
SUMMARY 

The application of Tenax@ to the extmztion of organic micro-poflutants such 
as pesticides md polychlorobiphenyfs from waters has been studied, and it has been 
observed that also in the presence of other pollutants (oii, surface-active substances, 
etc.) the results ol$ained wit& an absorption column of Tenax-Celite are equivalent 
to those ob’@ined with the cont&ous liquid-liquid extraction technique_ For natural 
waters that contain solids in suspension that adsorb pesticides, it may be necessary to 
filter the water before extraction with Tenax and then to extract the suspended solids 
separately. Analyses of river and estuariue sea waters, filtered before extraction, 
showed the_ effectiveuess ofTenax, and the extracts obzained for the pesticides analysis 
prove to be much Iess contaminated by interfering substances than the corresponding 
extracts obtained by the liquid-liquid technique. 

Sk&e waters can be poflutid by many organic substances, most of which are 
present in small or trace amounts. Among such substances, pesticides are of parti- 
cular jmportance owing to their high toxicity towards aquatic animals and the possi- 
biJ.ity that they may not be completeIy eliminated by water-treatment processes and 
may therefore reach man; Recently, toIerance limits for some organochlorine pesti- 
cides in drinking~water have been proposed 1 &t the 0.1 ppb &g/I) level; therefore, in 
order to eEe& analytical controls it is necessary to develop suitable techniques for the 
concentratick of tbe poliutants. FavourabEe results have been obtained for the COR- 
centrstion Of many -ofga& substances2 and recently also for some pesticides’-5 using 
macromokc&l~ resins of-the Amb&Ei:e XAD-2 type; progress has also been made in 
liquid-liquid extraction technique@. 

&! a previotis investigation, we showed the possibility of using Tenax (a porous 
polymer; tide, mark registered by E&a NV.; developed by AK223 Research Labs., 

. . -- 
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Arnhem, The Netherh&ls) for the extraction of organic micro-pollutants such as 
pesticides urd aromatic p&y&c hydrocarbons7 from w.zters. Tfre ?~~~overies of 
these substances from unpolluted waters (mineral and drinking waters) when-added at 
the level of 1 ppb averaged 90 ‘A. The use of Tenax, compzred with the mother techci- 
ques mentioned, has the advantages-of requiring no preliminary treatment (activation 
or purific&ion) and of permittin, = the utilization of~zutomated equipment-for field 
extraction of the pollutzmts. 

The physical characteristics of Tenax were examined by Sakodjnskii e& aLg 
and recent applications have inciuded the analysis of atmospheric pollutantsg*10 and 
the volatile comPonents of wines *I. On the other hand, as noted by Beyermann and 
Eckrich”, the capacity of polymers to extmct organic micro-pollutants from waters 
can be adversely affected by the presence in the waters of larger amounts of other 
pollutants. For instance, in the particular caSe of a hydrophobic polymer such as 
Tenax, mineral oils could “deactivate” the adsorbents and result in low kecoveries 
of the micro-pollutants. 

This paper ‘describes tests czrried out in order to study these phenomena and 
to ascertain the possibilities of the use of Tenax. initially, mineral and drinking wa- 
ters were enriched with pesticides 2nd then articia’lly polluted with various products 
(surfactants, miner&l oils, emulsifying agents) and, on the basis of the results obtained 
for the r&overies of some pesticides, the absorption column was partially mod&d. 
Using the modified absorption column and the liquid-liquid extraction technique’3-15, 
extraction tests were carried out with natural waters (sweet surface and coastal sea 
waters). The results of these tests showed the liefds in which extraction with Tenax can 
be applied. 

EXPERIMENTAL 

The equipment used for the extraction experiments is illustrated in Fig. 1 and 
consists of the following components_ -4 glass container (1) of 20 1 capacity ~2s used. 
The silicone rubber hose (3) (type 1MCO/3, CeIlai, MiIan, Italy), in order to eiim- 
inate eventual interfering substances, was extmeted before use by immersion in 
light petroleum for 48 h, changing the solvent after the first 24 h. W&son-Marlow 
Type MHRE/88 peristiltic pumps (4) with the can& and variable speed (Watson- 
Marlow Ltd., ~Mzrlow, Buckinghamshire, Great Britain) were used. The flow-rate 
of water through successive absorption cohmms (5) was regulated at about 3 l/h 
using two canals of the pump (the first incoming and the second, inverted outgoing}. 
Therefore, with one of these pumps it is possible to carry out five extractions si- 
multaneously. The glass absorption column (5), dimensions 48 cm x 1 cm I.D., 
was fitted with 8 porous septum. During preliminary tests, the column was filled 
exclusively with 1.5 g of TenaZ, while during standard tests it was @led from the 
bottom with i-5 g of Tenax (60-80 mesh), a layer (about 2 cm high) of glass pellets 
of diameter about 3 mm; a layer (about 10 cm -high) of a mixture of l-1.5 g of Celite 
545 (Johns-Manviile, Denver, Cola., U.S.A.) znd plugs of &nixed glass-wool (Ap- 
plied Science Lzbs., State ColIegee, Pa., U.S.A.); and a layer of g@ss pehets‘ (2 cm 
hi.&. _ 

The extraction~and recovery tests were &zrried out with waters-to which pesti- 
cides and other polhttants had been added, and with natuml w&et-s. In the meovery 
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Fig_ l_ Right: Equipment u!xd for the extraction of micro-poihaants. 1, Glass Container; 2,‘glass 
tubes; 3, silicone robber hose; 4, peristaltic pump; 5, gkss atmxption c&mm; 6, extracted water 
discharge. LeR: adsorption column (dimensions in cm). From bottom to top: Ten=, g&s pellets, 
mixture of CeIite and plrrg~ of sfl;mized &SS-woof, &ass p&ets. 

tests, ~standard mixtures of pesticides prepared in acetone were added to g-15 I of 
water at a levei of ZOO pf of staodard solution per liter of water, so that the concentra- 
tkm of-the various pesticides was I ppb (I ,q$). 

The various water sampfes were then passed through tie peristaltic pump into 
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the absorption column at 2 flow-rate of about 3 l/h. When the absorption was eom- 
pleted, the pesticides were eluted with three l&ml vohumes of diethyl ether, in such a 
way that the solvent also passed through the section of hose through which~the water 
reached the column. Finally, the diethyl ether was dried over anhydrous sodium 
sulphate. The water container was washed with light petroleum in order to remove 
the pesticides adsorbed by the glass avails, and the washing solution, after concentra- 
tion, was added to the eluate obtained from the absorption column. 

For recovery tests carried out with mineral waters enriched with pesticides 
and other known pollutants, the mixed diethyl ether and light petroleum extract was 
evaporated just to dryness, the residue disso!ved in n-hexane and the solution anal- 
yzed directly by gas chromatography with an electron-capture or phosphorus detec- 
tor. However, for the analysis of naturally polluted waters, the mixed diethyi ether 
and light petroleum extract was evaporated, the residue dissolved in light petroleum 
and the solution partially purified by partitioning with acetonitrile saturated with 
light petroleum15*16. The acetonitrile partitioning is not nzeded for samples that are 
not highly polluted or for sea waters. 

The resuhing solution was evaporated just to dryness, the residue dissolved in 
1 ml of n-hexane and pesticides and polychlorobiphenyls were separated into four 
fractions by deactivated silica-gel microcolumn chromatography15 (silica gel Type 
Grace 950, 60-200 mesh). The deactivation of the absorbent was elected by adding 
7-10 % of water, instead of the 5 % used previouslyzs, in order to compensate for the 
increased activity observed in recent years in many batches of the product. For the 
standardization of the adsorbent, a yellow dye, p-methoxyazobenzene, was also used 
as suggested by Claeys and Inman I7 The various eluates from the silica gel were then _ 
analyzed by gas chromatography18. 

All solvents and reagents used were of “for pesticide residue analysis” grade 
(Carlo Erba, Milan, Italy), except for the light petroleum (b-p. MO”, BDH, Poole, 
Great Britain) which was distilled before use. All necessary precautions for analyses 
of this type were taken and a few blank trials were czrried out. 

It-& noteworthy that the recoveries of hexachlorobenzene during the acetoni- 
trile partitioning were not greater than 75 %, and therefore for the calculations a cor- 
r2ction factor was used. In order to evaluate the effectiveness of extraction from 
natural waters with the Tenax-Celite column, the samples were also extracted simul- 
taneously by the liquid-liquid technique using the equipment suggested by Kahn and 
W2ymanE3, consisting of thr2e consecutive chambers; light petroleum was used as 
the solvent in the first and second chambers and benzene in the third. Before the ex- 
traction by the liquid-liquid me’thod, the water was acidified to pH 1-3 wi-jl hydro- 
chloric acid _ 

Table I indicates the tests effected, adding pesticides and other pollutants to a 
mineral wat2r @H 6.8 with a constant residue of about O-4 g/l, consisting mainly oE 
calcium salts and containing no carbon dioxide) that had been shown to be pesticide 
free prior to the analyses. These recovery trials were carried out with the pesticides 
most frequently found in Italian surface waters, usually also pollumd by organo- 
phosphorus pesticides1Q-2’. 



TABLE I 

SUh%M_4RY OF TRIALS ON THE TENAX EXTRACTION OF PESTICIDES FROM WATERS 
ARTIRCULLY POLLUTED WITH PES-FICKDES (1 ppb) AND OTHERS SUBSTANCES 

TriQ2z 
NO. 

voh?ze of PollutQnt Acisofptian Pesticides exQmined 
extrczcted c&mm 
werer (1) OrgQTio- orgnno- 

&orine prtosphorus 

1 
2 

3 
4 

5 

6 
7a 
7b 

7c 
7d 
7e 

10 
10 

10 
10 

10 

8 
14 
10 

IO 
10 
10 

0.1 ppm of Arkopal N-100 
0.1 ppm of aikylbenzeae- 
sulphonate (Na salt) 

3 % NaCi (marinesalt) 
0.1 ppm of alkyibenzene- 
sttlphonate + L ppm of 
mineral oil 
1 ppm of miner21 oil + 
2 ppm of Tween 80 

1 ppm of mineral oil f 
4 ppm of Tween SO 

Tenax 

i 
T 

- 

- 
Tenu: - Celite - 

+ 

i 
T 

- 

+ 
i 

T 

T 

L 

i 
I 

I 

i 

-7 

Table U shows the resuhs obtained. Pn the absorption with Tenax alone, the 
first three trials gave satisfactory results, while in the presence of mineral oil (trials 
4,5 and 6) a considerable proportion of the organophosphorus pesticides (particular- 
ly malathion and methylparathion) was not adsorbed and was recovered in the 
filtered water. Test 7 (7a-7e) showed that this drawback can be overcome by placing, 
ahead of the layer of Tenax in the absorption column, a layer of Celite 545 which, in 
order to prevent blocking of the column, is mixed with silanized glass-wool plugs 
(Fig. I). 

A number of anaiyses of surface and estuarine sea waters were carried out by 
this modified Tenax coIumn and simultaneously by the Ii&d-liquid extraction tech- 
nique. To some of the samples taken, standard mixtures of pesticides were also added, 
each at the level of 1 ppb, i.e., in concentration from 13 to 500 times higher than that 
usually found in the waters analyzed. One recovery trial also specifically concerned. 
polychlorobiphenyls. The scheme of these tests is shown in Table XII and the results 
obtained are given in Tables IV and V. 

Table IV (trials S, 9 and 11) shows that the two extraction methods, when 
applied to surface waters that were not filtered before extraction, yielded very similar 
resuhs for many pesticides, with the exception of compounds of the DDT series, for 

which discordant results were frequently obtained (see the differences between tria!s 
Sa and b and Ila and b). Similarly, as shown in Table V (trial 1 Zc), when the stand- 
ard mixture of pesticides was added to a nonfiltered surface water, Le., containing 
suspended solids, the recoveries of active substances such as DDT and malathion 
were unsatisfactory. &is known that some pesticides that are present in waters are 

parGaIly adsorbed by suspended or sedimentable solidP; therefore, such adsorbed 
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* PCB mde by CXTaro (_Mih), H&y, added as standard mixture of Fe&or 42, 54 and 60 
equivaknt to 1.6 ppb of deczchlorobiphenyl in total. 

TABLEN 

DmE&-T0ti OF PESTXXXS IN SURFACE WATER SAMPLS EXITUCTED BY AD- 
SORBTIQN ON TENAX-CELm.(sERKES a) AND BY THE LIQUID-LIQUID TECHNIQUE 

(SF b) 
Results expressed in ppt @g/l). ! 

Pesticiri Trial No. 
idenfified 

i*= 86’ 9a’ 9b’ ifu’ Ilb’ i2a” Z2bb” 

Hexachforo!Jen7&n~ 5.4 5.8 3.3 3.8 2.6 - 8.1 6.6 
Dieldrin 5.8 6.4 - - 15.6 5.2 I4.6 14.6 
HeptacEzlor 1.5 .1.7 - - 0.9 0.9 7.1 2.7 
p, p’-D?E 2.2 3.5 5 - 2.8 2.5 10.6 5.2 
o,p’-DpT_ 5.0 12.2 - 13.0 12.3 24.8 19.8 

: p,p’-DDT Et.8 18.0 9.0 15.7 32.2 24.7 37.2 35.5 
a-BHC. 
P-BHC G7.2 

- 
43.9 -& .i 

5.2 4.0 - - 
75.8 77.5 5a_4 67.5 

.y-B.HC 9.7 .l3.6 - - 19.4 15.3 10.5 15.5 
Rotiel 18.9 21.7- - - 2.1 2.1 - - 

29.4 - - 41.2 43.3 - - 
... 

Dwsban 27.5 
1- Dia.&on .37.4 376 -_ - - X9.7 22.3 

+M~afatbion 26.5 3117 - - 27-Q 3E.0 27.3 27.3 
-g&n. A - - -- 37.5 39;3 - - 
Methyl&rathion I 32.6 X3.2 __--.- - 21-O 26-G - - 

Total (&t)-- 218.6. . 263.5 18.3 25.2 296.3 289.1 2Lk3 217.0 

‘-waters not mered before emaction. 
,*T_Watefifiitered t&nigh papek before extra&ion. 

y-. 
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_.. --- 
RECc&GY: lRESJX OS- EXIXArnON W&B TE&X+CE~E- & PEsFICtiEs..ANDI 
PQLYCHLOtiOBIPHEl’JtiS ADDED ‘TO SURFACE- +AtiS~ AT-LEVEL-S’ OF- 1.0 -AND 
1.6 ppb, RE%?ECTIVELY. 

All results for &responding x&-trezt&_ sampie& are corrected, Rest&s given &e per&&g& 
recoveries. :. -. .- 

Pesticides +- Tiiaf _ 
udiiiives 

IOC’ Ilc’ 12c” 

Pa3 loo.2 
Hexachlorobenzene (HCB) &.a 83.9 
o, p’-DDT 38.0 81.8 
_u, p’-DDT 47.0 93.1 
@-BHC 70.0 73.0 
;1-BHC 84.9 92.0 
Dietdrin 75.4 92.7 
Methylparzthion 82.3 ~101.0 
Malathion 25.0 93.3 

* Water not fiRered before addition of standards and extraction. 
** Water filtered throu& paper h&ore addition of standards acd extraction. 

_~ 

amounts cannot be extracted by filtration procedures on polymers while;- at feast to 
a great extent, they can be extracted by procedures in which the water is extracted 
with solvents_ Trials 1%~ azld b.(Table rv) show tkat. when the two extra&ion teeh& 
ques are applied to filtered water, almost identi&l resuhs were obtained, and trial 
12~ (Table V) shows that with Tenax extraction the recoveries of pesticides added to a 
filtered surface water before extraction were satisfactory. 

Duriig the tests it was observed that amounts of up to 30% of some pesti- 
cides catr be adsorbed by the walls of the hose and the container, so that at the end 
of the extraction it is essential to wash these sti2ces with solvents. 

We consider that the tests described above have de&red the &elds in which 
Tenax extraction can be applied. 

CONCLUSIONS 

The extraction of pesticides from -watem by absorption on T&ax, yields 
results equivalent to those obtained by the liquid-liquid procedure @hen applied t& 
mineral, drinking ax@ surface waters that completely or aimost completely la&solid 
matter in suspension. For waters that contain suspended so&is tkat cati adsorb some 
pesticides in considerable am&mts, the RS& of the twq methqds are equkkn~ ckly 
if the water has previously been Gltemd. In these instances,, tkerefore, the a&&Iysis 
will involve filtered water as well 2s the residue ef Ghr2tioc.~~ .~ 

Compared with liquid-liquid extraction, tke -main advanmges -of Ten&z are. 
the considerable amount of time sayed, the. possible.autom&ouof~tke- process and:. 
chat _m chromat@~phic analysis shows the “extr2~&_’ ob@i&w&h Te&ti too:ke~. 
less contaminated by interfering substances. Another. advantage of Temix is ‘that the 
product can be n&d “2s received”, w&kout pr&&n~~~&+~zA : -. .’ .(, 1 
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