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A method to extract sea water by sorbticn on Amberlité XAD

is described. First the apparatus is explined, then sampling
technic, working up procedufe enad determinatidn by Gas-
chromatography. Recovery tests with DDT, DDE, Lindan, Aldrin,
2-Cl~biphenyl, Phenanthren, Pristan and n-Hexedecan demonstrates
the applicability of the method for non-polar substances. The
recovery ratios were akout 80%. Gaschromatogrars of two

samples are shown.



Developrrent of 8 rethod for cxtraction and
determining cof nen polar, disscolved orgenic

substances in see water

Introduction:

The pollution by hydrocerbons, pesticide residﬁes(
PCB's and ﬁény Othcrbofgahic corpoﬁnds has stimulafgé
the developrent cof analytical metheds for dissolved
organic corpcunds in the pest last years. Previcusly
erphasis was put on substances of so called natural
origin,such as arino acids, fotty ecids, and carbo-
hydrates; now cne weuld wish for rore universally
appiicable retheds tc determine o great number of fam-
ily of substances, even if they are only present in

a trace range. If on takes into censideration that thé
sum of all dissclved orgenic substences in the sea
water is in the pprm range, one should demand the
following conaitions for a method:

1)The concentrating fector should be sufficiently gooed,
such that even individual substances in the ppt-renge
could be detccted after sepcrating the pool with specific

detectors or rethods.

2)The working-up precedure should not change identity

and content of the corpounds.

3) Contarinents in the chemicals used in the methods, e.og.
“material, solvents etc. should not be accurulated in the

adsorption analysis.

4.The inorgenic saltc, the content heing 104 tires
greater then the organic substences, shculd ke ex-

cluded fror the concentreticns.




Several rethods had been develeped to determine qua-
litatively end quantitatively dissclved organic com-
pounds. Without concentratinc @ method had been ela-
borated to deterrine benzene in woter with the aid

of Laser-DNaran Spectroscopy (1). Since the Raman
spectrum of weter is nol very significant, pollutents
with a characteristic Parmen spectrur could be detected
in water without a workino-up procedure (e.g.Renzene
50 ppr (1)). In meost cases a direct deterrination with-
out separaticn ané cconcentrotion is nct possible. Two
pricipal approaches to the probler of separaticn had
been emrployed:
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1) Sorption on a solid @dsorkend (scretires coated)

2) Sclventextraction

Batchwise sclvent cxtrection is usually restricted to
only relatively srmell weter rasses. Although this rethod
of extraction was ncthddica]ly.inproved, (KAWAHARA et.
al. (2) constructed a serizutoratic device to shoren the
extraction tire; SCHAFEF et. al. (2) extracted 3.5 1

sea water by quick stiirinq with 10 ml of he xan) the
continuous sclvent extraction is the rcre superior
method. WEPNEPR and WRALDICHUK (4) rmedified a Scheikel-
apparatus (5) with an interchengeable selvent circulaticn.
KZHN and WAYMMN (6) ceonstructed o three stace liquid -
liquic extractor, in which ncn-polar substances were
extracted up tc 97 % by‘a strong circulating petrclether
current (5C0 - 1100 ml/h). COLDBEFPG et.al. (7,8) con-
structed a sirilar epparatus for solvents lighter than
woter (5 stage ) and heavier than water (4 stage ). With a

water flew rete of 7 - & 1/h they werc able tc reccver

oo

up to 80 of non-polar substances with 5 different sol-
vents with & ccnccntret*on factoer of about 105. They ‘
p01nted out that Lho o‘flclency of extraction depended
on the difference of the oxpo1e roments of solutiocn

and extracting solvent. A further improved apparatus



- \\ ) 'was constructed by A.AHNOFF and B.JOSEFSSON (9), by
1 which was avoided the renewing of the solvent by

distillation. It was suitable for fieldwork because of
it's good handling. They restricted the apparatus to

' one extraction vessel, specially constructed so that in
a mixing chember with a water.flow of 2-5 litre/hour }
effective magnetic'stirring resulted in a good mixing
of water and solveht. Separatiocn of erulsions was also
achieVed,_resulting in low losses of the solvent in the

waste water. The recovery of pesticides Wes'nearly 90 %.

The 11m1t1ng factor for all extractlon methods is the
dlstrlbutlon coefficient of the substances between the
water and solvent. Especially for little more polar sub-

‘ stances the factor for water/nonpolar solvent is not very
good. The time for exchanging is often too’ short; the
disadvantage could only overcomebby several extrection in
serie. Therefore the adsorption by an adsorbent fullfilled
in a;column has not these disadvantages. '

Activated charcoal is very‘suiteble for»aasorption (10)
(11), but it is difficult to elute the adsorbed substances
completely, and furthermore there is the possibility that
chemical changes will occur’ (12)‘~ '

AUE et al. (13, 14) used silicons chemical bonded to
chromosotb G to adsorb chlorinated hydrocarbons from fresh
] . water with good success. ITO (15) used alkylchlorsilanes |
’ chemically bonded to celite, with less sussess for the
aasorption of pesticides. For the extraction of PCB's
' {GESSER et al. (16) used porous polyurethanefoam, UTHE et al.
A/ (17) used a polyurethanefoam coated with selective adsorbents
with better results. For the extraction of sea water AHLING
and JENSEN (18) used carbowax 400C together with n-undecane
on chromésorb DMCS, the particulate raterial were removed
first byvprecipitatinngith Al,(S0,) 3. The.recOVery of -
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of pesticides and PCB's was 80 - 100 % depending on
experimental conditions. First RILEY et al. (19) used
crosslinked polymers like styrene-divinyl-copolymers of

Amberlite'xAD—Typ to extract 14C—DDT from sea water.

- BURNHAM et al. (20) applied the resin in different typs

(XaD-2 and XAD-7) to extract phenols, amines, ketones
and sulfonates from fresh water with goed success and
G. HARVEY (21) for the extraction of DDE, DDT and
dieldrin from sea water. We have refined the separation
method of the precious workers and have found it to
perform satlsfactoriy for the analyels of non—polar ‘

.substances from sea water.

Apparatus: (Fig. 1)

The apparatus consist of a double-pistonpump (Fa. Bran
und Luebbe, Hamburg, Typ Simplidos) which is connected
with a teflon tube by a quick closing clamp. The piston
stroke is eontinous adjustable, so that everyflow rate
of 3 - 70 l/hr can be regulated. After a pulsation-'
demper connected to an excess~pressure-valve the water

flow is filtered. On the filter device is a pressure-

gauge, which anables one to measure the pressure on the
filter upbto 2 atmosphere.

After filtering the water flow is divided and directed‘
parallel to six columns, each disconnectable by a

stop-cock. One adsorption column (Fig. 2) is composed
of a cylindric glasbody, 9 cm in length, 2.3 cm i.d.,

" which has two screw-threads at each end and a glass-

sinterplate inside at one end. The tube for influx and

1 outflow are connected by fittings to a teflon bedy, which

distributes equal the water flow over a teflon-gauze all
over the column transverse. The teflon-body is tightened
to the glass-cyllnder,by a nut. The water outflows are
combined and the extracted sea water is determinded and

afterwards discarded.



Sampling procedure and working up: (Fig.3)

The sea water is directly purped on board ship through the
previously described apparatus. Tco évoid contamination by
the ship,a little buocy with the suction inlet is &bout 5C m
away from the ship and connected by a teflon tube to the
apparatus. It is possible to attach vertical teflon tubes‘
of different length to the buoy, so that one can sample
water from different depths.

The absorption material in the columns is Amberlite XaAD-2,
each column is filled with 65 ml aqueous slurry, thus all
contain 390 ml. The flow rate is about 1.4 Bedvolumes/min,
equivalent to 2.0 ml/min/cm3. After samrpling the apparatus
and the columns are washed with 2 1 distilled water. The
connections are screwed off, the columns are washed out-
side with methanol and directly extracted in a Soxhlet with
150 ml methanol plus 100 ml distilled water per column. for
8 hrs. (in the same- time it 1s possible to process another
sample with a second set of columns.) After extracting,each
column is washed free of methanol with 50 ml distilled water
in the Soxhlet, so that it is ready for the next sampling
procedure. The combined methandl-water extraéts are reextracted
with 3 x 25 ml of n-hexane in a separating fu;nel, the
hexane is dried with eanhydrous Nazso4 and eitker made up

to 100 ml (high substance content) or evaporated under re-
duced pressure to 0.5 wml using awster bath (low substance
content). In the samre manner the filters from one sample are
extracted and the extract are worked up. An aliquot is then

injected into the G.C.

Instrumentation:

The G.C. is a Varian 2740 with a FID and ECD.
Column:i.D. 2 mm, 2 m length, glass
2.5 % QF-1 and 2.5 % DC 11 on chromosorb
WHP 100 - 120 mesh
Caries gas: N,: 30 ml/min
Injection: 270°C
Detector: 225°C
Temperatureprogram:"lSOo - 200°c : 6%°%/min
and: 100° - 180° : 8°c/rin.
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The eluat is split 1 : 7 and reasured simultaniously on
an FID and ECD. Sc it is possible to determine hydro-
carkcns end chleorinated hydrecarbons with cne injection.
The identificaticn of the pecks wes done by ccrparing
Pf-values with stencards in tlhe recovery tests, with
unknown substances it is pessible to usce a ccupled
GCC~MS~gsysctem. The quentitetive deterrmineticn was done

at the FID-gicde by comparing peak area with kncwn
arounts, on the ECh-side an autoratic integrator was
uscd with a celibration curve (Integrator units/mg sarple
wéight.) It is recorrencded to rcepeet colibration very

often, fcor the sensitivity of the BCI' changes very often.

Materiels:

The construction cf the epparatus allows the sea water
coming in contact only with teflon, stainless stecl
or glass. i

A1l glessware is cerefully cleancd with Dctex(R),

rinsed with water, rethencl and hexane and heeted in an

cven for et least 12 hrs at 2CC oC.

Moethanol: The sclvent is distilled befcre use with a

a9

cdistilletion colurn, 1 500 rr in length and each batch

is tested by C.C.

n—-hexane: The solvent is beoiled feor 3 hrs with sodiur

4 hre and thenr distillec.

IMrberlite X7D-2: The commercial reterial is severel tires
suspended in  water and decanted to rerove the subtle
particles and then cxtrected in o Scxhlet with methancl

for at leest 24 hrs.

Filters: Classfiberfilter Nc. €, Schleicher & Schiill,

heated at 4500C for 24 hrs.



Recovery tests:

To determine the specifity end accuracy for non polax
substances, we conducted rccovery tests. A definite
ermcunt of test substarces ig dissolved in 10 rl acetone
and this scluticon is put into 1CC 1 sea water end sheken
for a short tire. Inredietely after sheaking,the water
was purped over the cclurns. The seca water was either

‘preextracted; that reons it had already cnce been

t

filtered ond extrocted by the apparastus and was thercfore

3
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frce cof rest of particles and dssolvecd subetances or it
was "not preextreocted", thet reens it was natural sca

water from the Paltic.

The following suhstences were tested:
DDT, DDE, 2ldrin, Lindar: pesticides
-Cl-Biphenyl (PCB-2): PCE's

n- He“udecan, Pristen,Phenanthren: hycdrocarbons

The concentraticns ranced freorm 10 tg/kg max. to
0.01 ug/kg for the chlorinatec hydrocarbons and from

100 ug/kg max to C.1 ug/ka for the hycdrocarbons.

Pesults and discussion:

The constructicn cf the apparatus enables one te extract
large armounts cof sea water abcard a ship. Conteminaticn

is minirized by avoiding the contact cf sea water with
plastic raterial except teflon. It is not necessary

to stcre and preserve water sarples. The concentration
retic is 1 : 105 by e water scmple of 100 1. It is peossikle
with larger water sarples tc increase the concentration
ratic. With twe scts ¢f celurns @ continously serpling

and working up ot the sare tire is possible,

If cne colurn is deraced, the sempling rust net be
interrupted, for this colurn could be blocked out and

the reraining five colurns are capable to extract the

sca water at the sare flow rate. The adsorpticon capacity

is such that 1 0CC 1 cof cea water with a content & ecbout

1 ma/kg dissclved crcanic material car be extracted withcut



any exhaustion. The flow rate is limited first by the
pressure arisincg frer the filter: it should not exceed 1
at.to avoid a too greet derege of living cells,for this

~

would increase the centent of the cdisscolved organic raterial.
fecondly the wetcer sheould be exposed to the eodsorbent for
sufficient tire to allow the partition te cccur. For our
purposco a flow rate cf 1 - 2 bedvolures/rin was sufficient

to extract hydrocarkens and chlerinated hydrocarbons
digsolved in sea water in a renge of .01 - 100 ug/kg/sub-

stance.

Ag shown by the recovery tests,Amberlite XAD-2 is suiteble
to separate hvdrocerbons end chlorinatecd hydrocarbons frer
inorganic salts cven in a renge of 1 ug/kg. With the ex-
ception cof Linden the rccovery of all substances were
about 8C%. At the flow rate used, PArberlite XAD-2 adsoxbs

poler substances toc; for this reasen the elution in the

- Soxhlet was done with a poler solvent (rethanol) so thet the

colurns are fully recgenerated for the next sempling. In the
next step the non-peolar substances are extracted into the
hexanc layer whereas the polar substances remain in the

rethanocl-water layer.

Irom the results shewn in Teble 1 ~ 4, one can ascertain

twe facts: First: Sea watexr, already once filtered and ex-

tracted by the apparatus ( = sea water preextracted) did
not give such cood recoveries than natural sea water;
secendly: The "dissclved fracticens" { = extracted frorm the
Arberlite) ore higher then those retained by the filter in
the recovery tests with "seca water preextreced". This fect
is especielly deronstreted by the hydrocarbons. The reverse

"

ig found in the case cf the recovery tests with "sea water
not precertrocted". From these results one could conclude

that thec substences used for spiking were adsorbed on srall
particleé s scon as they came intc the water and that they
arce not truely cisscoved. This could explein the hicgher
recoveries with natural seawater,for the retention of
perticles is likely to be rore efficient than the sorpticn

of material frcr sclution. In the "sea water preextrated”" the

"dissolved fracticn" of course is higher because most of the

particlcs are reroved . Cne rust keep in mind that glass-



fiber filters have not a definite pore size but filter by

a process of rendor ccntect, alsc they have great surface
arca for sorbtion, so that it is very difficult to decide

if the filters coperate as on ccllector for srall particles

or as en adsorber for recal dissolved substances. Qur re-

' sults suggest that both processee coccur but that the first
one is more efficient if particles are present. Additional
from cur results it is evident that substances with o better
solubility in water (Table 5), that is Phenanthren, Lindan
and PCB's, are mostly recovered in the dissolved-porticn,
whereas the more insoluble substances, which edsorb obviously
faster on particles, are mostly recovered in the filter-porticn.
It is not possible to predict sirply from laboratory experi-
ment to naturel conditions, for it is well known that particles
or other substances (hydrotrophy) will change solubility of
substance, norrnally insoluble in pure water. BOPNEFF and
KNERR‘(22) equilibrated 1.2.5.6-Dibenzanthracen for two

years with distillated water and fcound ﬁothing in the range
of 0.01‘pg/l, whereas the substance in this‘range is solukle
in natural waters. ANDELMAN and SUESS (23) confirred that

the solubility in weter of pdynuclear aroratics could be in-
creased by organic acids like lactic- or butyric acid. But

if one locks for the "dissolved non polar substances" in

sea water, it is necessary to look for the srall particles,

for most of the non polar substences will be adsorbed on ther.

Gaschromatogrars of two samples deronstrate the applica-
bility of the apparatus and method. The first sarple derives
from the inner part of the Kieler F&rde, a peolluted erca, the
other from Schénberger Strand, an area not directly ecxposed
to any sewagc or other polluticn scurces. Theyv were taken

from surface water (5C cmn depth).

2lthough the identification of single peaks has nct been
undertaken, the filter cxtract from the Kieler Forde sample
has 'the typical pattern of gaschromatogrars of a mixture cf
alkénes, whereas in the. other sample no substances, sensitive
to the FID, could be detected, but some ones sensitive to

the ECD irith identical Rf-values of pesticides.
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Table 1

3) ' 2)

Sca water nct preertroctec Sca water preextractec

dissclvedT) Filterd) tectal éissolved1) Filterd) te
Phenanthren ¢€¢1,¢€ - €1,8 24,4 11,7 26,1
Pristan - 62,5 £2,5 4,6 20,3 54,°
n-Hexadeccan - 58, ¢ 8,86 35,8 12,4 48,2

Fecoverics fror sce wvater thet wes spiked with

100 ug/ka sukstanca.

4)

Sea water preextracted

. L T 2
dissolved ' Filter

)

total
Aldrin 56,0 34,C 62,5
Lindan 39,8 - 22,8
LDB 49,2 51,8 101,0
DDT 47,6 4c, & 88,4
PCE-2 95,2 o%5,2
Phenanthren £42,5 59,5 102,0
Pristan c4,% 32,4 97,3
n-Hexadecon 42,2 £0,3 36,4

Pecoverics fror seca water that wes spiked with

1C vg/kg substence



Talkxle 3

Sea water not pre- Seca water pre-
extracted extracted

dissolved1(_Filter2) tq}al3)disso]voﬁ1) Filtcxz) tocbal
Aldrin 23,7 61,1 £4,8 38,6 44,7 g2,3
Lindan 23,7 - 23,7 5,2 - 5,3
DDE 21,5 67,0 8&,5 56,4 27,5 83,9
DDT 15,2 &6C,3 95,t 71,4 3¢,9 02,3
pPCB-2 86,3 - g€,3 92,7 - 23,7
Phenenthren %7,C - 57,0 25,1 9,3 34,4
Pristen - g¢,0 £6,0 17,5 3C, 48,4
n-Hexadecen - 65,0 ce,G 15,0 28, 43,7
Recoveries frorn sea weter thot wes spiked with approximately
1 ug/kg of the substances renticned.

“Table 4

Sea watcr not prceoeryt:zcted Sea water preextractec

dissolvedj) Filter?} -ctal dissolved1) Filterz)tota
Aldrin 34,5 55,2 89,7 50,2 29,5 79,7
Linden 36,4 - 3¢, 4 29,3 - 22,3
CDE 22,3 71,4 ©3,7 53,4 29,5 82,9
DoT 22,6 6E,6G 91,2 48,5 38,2 86,7
PCB-2 87,5 - &7,5 §4,2 - g4,2

Fecoverics from see water theot was spiled with approrirmetely

10 ng/kg substances as renticned befere.

[Pa]
~—

dissolved - which is extracted fror the Pmberlite

Filter - which is extracted fromr the filter

Sca water not preextracted - natural sea water, sarpled in

25 litre glassbettles and spikecd in the lsboratory

Sca water preextracted - water once purpea throuch the
apparatus on keard the ship, sampled in 25 litre glass-—
bottles and spiked in the laboretory

Pecoveries in percentace



Aldrin  (24)
Lindan (24)
DPE

DDT (24)

Clophen 2A-30

Phenanthren (25)
Pristan (26)
n-Hexadecan {(26)

Sclubilities of the used substances in water at ZSOC

in rg/kc

0,25

00,0012

w

0,3 -1,



Fig.1 EXTRACTION APPARATUS FLOW DIAGRAM

flowmeter

50m teflontube .
........ double piston pump
~

adsorbtion
columns

pulse __
smoother

filterunit

G e —————————— e



Fig. 2 ADSORBTION COLUMN
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Fig.3 ANALYSIS DIAGRAM

—_[—FID
a) eluat | 250 ml {+50ml H,0 [ 75 ml Ml inject
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1001 filtrat and

In-hexan[ inject

extract with
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water FID

b eluat | 1500mL | +300ml H,0] 75mil Tplinject
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[n-hexan[ inject

concentration: 10°:05
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