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THE EXTRACTION AND RECOVERY OF CHLORINATED INSECTICIDES 
AND POLYCHLORINATED BIPHENYLS FROM WATER USING POROUS 
POLYURETHANE FOAMS 

Porous po!y;irethane foams were used for the extraction and recovery of 
chlorinated insectlcldes and polycl~lorinttted biphenyls (PCBs) from water. One litre 
of tap water was doped at the ppb* level and elution of the adsorbed compounds was 
complete with 50 ml of acetone and 100 ml of rr-hexme. 

Quantitative recoveries were obtained for the thirteen insecticides used, at Y 
water flow-rate of 100 ml/min. The recoveries for PCBs were 40-93 X at 100 ml/min. 

The amount of methylene blue adsorbed from aqueous solution by the foams 
was correlated xitb the efkiencies of six foams, of diKerent surface areas and bulk 
densities. for adsorbing chlorinated insecticides and PCBs from water_ 

INTRODUCTlON 

Tbc recent discovery that porous polyurethane foams are able to recover 
yutmtitativel_v or~anoclilorinc insecticides’ and polychlorinsted biphenyls (PCBs)’ 
from water was a major advancement in the analysis of these compounds_ The ditE- 
cult: in identi@ing and quantitating the sub-n, “:I concentrations of insecticides and 
PCBs often encountered in water sttmples necessitates a pre-concentration step. 

Rosen and Middleton used a filter of activated carbon to recover insecticides 
from water while, more recently, Abling and Jensen’ coated Chromosorb W with 
Carbowas 3000 monosteatate and zz-undecane using the material as an adsorbent_ 
Aue ~‘t al.’ used support-bonded silicones and Musty and Nickless” employed Amber- 
lite XAD-1 for extracting insecticides from water. Althou$~ adsorption by activated 
carbon is very e&ient, desorption is much less so and the recovered material is often 
difftrent from the original material owinS to catalytic effects exhibited by the carbon_ 
The other adsorbents all require elaborate treatment or preparation before use and 
are relatively espensivc, whereas porous polyurethane foam only requires a minimum 

l Throughout this article the American billion (lo*) is meant. 
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of preparation, is inespensive and enables a rapid and efficient extraction to be per- 
formed_ 

This paper compares the ability of six polyurethane foams of different bulk 
densities and surface areas to recover orSanochlorine insecticides and PCBs from 
water both when uncoated and when coated with silicone oil DC-ZOO. A method of 
determining the potential of a polyurethane foam for recovering these compounds is 
given follo\ved by an investigation into the effect of water flow-rate, pH of the water 
and the coating material on the ethciency of the best polyurethane foam_ The foam is 
then applied to the analysis of real water samples. 

EXPERIMENTAL 

Polyurethane plugs 2.2 cm in diameter and 4 cm ion, ‘7 in the case of foam A and 
3 3 cm in diameter and S cm long in the case of foams B, C, D, E and F were cut from -_- 
poIy.trethane foam blocks_ These plugs were Soshlet-estracted with acetone for 24 h 
and then stood on end on filter papers to dry. The coated plugs were prepared by 
soakinS in a 1% solution of the chromatographic stationary phase in a suitable 
solvent_ 

In the case of foam A, two plugs (except where otherwise statedj were placed 
into a 20 s 2 cm, I.D. Slass column above a sintered glass disc which acted as a base. 
One plug was used for each of the other foams_ 

Sufiicient acetone was added to cover the plug(s) and a glass rod was used to 
compress the pIu&) in order to remove any air bubbles. The acetone was washed away 
with approsimateIy 250 ml of tap water before passage of the doped water through 
the plugs. 

One litre of tap water was doped with the insecticides of interest at the concen- 
trations, and passed through the foam pIugs at the flow-rates shown. After sampling, 
the plugs were squeezed dry and the insecticides eluted with 50 ml of acetone and 100 
ml of Iz-hesane. Each esperiment was performed in duplicate and the results quoted 
are an average of the two esperiments_ 

An&R quality acetone was distilled in all-&LSS apparatus before use. The 
whesane was purified by distillation after sulphonation of the aromatic impurities_ A 
negli@ble background was obtained with a fifty-fold concentration of the solvents_ 

The estracts were concentrated down to 5 ml and injected into a Pyc 104 gas 
chromatograph fitted with a 63Ni electron capture detector operating in the pulse 
mode and fitted with a.5ft_ glass coIumn of 4 mm I-D_ The column was packed with 
Gas-Chrom Q (100-120 mesh) coated with 1.5x, OV-17 + 1.95% QF-I. Argon was 
the carrier gs at a ffow-rate of50 ml/min_ The column temperature \vas 200’ and the 
detector temperature 300”. 

The potential efficiency of a polyurethane foam for recovering insecticides and 
PCBs from water was determined by measuring the adsorption of the cationic dye, 
methylene blue from aqueous solution7.s. 

A known wei&t of foam was Ieft in contact with a methylene blue solution of 
specific concentration for 24 h_ The amount of methylene blue adsorbed onto the foam 
was determined calorimetrically at 610 nm. This was carried out using each foam over 
a range of methyiene blue concentrations covering 0.001-0.200 mmoles~l. A plot of 
the amount of methylene biue adsorbed onto the polyurethane (mmoies/kgj wrSSIIS 
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the origina: concentration of methylent blue (mmoles/l) was made !i>r each foam. _A 
long plateau was obtained at the maximum amount of methylene blue adsorbed onto 
1 kg of foam. A typical plot is shown in Fig. I _ This value gives a measure of the po- 
tential efficiency of a polyurethane foam for recovering insecticides and PCBs from 
water_ 

RESULTS AND DISCUSSION 

The results given in Table I show the recoveries obtained using six foams of 
difl‘erent surface areas and bulk densities, both when uncoated and when coated with 
DC-ZOO_ The results show that in most cases, higher recoveries are obtained when 
using uncoated forums than when using coated foams. Foam A gives the best recov- 
eries, follo\ved by foam D, follolved by foams B, C, E, and F. 

The results presented in -Table II show the masimum amount of methylene 
blue adsorbed onto 1 kg ofeach fotun. It can be seen that foam A adsorbs the greatest 
amount of methylene blue (260 mmolesikg) folio\\-ed by foam D (156 mmolesl;kg) 
followed by foams 6, C, E and F (96, 70, 35 and I 16 mmoles/kg, respectively). These 
results are in agreement with the recoveries obtained using the six foams and so the 
determination of the amount of methylene blue adsorbed from aqueous solution 
should offer a simple and relatively rapid method for determining the potential 
etficiency ofa polyurethane foam for recoverin, = insectides from \i’;tter_ A vtdue in the 
region of250 mmolesjkg is adequate and indicates a foam suitable for use as an ad- 
sorbent for these compounds_ 

It must be pointed out, however, that the amount of methylene blue adsorbed 
by polyurethane foams is estremely dependent on time, possibly owing to a specific 
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TABLE II 

1MAXIMWM AMOUNT OF METHYLENE BLUE ADSORBED 

interaction between the surface of the polyurethane foam and the methylene blue, 
resulting in the formation of physically adsorbed muhiIayers_ 

In order to compensate for this, the time the polyurethane foam is ieft to equil- 
ibrate with the methylene blue solution must be uniform, in this case. 24 ii_ Shorter 
or greater times of equilibration would result in louver or higher values respectively- 

The results given in Table 111 show a comparison of the recoveries obtained 
when the \vater flow-rate through the most efficient foam, foam A, is varied. Increas- 
ing the water flow-rate results in a decrease in recovery, both for the uncoated foam 
and the DC-ZOO-coated foam_ At flow-rates of 10 and 30 ml/min, the uncoated foam is 
the more efficient, whereas at a few-rate of 250 ml/min, the coated foam is the more 
efIicient_ This would suggest that the foam coated with DC-200 is more eflkient than 
the uncoated foam at adsorbing insecticides from water, but desorption is more 
difficult_ 

The results siven in Table IV show the etlkct of dillkent costing materials, 
viz_ DC-ZOO. QF-I, SE-30 and DC-I 1, on the recoveries when using foam A. No 

TABLE III 

THE EFFECT OF WATER FLOW-RATE ON RECOVERY FOR FOAM A, BOTH \VHEN UK- 
COATED AND WHEN COATED WITH DC-300 

T\vo plugs, 2.2 cm diameter and 4 cm long, were used. 
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-I-.4BLE IV 

THE EFFECT OF DIFFERENT COATlNG MATERIALS ON RECOVERY USING FOAM A 

Two plug,s. 2-2 cm diameter and 4 cm long_ were used. 

IILwCIi- C~>:rc~vt- Reco wr_~- ( “;) 
rick rmtim 

frvbi UtIciXUd Corrrd wirh Cuutcd widt Courcd with ConId witIt 
Dc--~~m QF- f SE-30 DC-II 

r:-BHC I 101 95 s3 56 84 71 SO 72 6; SS 
Lindanc I 101 91 77 77 S3 76 S! 74 36 51 
,i-BHC 1 101 S6 91 s3 s7 55 SO 79 6-l 65 
Aldrin 1 99 73 77 67 71 57 5s . 59 65 6’ 
p&-DDE -, 
Dieldcin f 

106 77 81 Sl 6S 71 66 66 IO? 95 
106 77 ss & S’ 77 7;t 73 75 105 ss 

Endrin 10 100 9-l 106 91 93 76 S7 67 73 69 
<a,+DDT 10 I13 s;1 106 57 93 69 %I 67 75 65 
~JJ’-DDD 7 101 s9 Sl so 73 70 6s 73 S9 91 
p.p-DDT 10 114 100 SS 61 77 72 6S 75 59 16 

-._ -.--_. 

T_4BLE V 

THE RECOVERIES OF PCBs USING FOAhl -4 AT A WATER FLOW-R_4TE OF 10 RIL:hlIX 

Tx\o plugs_ 1.2 cm ditlmeter and 4 cm long wxe used_ 

_-h&or 

12-Q 
124s 
12% 
1760 

TABLE VI 

TI-iE EFFECT OF pH OF DOPED WATER ON RECOVERY \VHEN USING FOXhl A 
(UNCOATED) WATER FLOW-RATE IO ML!MlN 

Two plugs, 2.2 cm diameter and I cm long. were used. 
----_ 

c-BHC 
Lindane 
+BHC 

Aldrin 
p.p’-DDE 
Dieldrin 
Endrin 
o.p’-DDT 
p.p’-DDD 
p.p-DDT 

I 75 
1 75 
1 75 
1 Sl 
1 96 
1 97 

10 V-I 
10 S5 
, 

ro 
1:7 
60 

117 102 
114 103 
II0 103 
91 96 

115 119 
116 117 
1 OS 107 
I14 10s 
119 119 
117 96 

PHI pHR pH 9 

IO1 11’ 
101 111 
101 116 
99 109 

106 117 
106 117 
100 110 
113 109 
101 11s 
114 9s 
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coated foam yields a better recovery than the uncoated foam at the flow-rates used. 
The different coating materials give no marked variations in recoveries. 

Tfle results given in Table V show the recoveries of PCBs (Aroclor mixtures) 
obtained when using foam A while Table VI indicates the effect of the pH of the doped 
water on the recovery when using foam A. Over the pH range 6-9, the recoveries are 
generally 1007,; or-above, only at pH 5 do slightly decreased recoveries occur.(ThepH of 
tap water was S.) The results given in Table VII show the recoveries of heptachlor and 
Endosulfkn I and 11 when using foam A, quantitative recoveries also being obtained- 

TABLE Vii 

THE RECOVERIES OF HEPT.ACHLOR AND ENDOSULFAN I AND II. USING FOX&l A 

Water Ilow-riitc. i0 mljmin. T\vo plugs. 2.2 cm dinmeter and 1 cm long_ wtx-e wed. 

The results shown in Tables VIII and IS, give the recoveries of insecticides and 
PCBs at the higher fiow-rates when using four plugs of fortm A. 

At 100 ml/min, the recoveries of insecticides are around IOO~~~~, similarly for 
Arociars 1212, 12-K and 115-L Ho\\-ever, the recover, of Aroclor 1260 at 100 ml/min 
is only 40%. Decreased recoveries at-c obtained for both insecticides and PCBs at 
250 mljmin. 

Finally, in order to demonstrate the applicability of this method to the analysis 
of a real water sample, 30 I ofwstcr, taken from the River Avon at Dxmtsey, were 

RECOVERIES OF INSECTICIDES A-l- HICHEK FLOW-RATES_ USIKG I=OAbhl X 

Four plugs, 1.2 cm diameter and 4 cm long_ wcrr‘ used. 

cc-BHC 
Lindrtn82 
,;I’-BHC 
Aldrin 
p.p--DDE 
Dicldrin 
En&in 
r>.p’-DDT 
/~.p’-DDD 
p.p-DDT 
Heptxhlor 
Endosu:fan I 
Endosulhn LI 

1 67 
1 61 
1 60 
I .- S’ 
1 97 
1 s7 

IO so 
IO 61 
, Ii 46 56 

I 69 
2 70 
1 65 

-._.. .~ 
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(A) 

(6) 

-AROCLOR x202- 
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Fig. 2. Chromatograms obtained using 1.5 “/;; OV-17 -I I_%“/ QF-I on Gas-Chrom Q (100-120) 
5-ft. column. Conditions as given previously_ (A) rr-Hcsanr elude from the Florid clennup of the 
water. (B) n-Hexme eluate from the Florisil clcxu_tp of thesediment_ (C) 15 “/L Diethyl ether in It-hrsnnr 
eluate from the Florisil cleanup of the water_ (D) I5 72 Diethyl ether in rt-hesanc eluate from the Flor- 
isil cleanup of the sediment_ 
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TABLE 1X 

RECOVERIES OF PCBs AT HIGHER FLOW-RATES USING FOAM A 

Four p1ug.s. 1.1 cm diameter and 4 cm long. were used_ 

passed through four plugs of foam A at a water flow-rate of 100 mljmin. A wad of 
pre-estracted glass wool was placed on top of the plugs in order to remove the larger 
suspended particles. These suspended particles were analysed separately. The time 
taken for the 30 1 of water to pass through the plugs was 5 h. 

The polyurethane plus were eluted with 50 ml of acetone followed by 100 ml 
ofrr-hesane, and after passage through anhydrous sodium sulphate, the concentrated 
extract was passed through a column containin, = 15 g of activated Florisil. Elution 
was performed with (1) 200 ml of n-hesane, and (2) 200 ml of 157,; diethyl ether in 
fz-hesane. 

The sediment was dried at 1 IO” for 3 h and 1 g was es&acted with 100 ml of 
n-hesane-acetone (41 59). The subsequent cleanup being the same as for the water 
sample_ 

The extracts were analysed by electron capture gas chromatography using two 
different columns: 1.5x, OV-17 + 1.957: QF-I and 4.75:!:, OV-17. 

Fig. 2a shows the chromatogrzm of the n-hexane eluate from the Florisil clean- 
up of the water and Fig_ 2b shows the chromatogram of the same eluate of the sedi- 
ment_ Aroclor 1242 was found to be present in the water at tt concentration of 33 
n&l and on the sediment at 750 ,&kg_ 

Fi_r_ 2c shows the chromatogram of the IS:?;; diethyl ether in n-hesane eluate 
from the Florisil cleanup of the water and Fig. 2d shows the chromatogrsm of the 
same eluate of the sediment_ 

Lindane and dieldrin were found in the water at concentrations 01-l 1 and 2 ng!l, 
respectively, whilst 60 &kg of lindane were found on the sediment. 

CONCLUSIONS 

(I) A polyurethane foam which adsorbs approximately 250 mmolesjkg of 
methytene blue in 24 h is suitable for use as an adsorbent for chlorinated insecticides 
and PCBs_ 

(2) Higher recoveries are obtained with uncoated foams than with foams 
coated with chromatographic greases, except at very high flow-rates- 

(3) Any pH in the range of 6 to 9 will enable quantitative recoveries to be 
obtained_ 

(4) Quantitative recoveries can be obtained for thirteen insecticides at a water 
flow-rate of 100 mljmin using four uncoated plugs of foam A. 
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