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Anew method based on an sppfication of the common
wversed liquid-tiquid partition method is described
ot the -pxlncllon of chiorinated pesticides from water.
is this [methed the water is passed through a filter

.‘ containing a mixture of s-undecane end
x 8000 menestacrate an Chrometerd W, and
™ ob otbol u tkl‘ ore oluted with petroleum
wher stected by mesns of » gas

mmm uphlt sum with an electron capture
"" l'." ity !nl...ﬁllm' ol:l'n ‘u:‘wm. s

t
1‘ (D“' 99%) and for PG.. 7-1
DURIND RECINT YRARS, mmy mcmm hcw been made to

ves for the waknowa
jnation twfore starting
U The wweesive ap-
onverge when the ink
‘alculntion conwerend
« waing sny 5t of the
of #£10% for the true
1 008 Ku/Kuv. Ak
"the intrial values are
,hu presumed empiri-

| wve.

; of the titration dats
resteicied in the ranpe
‘1,4, 7,804 10 In Tabk
.of o value, 8nd the re-
wace of changing the
K treatmeni of veing

uﬁu potssiem W}G the p of eh bons in water,

e two meMmoﬂnunduehleddlhumm-

ncum fiing m\bol 2008 mneﬂon vuh an cumle solvent {/, J) or adsorption

can not be eni aa fiter d carbon (5). Thess methods

hought of the actual {4 b irather time owing 10 & long ex-
ction time, Yoth from the water and from the carbon,

The sbnaitivity of the dilferent methods depends mostly on
4 way of detection and the uscd volume of water. Thus
w apd Wayman (/) extracied scverst hundred Jiters of
h petrolewm cther, The spoed of exiraction was
u—l lil+-rllmn and tccmy of added pesticide was $3-100%.
¢ with an ¢k allinity
md ot the 0.2-340 ppb level, Rosen and Middieton (2)
6 ac(ivated carbon and 2000 liters of water and extracted
4 chiorinated hydrocarbons from the carbon with chio-
dorm, ‘The tecovery was 15867, and the 2.3-ppm level

hed with infrarod detocti Becidenbach () found
33 [hours’ e ion with ahlocoform was y for
snpletp recovery of the chiorinated hydrocarbons from the
abon proviously drying the fikec material for two

of these two methode will be found in an
review by Thornburg and Bockman (¢).
the present work has been to deveiop an
W-MIMMOMMIIMI!MM
wmible 10 rench the proposed level of chiorinated hydro-
in nethral water in Sweden.
the character of the chlorinated

§

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

4"4\; wesel Chaizmey, Unserpity af Serakbile, S-ID4 Q8. S nkhil %)

Rohm and Hass (5) and also found to be kigh!) effiaem
the extraction of chlorinated pesticides from water.
extraction of the Aiter material gave, however, poor recow

Good results both in sxiraction snd recovery from §
material were found in & method based on the reversed i
liquid partition method with partition from water 10 bye
phobized carvier costed with & kpcyhiic stationasy p¥
followed by recovery from the colum.n by means of 8 &
amount of petroleum ether (10 mi).

EXPERIMENTAL

R and Equi ! (purum, bp, 1
196 °C) is shaken with portions of concentrawed sulfusic
(p.».) until the acid is coloriess. The undecane is then po
theough 8 column of activated alumina (12 hours at 259

Petroleum ether (Skellysolve B, b.p. 60-70 °C) and seet
(p.a.) are distilled through a 1-meter column filled »
sadels and insulated with giass-wool and aluminum foil.
head of the column is fitted to a still-head condenser adin
for 907, reflux.  The solvents are lestcd on the gas choom
praph nﬂer evaporation 1o the same dugree a3 in the M
Carbowux 4000 monosicarate (GP 27) was ohuomd
Analytical Engincering Lab
was 60-80 mcsh, HMDS treated, nnd -ml \vnhd Ueb
Manville). Sulfuric acid was p.a. (Merck).

The filter column was 30 em X 1 cm i.6. with » glass-#
disk G 1 (100-120 x). A 10-ml graduated cenirifugs
tube was used. The gns chromutographic column

borositicale giiss, 160 cm X 0.20 em.

All the glssware is washed with detergent, hested §
mixture of sulfuric acid-nitric acid (4:1) 10 70 °C and rie
with distilled water.  After cleaning, the glassware is chee
by shaking with n-hem;hlm \mch 10uis Wu

dﬂmot was 8 Varian Acrograph 204, with & !pwb
G-1 mV recorder. Paper speed was 12 inches/hour.
Gas Chrematograpby. The columne are HMDS-wes

a-Und:

_. and filled with 80-100 mesh HMDS-treated Chromweost

covered with either 4% methyl silicone oil (SF 96), o¢
fuorsilicone oit (QF I). The earrier gas s nitrogen pusi
with » 6-inch molecular sleve. Gas specd s abowt 30
per minute. Detector and injector temperature is 203 .
220 °C, respectively. The column tempersiure was che
[ |lve DDT l“mce’v.l‘l:: time of 20 minutes (about 190 *

ilic
& possible method might be based on the com-
wly nwndphmwulbnmhod.
ouuk material from water
te XAD was

by means of Material. Ten grams of Carbes
(s cross-linked polymer) first used by MWturutemwmolummn disseb
in 100 ml of m:f f‘ll » m-\lluwm‘;ud—holw
; addross, Vattan—och Lultvirdsforskais h d grems b oliowed
mb:#p,rﬁqim cddmonnl acetone (0 cover all support. The acewens
mahmkunmmmon ap d ina apot app under slightly din
vl pressure.
[r pTaridon aad Precpittien Prcedurs, Theee pros
colump material are weighed into the umnwhﬂ
R T S ey then fitted 10 the outflow of the water container by mesne
LA iditach o . e e an all-giss Miing. In Wboratory work, mmu
o NM#H‘EHWW-&;" the columa is connected 10 8 waler suction i in
u.K of the Interior Pederal hl-h Beld work, o any otber kind of vacuum " The veew
i ton, November 1966, - *
ww, MKMMO.I..OI.I.R
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(%) Rohm & Haas, Chem. Bng. News, 84, 34 (Jan, 17, 1986).
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in ng/pl: BHC 1.0, Lindase 1.0, Aliria 2.0, DDE 4.0, Dicldria 3.0, DDD $.0, DDT 120, aad PCB (Clophen AS0) 100.
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and

xd had the foll

§

in ndjusted 1o give an outflow bettuen 63 and 13 il of way
|, per minute.  Jor wailysic of waste waters umd other wilg
" with high porticke content, the resichae i estimatesd sepi Watel,
in the particles nmd in the warter.  Before filtering such waig,
300 mg of slumimun xulfate per Jiter is nchled nnd why
secdimentation of the solid, thy watee is decimicd and pave
hrough the filier.  For extraction of the solid, see helgy

his two-step method will ulso avoid blockiges in the columy

Flution of Chiorinated Hydrocarbuns from (he Colum
When the filtration is finished, the suction is continued fy°
a fow minutes. Petrolcum cther is then added 1o clute g
pesticides; 10 mi of the cMucnt is collected In o gridumy
centrifugation tube. The cxtract is further prepored s
analyzed as described below,

Extraction of Solld from Aluminum Sulfste Preciphatin
The sediment is air dricd and two grams or luss 18 extracy
with 6 ml of acetonc in a small column (30 cm X 1 &
followed by S ml of petrolcum cther.  The cxteuct is colleow
in n 25-ml boltle fillod with disiilicd water and shaken. LY
petroleum cther s then treated as described below, i

Treatmen! ¢f Extract before Gas Chromatography. Oy
mi of the extract is transferred 10 8 3-mi test tube containg
1 mi of concentrated sulfuric acid. The tube is covered wd,
sluminori foll, shaken carefully, and then centriluged. Tb'
sulfuric acid is chilled in & mixture of carbon dioxide ice ax;
acetone. Aficr decantation of the petcoleum ether, a 16,
portion'is injected on the gas chromatograph. If the imccu.
gives 100 low peaks, the i 9 mlis
0.9 mlin a 30 *C water bath with a stream of purified mln.
and treated with sulfuric acid as above.

Gas Chromatographic Procedure. The extract is lmnl
on two columns, one SF 96 and one QF l. Neilhu of tha

—
Figure 1o,
from distibicd
5. Gss ciwe
mtural water

it was difticy
liters in 24 ho
Recovery
procedurc w;
inated insecti
water. The

[ gives a full ion of the
carbons present in the water. The combination, howew
gives a rather good possibility for calculations.
RESULTS AND DISCUSSION
Deveiopment of Column Material. The most cmlul pw

in this i igation was to develop the best
the filter material, both with reum to absorption and u
desorption.

In addition to the column materials mentioned in Table!
two others were tesied (3, 6). Amberlite XAD-2 & cron
linked non-ionic copolymer of styrenc and divinylbensex:
absorbed the chlorinated hydrocarbons from the water vA!
high efficiency but the desorption from the filter was m
very easy. Ftom Ponpok. 100-120 mesh, with & simis

lite, some pesticides could be elus:

.with tecoverin over 50%, but impulma In the support we

very difficult to remove.
As shown in Table I, Chromosorb W, 60-80 mesh, covere!}
with & mixture of Carbowax 4000 and A-unk

ye
n/m’) sre ¢
range hardly

' fnd disilled
i peaks on the

These peaks .
both the GC
teally are B
These peaks &
2very smali o
to distilled wa
out any water

The idemift
smount preses
of the 14 peak
pesticides eve
wuem. This
4 DDE and }
mounts were
n this case ¢

cane gave good results, while any of them alonc gave bs
recoveries for the pesticides used. When the amount ¢
undecane was higher than 25-30 grams per 100 grams &
solid support, it ran out of the filler during the filtration o
cedure and the Siter material was difficult to handle.

Besidek Chromosord W, Chromosoeb P, 35-30 mesh, u!
Silica gel HMDS-treated, 50-72 mesh, were lried. The
materials could not maintain the necessary amount of stalis
ary phase to give a satisfaciory recovery,

No diminished recovery could be seen aftier increasing |
waterflow through the filter from 65 10 130 mi per minute,
if the amount of fiter material was doubled from 2 W
grama, the recovery was incressed.  With 4 'm, howew

!
(6) W. A. Winaten, ANaL. Cxiem., 34, 1334 (1962). ;
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| nthnoed for
110 eluie the
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‘epared ang
!'neblmlg
"X 1 om
N
it ls collected
{\lkﬂ- The . . v
{'w. 16. Gay chromatogram from SF 96 cohma of extract
1o | it e
isvorcd i .."c:'.n‘. rom column of extract from
Hupd, The
txide ice and ’
her, 8 10-0 | it was difficult to reach the 65 ml/min necessary to give 100
the injection | 1ers in 24 hour).
sentsated 1o Recovery Experimmts. The efficiency of the over-all
led nitrogen | vocedure was lpm‘ by edding known amounts of chior-
« o Injected nted k henyl (PCB) 1o the
et of these | "Mer The mm are found in Table I.
ated hydro- Recoveryexperimentis at the ppq-level (parts per quadsritlion,
o however, | wm9) are dificult to verify, because a true blank in this
nage hardly epists. For instance, it was impossible to
nd distilled vuer to fortify bee.\ue the water itsell gave
ks on the gag n this method (Figure 1a),
These peaks most often muoond to BHC and lindane on
cltical polnt { both the OC Whete they come from, and if they
aposition of | really sre BHC and lindane has not been further examined.
tion and 1 | Those peaks are respomible for the recoveries over 100X when
' avery small amount (190 ppq or lower) of standard is added
1 in Table ], I wdistilled wates. A blank made by elution of the filter with-
2 o cros+ | eutany water ing through was totally froe from peaks.
inylbensene The ident ion of the peaks and the calculation of the
water with 1 wmount present very difficuk because peaks from some
ter was pat | ofthe 14 peaks of PCB overlapped those from the chiorinated
b o similer | puicides even wsing the mentioned double’ column
0 be eluied | yiem. This made K impossidle to get & true calculation
upport were dDDBlMDDDh\hmcnmdeamm
. moupts were of PCD is possible
oh, covered ty between the ssmple

0 gronw of
teution pee
Ie.

) mesh, ané
ried, Thew
W of station:
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Figure 2. Gas chromatogram frem SF 96 colums of extract
from sewage siudge

solutions (Chophen A 40 and A 30, Bayer). Because of the
thorough clean up with sulfuric scid, all epoxy-containing
pculddn.mdndlcldﬂn wlllbcd-vmd This method
can be justified b poxy "¢ pesticides are very
rare in Sweden.

Seasitivity. With a range setting of '/s of highest sensitivity,
10 ng/m* of lindane can be detected if the size of the mmple is
200 liters, the exiract is concenirated 10 2 ml and 10 4l is
injected.

Results from Amalyses of Water. Natural and tsp water
from the water-works in Lovd on Lake Millaren taken April

S

24 §nd 22, 1968, wers analyzed for the presence of DHC, lia-

dane, aldrin, DDE, DDD, DDT, and PCB (Figure 15 shows
the chromatogram from natural waler). Tabie Il shows that
the values are of the same magnitude in both samples.

M i, Olululu Iydrocarbang in Tap- sad Wasic Watens

Sedi-

Sampling  Sampling  Walwr memt, ng per kg waler, ..
Sample " date ploce L -8 BHC DDE DDD DDT .
Too wawe 46 Lovs lz 0.08 0.07 000 0.2 0.9 (B3]
'I-uvw* ;-u | 468 Lovd 1 0.12 0.16 0:06 03¢ 0.9 0.%
wa
wdiment U/4/68  Henvikeda) 10 n »
Sedument W48  Henrikadal 265 % 16 Present 100 13%0
Ware water with N N
sediment | 24/4/68 Heorikedal 10 26 & 14 300 19%
o Alysie eondi for 'tl.
Flu ’ (10! mnxmummbw; MONS 083971
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Waste water lenving the purification plant in Henrikedal
near Stochholm was analyzed April 24, 1968. ‘The sediment
and the water were analyzed separately m describod above,
The resvlls, given in 10, show that the water itself was
alnost free from residues in relation \olbe amount found in
the sluminium sulfate indicating the good effect if
the plant wsed the atumiit ipilation in the clean.
ing procedure. The weight of nd-mm plm aluminivm hy-
droxide was 265 mg per [liter of water.

A ssmple of 10 liters of waste water taken April 16 was im.
possible 10 snalyze bocalise serious arntificis were present,
The amount of the artifacts was 50 large that the 10-mi ex-
tract from the water had o be diluted 100 times (o give peaks
with the same height 03 0.1 ng of aldrin.  In the same way the
extract from one-Afth or 0.6 gram of the solid had 10 be diluted

10 1500 mi to give the height corresponding to 0.1 ng of
oldrin. The sttifacts gave three peaks, (see Figwee 2, pesks
X, ¥, and Z) with the last peak having a retention titme almost
equal 10 aldrin on the SF 96 column and exactly cqual to lis-

daneonthe QP columa, J\ Anacetonitril/s-bexane partition (7)

N I W, Biorrbarr and P, A. Mills, J, Ase. Office Agr. Chemioty,
0,0 (1966,

r
]
followed by clwtion with hexanc from a silica ge! colum’
did not remove the artifacts from the chlorinated hydrocarbey |
feaction.

When (reating the extruct with potassium hydroxide L]
mcthanol, the artifacts disappearcd.  Analysis of highly cay -
cenirated extract on & combincd gas chromatograph may
specirometer (LK B 7 000) did not give any tesull. When thy
exiract was cooled in carbon dioxide ice, crystaly appeary ;
which could be anaiyzed on the mass spectrometer (sis hl
direct inlet) and shown 10 be elemental sullur as S moleculy
Finally the thros artifsct peaks appesred on the gas chromas
sraph when » sulfur solution was injected giving prool dy
sulfur was responsible for these peaks.
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Raymond Anaino and P. F. McCres
Reseorch Conner, The Fodore Company, Foxboro, Mass.

The performance of @ new class of cmoma raphic
stationary phases Is described. Thelr selectivity can
bo manipulated ever I wide range mouiy by changing

o column hv:‘n re. By combining luuhm:n
dlllorln. n m n1 int and solute selectivity, a
stationar, nou n I- &udum oxhibiting an
omnd rang both the oﬂtcﬂu
valume ond rm the meit ere ' strengly
bmnnluu epend abselute nnd relative reton-
tion velumeo of the selutes ln alteted markedly
tempereture ever the trensitien reglen, resulting in
varying degrees of gpucificity threugh cholce of the
opproprists columa temparature. l“l'. rolnlvo
retention -nm- n the order of
SR thak the SoMRY of e Reve “&"J' ""'p'u'u i

novel statienary phase b
Monn nrluu clasges of solutes o retontion Index
method Is » n meth:
possesses the 8¢ that s lpodneny

0
ditienat advantage
can be varied st will to ebtale the best reselution of
complox sample.

tographic procedures have been
devised which owe success 10 the use of two different
stationary phases, singly or in combination. For
oxample, & widely udd sechnique for solute identification
has boen the d [ of lon behavior of the un-
kmnunwleenlwl_‘ of different ivity (1, 2.

(l)D.AL.tMrhM . C. Bhuriock, i “Progress ia Gas Chwo-
mn,u Interscience, New York,
NV.. .pl&n
G. , in in Chromatography,” Vol. 6,
lnl A Keller, Ed, M. Dekker, Now York,
N Yo l'“. p i

A NuMBER OF gas

ivity Stationary Phases for Gas Chromatography

MONS 083972

For quantitative analysis, the separation of complex mintwe
has been sccomplished by combining different stations
phases either as series columns ot in 8 single column (J-9).
All of these methods reflect 8 need for 8 sistionary plas
whose selectivily can be varied over a large range by mesin
lating some"convenient parameter such as the columa w
peratuce. Amwulynpwwdmthodlumlucm
(6) relies on variations in the
Kmulndhu(nfwmwmchmofnlutu m

- y with temp X  are selatie
/cmnll for mmuonal stationary phases.
'l‘hh paper describes & class of ionary phases 'lr

changes 10 produee Targe variations in selectivity for wris!
classes of solutes.  These systems are not 10 be confusedne’
the use of liquid crysials (8) or conventional liquid dorber
operatod near their froczing point (9), where alterdiion 1.
sclectivity for dilferent solutes can be stiributed peimarilyw:’
change in the physical state of the solvent. i

. Stewast, AnaL. O, u.numv
. N, Relliey, 0., p 47,
. W, Willmott, IMI o ﬂ. 1034 (!l(l
3 h.l.chqur l.l‘("’
Kovats, in “Advances in Chrometography,” Vol. 1, 1.{:
Giddings and R. A. Xeller, BJ., M. Dekker, New Yo, N.)
B

o, in = Advances s
c.omnn A K‘hl
Y., 1968, p M7,

Ons Chvomsiogr., 6, 821 (W
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