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FIELD TEST KIT FOR QUANITIFYING ORGANIC HAIOGENS
IN WATER AND SOIL

Deborah Iavigne, Quality Control Manager
Dexsil Corporation
One Hamden Park Drive
Hamden, Comnecticut 06517

ABSTRACT

In a continuing data-gathering program, the EPA monitors organic chemicals
in the waters of the United States. The list of monitored chemicals
includes both aliphatic and aromatic hydrocarbons, pesticides, industrial
chemicals, plasticizers, and solvents. Many of these materials are
halogenated, produced by chlorination of water during purification
processes, through industrial and municipal runoff, natural sources, and
sewage purification practices. '

Chlorine is a contaminant often found in oils, soils, sludges, and organic
liguids found at hazardous waste sites. Controlling wastewater discharges
and landfilling of chlorinated compounds have become priority issues for

EPA since the passage of the Hazardous and Solid Waste Amendments of 1984.

In response to toxicological and environmental concerns of trihalomethanes
and other halogenated compounds present in water and soil, a quick,
accurate, easy to use, portable field test kit has been developed for
quantifying organic halogens. The analytical procedure recquires an
extraction with a suitable solvent, followed by colorimetric chemistry to
quanitfy the organic halogens present.

This paper will detail field and laboratory results, limits of
detection, matrix effects, and cost analysis.

INTRODUCTION

EPA regulation 40 CFR 261 establishes that any used or waste oil
containing greater than 1000 ppm organic chloride may have to be
classified as a hazardous waste. Chlorinated solvents are the primary
contaminants found in waste oils and oily wastes.

Currently available instrumental methods of chlorine analysis
(microcoulaometric titration, X-ray fluorescence spectametry, oxygen bomb
combustion and gas chromatography) are time consuming and must be
performed in a laboratory by trained technicians. Foreseeing the
additional testing that would be required under the new regulations, the
EPA Region II contracted Dexsil Corporation to develop a field-portable
test kit that could be used by untrained personnel. The result was two
small, disposable test kits that require less than five minutes to
determine chloride contamination in waste oil. The first method is a
go/no-go test, indicating over or under 1000 ppm chloride. The second
method is a quantitative analysis giving an amount of contamination
between 200 - 4000 ppm.
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These test kits were evaluated by Research Triangle Institute (Raleigh,
NC) for EPA and were found to be acceptable methodology for chlorine
detection. As a result, the kits were assigned EPA method 9077, to be
published in the upcoming SW-846 manual. Interest has since increased in
a test kit that would work on oil containing large quantities of water
(oily waste) and, in light of the current regulations pertaining to
leaking underground storage tanks, it would be useful to have a kit that
would detect total organic halogens in soil. Two field-portable test
procedures have been developed which address these issues of halogens in
wastewater, oily waste, and soils.

The different methodology and apparatus will be described, the accuracy
and precision of each method discussed and the costs of each method
reported.

USED OIL CONTAMINATION

How do chlorinated solvents contaminate used oil? Chlorinated solvents
are not ingredients of crankcase oil, but are indirectly introduced
through careless management practices, such as pouring used degreasing and
cleaning solvents into used oil storage drums. The most common solvents
found in waste oils are dichlorodifluoromethane, trichlorotrifluoroethane,
1,1,1-trichloroethane, trichloroethylene, and tetrachloroethylene (1).
Levels of contamination range from 100 ppm to thousands of ppm. The
possible presence of chlorinated solvents can be flagged by checking total
chlorine, an indicator of the potentially hazardous chlorinated substances
present.

The EPA estimates that over 350 million gallons or about 30 percent of all
used oil is landfilled or dumped annually. Approximately 160 million
gallons cames from the "do-it-yourself" oil changers, who typically
dispose of their oil by dumping it on the ground, in sewers, or in
waterways, or by placing it with the household trash destined for a
landfill that has not been lined to protect against soil and groundwater
contamination. The remaining 190 million gallons is dumped or landfilled
by autamotive shops and industrial facilities. (2)

OILY WASTE SOURCES

Sources of oily waste include bilge and ballast, rain runoff, washings
from cleaning vehicles and tanks, and cutting oils. All of these
materials are predaminantly water, containing from 0.1 to five or ten
percent oil.

Bilge o0il is a mixture of fuel oil, lubricating oil, and hydraulic oil
dispersed in sea water along with dlrt rust, and bacterlal sludge.
Ballast oil composition depends on what is carrled in the ballast tanks
when the ship is not in ballast, usually fuel oil, crude oil, or petroleum
products. The oil will usually exist as free oil droplets in the
seawater, or as a sheen on the water surface.
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Rain runoff that carries oil from contaminated areas often cannot be
legally discharged to storm sewers. Trucks and fuel storage tanks are
cleaned with water containing detergents. This produces oily water
containing solids, emulsions, free oil, dissolved oil, and detergents.
Metalworking fluids are used for both lubrication and cooling in various
machinery processes such as cutting and grinding. 0Oily waste resulting
from used oil mismanagement causes damage to streams, ground water, lakes,
and the oceans. For instance, the Coast Guard estimates that sewage
treatment plants discharge twice as much oil into coastal waters as do
tanker accidents - 15 million gallons per year versus 7.5 million gallons
from accidents. A major source of this pollution is dumping of oil by
do-it-yourselfers into storm drains and sewers. A startling example of
this has occurred in the Seattle area, where more than 40 percent of the
water quality trouble calls received are related to used oil and other
wastes dumped down storm drains, contaminating water bodies (3).

ENVIRONMENTAL IMPACT

Many contaminated sites containing oily wastes and oily waste sludges are
now being cleaned up under authority of Superfund. The Superfund
requlations affect the handling of oil wastes in the areas of spills and
accidental releases, leaky storage tanks, and abandoned storage
facilities. 0ils from abandoned storage facilities fall into one of three
catagories: Abandoned tank pumpings, abandoned drummed oils, or sludge
pit residues (4).

The composition of the oils in each of these catagories can vary
significantly from site to site. Over time, the oils in tanks and drums
absorb material from the walls of the container. This process is
exacerbated by corrosion due to seasonal temperature variations, rain,
mechanical abrasion, and the like. The oils are usually significantly
diluted by water infiltration. In order to fall under Superfund
jurisdiction the sites must present a danger to the public or the
enviromment. Thus the emphasis is on the quick and inexpensive analysis
and disposal of the materials, rather than on recycling and reuse (5).
Ideally, hazardous waste determinations, whenever possible, should be
carried out in the field to quickly identify the extent and magnitude of
the contamination. The advantages of alternative simple chemical tests
have been foreseen by the EPA and some procedures have, in the face of
alternative instrumental methods, been examined and subsequently become
EPA approved.

A CHEMICAL METHOD FOR THE DETERMINATION OF ORGANIC HATOGENS IN WASTEWATER,
OILY WASTES AND SOIIS

This procedure requires an extraction with a suitable hydrocarbon
solvent. Covalently bonded halogens present in the hydrocarbon solvent

are then stripped from their solvent backbones by sodium metal according
to the Wurtz reaction:

2Na + 2R-X =-=—-- > 2NaX + R-R
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Any halogens that are present (now in ionic form) are extracted into an
aquecus buffer, to which is added a color reagent to quantitate resulting
chloride. A solution of mercuric nitrate is added dropwise until a color
change from yellow to purple is realized, and the concentration (in prm)
is read directly off the dropper.

ANATYTTCAL, METHOD

1/Method for Samples Containing Water

10 ml of the liquid sample is extracted by shaking for one minute with 10
g of an immiscible hydrocarbon and 0.5 g of a (granular) emulsion breaking
material. The sample is allowed to settle until it has separated into
distinct phases (about three minutes). Approximately one-third of the top
layer is dispensed into a vial containing a drying agent which will remove
any moisture and inorganic chloride. The vial is shaken and the drying
agent is allowed to settle. 0.34 g of the dried solvent is then treated
with 1.5 ml of a solution of naphthalene in ethyl diglyme followed by 0.4
ml of organic dispersion and metallic sodium, and shaken for 1 minute. 7
ml of buffer solution is then added and the aqueous layeris separated and
combined with 0.5 ml of a solution of s-diphenyl carbazone in alcchol. A
solution of mercuric nitrate is added dropwise from a 1 ml microcburette.
When a true purple color is realized, the test is stopped and the chloride
concentration of the original oil/water or wastewater sample is read
directly off the microburette.

2/Method_for Soil Samples

10 g of the soil sample is extracted by shaking for one minute with 12 ml
of a mixture that contains 2 ml of distilled water and 10 ml of an
immiscible hydrocarbon. The soil is then allowed to settle and the
supernatent liquid filtered through a column containing florisil to remove
any moisture and inorganic chloride. 0.34 g of the dry filtrate is then
treated with 1.5 ml of a solution of naphthalene in ethyl diglyme followed
by 0.4 ml of organic dispersion and metallic sodium, and shaken for 1
minute. 7 ml of buffer solution is then added and the aqueous layer is
separated and cambined with 0.5 ml of a solution of s-diphenyl carbazone
in alcchol. A solution of mercuric nitrate is added dropwise from a 1 ml
microburette. When a true purple color is realized, the test is stopped
and the chloride concentration of the original soil sample is read
directly off the microburette.

ANAIYTICAL TESTS, RESULTS AND DISCUSSION

The samples chosen were both laboratory mixtures and Superfund samples
containing a range of 125 ppm to 6500 ppm chloride. The procedures
employed are the same_ gs those previously described except a packed kit
was used (HydroClor-Q-* , Dexsil, Hamden CT). All reactions with this
kit are carried out in sealed plastic tubes and all reagents are contained
in crushable glass tubes to cbviate any need to handle the reagents. This
is advisable, as some of the reagents are hazardous to handle in the
normal manner. The results cbtained from the laboratory samples are shown
in table (1) and table (2), and the results from the Superfund samples are
shown in table (3). All three tables include results from the
microcoulometric titration (EPA method 9076) of the same samples.
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It is seen that the results from both the test kit and the
microcoulometric titration of the samples agree very reasonably. It is
also clearly demonstrated that no interference occurs in the presence of
inorganic chloride. Laboratory soil samples were also tested in the same
manner using an analytical kit (Dexsil, Hamden CT). This is a similar
type of kit to the one used for liquids, but also provides a simple
balance for weighing out the soil. The procedures previously described
were used and the results cbtained for wet and dry soils are shown in
table (4) and the results for wet and dry sands are shown in table (5).
Microcoulametric titration results of the same samples are shown in each
table and it is seen that agreement is good between the two methods.

The cost of each kit is $10-13 and no capital investment in instruments is
needed. The kits can readily and easily be used in the field and little
skill is needed. The test takes about ten minutes. With increasing
testing requirements, laboratory fees and laboratory turn-around times,
the field-portable chemical test with colorimetric end-point would be the

first choice for a suspect site or container, prior to laboratory
analysis.
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TABLE 1

OOMPARISON OF IABORATORY PREPARED SAMP YSES:
MICROCOULOMETRIC TITRATION vs HYDROCIOR
Microcoulometric

Sample Hydroclor™! Titration

2000 ppm C1~ as 2000 ppm 1980 ppm

Cl,CyCl, in 2500 ppm 2460 ppm

1% oll in pond H,0

2000 ppm C1™ in 2250 ppm 2250 ppm

previous matrix 2275 ppm 2210 ppm

+ dirt

1000 Pem C1™ as 900 ppm 760 ppm
CgHACl in 1050 ppm 980 ppm

1 011 in pond H,0

1000 ppm C1~ in 850 prm 849 ppm

previous matrix 900 ppm 897 ppm

+ dirt

1000 ppm C1™ as 900 ppm 996 ppm

CHCl, in 1% oil 975 ppm 959 ppm

in pond H,0 +

4000 ppm C1~ as NaCl

1000 ppm C1~ in 1000 ppm 936 ppm

previous matrix 900 ppm 871 ppm

+ dirt
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TABLE 2

OOMPARISON OF IABORATORY PREPARED ANTT ZE SAMPLE ANALYSES:
MICROOOUILAMETRIC TTITRATION vs HYDROCIOR

Microcoulometric ™
Matrix Sample Titration HydroClor
Tetrachloro- 2740 ppm 2650 ppm 2900 ppm
ethylene in 2670 ppm 2760 ppm 2850 ppm
antifreeze/H,0
Same 1230 ppm 1280 ppm 1200 ppm
1140 ppm 1280 ppm 1350 ppm
Same 481 ppm 535 ppm 500 ppm
444 ppm 548 ppn 500 ppm
Trichloro- 3000 ppm 2810 ppm 3000 ppm
ethylene in 3000 ppm 2800 ppm 3100 ppm
antifreeze/H,0
Same 1200 ppm 1120 ppm 1200 ppm
1200 ppm 1160 ppm 1250 ppm
Same 451 ppm 509 ppm 600 ppm
462 ppm 521 ppm 600 ppm
1,2-Dichloro- 2950 ppm 2820 ppm 3300 ppm
ethane in 2800 ppm 2800 ppm 3300 ppm
antifreeze/H,0
Same 1400 ppm 1370 ppm 1550 ppm
1490 ppm 1410 ppm 1600 ppm
Same 697 prm 693 prm 800 ppm
711 ppm 671 ppm 800 ppm
1,2,4-Trichloro- 3260 ppm 2880 ppm 2800 pprm
benzene in 2940 ppm 2800 ppm
antifreeze/H,0
Same 1400 ppm 1510 ppm 1500 ppm
1640 ppm 1620 ppm 1500 prm
Same 812 pprm 857 ppm 800 prm
791 ppm 856 ppm 825 ppm
Chloroform in 3090 ppm 2930 ppm 2900 ppm
antifreeze/H,0 2930 ppm 2930 ppm 2800 ppm
Same 1300 ppm 1410 ppm 1400 ppm
1310 ppm 1440 ppm 1350 ppm
Same 728 ppm 732 ppm 800 ppm
718 ppm 730 ppm 725 ppm
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TABLE 3

QOMPARISON OF LIQUID SUPERFUND SAMPLE YSES:
MICROCOULOMETRIC TITRATION vs HYDROCLOR
Microcoulometric -
Sample Titration HydroClor
TX - 563 ppm 230 ppm 200 ppm
TOX - 242 ppm 242 ppm 200 ppm
TX - 604 ppm 417 ppm 300 ppm
TOX - 315 ppm 396 ppm 350 ppm
X - 2260 ppm 1187 ppm 1350 ppm
TOX - 1400 ppm 1425 ppm 1400 ppm
TX - 1910 ppm 1539 ppm 1600 ppm
TOX - 1690 ppm 1518 ppm 1700 ppm
TX - 6420 ppm 5750 ppm 5800 ppm
TOX - 5690 ppm 5900 ppm 5600 ppm
TX = 4940 ppm 3270 ppm 3600 ppm
TOX - 3980 pprm 3870 ppm 3400 ppm
TX - 1560 ppm 774 ppm 900 ppm
TOX - 712 ppm 748 ppm 800 ppm
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TABLE 4

OOMPARTISON OF IABORATCRY PREPARED SOIL SAMPLE ANALYSES:
MICROCOULOMETRIC TITRATION vs SOIL FIEID TEST KIT

Microcoulametric
Sample Soil Kit Titration
500 ppm C1™ 600 ppm 515 ppm
in dry soil 500 ppm 509 ppm
600 ppm C1™ 650 ppm 635 ppm
in dry soil 650 ppm 624 ppm
700 ppm C1™ 850 ppm 700 ppm
in dry soil 650 ppm 727 ppm
800 ppm C1~ 800 ppm 784 ppm
in dry soil 800 ppm 790 ppm
900 ppm C1” 950 prm 931 ppm
in dry soil 900 ppm 948 prm
1000 ppm C1™ 1000 ppm 960 ppm
in dry soil 950 ppm 979 ppm
1500 ppm C1~ 1500 ppm 1450 ppm
in dry soil 1450 ppm 1490 ppm
500 ppm C1- 500 ppm 558 ppm
in wet soil 450 ppm 595 ppm
600 ppm C1™ 700 ppm 689 ppm
in wet soil 650 ppm 719 ppm
700 ppm C1~ 750 prm 654 ppm
in wet soil 800 ppm 677 prm
800 ppm C1~ 800 ppm 861 ppm
in wet soil 800 ppm 883 ppm
900 ppm C1~ 900 ppm 960 ppm
in wet soil 950 ppm 946 ppm
1000 ppm C1™ 1100 ppm 1070 ppm
in wet soil 1000 ppm 1080 ppm
1500 pgm €1~ 1600 ppm 1520 pgm
in wet soil 1600 ppm 1520 ppm
2000 ppm C1™ 2050 ppm 1860 ppm
in wet soil 2000 ppm 1910 ppm
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TABLE 5

COMPARTSON OF IABORATORY PREPARED SAND SAMPLE ANALYSES:
MICROOOULOMETRIC TITRATION vs SOIL FIEID TEST KIT

Sample
300 ppm C1~
in wet sand

400 ppm C1™
in wet sand

500 ppm C1™
in wet sand

500 ppm C1™
in dry sand
600 ppm C1™
in wet sand

700 ppm C1™
in wet sand

1000 ppm C1~
in dry sand
1186 ppm C1™
in dry sand
1200 ppm C1~
in dry sand
1500 ppm C1~
in dry sand

2000 ppm C1™
in dry sand

Soil Kit
350 ppm
300 ppm

400 ppm
450 ppm

500 ppm
550 ppm

400 ppm
575 ppm
650 ppm

775 ppm

1050 ppm
1050 ppm

1200 ppm
1250 ppm

1200 ppm

1500 ppm
1550 ppm

1800 ppm

Microcoulometric-

Titration
312 ppm
315 ppm

421 ppm
429 ppm

452 ppm
457 ppm

533 ppm
528 ppm

633 ppm
632 ppm

823 ppm
812 ppm

1110 ppm

1220 ppm

1200 ppm
1200 ppm

1570 ppm
1510 ppm

1880 ppm
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