
THE -EXTRACXON AND RECOVERY OF PHTHALATE ESTERS FROM 
WASR USfNCi FORaUS PQLYURETHz:E FOAM 

Porous polyurethane foam has been successfuily uked to remove some phthafate 
esters from Water at the parts per miiiion level. A variety of foams was tested, as well 
as coated foams, under ffow and under static conditions. The M&I~&M of absorp- 
tion was investigated. 

Thtre has been much interest in recent years in the analysis fur and removal 
of srrch CKvironmenta~ ccrntaminants 8s poly&Iorinated biphenyls (KBs), pesticides, 
and orgaaocMorine insecticides ‘. Evidence of the ubiquity of phthalate esters, com- 
mon& used as plasticizers, has beeen reported by Junk ef ai.’ who found that the phthal- 
ates are eroded from synthetic palymer tubing $0 which they are added in quantities 
of up to 40 % (w/w)~ by materials passing through the tubing. Sirnikx results have been 
reported by Rubin and Iaegar”-5, and, wfiife ti;e phthalates have a tow order of acute 
toxicfty6, evidence of more subtle toxicity was found in tests with rats, with the pos- 
sibifity of many serious effects. Became they pose a threat to the e&romner& a stud> 
of methods for their monitoring and remova was undertaken in this laboratory. 

Of the ccnventionaf methods for the removal of dissolved organiccontaminants 
fEM water f adsorption 011 activated carbon?, and extraction with organic sofventss 
present Many prabfeMs Activated carbon is efficient- in the removal of organic% but 
ihe r,pcovery of adsorbed material is unreliable and usually incompIete_ A further 
compfiation is the possible destruction of the adsorbed material by chemical oxi- 
dation or bacreiial action. SoIvent extraction is usualfy done 0x1 a muhiple extraction 
bask, necessitating concxx&atiork or’ the resultant large volume of solvent. This C;FR 
;nearr a loss of some of the extracted material by evaporation, and interference in the 
nnaIysis from $p.&ies already present in ttre soIuent at Iow concentration’. Reversed 
liquid-Iiquid pafiitioning was empIoy& by Ahling and Jensen’*, who passed the Con- 
:aminated water through Chromosorb W coated with fr-undeczne and C&~o~ax 
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$&e&y A&&F aad &sefsson~* developed znd @tented 2 method for Eon- 

rinuom liquid-Iiquid ear2ction of w2ter based OEZ mixed-settling. K%ter is cotQm~ 

o&y drawn through 2 cylinder under vigorous mixin, 0 witfr 2 Iighter-than-w2kr Ot- 

s2nic solverit, which remains at the centre of the voriex created by the miti%- Tfk 
water k drzwn of’? ~Hrorrgh a. side outlet at the bottom of the cylinder. P-s no solvent 

is lost, this method eliminates the rreed for large volumes of fresh solvent. lf gow-=te 
of Rio great&r than 20-35 ml/min is usuaf!y necess~q to establish an equilibrium dis- 

tribution between the aequeons 2nd organic phases. 

&SS~F ei ai" used 2 cok~mn filled with .poIyur&ane foam p&y to remove 
PCB from water at the ppb” levet, with flow-r2tes of 250 ml/min. The average re- 

covery on extra&or; of the plugs with 2 sma!E 2mount of org2nic solvent ~2s 94%. 
t&he ef ~i.*~ kve successfully used poIyureth2ne fo‘oam pfugs coated with various 

chromatographic _mases to extract organochlorine insecticides from warer at the ppb 
fere!, with 97-1o8o/i efficiency. mow-rates of 250 mf,tmin wefz agtiin satisfactoq ex- 
cept Ii3 the case of snsperi:ions in soh.Cion, where it was Iowered CO 30 m!/min. 

In this p2per, the removal of phthalate esters from water with coated 2nd IHI- 
coated poivurethane foam is reported. The trends in the percent recovery of 2 homol- 
ogous series of phthalate esters led to an investigation of the me&anism of2bsorption 

under flow 2nd static conditions. These findings are discussed 2focg with some of the 
problems previously encountered by rJesscr e;’ (71. aEd by C.Qhe g: &f. 

All znafyses were done on 2 HewIett-kckard 401 YES chromztograph quipped 
with 2 63Ni detector oD,erzting in the pnfsed mode. 14 glass column packed with 6CGO 

mesh Chromosorb W DMCS, coated with 3 “/d OV- 17 2s stationary liquid phase was 

used in aI1 tests. 
Porous polyurethane fosm was obmined comnerciaHy z?s piugs (38 x I 5 mm), 

and ZFG 5Umar thick shets, from WI&E, pfugs (33 X 38 tmm and 50 x f 5 mm) were 
c3.t. Fo2m plugs were soxtrieted ia acetone for 4-6 h 2nd stored in 2 g12ss jar prior 

to use. The dBerent types of foam rrsed 2re fisted in T2b[e 1. 



Hexme 2nd acetone, &t&d in g&s, were obtained from Cafedon Labs. 

(Georgetown, Cad21,2nd used without further purification. Distilfed water from the 
I2boGStoq Sffpply WaS re-dist%ed in 21’! a&metal still, 2nd stored in 2-g2lfon Pyrex 
bottles fitted with gr(XXld glass stoppers. 

AII .&ware VZ.S cleaned with acetone and hexane; voIumetrIc &SS was dried 
under vacuum, other glassware was oven-dried at 150” ovemight. 

hIhy6rouS ?&SO4 Was washed prior to use with a&one and hexane, about 
IO mt of solvent per 2 g of solid, to remove trace contamination. 

Fur 8 Bow system extraction, foam plug- _> were pushed down an acetone- 
filled cofumn (IS mm I.D.) with a 100-r& reservoir at the top, the foam plugs just 

touching each other, not compressed. The acetone was gushed out with about 300 mi 

distilled water, 2nd the Bow-rate set by adjusting 2 stopcock at the bottom of the 

cotumn. When the w2ter level was at the top of the foam plugs, the test solztion (blank 
or spiked) was added. The Rask which had contaked the test solution was rinsed 
with 5 ml distilled w2ter 2nd this was added when the w2ter level wits again at the 
top of the fozm column. This was followed by 100 ml of distilled water, then the 
cofnmn was &owed to run dry. For analysis, each foam plug was piaced in a 2%m1 

sound giass syringe, squeezed to expef water 2nd then extracted by t&ins up aliquots 

of solvent into the syringe 2nd expelling the sofvent and extract into a funnel ofNa,SB, 

f2pprox. 2 g, znhydrous) to remove water traces and thence into 2 IO-MI volumetric 
flask. Two 2-ml aliquots of acetone and three of hexane were used for each foam. 
A 4-$ ziiquot of each solution was run on the gzs chromaEo~2ph. 

En the static experiments, an eccentric cam turned by a motor at 8.5 rpm de- 
pressed and reEeased a plunger once per revolution, which squeezed and then released 

the foan: plug piaced in 2 beaker beneath the plunger. A glzss lid with an opening in 
the centre to accomodate the plunger covered the beaker. &I these tests, rbe lar,cer foam 
plugs were used. The plugs were extracted zs in the flow system. 

%tutfons of kaown concentration were analyzed 2s well as the unknown. 

asld calib_Qtion cumes based OR peak height were used to determine the amount of 
plrthzizte reovered. Most experiments were done at Ieast in dupjiczte. 

RESULTS AND DIS&USSION 

fn preliminary experiMents on the recovery of three of the most commonly 

wed phthalates viz., di-n-butyyf phthalate (DnBP), di-Z-ethylhexyt phthalate (DEEP), 
and di-fr-octyl phth&te (DOP), one Iitre of water containing 0.1 ,.~g of each of the 
PfrthaIates 1~2s rrm through 2 column of three type A fO2M plugs 21 2 flow-rate of 
35 mr‘/min. One blank 2nd two spiked solutions were run. The recovery of D&P 
l?rom spiked solutions I and 11 was 51 and 6Z%, respectively. However, neither DQP 
nor DEHEP was recovered from either E or II. The lower recovery of DfiBP, in com- 

ijaSS0n with complete recovery in later test-, 5 was attributed to incomplete extraction 

of the foam plugs, in this case 3 mi of solvent per plug was used for extraction, while 
in later tests this wlas raised to EO ml. 

The inability of the foams ta retain any DEHP or DOP indicated the POSSI- 
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RECOWZRY OF -4 SERIES OF PHTHAL%-rE ESTERS UNTER FLOW CONDETIONS. 
F,X each TV, 1CXl mI of Sater spz%ed with 0. E .ug of each phthaIafe rvas nirr on a c~~lumri of 5 foam 
pIu!gs at 10 m&niIl. 

PhihGlate Recovery (7;) 

T-p? ‘4 cw B 

Dimethyf phthdate <DMP) to 5 5 S&i 
Diethy phthafare CDEFj 84 _” S s3 
Di-rr-butyi phthalate (DnBP) 102 14 I01 5 I 
DiisobuLyl @thaIare @iBP) 93 5 2 99 & 2 
DizmyE phth&re (DAP)’ X5 So 
Di-n-EexyI phthzlate (D&&P) 34 5 2 33 * 2 
Di--n-heptyI ph&.late (DnHpP) 23 5 2 25 _’ 2 
DLZ-e&y&exyL phffiaIate @EHP) - 

Dioctyl phthafate (DOP) - - 
Diisodacyl phthzlate (DiDP) - - 
Butyl benzyl ph,thdate @BP) 7G 5 3 -86*3 

* one run only. 

bility of StetiC &Iitations in the absorption, process, the Ieq@ of ihe hydrocarbon 
side-chains being the k&uentiaI factor. 

A series of tests on phthalates with side-chains varying in length from one to 
ten carbons was -XR with types A and B polyurethane foam. The results are shown in 
Table II. 

Each of the five foams in a coLumn was extracted irrto a IO-ml volumetric Aask 
so that the distribution of the phthalates down the lensh of the column could be 
determined. The results are shown in Fig. I. 

The low recovery of DMP and DEP could be exptained ei*&er by their slightly 
greater water solnbility, and a lower affinity for the polymeric phase, by a higher rate 
of absorption and desorption, so that the rinse water actually washed them off rhe 
colrrmn, or by a higher rate of diffusion in the polymer, down and out of the column. 

The phthalates with the longer side-chains are possibiy being absorbed by rhe 
foam at a much slower rate, and therefore are not sig~~ificantly absorbed by the foam 
on a single run at EO mljmin. 

It was shown in the folIowing experiment that DEP (and presumably 
WMP) was transported in the water and not in the foam. Two foam plugs (type -4) 
+vere spiked with 0.1 pe DEP in f mi acetone and air dried. -4 column of five plugs 
..vas prepared as usual and one of the spiked foam plugs pIaced in the coiumn, 2 in. 
above the top foam. The column was washed throrrgh with 200 ml of clean water at 
t rate of 10 ml/min. the six phgs in the column and the second spiked plug were 
hen extracted with acetone and hexane into IO-ml volumetric fiasks and analyzed. 

The results, shown in Table III, indicate that the DEP was washed off the first foam 
-nd carried down the column in the water. Some of the DEP was lost in the drying step, 

‘. hen each plug ~2s Iaicf in a clean beaker to dq=: because some phthalate-containing 
:cetone may have seeped orlt. 

This experiment &d not differentiate between rate COII~~ ad eqQ%brium 

orrtroi, and So a Series of Static eq&ments to determine the equilibrium d%trib=tion 
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was devised. In tkese tests, tke duiatioo and the type of foam pfug used were varied 
a i&at& in ‘6~ resuEts wkick are &own in Table Iv. 



Phthafatec are used as Phticizers because of their ability to penetrate betlveen 
the poL;meric chains neutfatitig the secondary valence forces and decreasing the 
~~ass~transition temperature of the system”. It has been shown by Bloch et ~[_ls that 

id a dialysis US~,O PVC as a membrane, plasticizers in the memb,qneformed complexes 

with the metal ions ad -tied them through the membrane by diffusion. The rate of 
dif%~~ion \KaS a COlltiO%lg fECtOr h the rate of dialysis, IQ the removaL of phthalates 
from watef: with po@-mh~~ foam plugs, the foam can be regarded virtually as a 
stationary liquid phase. The process is then one of liquid-Liquid extraction and the 
efficiency of rempvaf is dependent on the difErence in sofubifity of the phthaiate in 
the two phases, under static conditions. If the ra&ti ofSdifEi&on of the phthalafe away 
from the surface and deeper into the polymer network is high, the rate of desorption 
u$ft be Low, and recovery will stiri be good under flow conditions. If absorption- 
desorption is very fast, then in a flow system the compound wilt probably be -washed 
0E the golumn. 

The absorption of intermediate-sized phthalates, notably DnBP on type B 
foam, are at optimum condiditions of rate and equilibrium distribution for LOO % 
removaL into the foam, in flow or static system. 

Seversi experiments with coated foam pfugs were tried (TabIe v) but the re- 
sults diEered Little from those with untreated foams. The exception was DOP, of 
which 9”/, was recovered In a single run through 6ve smaLJ1 foam plugs of 100 m1 of 
I ppm, at a rate of EO mf/min. As tfi;,s was evenly distributed throughout the five 
foams, it seems that the DOP was dissolving in the oii at a slightly higher rate than in 
the uncoated pofymer, and was not readity desorbed. It was not discovered whether 
the ph&alate then penetrated the polymer or whether the oil was facilitating entry- 

-FABLE V 

RECOVERY OF PETHALATE ESTERS ON TYPE pi FOAMS COATED WITH 5 mg DOW- 
200 SLLECONE OIL PER PLUG 

Coating proc&xe: see ref. 16. 

Previous work by Gesser ef n1. I5 and Uthe et AL6 had shown that PCB and or- 
;anochLoriae irzecticides can be removed from water with poIyurethane foam. The 
‘CBS were removed almost entireIy (94%) with unGzGed foams, but pesticide re- 

*/ roveties were only about 50 ,a_ CoattinE the foams improved the latter ‘out in this case, _ 
nd with the DUP case above, the foam appears to act onfy as a solid support for the 
-2. Recent -work by ~Musty and Nickless I9 showed similar results, and after varying 

?e ffow-rates they concLuded that DC-ZOO-coated foam was more ef%cient than ua- 

sated foam for removing pesticides at high fiow-rates as desorption was more diE- 
ult. At low flow-rates, the uncoated foams were more efficient. The results here 
ontim this as we observed a decrease in recovery an coated foams at Low flaw-rates. 



Porous pdyureihane ham has been successfdIy used tc remwe s3Me PbthaI- 
ages frora water at low ccncentraticos. ELI the case of pesticides, the press of re- 
movzl is more likely me cf zdsmption, _ ~5 &3tc5&ing the foam improves the tOtSI 

recovery. However, phthalates are removed by absorption, and depending on the size 
of&e phthatate and the structure of the polymer, this mzy be rate controffed or equi- 
iibrium controEIed. 

Work on the tontro! ofsekctlvity oftfrefoms by coatings and by use ofdif- 
ferent varieties of foam, zs w& as studies 011 the removal of air-borne phthakks, 
are presently being carried out in this Iaborarory. 
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