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Reversed .Liquid—Liquid Partition in Determination of
polychlorinated Biphenyl (PCB) and Chlorinated Pesticides in Wate

seagt Abing] and SBreén Jensens

new method based on an application of the commeon
reversed liquid-liquid partition method is described
for the extraction of chiorinated pesticides from water.
is this methed the water is passed through a filter
ms) containing a mixture of s-undecane and
g.; ax 4000 monostearate on Chromosorb W, and
te absorbed pesticides are eluted with petroleum
cher (10 ml). Whan detected by means of a gas
'mmatoghaphlc system with an electron capture
) oLy vlty Is 10 ng/m' of lindan with a

size

ample ded pesti-
ides was 59-1009, (DDT. m and 'or rca. 93-100%.
[URING RECENT YEARS, many attempts have been made to
ssermine the presence of chlorinated hydrocarbons in water.
The two methods most often used are based either on con-
asuous extraction with an organic solvent (/, 2) or adsorption
a a filter containing activated carbon (J). These methods
xe, however, 'rather time consuming owing to a long ex-
Taction time, ‘oth from the water and from the carbon.

The sensitivity of the different methods depends mostly on
ic way of dctection and the used volume of water. Thus
tshn and Wayman (/) extracicd scveral hundred liters of
ater with petrolecum cther, The speed of extraction was
15-1 liter /hour and recovery of added pesticide was 83-100%7.
srange of compounds was detected with an electron aflinity
iector at the 0.2-340 ppb level. Rosen and Middleton (2)
=4 activated carbon and 2000 liters of water and extracted
¥ chlorinated hydrocarbons from the carbon with chlo-
worm. ‘The tecovery was 75-86% and the 2.5-ppm level

1t 35 hours' extraction with chloroform was necessary for
xnplete recovery of the chlorinated hydrocarbons from the
xbon after previously drying the filter material for two
ays at 40 °C.

Recent progress of these two methods will be found in an
~ellent review by Thornburg and Beckman (4).

Our intention in the present work has been to develop an
sier method than the above mentioned, in which it could be
wible to reach the proposed level of chlorinated hydro-
xbons in natjwral water in Sweden.

Jecause of the oleophilic character of the chlorinated
wticides, a possible method might be based on the com-
hrtition of organic material from water by means of
wberlite XAD (a cross-linked polymer) was first used by

‘ Present address, Institutet {or Vatten—och Luftvérdsforskning,
-mxm..m4m 114 28, Stockholm.
‘ Present address, Lantbrukshdgskolan, Kemi I, Ultuna, 750 07,

tios,
lq(l:rqmmuummo-..n. 1R

DSW 332450

as rcached with infrared detection.  Breidenbach (3) found -

;.,-*,:f Ariglaeizc! Chemitry, Ueizavsicy cf Suzaichil=, S-10€ OF, S kel %)

Rohm and Haas (5) and alvo found 1o bz kighly efficient
the extraction of chlorinated pesticides from water.
extraction of the filter material gave, however, poor recov

Good results both in extraction and recovery from f
material were found in a method based on the reversed liq:
liquid partition method with partition from water to hy«
phobized carrier coated with a Epophilic satiomary pi
followed by recovery from the column by means of a §
amount of petroleum ether (10 ml).

EXPERTMENTAL

Reagents and Equipment. n-Undecane, (purum, b.p. :
196 °C) is shaken with portions of concentrated sulfuric
(p.a.) until the acid is colorless. The undecane is then pa
through a column of activated alumina (12 hours at 250

Petroleum ether (Skellysolve B, b.p. 60-70 °C) and ace
(p.a.) are distilled through a l-meter column filled
sadels and insulated with glass-wool and aluminum foil.
head of the column is fitted to a still-hcad condcnser adju
for 90% reflux. The solvents are tested on the gas chrom
graph after cvaporation to the samce dcgree as in the anal
Carbowux 4000 monostcarate (GP 27) was obtained |
Analytical Engincering Luboratorics Inc. Chromosort
was 60-80 mcsh, HMDS treated, and acid -washed (Jo
Manville). Sulfuric acid was p.a. (Merck).

The filter column was 30 cm X 1 cm i.d. with a glass-!
disk G 1 (100-120 u). A 10-ml graduated centrifuge
tube was uscd. The gas chromatographic column
borosilicate glass, 160 cm X 0.20 cm.

All the glasswarc is washed with dcetergent, heated
mixture of sulfuric acid—nitric acid (4:1) to 70 °C and i
with distilled water. After cleaning, the glassware is che:
by shaking with »-hexane from which 10 ul is injected or
gas chromatograph. The gas chromatogsaph with
detector was a Varian Aerograph 204, with a Speedo
G-1 mV recorder. Paper speed was 12 inches/hour.

Gas Chromatography. The columns are HMDS-tre
and filled with 80-100 mesh HMDS-treated Chromosor!

" covered with either 4% methyl silicone oil (SF 96), or

fluorsilicone oil (QF 1). The carrier gas is nitrogen pur
with a 6-inch molecular sieve. Gas speced is about 3C
per minute. Detector and injector temperature is 205
220 °C, respectively. The column temperature was che
to give DDT a retention time of 20 minutes (about 190

Preparation of Column Material. Ten grams of Carbo
4000 monostearate and 30 grams of undecane are disso
in 100 ml of acetone in a one-liter round-bottomed fi
One hundred grams of Chromosorb W is added followe
additional acetone to cover all support. The aceton
evaporated in a rotavapor apparatus under slightly di
ished pressure.

Partition and Precipitation Procedure. Three grami
the column material are weighed into the column whic
then fitted to the outflow of the water container by mean
an all-glass fitting. In laboratory work, upelowaen(
the column is connected to a water suction pump gad in
ﬂeuwak,tolnyotherhndol‘mumnpunp The vac:

(5) Rohm & Haas, Chemr. Eng. News, 44, 54 (Jan. 17, 1966).
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Table L.

Results from Recovery Experiments
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Standard
sl
Pesticides®

Flow
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63
65
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-
2
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80%; Undecane
107, Carbowax

Filter
Chromosorb W 4+ ca.
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$3-%0

93-100

10
BHC 1.0, Lindane 1.0, Aldrin 2.0, DDE 4.0, Dieldrin 5.0, DDD 8.0, DDT 120, and PCB (Clophen A50) 10.0. -

93

104
100
100

73
1!
k)|
100
100

100

75

44
43

100

51
67
42
111

41
43
156

10

1.33

0.18

. PCB®
10
10

65

130
“ The standard had the following composition and concentration in ng/ul:

.with recoveries over 50%, but impurities in the support wex

1.5

* The extract was treated with sulfuric acid which destroyed the dieldrin.

807, Undecane
107, Carbowax + 0%

Undecane

10% Carbowax 4 0%

Undecane

103, Carbowax + 0%

109, Carbowax + ca.
10%, Carbowax + 0%,

is adjusted Lo give an outflow belween 65 and 130 ml of wyg

per minute.  For analysic of wasie witers nnd other wity

with high partick content, the residuce is estimated separae,
in the particles and in the water,  Before filtering such witer,
300 mg of aluminum sulfate per Jiter is added and afy,
scdimentation of the solid, the water is decanted and pagg
hrough the filter. For extraction of the solid, sce belg

his two-step method will also avoid blockages in the colum

Elution of Chlorinated 1fydrocarbons from the Columy
When the filtration is finished, the suction is continued fg'
a foew minutes. Petroleum cther is then added 10 clute iy’
pesticides; 10 ml of the cifluent is collected in a graduayy
centrifugation tube. The cxtract is further prepared an
analyzed as described below.

Extraction of Solid from Aluminum Sulfatc Precipitatio
The sediment is air dried and two grams or lcss is extracly
with 6 ml of acetonc in a small column (30 cm X 1 en-
followed by 5 ml of petrolcum cther. The extract is colleci
in a 25-ml bottle filled with distilled water and shaken. T
petroleum cther is then treated as described below.

Treatment of Extract before Gas Chromatography. On'
ml of the extract is transferred to a 3-ml test tube containin
1 ml of concentrated sulfuric acid. The tubc is covered wit,
aluminum foil, shaken carefully, and then centrifuged. Ti—'
sulfuric acid is chilled in a mixture of carbon dioxide ice am,
acetone. After decantation of the petroleum ether, a 10!
portion‘is'injected on the gas chromatograph. If the injccti«!
gives too low peaks, the remaining 9 ml is concentrated (!
0.9 ml in a 50 °C water bath with a stream of purified nitroge;
and treated with sulfuric acid as above. i

Gas Chromatographic Procedure. The extract is injects
on two columns, one SF 96 and one QF 1. Neither of the:
columns gives a full separation of the chlorinated hydm'
carbons present in the water. The combination, howcva’
gives a rather good possibility for calculations.

i

RESULTS AND DISCUSSION i

Development of Column Material. The most critical poir?:
in this investigation was to develop the best composition ¢
the filter material, both with regards to absorption and ¢
desorption.

In addition to the column materials mentioned in Tablel
two others werc tested (5, 6). Amberlite XAD-2 a cros
linked non-ionic copolymer of styrene and divinylbenzer
absorbed the chlorinated hydrocarbons from the water wit
high efficiency but the desorption from the filter was m
very ecasy. From Porapak, 100120 mesh, with a simik
composition as Amberlite, some pesticides could be elut,

very difficult to remove.

As shown in Table I, Chromosorb W, 60—80 mcsh, covere!
with a mixture of Carbowax 4000 monostcarate and #-und:
cane gave good results, while any of them alone gave by
recoveries for thé pesticides used. When the amount ¢
undecane was higher than 25-30 grams per 100 grams ¢
solid support, it ran out of the filter during the filtration pre
cedure and the filter material was difficuit to handle.

Besides Chromosorb W, Chromosorb P, 35-80 mesh, a
Silica gel HMDS-treated, 50-72 mesh, were tried. The
materials could not maintain the necessary amount of statior
ary phase 10 give a satisfactory recovery. !

No diminished recovery could be seen after increasing i
waterflow through the filter from 65 to 130 ml per minute, &
if the amount of filter material was doubled from 2 to-
grama, the recovery was increased. With 4 grams, howewt !
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Figere 1a. Gas chromatogram from SF 96 columss of extract
froe distillcd water

5. Gas chromstogram from SF 96 columa of extract from
satural water

it was difficult to reach the 65 ml/min necessary to give 100

liters in 24 hours.

Recovery Experimemts. The efficiency of the over-all
procedure was tested by adding known amounts of chilor-
inated insecticides or polychlorinated biphenyl (PCB) to the
water. The recoveries are found in Table 1.

Recovery experiments at the ppq-level (parts per quadrillion,
ag/m?) are difficult to verily, because a true blank in this
range hardly exists. For instance, it was impossible to
find distilled water to fortify because the water itself gave
meaks on the gas chromatograph in this method (Figure 1a).

¢ These peaks most often correspond to BHC and lindane on

both the GC columns.  Where they come from, and if they
really are BHC and lindane has not been further examined.
These peaks are respomsible for the recoveries over 1009 when
2 very small amount (180 ppq oc lower) of standard is added
1 distilled water. A blank made by elution of the filter with-
out any water passing through was totally free from peaks.
The identification of the peaks and the calculation of the
amount present became very difficult because peaks from some
ol the 14 peaks of PCB overlapped those from the chlorinated
pesticides even when using the mentioned doéuble’ column
yitem. This made it impossible to get a true calculation
o/ DDE and DDD in the waste waters even when detectable
moupts were Theculcul‘ of PCB is possible
# this case because of the similarity between the sample
dromatogram and chromatograms from known standards

ti?{\e in min,

e

Figure 2. Gas chromatogram from SF 96 columna of extract
from sewage sludge

solutions (Chophen A 40 and A 50, Bayer). Because of the
thorough clean up with sulfuric acid, all epoxy-containing
pesticides, such as dieldrin, will be destroyed. This method
can be justified because epoxy-containing pesticides are very
rare in Sweden.

Sensitivity. With a range setting of /s of highest'sensitivity,
10 ng/m* of lindane can be detected if the size of the sample is
200 liters, the extract is concentrated to 2 ml and 10 ul is

Resuits from Asmalyses of Water. Natural and tap water
from the water-works in Lovt on Lake Miilaren taken April

__24 ind 22, 1968, were analyzed for the presence of BHC, lin-

dane, aldrin, DDE, DDD, DDT, and PCB (Figure 15 shows
the chromatogram from natural water). Table II shows that
thcvduelueoftheumenuyﬁtuq:lnbothumpla.

1 !

as, howevet,

a—————

e —
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Table 1. Chlorinated I1ydrocarbans in Tap- and Wastc Waiors
- Bedi-
Sampling Sampling Water meat, ng per kg water, ppt .
Sample " date place L - 8 BHC Lindane . DDE DDD DDT PCB

Tap water 22/4/68 Lovo 176 0.05 0.7 0.07 0.2 0.0 0.33
incoming water , 24/4/68 Lovd 166 0.12 0.16 0:06 0.M 0.3 0.50
Waste water without

sadiment 24/4/68 Henriksdal 10 ) 22 k- ]
Sediment 24/4/68 Henriksdal 2.65 k" 146 Present 100 1350
Vasie water with - ‘

sediment 24/4/68 Henrikadal 10 2.65 60 184 100 1350

. Analysis conditions {or water

Filter: Jno-ao(wzcumaozumammmmwa -

Flow speed: €5 mi/mia.
—_— DSW 332452
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Waste water keaving the purification plant in Henriksdal
ncar Stockholm was analyzed April 24, 1968. The sediment
and the water were analyzed separately as described above.
The rcsults, given in Table 11, show that the water itsell was
almost free from residues in relation to the amount found in
the aluminium sulfate sediment, indicating the good effect if
the plant used the aluminium sulfate precipitation in the clean-
ing procedure. The weight of sediment plus aluminium hy-
droxide was 265 mg per liter of water.

A sample of 10 liters of waste water taken April 16 was im-
possible to analyze because serious artifacts were present.
The amount of the artifacts was so large that the 10-ml ex-

" tract from the water had to be diluted 100 times to give peaks

with the same height as 0.1 ng of aldrin. In the same way the
extract from one-fifth or 0.6 gram of the solid had to be diluted
to 1500 ml to give the peak height corresponding to 0.1 ng of
aldrin. The artifacts gave three peaks, (see Figure 2, peaks
X, Y, and Z) with the last peak having a retention time almost
equal to aldrin on the SF 96 column and exactly equal to lin-
dancontheQF fcoluma.  Anacctonitril/s-hexanepartition (7)

M R V. Sicrherr sad P. A, Mills, J. Azs. Ofice Agr. Chemists,
43, 81 (1966).

—

|

followed by clution with hexanc from a silica gel columg’
did not remove the artifacts from the chlorinated hydroqarbo.‘
fraction.

When treating the extract with potassium hydroxide LY
mcthanol, the artifacts disappeared.  Annlysis of highly cos.
centrated extract on & combined gas chromatograph may
spectrometer (LK B 7 000) did not give any result.  When th )
extract was cooled in carbon dioxide ice, crystals appcare :
which could be analyzed on the mass spectrometer (¢ha uu,
direct inlet) and shown to be elemental sulfur as S. molecule
Finally the three artifact peaks appeared on the gas chromat.
graph when a sulfur solution was injected giving proof tha !
sulfur was responsible for these peaks. !
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Variable Selectivity Stationary Phases for Gas C_hromatography

Raymond Annino and P. F. McCres
Research Center, The Foxboro Company, Foxboro, Mass.

Tha performanca of a new class of chromatographic
stationary phases Is described. Their selectivity can
be manipulated over a wide range merely by changing -
the column tempemmture. By combining substances
differing in melting point and solute selectivity, a
stationary phase mixture is produced exhibiting an
extended range of meiting. Since both the effective
volume and composition of the melt are strongly
temperature dependent, absolute and relative reten-
tion volumes of the solutes are altered markedly by
temperature over the transition region, resulting In
.varying degrees of specificity through choice of the
appropriate columa temperature. Positive relative
retention shifts on the order of 1009 have been ob-
served with a 20 °C increase In temperature. It is
shown that the ablility of the novel stationary phase to
identify various classes of solutes by a retention index
method is as good as the two-column method, and
possesses the additional advantage that its specificity
can be varied at will to obtain the best resolution of a

complex sample.

A NUMBER Or gas chromatographic procedures have been
devised which owe their success 1o the use of two different
stationary phases, cifher singly or in combination. For
example, a widely used technique for solute identification
has been the determination of retention behavior of the un-
known sample on two columns of different selectivity (7, 2).

(1) D. A. Leathard and B. C. Shurlock, in “Progress in Gas Chro-
matography,” J. H. Purnell, Ed., Interscience, New York,
N. Y. 1968, pp 18, 23. :

(2) G. Schomburg, in “Advances in Chromatography,” Vol. 6,
J. C. Giddings and B. A. Keller, Ed., M. Dokker, New York,
N. Y., 1968, p 211.
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For quantitative analysis, the separation of complex mixtuu‘
has been accomplished by combining different statiomn
phases either as series columns or in a single column (3-5).
All of these methods reflect a need for & stationary ph
" whose selectivity can be varied over a large range by manip i
lating some convenient parameter such as the column tee
perature. A recently reported method for peak identificatie!
(6) relies on variations in the temperature dependences of b
Kovats Indices (7) for various classes of solutes. Tha!
changes in sclectivity with temperature, however, are relativ:’
—small for conventional stationary phases. .
This paper describes a class of stationary phases whi
undergo revensible temperature-dependent composition:
changes to produce large variations in selectivity for vanx
classes of solutes. These systems are not to be confused st
the use of liquid crystals (8) or conventional liquid sorber
operated near their freezing point (9), where alterdtions -
sclectivity for different solutes can be attributed primarilyw:’
change in the physical state of the solvent. i

(3) R. A. Keller and G. H. Stewart, AnaL. CHEM., 36, 1186 (19 :

(4) G. P. Hildebrand and C. N. Reilley, idid., p 47. :

(5) A. B. Littiewood and F. W. Willmot, ibid., 38, 1031 (196} -

(6) N. C. Saha and G. D. Mitra, J. Chromatogr. Sci., 8, M4 (197 |

(7 E. Kovats, ia “Advances in Chromatography,” Vol. 1, 10
Giddings and R. A. Keller, Ed., M. Dekker, New Yock, N.}
1968,

(3) H. Kelker and E. Von Schivizhoffen, in *Advances i O
matography.” Vol 6, J. C. Giddiags and R. A. Kdler, I
M. Dekker, Now York, N. Y., 1968, p 247. )

) R. Claeys snd H. Freund, /. Gas Chromatogr., 6, 421 (1% -
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