)
AND GRAIN
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SECTION FIVE BIOACCUMULATORS

5.0 General Discussion

Radioactive isotopes, heavy metals, and organic com-
pounds (including chlorinated organiés) are all accumulated
in food chains. Particular plant and animal species will
selectively accumulate one or more of these substances.

Due to the biochemistry of particular organisms, individual
speciés will be able to selectively resist accumulation of
substances which are not required by particular cells for
metabolism. The availability of other accumulated sub-
stances in high concentrations may limit the accumulation

of a given compound.

A survey of the recent litératuré of biological accumu-
"lation was performed in order to détermine_whether any
plant or animal species are satisfactory accumulators of
chémical compounds and ions for quantitative analysis.
This literature search included the available literature
on the following types 6f bioaccﬁmulation:

1. biogeochemical techniques

2. microbial accumulation

3. radioisotope accumulation

4. accumulation of trace metals by animals and plants
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5. accumulation of pesticides by animals and plants

6. plants as indicators of chemical equilibria and

air and water pollution.

The bioaccumulator literature falls generally into
two categories: 1laboratory experimental studies and field
studles. Laboratory studies allow a,givén organism
to grow in a medlium while maintaining précise'control
over ambient concentrations of the}accﬁmulant béing
studled. At predetermined time periods after the onset
of the experiment the amounts accumulated by the organism
are analytically measured, allowing measurement of ac-
cumulation factors on a time horizon.. Graphical rela-
tionships and regression functions can be calculated for
accumulation factor vs. time and accumulation factor vs.
"ambient concentration.

Field studies are most useful in idenﬁifying the
suitability of particular species as indicators of ambient
concentrations of metals and lons. Field Studies yield
quantitative data on the distribution of plant speéies
and on the accumulated levels of mefals, compounds, and
ions in plants and animal organs, but do not allow a pre-
sentation of quantitati?e data.on lengths of exposure
time or on ambient concentration.leﬁels.l

In order to assess the utiiity of biloaccumulators in

the accumulation and monitoring of substances present in
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5.1

‘the ppb and ppt range, chemical and biological accumulating

systems which accumulate the same molecules or ions in the
same media were compared. Concentration factors and
accuracy of concentration were compared7 The only biof
accumulators of potential importance for quantitative

studies are listed in section 5.3.

Characteristics of Bioaccumulator Systems

Organisms accumulate chemical substances in three
ways. Some substances are taken up actively by cellular
biochemical transport processes; this 1s the familiar
process of active transport. 1In this process, termed
active transport, organisms expend energy in order to
maintain certain substances at high concentrations 1n the
cell. Generally, substances concentrated in active trans-
port are trace metals and compounds which are important
to the cell metabolism. These include S, Fe, and P.

Other substances are accumulated by absorption onto
tissue or through cell walls. A characteristic of accumu-
lation by this mechanism is that accumulation factors and
accumulation time will be similar for both live and

dead tissue. Absorption and the speed of concentration
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will be greater in dead tissue for those organisms whose
biochemical mechénisms actively exclude the compounds or
ions being absorbed. Pesticides and other organics are
accumulated by this mechanism.

A third method of concentration is that of food chain
concentration. Chemical substances which are consumed
during metabolism will not be concentrated along a food
chain; however, compounds and ions which are not employed
in metabolism will be concentrated by the higher members
of a food chain, which eat producers and first level pre-
dators with low concentrations of non-metabolized sub-
stances in their systems.

Since biochemical mechanisms are generally molecule-
specific and enzyme-specific, it is not surprising that
each biological accumulator is selective as to the sub-
stances which are accumulated. While chemical accumulator
systems will generally accumulate a class of compounds
with similar chemical behavior (i.e., one accumulator
system may accumulate As, Sb, and Bi; another may accu-
mulate Ga, In, and Pt; and another may accumulate Ti,

(II) and Va (III)), in general biological accumulators
will be more selective. A particular organism may accu-

mulate Pb but not Sn or may accumulate P and not Sb.
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Biological accumulators are not selective, however, for
substances passively absorbed. In accumulation of chlori-
nated organics, for ekample, one organism may accumulate
a wide range of chlorinated organics such as DDT, DDD,
DDE, aldrin and dieldrin. |

Bioaccumulator speciles generally exhibit variability
in the ability of individuals of the speciés to accumu-
late a substance. This generally makes organisms unsa-
tisfactory for quantitative analytical work, especially
when compared to chemical or physical accumulation systems .
It can be confidently predicted that 73% of a particular
organic compound will be recovered by using a carbon
filter. For a biological accumulator sﬁch confidence is
not generally justified. Accumulation factors vary with
the following:

1. temperature variations

2. pH variations
age of organism
daily oscillations (endogenous rhythms)
seasonal and growth period oscillations
latitudinal day length variations

variations due to location of sample leaf on

~ o U =W

plants
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8. wvariations due to the ambient concentration level
9. variations due to the part of the body samples
(such as digestive syétem, gills, bones)
10. wvariations due to different soil mostures and

different precipitation levels.

The bioaccumulation changes encountered for differént
environmental conditions make the use of biological accumu-
lators for analytical work impossible. For example,
Cearley (1973)l found that the southern naiad (Najas
Quadulepensis) accumulated cadmium with én accumulation
factor varying from 6,000 to 40,000. The factor of accumu-
lation varied with the ambient concentration of the cadmium
lons. There is no simple functional relationship relating
concentration of cadmium in the sourthn naiad to ambient
concentrations. Wilkes and We1552 (1971) found that
dragonfly nymphs (Tetragonuria) accumulate DDT with an
accumulation factor varying from 250 to 2,700. The
accumulation factor changes With the length of exposure time.
Thus, the accumulator system can be used for analytical
assessment of ambient concentration only if the time of

exposure 1is accurately known.

1. Cearley, J.E. and R.L. Coleman, "Cadmium Toxicity
and Accumulation in Southern Naiad," Bull. of Environ-
mental Contamination and Toxicology, 9: 100-101 (1973).

2. Wilkes, F.G. and C.M. Weiss, "The Accumulation of DDT
by the Dragonfly Numph, Tetragoneuria," Trans. Amer.
Fish. Soc., (No. 2), (1971).
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Organisms such as bacteria, plankton, yeasts, and
other microorganisms are generally more useful for
analytical accumulation than are higher organsims such
as fungil, invertebrates, vascular plants, and higher
anlimals. More advanced orgénisms contain many organized
biochemical systems and biological subsystems. Microbial
organisms display a much simpler biological organization
and are regulated by a limited number of chemical systems.
It is therefore possibie t§ characterize analytically
the relationship between accumulation factors and ambient
concentrations of chemicals, and to specify constraints
within which the microblal systems must be grown to

achleve analytical accumulation.

More highly organized biological systems are
characterized by complex biochemical systems and organs
that permit them to adapt to adverse conditions; they
can become specialized for survival in hostile nicheé
and in adverse environments to which microbial systems
are not specifically adapted. Therefore, specles
distribution of organisms such as vascular plants,

insects, and animals can indicate differences in environ-
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mental constraints and can serve as indicators of the
chemical concentrations found in different environ-'-
mental media.

For example, trees, bushes, and understory plants
serve as excellent indicators of mineral concentrations
in the ground water. The presence of plants which are
particularly adapted to assimilating high concentrations
of particular ions, or which are adapted to resisting the
effects of particular ions, is useful in locating ore
deposits. Certain species grow while others are absent
in the vicinity of aluminum ore deposits. Chemical
extraction and analysis of jions present in plant tissues
is used to further verify the presence of an ore deposit.

Tissue analyses of certain plants can be used to
characterize ground water chemistry without direct
sampling of the ground water. Some of the plant speciles
are particulérly'useful ﬁecause of their deep root systems.
These plants accumulate dissolved substancés from sub-
surface scil and ground water which isAfiltered through
rock formations, allowing the convenient ﬁonitoring of |
ground water at depfhs which cén only be directly measured
by the use of expensive and time-consuming drilling

technologies.
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Bioaccumulator Methods

The accumulation of particles from air takes place
through respiration or by absorption onto surface tissue.
Only a few organisms have been successfully used as indica-
tors of particuléte levels in the air. There has been no
successful quantitafive study of the relationship-df particle
concentrations in tissue as indicators of the concentrations
in the air. Human blood levels of cadmium and lead have been
employed as indicators of dangeroﬁs levels of tﬁese compounds
for industrial workers who are éxposed to those metals 1n the.
factory air. Plants such as spanish moss and rice have been
used as 1indicators of the aerial dispersion of compounds.

The growth distribution of lichens has been used as an
indicator of air particulate levels.

A wide spectrum of plants, which have been used as
accumulation systems for measuring substances in'tﬁe soil,
is recorded in the literature. Many plants accumulate
pesticides and provide a monitor on the pesticide éoncentra-
tions residing in the food chain. Others accumulate metals
such as nickel; copper, aluminum, and tungsten. These
accumulators, as summarized in the accompanying tables, are
plants which serve as indicators of metal concentrations in

the soil.3

3. See Tables 5—l.t6 5-3. Cannon, H.L., Science, 132:
591 (1960).
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TABLE 5-1

PROSPECTING BY PLANT ANALYSIS:

Locality sb:xf;:lt Elﬁ;':;m Plant sampled Results* Reference
Australia U U . Xanthosteum paradoxus Good correlation (&)
Canada Cu,Zn Cu,Zn Birch Good corrclation (58)

British Columbia  Cu Cu/Zn Sagebrush, juniper Good correlation (&)
British Columbia  Zn Zn Silver birch Good corrclation 39
British Columbia  Zn Zn Alder Good corrclation (59)
British Columbia  Mn Mn  Hemlock Good corrclation (349
British Columbia  Au Au Horsetails, trecs Good correlation (60)
British Columbia  Ag Ag Horsciails, trees No corrclation (60) -
British Columbia  Ni Ni Fir, cedar Good correlation (61)
British Columbia Mo Mo  Balsam Good correlation (34)
British Columbia  Cu Cu/Zn Pine, fir Good correlation (38)
Eastern Canada Cu,Zn Cu/Zn Alder, maple, birch, willow Used in prospecting (62)
Quebce Cu Cu Balsam twigs Anomalics discovercd 35
Cornwall, Walcs W w Heather Anomalics discovered 4)
Cornwall, Wales Sn Sn Heather Anomalics discovered 4)
Cuba Ni Ni Vcgetation Good correlation (63)
Estérel (Pyrences) v U Vegetation Good correlation 64
Far Cast As Fe Grass Veins defined (3)
Finland Ni Ni Birch Good correlation ©)
Finland Cu Cu Vegetation Correlations at low  (36)
. concentrations, not
. at high
Germany Ni Ni Birch, spruce, pine Good corrclation (65)
Greece Cr Cr Vegetation Good correlation 8)
Japan U U Cypress, pine Good correlation (66)
Nigeria Pb-Zn Pb Savannah trees Good correlation 42) -
Norway Cu Cu Birch, willow Too crratic to be use- @
ful
Sweden \% V - Birch, pine V-shale discovered * )
Sweden Pb, Zn Pb,Zn, Birch, pine Good corrclation (8)
Cu ; . b
Sweden Pb-Ag Pb-Ag Tree cover No correlation (8)
Sweden Mo Mo  Tree cover No correlation 8)
Swedcn w w Tree cover | No correlation (&)]
United States ) e
Arizona U Alpha Oak ... Good correlation (67)
count
Arizona Cu Cu Ouk, mesquite Good correlation (68)
Arizona Cu Cu Cresote bush, ocak Good correlation (69}
Calif., Nevada - Ba - Ba  'Fir, manzanita Good corrclation (70)
Idaho Zn, Pb, Zn, Pb, Fir, pine, spruce Good correlation Zn,  (50)
Cu Cu Pb, poor correla-

: tion Cu )
Missouri Zn Zn Oak *Good correlation an
New Mexico, U ] Juniper, pine Anomalics discovered (72)
New York Zn Zn  Willow | Defined Zn arca (26)
New York Pb, Zn Zn Birch, maple, hemlock Good corrclation -(73)
Pennsylvania Pb-Zn Pb,” Birch Good correlation 39)

Cu/Zn

Pennsylvania Zn In Vegetation Good corrclation (14) -

Tennessce Mn Ni Ouk Good correlation (75)

Utah U U Juniper Anomalics discovered  (31)

Utah U U Juniper, pinyon Anomalics discovered  (76)
U.S.S.R. Cu, Mo Mo  Lcgumcs Two major Cu discov-  (77)

Crivs .

U.S.S.R. Cu, Fe Fe Birch, fir Outlined Cu ore (78)
U.S.S.R. B B Phreatophytes Good vorrelation 9
U.S.S.R. Ni Ni/Cu Grasses, herbs " Good correlation 12)
U.S.S.R. Co Co Grasses, herbs Good coirclation (80)
U.S.S.R. Cu Ni/Cu  Grasses, larch New Cu discoverices (12)
U.S.S.R. Cr Cr Grass Good correlation 12)
U.S.S.R. Ph Ph Vegetation Good correlation a2y .
U.S.S.R. Mo Mo Vegetation Good corrclation (12)

¢ “Correlation” signifies correlation between plant content and soil content over known mineratization.

Source:

H.L. Cannon,

with permission)
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Table 5-2

PLANTS THAT HAVE BEEN USED AS INDICATORS

IN PROSPECTING

Table 5-3

- li':';’::::;l({l;) Family Genus and species C:':"::“ Locality Refercnce
Bitumen .
L Goosefoot Anabasis salsa Caspian Sea (20)
L Goosefoot Salsola spp. Saltwort Caspian Sea (20)
L Lily Allium sp. Onion California (44)
, Boron ’
L Gooscfoot Salsola nitraria Saltwort U.S.S.R. 29)
L Gooscfoot Eurotia ceratoides Winter fat U.S.S.R. (24)
L Plumbago Lunommn suffruticosum  Statice U.S.S.R. 24)
Copper L
u Pink vatoplnla patrini Karum US.S.R. 1)
L Pink Polycarpea spirostylis ~ Pink Australia (45)
U " Mint Acracephalus roberti Katanga (16)-
L Mint Elsholtzia haichowensis Elsholtzia China (15)
U  Mint Ocimum homblei Basil Rhodcsia (17)
U " Moss Merceya latifolia Copper moss Sweden and (149) -
’ Montana
L - Poppy Eschscholtzia mexicana Calif. poppy Arizona (46)
L Plumbago Armeria maritima Thrift Scotland @n
. Gypsum ] :
L Buckwheat Eriogonum inflatim Desert trumpet  Western U.S. 18)
L Loasa Mentzelia spp. Blazing star Western U.S. (18)
Iron
L Birch Betula sp. Birch Germany (48)
"L Guttiferae Clusia rosea p Copey clusia Venczucla (49)
Lea
L Grass Erianthus giganteus Beardgrass Tennessee (50)
Phosphorus ’
L Morning-glory Convolvulus althacoides Bindweed Spain (48)
Selenium
U Legume Astragalus bisulcarus Poison vetch Western U.S. (1))
U Legume Astragalus racemosus Poison vetch Western U.S. s
9] Legume Astragalus pectinatus Poison vctch Western U.S. (613)
U Sunflower Qonopsis spp. Goldenweed Western U.S. (s1)
U Sunflower Aster venustus Woody aster Westera U.S. (51)
U Mustard Sranleya spp. Princesplume Western U.S, (51)
Selenium and Uranium
U Legume Astragalus pattersoni Poison vetch Western U.S. (18)
L Legume Astragalus preussi Poison vetch Western U.S. (18)
L © Legume Astragalus sp. Garbancillo Andes (19)
Silver '
L Buckwheat Eriegonum ovalifolium  Eriogonum Montana “n
: : Zine
U Violet Viola calamineria (hitea) Zinc violet Belgium and (52)
Germany
L Saxifrage - Philadelphus sp. Mock orange  Washington (53)
Source: See Table 5-3.

PHYSIOLOGICAL AND MORPHOLOGICAL CHANGES IN PLANTS

DUE _TO METAL TOXICITIES

(1960), p. 593.

with permission)
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Element Effect . Reference
Aluminum Stubby roots, leaf scorch, mottling 59
Boron Dark foliage; marginal scorch of older lcaves at high concentrations; (54)
' stunted, dcformed, shortened internodes; crecping forms: heavy
pubescence; increased gall production T(29)
Chromium Yellow Icaves with green veins 31
- Cobalt White dead patches on leaves (30)
Copper Dead patches on lower Icaves from tips; purple stems, chlorotic lecaves (55)
with green veins, stunted roots, creeping sterile forms in some species t6)
fron Stunted tops, thickened roots; cell division disturbed in algae, resulting (55)
cells greatly enlarged (56)
Mangancse Chloratic lcaves, stem and petiole lesions, curling and dcad areas on .
leuf margins, distortion of laminac . 54)
Molybdenum  Stunting, yellow-orange coloration - (55)
Nickel White dead patches on leaves, apctalous sterile forms (30)
Uranium Abnormal number of chromosomes in nuclei; (28)
unusually shaped fruits: " (32)
sterile apetalous forms, stalked leaf rosette («1)]
Zinc Chlorotic leaves with green veins, white dwarfed form= 31)
dead arcas on leat tips; roots stunted (5%)
Source: H.L. Cannon,

"Botantical Prospecting for
Ore Deposits," Science 132

(Used



Vascular plants, fish and invertebrates accumulate
many substances from fresh water. Transition metals,

51 and Se75

radioactive isotopes such as Cr s besticides,

are all mentioned in the literature as substances which

are accumulated by plants and fish. Plants provide accurate
monitoring when employed as monitors of long-term ambient
concentrations because of their slow growth rate. Fish and
invertebrates generally have widely varying concentration
factors depending upon which parts of the body are measured.

Fungi, bacteria, yeast, algae, and invertebrates such
as daphnia, are accumulators which have been studied under
laboratory conditions. - A functional relationship between
organism concentration and ambient concentration can often
be determined for these species. Accumulation usually
requires 8 to 90 hours, and ip some cases organisms.can
accumulate ions in the ppb range.

Mollusks, polychaete worms, and algae are all mentioned
in the literature as accumulators of substances from salt
water. Transition metalé such as Cd4, Cu, Mn, Fe, Hg, Pb,
radiocactive transition metals such as C058, Co60, Cr37,

K“O, Fe59, Mn5u, MgSS, and pesticides such as DDT, DDE, DDD,

Dieldrin, Parathion and toxaphene are all accumulated.
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5.3

The concentration factors achieved by mollusks vary
widely with the season, the biological process involved
(for example, the unique accumulation rate during the
spawning season) and with the section of the body analyzed.

For example, the gonads of Militus edulus accumulate 0058

with a concentration factor of ten, while the stomach

accumulates Co58

with a concentration factor of 1,000,
and the bones and gills in concentrations of 100 over the
ambient level. Accumulation by mussels requires a time
period of approximately one to two months, and it 1s not

therefore a good laboratory system for water sampling.

Mammals act as food chain accumulators from tissues

~of fish, plants, insects, animal invertebrates, and other

vertebrates. Few experimental determinations of accumulant
concentration factors for food chains are recorded in the
litérature. Thus, analysis of the metal, radioactive metal,
and pesticide content of mammal tissues can at present only
be used as rough indicators of the occurrence of toxic

substances within a food chain.

Presently Most Suitable Bioaccumulators

Three recommendations can be made for further study
of bioaccumulators:
1) Yeast, fungi, and several microbial systems

including bacteria are the accumulation systems
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2)

3)

which give the most accurate quantitative
indication of environmental contémination'levels.
In particular, yeast accumulation from water
follows a direct functional relationship between
ambient and tissue concentration.

Aquatic organisms accumulate selenium from fresh
water organisms such as algae, daphnia, and

other microinvertebrates. Selenium is present

in forms such as seleno-methionine and selinite.
The importance of these bio-accumulators is that
selenium is difficult to accumulate using physical-
chemical systems.

Most other biocaccumulator systems are useful as
indicators of pollution levels rather than for

the analysis of environmental levels of toxic
substances. This includes the use 6f mollusks

as indicators of metals, mammals as indicators

of pesticides and radioactive isotobes, and plants

as indicators of metal deposits.
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TABLE 5-4

BIOACCUMULATION OF TOXIC SUBSTANCES FROM. AIR
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BIOACCUﬁULATION OF TOXIC SUBSTANCES FROM AIR

ACCUMULATION APPLICABLE ACCURACY % TIME REQ. .
ACCUMULANT ACCUMULATOR MEDIA FAC?OR CONCENTRATION CONFIDENCE FOR ACCUM.{ REPERENCE
cd - Human blood Air- Indicator, no Unknown Unknown Cernix (1974)
quantitative re- . ‘
lationship .
cd Human urine Air Indicator, no Unknown Unknown Cernik (1974)
quantitative re-
lationship
Pb Tillandsia Alr - Indicator Indicator Unknown Martinez,
usneoides : Nathany, and
(Spanish Moss) Dharmarafan
(1971)
¢ Pb Human blood Alr Indicator Unknown Indicator Unknown McNeil and
i . Plasnix(i974)
O-ethyl S,S-{ Rice Plants Alr (.001-.003 ?) 40 ppm (?) Laboratory 4 weeks Takase, Tan,
Diphenyl- . results dif- Ishizuke
Phosphorodi- fered from - (1973)
thiolate field re-~
(Hinosan) sults




TABLE 5-5

BIOACCUMULATION OF TOXIC SUBSTANCES FROM SOIL -
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BIOACCUHULATION OF TOXIC SUBS'CANCES PROM SOIL

ical compo-
sition of
soil

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.§ REFERE!CE
cl Citrus seedlin Soil Cl™ uptake de- €1~ uptake, ?) Attman (1972)
tissue . pends on root independent
surface area and of high C1
is independent concentra-
of C1 concen- tion
tration
Hg Milfoil, wormwood, Soil 30-100 Unknown Unknown Bol'shakov,
other plants K'yakora,
Plushko, and
Sheherbakov
(1969)
N1 Eucalyptus Soil Cole (1973)
lesoveffi
Ni Eucalyptus Soil Cole (1973)
salvbris
Ni Malalevea Soil. Cole (1973)
shethlana
Ni Hybanthus Soil Cole (1973)
floribundis
P32 (Spruce needles) Soil . 85 Accumulation | 4§ weeks Gagnaire
Picera excelsa varies with { dependent (1962)
season, chem-§ on season
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BIOACCUMULATION OF TUXIC SUBSTANCES FHOM SOIL

ACCUMULATIOR APPLICABLE ACCURACY & TIME REQ.
ACCUMULAN ACCUMULATOR MEDIA PACTOR CONCENTRATICON CONFPIDENCE FOR ACCUM.} REFERENCE
P32 (Spruce wood) Soill 135 Accumulation | 4 weeks de- Gagnaire
Picea excelsa varies with | pendent on (1962)
’ season, chem- season
ical compo-
sition of ’
soil
P32 Acer campestris Soil Wood 35 Accumulation § 4 weeks de- Gagnaire
(Hedge maple) Shoots 170 varies with J pendent on (1962)
season, chem- season
ical compo-
sition of
soil
P32 Populus nigra Soil Accumulation | 4 weeks de- Gagnaire
(Black poplar) varies with J pendent on (1962)
season, chem-§ season
ical compo-
sition of
soil
P32 Thuja Soil - Accumulation | 4 weeks de- | Gagnaire
(Arbor Vitae) varies with § pendent on (1962)
season, chem4 season
ical compo-
sition of
soil
Pb ‘Spartina alterni- Soil Unclear Unclear Months (?) Banug (1974)

flora




BIOACCUMULATION OF TOXIC

SUBSTANCES FROM SOIL

_Lgn_

ical compo-
sitlion of
soll

ACCUULATION APPLICABLE ACCURACY & TIME REQ.
CECCMULA ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.} REFERENCE
Srgo' (Spruce needles) Soil 8s Accumulation } 4 weeks de- Gagnaire
Picea excelsa. varies with pendent on (1962)
season, chem- season
iczal compo-
sition of
soil
Srgo (Spruce wood) Soil 135 Accumulation | 4 weeks de- } Gagnaire
Picea excelsa varies with [ pendent on (1962)
season, chem- season
ical compo-
sition of
soil
Sr9° Acer campestris Soil Wood 85 Accumulation § 4 weeks de- Gagnaire
(Hedge maple) Shoots 170 varies with | pendent on (1962)
season, chemn-§ season
ical compo-
sition of
soil
Sr90 Populus nigra Soil Accumulation | 4 weeks de- Gagnaire
(Black Poplar) varies with ] pendent. on (1962)
season, -chem§ season
ical compo-~-
sition of
- soil
Sr90 Thuja Soil Accumulation | 4 weeks de- Gagnaire
(Arbor Vitae) varies with } pendent on (1962)
season, chemd4 season
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM SOIL

ACCUMULANT

ACCUMULATOR

MEDIA

ACCUMULATION
FACTOR

APPLICABLE
CONCENTRATICN

ACCURACY &
CONFIDENCE

TIME REQ.
FGR ACCuUM,

REFERENCE

DDT

DDT

Nathofagus
menziesii
(Silver Beech)

Aphanonyces
euteldes

Fusarium solani

Soil

Soil

Soil

22.2-79.5

1.8

1.8

.9 - 270 ppm

294 ppb

294 ppb

Good func-
tional rela-
tionshlp be-
tween accumu-
lation and
concentration
in soil.
Linear rela-
tionship for
beech seed-
ling leaves

Concentration
factor variecd)
with plant
density in
soil and with
5011 molsturdg
content, and
pH

Concentration
factor varieg
with plant
density 1n
soil and with
soil moisture
content, and
pH

8 weeks

24 hours

24 hours

Quin, Brooks,
and Rei?
1972)

Ko and
Lockwood
(1963)

Ko and

LOCKW%{§68)




_6£h_

A

BIOACCUMULATION OF TOXIC SUBSTANCES FROM SOIL

ACCUMULANT

ACCUMULATOR

MEDIA

ACCUMULATION
FPACTOR

APPLICABLE
CONCENTRATION

ACCURACY &
CONFIDENCE

TIME REQ.
FOR ACCUM.

REFERENCE

DDT

DDT

DDT

DDT

Pythium utimum

Rhizoctona solani'

N

Streptonyces albus

Séreptonyces

aureofaciems

Soil

Soil

Soil

Soil’

1.8

1.8

1.8

1.8

294 ppb

294 ppb

294 ppb

294 ppb

'Concentration

factor varies
with plant
density in
soil and with
soll moisture

content, and

pH

Concentration
factor varles
with plant
density in
soil and with
soil moisture
content, and
pH

Concentration
factor varies
with plant
density in
soil and with
soil moisture
content, and
pH .

Concentration
factor varies
with plant

density in

soll and with
s0il moisture
content & pH

24 hours

24 hours

24 hours

24 nours

Ko and
Lockwood
(1968)

Ko and
Lockwood
(1968)

Ko and
Lockwood :
(1968)

Ko and
Lockwood
(1968)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM SOIL

ACCUMULANT

ACCUMULATOR

MEDIA

ACCUMULATION
FACTOR

APPLICABLE
CONCENTRATION

ACCURACY &
CONFIDENCE

TIME REQ.
FOR ACCUM.

REFERENCE

’i

4

DDT

DDT

Dieldrin

?ﬂn
Cla A .
—’o

a
At
Dieldrin

Dieldrin

Streptonyces
griseus

Streptonyces
viridochromogenes

Cétton plants

Aphanomyces
euteiches

Fusarium solani

Soil

Soil

Soil
Soil

Soil |

1.8

1.8

(80?)(leaves)
2.4

2.4

294 ppb

294 ppb

250 ppb

250 ppb

|

l#ith plant

Concentration
factor varieés

density 1n
soil and with
soil moisture
content and
»H

Concentration
factor varles
with plant
density in
soll and with
soil moisture
content and
pH

Unknown

Varies with
density of
plant growth,
socil moisture
and pH

Varies with
density of
plant growth,
soil moisture,
and pH

24 nhours

24 hours

21 days

24 hours

24 hours

Ko and
Lockwood
(1968)

Ko and
Lockwood
(1968)

Kavadia (1972)

Ko and
Lockwood
(1968)

Ko and
Lockwood
(1968)




.. BIOACCUMULATION OF TOXIC SUBSTANCES FROM SOIL.

ACCUMULANT

ACCUMULATOR

MEDIA

ACCUMULATIOR
FACTOR

APPLICABLE
CONCENTRATION

ACCURACY &
CONFIDENCE

TIME REQ.
FOR ACCUM.

REFERENCE

Dielarin

Dieldrin

Dieldrin

Dieldrin

~ Dieldrin -

Pythlum ultimum
Rhiz&ctonia solani
streptomyqes albus
Strept;myces'

aureofaciens

Streptomyces
griseus

Soill

Soll

Soil

Soll

Soil

2.4

2.4

2.4

2.4

2.4

250 ppb

250 ppd

250 ppb

250 ppb

250 ppb

Varies with
density of
plant growth,
soil moistur
content and
pH

Varies with
density of
plant growth,
s0il moisturg
content, and
PH

Varies with
density of
plant growth,
s0il moisture
content, and
pH

Varies with
density of
plant growth,
soil moisture}
content, "and
pH

Varies with
density of
plant growth,
soil moistur
content & pH

24 hours

24 hours

24 hours

24 hours

24 hours

Ko and
Lockwood
(1

968)

Ko and
Lockwood
(1968)

Ko and
Lockwood
(1968)

Ko and

Lockwood
(1968)

Ko and
Lockwo&igss)




BIOACCUMULATION OF TOXIC SUBSTANCES FROM SOIL'

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUIMULATOR MEDIA FACTOR COHCENTRATION CONFIDENCE FOR ACCUM.§ REFZRENCE

Dieldrin Streptomyces Soil 2.4 250 ppb Varles with 24 hours Ko and

viridochromogenes density of Lockwood
) plart growth)| (1968)

s0il mois-
ture content,
and pH

N-l-papthyl-§ Phaseoleus vulgaris Soil Devlin and

phtalamic (Bean plants) Yaklich(1972)

acid :

(Naptalan)

PCNB Aphanomyces Soil 7 250 ppb Varles with I 24 pours Ko and
(pentachlo~ } euteiches concentration Lockwood
ronitroben- of plant (1968)
zene) growth, soil .

moisture con-
tent, and pH

PCNB Pusarium solani Soil 7 250 ppb Varies with 24 hours Ko and
(pentachlo- concentration Lockwood
ronitroben- of plant (1968)
zene) growth, soil

moisture con-
tent, and pH

PCNB Pythium ultimum Soil 7 250 ppb Varies with Y o4 nours Ko and
{pentachlo- concentration Lockwood
ronitroben- of plant (15968}
zene) growth, soil

molsture con-
tent, and pH |
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"BIOACCUMULATION OF TOXIC SUBSTANCES FROM SOIL

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM,} REFERENCE
PCNB Rhizoctonla solani Soil 7 250 ppd Varies with 24 hours Ko and
(pentachlo- . concentration Lockwood
robenzene) of plant (1968)
growth, soil
molsture con-
tent, and pH
PCNB Streptomyces albus Soil 7 250 ppb Varies with 24 hours Ko and
(pentachlo=- concentration Lockwood
robenzene) of plant (1968)
growth, soil
moisture con-l
tent, and pH
PCNB | Streptomyces Soil 7 250 ppb Varies with 24 hours Ko and
(pentachlo~ aureofaciens concentration Lockwood
robenzene) of plant (1968)
growth, soil
noisture con-
tent, and pH
PCNB Streptomyces Soil 7 250 ppb Varies with 24 hours Ko and
(pentachlo~ griseus ' concentration . Lockwood
robenzene ) of plant . (1968)
growth, soil
moisture con-
D tent, and pH
PCNB Streptonmyces Soil 7 250 Varies with 24 hours Ko ard
(pentachlo~ viridochromogenes concentration Lockwogd
robenzene) : of plant 1968)

growth, soil
moisture con-

tent . and pE




TABLE 5-6

BIOACCUMULATORS OF TOXIC SUBSTANCES FROM FRESH WATER
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATER
ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM,§ REFERENCE
cd Najas quadulepensis}Fresh water | 6000-40000 Accumulation | 11 - 21 days] Cearley (1973)
. Spreng . factor may
(Soutnern Naiad) be second
’ order func-
tion of am-
bient concen-
tration
Cr51 Anguilla anguilla Fresh water 20 days Descamp?1973)
Cu Ictalurus nebulosusiFresh water - not>2 not »>60% 30 days Brungs,
(Brown bullhead) Leonard
McKim (1973)
Cu Lymnaea stagnatis [Fresh water 4 hours Spronk,
Tilders,
Van Hook
(1973)
Pb Lolium perenne Fresh water 203-240 roots 375-1500 ppb se= .3 ppm 21 days Jones,
(Rye grass) (may also 124-266 shoots : shoots ’ Clement
accumulate .04 ppm Hopper 11973)
from soil) roots

under labor-
atory condil-
tions. Con-
centration
factor
varies with
medium con-
centration
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WAfER

pH, tempera-
ture, and
metabolic con-
ditions are
held constant

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUNM.} REFERENCE
Se75 Scenelesnus Fresh water .8 ppb 24 nhours Sandholm,
(from seleno4 dimorphus . Oksan
methionine. (algae) Pesonen
ougpen cmentponsan il - (1973)
Se 1from ﬁaphnia pulex Fresh water .8 ppb 24 hcurs Sandholm,
selenite) Oksan
Pesonen(1973)
Se (from Daphia magna Fresh water .8 ppb 24 hours Sandholm,
selenite) Oksan
: Pesonen(1973)
Se (from Cyclops serrulatis }Fresh water .8 ppb 24 hours Sandholm,
selenite) Oksan
Pesonen(1973)
Zn Lepomis macrochirusfFresh water <,25 gill +50% 96 hours Cairns et'al.
(Bluegill sunfish) <.1 bone (1971)
in Phaeodactylum Fresh water Davies (1972)
tricornutum .
Zn Neocosmospora ° FPresh water [ 5.6 (pH 6.5) 1.6 ppm Concentration ) 60 minutes Paton and
vasinfeca ‘culture factors are Budd (1972)
(fungi) - accurate if
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH

WATER
ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.{§ REFERENCE
Zn65 Dunal}ella Fresh water Unknown 600 ppb Accumulation] 4 hours Parry and
tertiolecta varies with Hayward
(algae) temperature (1973)
and light
DDT Tetragonuria Fresh water 250-2700 3,5-20" ppb Concentrationf .5-6 days Wilkes and
(Dragonfly nymphs) (varies func- factor variesf| . Welss (1971)
: tionally) with plant ’
density in
soil and with
soil moisture
content, and
pH
DDT- Daphnia Magna Fresh water 16000—23600 Accumulationyg 26 hours Crosby and
. factor varieg Tucker (1971)
with back-
ground con-
ce. trat-.m
bDT Gambusia affinis Fresh water Accumulation Murphy and
varies with Murphy (1971)
temperature :
DDT Fish Fresh water .88 .11 ppm Unknown 4 Unknown Vrochinskii
. 1870 .002 ppm ‘ . (1971)
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BIOACCUMULATION OF TOXIC SUBSTANCES PROM FRESH WATER

. ACCUMULATIOR APPLICABLE ACCURACY & TIME REQ.

ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.} REFERENCE
Dichlobenil Potamogeton Fresh water 1.3 1l ppm Unknown, time 2 days Walsh, Miller,
’ of measuremenﬁ Heitmuller

critical (1971)
Dichlobenil Poecilia labipinna [Fresh water 4,2 1 ppm Unknown, time 2 days Walsh, Miller,
) : of measurement} Heltmuller
critical (1971)
Dichlobenil ]| Gambusia affinis Fresh water 6.6 1 ppm Unknown, time 2- days Walsh, Miller,
of measuremeny Heitmuller
eritical (1971)
Dichlobenil Orthemis Fresh water - 1.6 lvppm Unknown, time 2 days Walsh, Miller,
of measurementy . Heitmuller
critical (1971)
Dichlobenil Plankton Presh water 2.9 1l ppm Unknown, time 2 days Walsh, Miller,
of measurementy Heitmuller
critical (1971)
a~hexachlo- Chlorella Fresh water 200 (153-267) vari- J(153-267) 15 minutes Canton and
rocyclohex-~ | pyrenoidosa ance variance Greve (1974)
ane _ a (algae) .
ca 1
el [+
. Cl .
«-hexachlo~ | Daphnia Magna Fresh water 60 (11,.05 ppm) +20% 3 hours Canton and
rocyclohex-~ . (350) (.8 ppm) +20% (1/8 hours) § Greve (1974)

ane
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATéR

_— . ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONQEHTRATION CONFIDENCE FOR ACCUM.} REFERENCE
z-hexachlo- {§ Leloistes Fresh water 140 (.01, .05 ppm) +20% 3 hours Carton and
rocyclohex- } reticulatus . 250 (.8 ppm) 48 hours Greve (1974)
ane ("guppy") '
HgCH3 Lepomis Fresh - water <270 No 100 hours Burrows and
macrochirus - Krenkel {1673)
(Bluegill)
HgCH3 Salmo gardner Fresh water | 1471 gill .275 ppb Unknown 24 hours Olson,
(Rainbow trout) 106.5 liver Bergman,
. 35.0 stomach and Fro
57.9 intestine m?1973)
111.2 heart
334.8 kidney
8.7 muscle
297.4 blood
HgCH3' Hemibarbus barbus Fresh water . «100,000 <1 ppm Unknown Unknown Kakizawa,
(Japanese Barbel) : Kosaka,
: . Sugal,
Sasagawa,
Sekiguchi,
Minagua(1972)
HgCH3 Triblodon Fresh water ~100,000 <1 ppm Unknown Unknown Takizawa,
halconesis - Kosaka,
(Dace) Sugai,
Sasagawa,
Sekiguchi,

Minagua(1972)
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BYQOACCUMULATION OF SUBSTANCES FROM FRESH WATER

ACCUMULATION APPLICABLE ACCURACY & TIME.REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM. ) REFERENCE

HgCJ.2 Carassius auratus Fresh water 32-250 Range 1 ppb- .Accumulation | 81 hours McKone,

+t (goldfish) 100 ppb factor dif- Young,

(Hg ) - ferent for Bradie, and
different am- Lisle (1971)
bient concen-
trations:

HgCl2 Salmo gardneri Fresh water 102.1 giil .275 ppb Unknown 24 hours Olson,

- {Rainbow trout) 9.4 liver Bergman,
(Hg ") 8.5 stomach and Fromm
44.5 intestine (1973)
9.4 heart
16.8 kidney
.58 muscle
55.92 blood

HgCl2 Chorella Fresh water Unknown Unknown Varies with Varies with | Shieh

. ++ (Algae) . concentratior§ algae con- and Barber

(Hg ") of algae and § centration (1973)
temperature. § and temper-

There 1is lessLature, 20
accumulation §minutes and
at lower tem-§ longer -

perature and
higher algae
density"




TABLE 5-7

BIOACCUMULATION OF FOUR (4) TOXIC SUBSTANCES
FROM SALT WATER
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM SALT

WATER
. ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM, ! REFERENCE
cd Mytilus . Salt water 80 50 ppb Unknown -8 days Majori,
' galloprovincialis Petronio
. (1973)
0058 Mytilus edulis Salt water 95 gill (?)‘ Varies with 21 days Pentreath
- (Mussel) 1000 stomach environmen- (1973)
10 gonad tal gradi-
100 bone ents
0331 Mytilus edulis Salt water P3! Unknown 24 hours Lee,
(Mussel) Saverheloen,
Benson (1§72)
- Cu Nereis Salt water .38-.68 {(for ~50 ppb) Variatle Unknown Bryan and
. diversicolor accumulating (weeks?) Hummersione
(Polychaste worm) factor (1971)
Cu Mytilus L. Salt water 172 55 ppb Unknown 8 days Majori,
galloprovincialis. Petronio(1973)
_(Mussel)
‘0060 Fucus inflatus Salt water 100-510 Accumuliation Growth Buyanov and
(Brown angae) s factor varies § season - Boyko (1972)
N with age,
temperature,
season.

Measures are
+8% .
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM SALT WATER
ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.} REFERENCE
Coso- Fucus serratus Salt water 100-510 Accumulation | Growth Buyanov and
factor varies] season Boyko (1972)
with age,
temperature,
season.
Measures are |
+8%
.0050 Fucus vesiculosus Salt water | 340-5700 Accumulation fGrowth Buyanov and
: factor varies| season Boyko (1972)
with age,
temperature,
season.
Measures are
+8%
c°60 Mytilusedulis Salt water 12 mantle Agrees with 40-80 days Shimizu,
40 gills other similar Kajihara,
15 adductor experimental- Suyama, and
muscle 1y calculatecd Hiyama (1971)
330 Ziver concentrationf -
1500 byssus factors
72 gonad
20 viscera
64 all soft
parts
0060 Tapesjaponica Salt water 36 shell Unknown Kameda,

(40-80 days)
(2)

Shimizu,
Hiyama (1968)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM SALT

WATER

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION CCNFIDENCE FOR ACCUM.} REFERENCE
Hg Anguilla angullla Salt water 8 days at .2ppm: Unknown G11lls: 5 hresj Bougquegneau
(Eel) 157 gills Rest of or- (1973)
54.5 kidneys gans: up to
62.5 spleens 8 days
46.0 brains
48.0 livers
xuo Fucus inflatus Salt water 16-41 +8% and accu-f Growing Buyanov and
(Brown algae) mulation season Boyko (1972)
factor varle
with age,
season, and
temperature
 Mn Nereis diversicolor} Salt water .01~.16 Variable Unknown Bryan and
(Polychaete worm) accuriulation } (weeks?) Hummerstone
factor (1971)
Fe Neresis diversi- ° Selt water .01-106 Variable Unknown Bryan and
color ' accurulation § (weeks?) Hummerstone
(Polychaete worm) factor . (1971)
Pe59 Mytilus edulis Salt water 950 gill 1.23 ppd Varies with 21 days Pentreath
(Mussel) . 5000 stomach environmen- (1973)
- 100 gonad tal gradi-
100 bone ents
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. BIOACCUMULATION OF TOXIC SUBSTANCES FROM SALT WATER -

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCENTRATION 1 .CONFIDENCE FOR ACCUM,} REFERENCE
,Mn5u~ Mytilus edulis Salt water | 200 gill 1.66 ppd Varies with |21 days Pentreath
(Mussel) 200 stomach environmental] (1973)
70 gonad gradients
60 bone
Pb Nereis -diversicolorj Salt water .01-.13 Variable ac- j Unknown - Bryan and
(Polychaete worm) cumulation Hummerstone
factor (1971)
Pb Mytilus Salt water 394-1080 5-100 ppb Accumulation § Unknown Majori and
galloprovincialils proportionate} - Petronio
(Mussel) to concentra- (1973)
tion in water
~Zn Nereils diversicolor] Salt water .09-1,78 Variable ac- § Unknown Bryan and
(Polychaete worm) cumulation Hummerstone
. ’ factor (1971)
Zn65 Mytilus edulils Salt water 260 g11l 25.6 ppb Varies with 21 days Pentreath
(Mussel) 460 stomach environmen- 1373)
: 100 gonad tal gradient%
30 bone
Zn65 Mytilus edulis Salt water § 400 shell Agrees with | 40-80 days | Kameda,
(Mussel) . other experi- Shimizu,

mental work
done by same
experimenters

Hiyama (1968)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM SALT WATER

: ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.{ REFERENCE
Zn65 Tapes Japonica Salt water 50 shell Agrees with 40-80 days Kameda,
. other experi- Shimizu,
mental work Hiyama (1368)
done by same
experimenters
Zn65 Fucus spiralis Salt water Unknown Unknown Unknown VanWeers(1973)
(Brown seaweed)
DDD Crassostrea Salt water 280-980 Variable and 24 weeks Lowe,
{DDT) virginica also varies Wilson,
(Oysters) #ith time, Rick, and
season, and Wilson (1971)
biological
function
DDE Crassostrea Salt water 21,000-31,000 Varies with 24 weeks Lowe,
(DDT) virginica time, seascn, Wilson,
(Oysters) ané biologi- Rick, and
cal function Wilson (1971)
DDT Crassostrea Salt water | 45,000-69,000 Time depen- 24 weeks Lowe,
virginica : dent on sea- Viilsony
(Oysters) son and bio- Rick, and

logical
function

Wilson (1971)
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BIOACCUMULATION OF TOXIC SUBSTANCFS FROM SALT WATER

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM. } . REFERENCE
Dieldrin Rangia cuneata Salt water { 850-2000 .8 ppdb Varles with 72 hours Petrocelll,
{(Mollusc) season Hanks, and
Anderson(1973)
Parathion Crassostrea Salt water 240-360 Varies with 24 weeks Lowe,
virginica time, season, Wilson,
(Oysters) and biologi~ Rick, and
cal function Wilson (1971)
(i.e. spawn-
ing)
Toxaphene Crassostrea Salt water 23,000-30,000 Varies with 24 weeks .Lowe,
- virginica . time, season, Wilson,
(Oysters) and biologi- Rick, and

cal function
(i.e. spawn=-
ing)

Wilson (1971)




TABLE 5-8

BIOACCUMULATION OF TOXIC SUBSTANCES FROM TISSUE
(THAT IS, FOOD CHAIN ACCUMULATION)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM TISSUE

: ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMYULANKT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.}§ REFERENCE
cd Halichoerus grypus Tissue Unknown Varies with Unknown Heppleston
- {Seal) (fish) {Indicator) age and Fre?fq73)
cd Phoca vitulina Tissue Unknown Varies with Unknown Heppleston
(Seal) (fish) (Indicator) age and French
(1973)
0060 Ondatra zibethicus Tissue Kaye and
: (Muskrat) Dunaway (1962)
Co60 Peromyscus leucopusf Tissue Kaye and
(White footed Dunaway (1962)
mouse)
Coso' Peromyscus nuttalli Tissue Kaye and
(Golden mouse’) Dunaway (1962)
0060 Sigmodon hispidus Tissue Kayve and
(Cotton rat) : Dunaway (1962)
o0 Microtus pinetorum | Tissue Kaye and
(Pine mouse) Dunaway (1962)
0060 Syvilagus Tissue Kaye and
floridanus Dunaway (1962)
(Cotton tail
rabbit)
05137 Ondatra zibethicus Tissue Kaye and

(Muskrat)

Dunaway (1962)




-09f-

BIOACCUMULATION OF TOXIC SUBSTANCES FROM TISSUE

SBCEOEN

- ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.| REFERENCE
Cs137 Peromyscus leucopus Tissue Kaye and
(White footed. Dunaway (1962)
mouse)
03137 Peromyscus nuttalli Tissue Kaye and
(Goldeq mouse) Dunaway (1962)
05137 Sigmodon hispidus Tissue Kaye and
(Cotton rat) Dunaway (1962)
03137 Microtus pinetorum Tissue Kaye and
(Pine mouse) Dunaway (1962)
05137 Syvilagus Tissue Kaye and
. floridanus Dunaway (1962)
(Cotton tail
rabbit)
Cu Phoca vibulina Tissue ‘Unkriown Varies with Unknown Heppleston
(Seal) . (fish) (Indicator) age and French
(1973)
Cu Halichoerus grypus Tissue Unknown Varies wtih Unknown Heppleston
(Seal) (fish) (Indicator) age and French
(1973)
Hg Chickens Tissue <1 in tissue Unknown <1 day Campbell, L.D,
(fishreat) and eggs et al. (1973)
Hg Phoca Qibulina Tissue Unknown Varies with Unknown Hepplestcon
(Seal) (fish) (Indicator) age and Fren%§973)




BIOACCUMULATION OF TOXIC SUBSTANCES FROM. TISSUE

: ACCUMULATION APPLICABLE ACCURACY & TINE REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM,} REFERENCE
Hg Halicchoerus grypus Tissue Unknown Varies with Unknown Heppleston
(Seal) . (fish) (Indicator) age and French
(1973)
Pb Hallchoerus grypus Tissue Unknown Varies with Unknown Heppleston
(Seal) {fish) (Indicator) age and French
] (1973)
Pb Phoca vibulina Tissue Unknown Varies with Unknown Heppleston
(Seal) (fish) (Indicator) age and French
(1973)
Rul°6 Ondatra zibethicus Tissue Kaye and
(Muskrat) Dunaway (1962)
Ru106 Peromyscus leucopus } Tissue Kaye and
(White footed Dunaway (1962)
mouse)
Ru106 Peromyscus nuttallil Tissue Kaye and
(Golden mouse) Dunaway (1962)
Ru106 Sigmodon hispidus Tissue Kaye and
(Cotton rat) Durnaway (1962)
Rulo6 : Microtus pinetorum Tissue Kaye and
. (Pine mouse) : Dunaway (1962)
Ru106 Syvilagus Tissue Kaye and
fioridanus Dunaway (1962)

(Cotton tail
rabbit)




BIOACCUMULATION OF TOXIC SUBSTANCES FROM TISSUE

) : ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM. | REFERENCE
Se75 Puntias arulios Tissue 24 hour Sandholm,
from selen- . Oksan,
ite Personen
(1973)
Srgo Ondatra zibethicus Tissue Kaye-and
(Muskrat) Dunaway (1962)
Sr90 Peromyscus leucopus Tissue Kaye and
(White footed Dunaway (1962)
. mouse)
Sr90 Peromyscus nuttalli Tissue Kaye and
v (Golden mouse) Dunaway (1962)
Srgo Sigmodon hispidus Tissue Xaye and
{(Cotton rat) Dunaway (1962)
sr?9 Microtus pinetorum Tissue Kaye and
(Pine mouse) Dunaway (1962)
.Sr?0 Syvilagus Tissue Kaye and
floridanus Dunaway (1962)
(Cotton tail
rabbit)
‘Zn Halichoerus grypus Tissue Unknown Varies with Unknown Heppleston
(Seal) (fish) (Indicator) age and Prench
. ’ (1973)
Zn Phoca vibulina Tissue Unknown’ Varies with Unknown Heppleston
(Seal) (fish) (Indicator) age and French

(1973)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM TISSUE

of mechanism

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIA FACTOR CONCEMTRATION CONFIDENCE FOR ACCUM.§ REFERENCE
Zn65 Ondatra zibethicus Tissue ¥Kaye and
(Muskrat) Dunaway (1962)
Zn65 Peromyscus leucopus Tissue Kaye and
(White footed Dunaway (1962)
mouse )
Zn65 Peromyscus nuttalli Tissue Kaye and
(Golden mouse) Dunaway (1962)
Zn65 Sigmodon hispidus Tissue Kaye and
(Cotton rat) Dunaway (1962
Zn65, Microtus pinetorum Tissue Kaye and
(Pine mouse) Dunaway (1962)
Zn65 Syvilégus Tissue Kaye and
floridanus Dunaway (1962
(Cotton tail y (1362)
rabbit)
DDD Mink adipose tissue Tissues, 2.46 +2.18% devia4 <4 weeks Aulerich et al.
(DDT) ’ animal and tion. No dat (1972)
plant on efficlency
: of mechanisn
H DDT Mink adipose tissue Tissues, 3.95 +2.75% deviaq <4 weeks Aulerich et al.
animal and tion. No dat (1972)
plant on efficiency .
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BIOACCUMULATICN OF TOXIC SUBSTANCES FROM TISSUE

. ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.} REPERENCE
Dieldrin Mink adipose tissue § Tissues, 8.4 4 weeks +,74% devia- <4 weeks Aulerich et
animal and tion for cit-} al. (1972)
plant ted experi-
ment, no data
on efficiency
of mechanism
«=hexachlo- } Lebistes reticulatus] Tissue 3-4 $35% 24 hours Canton and
rocyclohex- : (daphnia) Greve (1974)
ane




TABLE 5-9

BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATER
CULTURE (THAT IS, ACCUMULATION FROM AGAR AND NUTRIENT MEDIA)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATER CULTURE
. : ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUX.Q] REFERENCE
DDT- Mueor ramannianus Fresh water Unknown .1-1 -ppm Accumulation 24 hours Chacko and
. - culture factor varies Lockwooda(1967)
(may also with pH
accumulate
in soil)
DDT Glomerelbo Fresh water Unknown .1-1 ppm. Accumulation 24 hours Chacko and
cingulata culture factor varies : Lockwood(1967)
. (may also with pH
, accumulate
in soil)
DDT Trichoderma viride: | Fresh water Unknown «1-1 ppm Accumulation 24 hours Chacko and
: culture factor varies Lockwood(1967)
(may also . with pH
accunulate - -
in soil)
DDT Streptomyctes Fresh water - Unknown .1-1 ppm Accumulation 24 hours Chacko ard
lavendulae culture factor varies Lockwoo1967)
(may also with pH
accumulate
in soil)
DDT Streptomyctes Fresh water Unknown .1=1 ppm Accunulation 24 nours Chacko and
griseus culiure factor varles Lockwood(1967)
* (may also with pH
accumulate
in soil)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATER CULTURE

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.] REFERENCE
DDT . Streptomyctes Fresh water Unknown .1-1 ppm Accumulation 24 hours Chacko and
venezuelae culture factor varies Lockwood(1967)
(may also with pH
accumulate
in soil)
DDT Bacillus subtilus Fresh water| Unknown .1-1 ppm Accumulation 24 hours Chacko and
: culture faetor varies Lockwood(1967)
(may also with pH
accumulate
in soil)
DDT Serratia marcescens Fresh water Unknown .1-1 ppm Accumulation 24 heurs Chacko and
. culture : factor varies Lockwood(1967)
(may also - with pH
accumulate
in soil)
DDT Agrobacterium FPresh water Unknown +1-1 ppm Accumulation 24 hours Chacko and
tumefaciens culture factor varies Lockwood(1967)
(may also with pH
accumulate
in soil)
DDT Anacystls nidulans Fresh water{ 849 : 232 1 ppm As noted 7 days Gregory,
. under labora- Reed, and
. tory condit- Priester(1969)
ions
DDT Scenedesmus obliquus] Fresh water] 626 z 134 1 ppm As noted 7 days Gregory,
’ under labora- Reed, and
tory condit- Priester(1969)

ions
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATER CULTURE

: ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM PACTOR CONCENTRATION CONFIDENCE FOR ACCUM.} REFERENCE
DDT Euglena gracilis Fresh water 99 + 22 1 ppm As noted 7 days Gregory,

. under labora- Reed, and
tory condit- Priester(1969)
ions

DT Paramecium busaria Fresh water 264 £ 21 1l ppm As noted 7 days Gregory,
under labora- Reed, and
tory condit- Priester(1969)
ilons

DDT Paramecium Fresh water 964 + 16 1 ppm As noted 7 days Gregory,

multimicronutleatum . . under laboras Reed, and

tory condit- Priester(1969)
ions

Dieldrin Mueor ramannianus Fresh water . Unknown .1~1 ppm Accumulation 24 hours Cnacko and

. (may also factor varies Lockwood (1967)
accumulate wlth pH
in soil)

Dieldrin Glomerella cingulatal Fresh water Unknown .1-1 ppm Accumulation 24 hours Chacko and
(may also factor varies Lockwood(1967)
accumulate with pH
in soil) .

Dieldrin Trichodema viride Fresh water Unknown .1-1 ppm Accumulation 24 hours Chacko and

- . culture. factor varies Lockwood(1967)
(may also lvith pH
accumulate

in soil)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATER CULTURE

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM PACTOR CONCENTRATION CONFIDENCE FOR ACCUM.} REFERENCE
Dieldrin Streptomyctes Fresh water Unknown .1-1 ppm Accumulation | 24 hours Chacko and
lavendulae _ culture factor . Lockwood (1967)
(may also varles with
accumulate pH
in soil)
Dieldrin Streptomyctes Fresh water Unknown .1-1 ppm Accumulation | 24 hours Chacko and
griseus culture factor Lockwood (1967)
(may also varies with
accumulate pH
in soil)
Dieldrin Streptomyctes Fresh water .Unknown .1-1 ppnm- JAccumulation 2L nours Chacko and
venezuelae culture factor varies Lockwood (1967)
(may also with pH
accumulate
in soil)
Dieldrin Bacillus subtilus Fresh water Unknown .1-1 ppm Accumulation 24 hours Chacko and
culture factor varies Lockwooa (1967)
(may also Wwith pH
accumulate
in soil)
Dieldrin Serratia marcescens Fresh water Unknown .1-1 ppm %ccumulation 24 hours Chacko and
culture factor varies Lockwood (1967)
. (may also sith pH
accumulate

in soil)
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM FRESH WATER dULTURE

ACCURACY &

: ACCUMULATION APPLICABLE TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.} REFERENCE
Dieldrin Agrobacterium Fresh water Unknown .1-1 ppm Accumulation 24 hours Chacko and
tumefaclens culture factor varies Lockwood (1967)
. (may also with pH
accumulate
in soil)
Parathion Anacystis nidulans Presh water 50 ¢ 3 ppm 1l ppm As noted 7 days Gregory,
. under labora- Reed, and
tory condit- Priester (1969}
ions
Parathion Scenedesmus obliquus} Fresh water 72 £ 7 ppm 1 ppm As noted 7 ‘days Gregory,
under labora- Reed, and
tory condit- Priester(1969)
X ions
Parathion Euglena gracilils Fresh water 62 + 2 ppm 1 ppm As noted 7 days Gregory,
under labora- . Reed, and
tory condit- Priester(1569)
ions
Parathion Paramecium busaria- Fresh water 94 + 2 ppm 1 ppm As noted 7 days Gregory,
. uncder labora- Reed, and
tory condit- Priester(1969)
ions
Parathion Paramecium Fresh waterf 116 + 2 ppm 1 ppm As noted 7 days Gregory,
multimieronutleatun under labora- Reed, and
tory condit- Priester(1569)

ions
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BIOACCUMULATION OF TOXIC SUBSTANCES FROM.FRESH WATER CULTURE

ACCUMULATION APPLICABLE ACCURACY & TIME REQ.
ACCUMULANT ACCUMULATOR MEDIUM FACTOR CONCENTRATION CONFIDENCE FOR ACCUM.}] REFERENCE
Mn - Bacillus subtilis Fresh water 55 ppm Complex 2 minutes- Fisher,
w23 . active trans-} 4 hours Buxbaum,
port mechan- Toth,
ism Elsenstadt,
Silver (1973)
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