
G&s chromtographic methods for the determination of polychlorinated 
I$$I~I@s -&d BeT ~(with_some of its metabolites) in sewage sludge samples and 
.$mi~_iqteriars. a& ~dcscribcd. The samtile is -extracted with a mixture of hexane, 
ketone .tid Water.1 A&r sep+ration; the -hexane- phask is rcduccd in volume and 
idivided -into &vo ati&ots, &e of which is, fitit shaken with 7 % fuming sulphuric acid 
.I& rem&e lipids, and then with potassium cyanide. to &ninate interference by efe- 
m&al srriphur. ?he other a&u@ is &&porated to dryness and beated with ethanolic 
~~o+ssium hydroxide_. The two a&@oks are injected into a gas chromatograph fitted 
.w~ff;, a glas$ capillary .column and an ekctron-capture detector. Hexabromobemene is 
‘+ed &&-a% i$t@&al standard. Polycblor&a&d biphenyls are determined quantitatively 
by &m&kg the peaks of the sample with those of Ciophen A 50 or A 60. The 
individual percentage composition of the chlorobipher;yfs in the polychlorinated 
:bipl+nyl oils is used. The ca&lary column is coated tith silicoke oil SF 96 according 
to a-described procedure. 

Th&&&i&ion :of p&chlo&nated bip&r&s fpCBs) and DDT (in&ding 
iti rne~b&& DDE and Di>D) is~ a. problem b&cause of the .Iar&e amounts of 
dii&~nt .cldorobiphenyIs in. thei PCB 0iI.s. In the:-gas chromatog&tphic separation 
&any of t&e..chlorinated hydrockbon &llutant$ are exuted together with. the PCB 
$k~p&@~& h&&y -papers d&&g .tith -PCB determinations do not .describe the 
tpm&t&ion me”ods used, thus m&king- cornparis& of the results fro& different 
tnv&&i&&o~~.~dif%&lt. &nsen -‘& 4r.l ..havc .Eviewkd some of these methods. The 
-&k&Zti&I &k~obiphenyfs~ &so&e ti&mnon cotie&ial PCB oils have ‘b&n identi- 
fi@W5.and. det~rmine&quaMi&&ivt3~. &I grder. f0 m&e-accunte determinations of 
.P@%. &I l;~viroz?me&J 3am$es. it .is~~n~&y toi &ter@ine the diR&reot chloro- 
@$he&yls ikx%$&aSy~~bkatie the j?FOpdaiOIk pre&t.We not ide,ntical wlfh those 
in$$~-P~ oils. T&use of capillary columns consi,derabfy itiprovti their separation. 
‘:%h$ tiPthtidI~‘se,d iti our Iabo~~oj:is-desgib~.in this paper. A method’ for coat!r,g 



A Varian 2700 (P210 Alto 

source electron capture detectors 2nd equipment fdr the use of glass capilky colirmns 
were nsed. Mkronietering valve& B22JXS4 (whifey, Oakland, Calif.; U.S.A:) were 
used for the re=&.ation of the gas Bows ti_ough the injection splitter (Fig. I) ad of 
th: make-up gas to the detector. 

- 

To splitter mlve 
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Fig. 2. Set-up for coating of g&s capilhy euhms. The colmm (A} is cormectcd at C to the vial 
@J witi a pTl?E tube 0.8 ran I.D. and at D to a 10-m cap&%-$ cohmm (El). The nitrogen pressure 
in the c&mm is regukited titk ffie v&e (E) and read on the manometer (JF) on the gas bottie. The 
ffoow&rou& the coEumn is regukxted with the splitter v-2&e (G)_ The test tube 0 serves 2s a coikctor 
of waste, and also as a device for e&5&g that gas passes through the column. 

umn voiume. Then dr2w up 2n equal volume into the end of the column, se21 this end 
with 8 microburner t&d place the column in the oven at 170’ for 24 h. 

After cooling, open the column at C, connect the PTFE tube and blow 
nitrogen through the coirrmn at 170” for at least 2 h. No droplets must appear when 

tie cohmn is cooled to room temperature. Change to a new vial (IQ, add 0.5 ml of 
a 5 “/, solution of SF 96 in dichloromethane and let this solution move into the column, 
regukting the velocity of movement to I cm/xc with the splitter valve (F) when the 
pressure regulator valve (D) is at 0.05 MPa gauge pressure. Evaporate the solvent 
by passing nitrogen through the column overnight. Continue the conditioning by 
increasing the temperature by loo/h and then maintaining at 220” for 1 day or more. 

Reagents 
The reagents and standards used were hexane, purum, distilled from potassium 

hydroxide; acetone, pm-urn, distilfed; fuming sulphuric acid with 7% sulphur tri- 
oxide; potassium cyanide solution, prepared by dissolving 0.1 g of potassium cyanide 
(pro analyse; Merck, Darmstadt, G.F.R.) in 5 ml of wafer and adding 95 ml of 
acetone (this solution can be used for 3 days. Store in a well ventilated hood); 
sodium chlonde soft&ion, prepared by dissolving 9 g of sodium chloride, pro analyse, 
in t 1 of w.%er; potassium hydroxide pellets; hexabromobenzene (Aldrich-Europe, 

Beerse, Belgium) extraction solution (0.133 mg in Z 1 of hextine); PCB standard 
(&GO mg of Clophen A 50 and 0.50 mg of hexabromcbenzene in I 1 of hexane); 
pesticide standard (0.050 mg of DDE, O.IoO mg of DDD and DDT and 0.50 mg of 
hexabromobenzene in I 1 of hexane); silicone oil SF 96 (Applied Science Labs., State 
College, Pa., U.S.A.); hydroftuoric acid (about 0.2 M): and tiimethylchlorosilane 

(T+MCS ; Pierce, &&ford, Ill., U.S.A.). 

Roqogenfie carefully I-2 I of wet sewage sludge. T&c about 1000 g and 
evaporate the water just to dryness at 60” in a fan drying oven. Homogenize the 
dried sludge and shake a known amount (S-10 g) with 50 ml of acetone and 25.0 ml 
of the extraction soErrrion containing hexabromobenzene in a 250-ml ground-joint 
flask for 20 mia. Allow to &and overnight and add 200 ml of srtdium chloride solution 
to separate the hexzne.phase. Evaporate 2 IS-ml Aiquot of the hexane phase under 2 

Bow of nitrogen and dissolve the residue in 4 ml of hexzme. 
Keep ati aliquot of 2 ml for subsequent treatment with potassium hydroxide. 
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T_ABLE If 

‘DlZTEikHAT~ON OF~YIELDS OF CRUDE FAT AND PC3 WITH DEFFEREM- EXXZAC- 
TEOti 6ROCEDURES M SEWAGE SLUDGE SAMPLES FROM FOUR SWEDISEZ WASTE- 
WATER TREATMEN’F PL4NTS 

.-__ 
&z*& 
NC?.- 

Cride fat (%) PC% (fwP-zd - 
: kEC_ %% EE EEC %% EE 

6228 -9&i 3.27 2.72 1.5 L-6 -- 
905 . 3..60_. L&z 1.a 2.2 2,3 20 
9t7 555 2.7I 3*ckt I.4 5.4 1.2 
932 .- 39.20 5.33 7.47 - - - 



._ 
: The classicd Soxhlet extraction; OF ether ex@kion fEQ;is a.tithiz ine&ient 

method for extraction of tipi&; &&d&d lipids are not. &lezzs~ &XI nkither:arc of 
course’the chlorinated hydrocarbons in the occlusions:T&bIe m’shotis th~t:the lipids 
are largely occluded or firmly bound to the-sampl&~ m&e&l and t&t those in shxfge 
cmsisf mostly of free fatty acid or probabiy s&s of fatty acid&_ The descri$ed ex- 
traction method, proposed by Berggren’* (BB. in. -Table n), gives -a Iower_yield ?f 
lipIds compared with the EEC method, but almost the same or a higher yield of PCB. 

THE AMOUNTS OF CRUDE FAT, FREE FATTY ACIDS (FFA) AND PCB JBTR&C’XED 
FROM SEWAGE SLUDGE SAMPLES BY EZ-IER EXTRACFION (EE) AND BY THE EEC 
PROCEDURE ON THE RESIDUE OF TEIE SAMPLE MATERIAL FROM EE @!SC-R) 

Sampie f+fe'fat (%I FFA (:h) .’ PCB-tmglkgl 
No. -’ 

.EE .EEC-k EE EEC-R ‘& EEC-R” - 

512 969 .1_93 : 091 is7 5.3 .’ t?$ ‘: 
567 9.45 I..50 4-50 1.30 12.3. 1.0 

Lipids atid some other. imputities in the crude extrzcts :@z&J~e destroked by. 
treatment wi’rh fiimitig sulphuric acid, either by. s&king the acid6 or by’+ting,on’ a 
fuming’sulp&ric acid-G&e c&nnn lleU_ ,:Dieldrin is decompose& by this -tre&tment 
but DDT ztid its metabolites DDD and DIjE.arc not (T&e 1%. Extracts of sewage 
Siudges often cont+n Iarge &nountsof eleme&al sulphur, particukrly after trkatment 
with stilphuric &id. These interfere with early .eluting c&pounds in the &S chro- 

mato_gr@ic step (Fig. 3A). 



The method Is rather simple, bu~~sometimes even repeated treatment with drops of 
mercury does not remove ali of the suh$~ur. Schultmann et fzlrr have descrii a 
method in w&h smphur is removed by refiuxing for 3-4 h witi a copper-ai~~tium 

atlo~. Iti-a-method for rhe determination ofelem&zti suEphur m hydrocarbons, Etieti 
and Skaog6 described the reaction between-sulphur and cyanide in acetone solution 
to give tbiacyanate. The reaction is rapid and quantitative aud ffie procedure could 
be -u&d on our extracts after a m&or madificatioon (Fig. 3B). BHCs are decomposed 
io some degree, probably to peutachlorocyclohexaneL’. 

-An alternative praccdure for the removal of srrlphur has also been used in our 
laboratory. The procedure is as follows: take l-2 ml of the hexane phase after 
sulphuric acid treatment and add 1.5 ml of 0-1 M aqueous barium hydroxide. Add 
dropwise 3 ml of acetone during I min. If the sample solution contains sulphur, the 
sdution turns yellow-brown. Add a further Zml portion of acetone and shake the 
mixture. The colour changes from yeBow-brown to light green. Continue to shake it 
until the green c&our has disappeared or for 2 min. Add 10 ml of water and separate 
the hexane phase. If the green cobur has not disappeared after 2 tin of shaking with 
acetone, repeat the treatment. Otherwise the sample is ready for injection into the 
gas chromatagraph. Barium hydroxide is used instead of alkali hydroxide because it 
does not dehydrochlorinate BHCs as easily as alkati hydroxides do. 

Ethanolic potassium hydroxide6dehydrochlorinates DDD and DDT to DDMU 
and DDE, respectively, 3,4,2’,3’,6’-Pentachorobiphenyl that is not separated from o,p- 
DDD can thus be quantitatively determined a&r the hydroxide treatment. Lipids and 
suiphur are also de_mded to compounds that do not interfere with PCB in the gas chro- 
matagraphic step. Lindane and its isomers are dehydrachtcrinated to trichbrobeu- 
~enes’~ and are eluted together with the solvent. Cochrane and Mayburyrg have used 
the reaction with sodium hydroxide in methanol for the identification of BHCs. Di- 
eldrin is not decomposed in the described potassium hydroxide treatment and can thus 
be dereced in tie chromarogram of that aiiquot. Some common chlorinated hydro- 
carbon pollutants and the internal standard hexabromobcnzene have been treated, 
according to the Generd procedure, with sulphuric acid, potassium cyanide and potas- 
sium hydroxide. The results of the recovery experiments are showu in Table IS. 

When using packed columns, a pre-cofumn of sodium and potassium hy- 
droxides will give the same effect as the potassium hydroxide treatment described 
under General procedure L’.zo. We have also tested a colurnu with a packed aikaliue 
post-column to remove the sulphur peak from the chromatogmm. III tie post-cohrmn 
DDT and DDD are dehydrochlorinated but this does not affect their retention times. 

On ordinary packed columns with, for example, silicone oil as a stationary 
phase and with B length of I.6 m, 14 peaks usually appear in the chromatogram when 
Crophen A 50 (ref. 4) is chromatographed and detected by an electron capture 
detector. Jensen and Sundstriimc and Sissons aud Welt? have used Apiezon L 
columns and have managed to improve the separatiorr of the PCB compo~uuds con- 
siderably. A 5.2-m packed column with spe&Ey pud%ed Apiezon L has 15,00Q 
theoreticai pkdes4. Because of the poor separation with ordinary packed coiunurs we 
reahzed that the gas chromatographic technique must be improved w+h capillary 
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k%=FECr OF T&ATMENT OF A SOLUTION OF CHLO~AT~-HTibR06ARBO~~‘~D 
“THE INTkRNm ST_AND,+RD HExABROMOBENZENE._-WIkW ~i+UB&Nc”,SULp;~RfC 
ACIiJ (I), FUMING SULP~U~C AC? PLUS POT%SS!UM- CYANIDE (II). ANT) POTAS- 
SIUM HYDROXiDE (III) EXPRESSED AS’PEJXCENTAGES OF.THE COMvrPowDs Jy :,+N 

.UNTREATJZDS@LUTION ’ ,,:: : _‘- : .,:,. .’ 

.C&~~wzd nwne (No.) .C+entrgtion “’ ~_~ert@~&&+zaz~ 
fwlad ... ; 

II .: y m 

&HC’(l) 0.022 
i4;, -59 --- 

0” 
#mHC (2) 0.072 94 
Linda&<3) .~ 0.026 .~~92 

‘IO ‘:. 6 
5s ~I .: ..ll! :. 

Heptachtor (4) 0.026 94’ 90’ I.. 104 .’ 
Afdria(5) 0.020 92 .’ ._a7 
Hepta%xep&dc (6) 0.033 53. 79 

1@+ _ 
~~ 

P,P-DDMU (7) o.oQo 100 91 190. 
DieIdrin (8) 0.048 0 ‘. 0 103 .’ 
p,l;-DDE {9) 0.022 101 100 : 437 
F,P-DDD (10) 0.083 loo. : 95 0 
o.p-DDT (11) osmi 98 95 0 : 
p,pDDT (12) 0.103 :95 
Hesabromobenzene (13) 0.57 UW 

columns_ O,xasiouaIly, we had also noticed degradations of p,&DDT in packed 
columns. The concentration levels of chlorinated hydrocarbons in sewage sludge 
allowed the use of the splitter injection technique. The splitter was made similar to 
that of Schutte and A&e?. We do not ‘straighten out the ends of the column because 
we found that it was awkward to place such a column in position in the gas chro- 
matograph. 

We a!so found it to be very easy to remove condensed high-boiling sub- 
stances in the first part of the coiumn simply by cutting off a short piece. The main 
part of the high-boiling impurities of injected sampie extracts condenses in the glass 
tube of the splitter. These impurities, together with the impurities in the first part of 
the cohuun, cause poor separations and lower sensitivity’l_ Th& elect of changing 
the glass tubes of the splitter is shown in Fig. 4. Grob and JaeggizL have given a 
de&&led description and discussed the techniques of sample injection into a capillary 

column. The ~hmns we kve mufactured have a HETF between 0.5 and I IEM 
measured on B,JJ-DDT, with an average carrier gas flow-rate of just below t mI/min 
and k column temperature of 185”. Nearly 70 peaks were detectable when a PCB oil 
(Clophen A 50) was cbromato,oraphed. 

When making our first columns we washed the walk of the glass capillks 
with 1.25 H aqueous sodium hydroxide to remove metal impurities from the glass 
surfaces and to prepare suitable stiaces for further treatment with silylating reagents. 
With these cohumns we obtained leading peaks of DDT atid DDD. We think that 
these compounds are partially dehydrocMor&%ed during the &romacogmpRIc run 
because of residues of sodium hydroxide on the column wails in spite of careful 
rinsing with water, Some columns were .treated with 0.02 M hydroflukk acid to 
counter the a&a&e nature of thz glass wa&. We later found that the-a&& and acid 
treatments cbutd i& replaced simply by washing with 0.2 A$ hydrofluoric acid. The 
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Fig. A Illustration of the ef%ct cf ckanging injector glass tube. Left: standard solution run &er 
about cne hundred injcctioas of sewage sludge extracts. Right: the same solution run after changing 
the injector glass tubes. For identities of the peaks in the standard solution see Table W. 

glass walls were ;hen silylated with TMCS and we assume that it can polymerize on the 
glass walls as in the reaction with Gas-Chrom Q described by Al-Taiar et a!_23. 

At the detector end, the column is joined together with 2 straight capilla_ry 

tube with a modified SwageeIok ~nnion (SS-XX?-6) and silicone rubber septa. Inside 
the union a small glass-mantle covers the ends of the column and the capillary tube 
so as to prevent the sample from m&&g contact with the metal surface. One of the 
union nuts is soldered to 2 stainless-steel tube, which serves 2s 2 support for the 
capillary tube and also as an entrance for the make-up gas to the detector_ This gas 
must be regulated to give optimum sensitivity and resolution of the peaks. 

Most packed columns give 14-35 PCB peaks and capillary columns give twice 

2s many peaks in the same chromato_@tphic time, about 45 min. However, there are 
still some PCB peaks th2t are not resolved from each other or from those of some other 
compcnndslQ~‘~. As we largely use silicone oii SF 96 as a stationary phase, the works 
of Schulte and Acket and 3ensen and Suncistr~m~ are of great value for the identifica- 
tion of the individual components in the PCB oils Clophen A 50 and A 60. We did 
not carry out any mass-spectrometric examim&ons of our own in order to confirm 
the identities of the peaks in our chromatograms, which might lead to errors in the 

identification. Therefore the identities of the PCB peaks and the percentage composi- 
tion used for quantitation of PCB are shown in Fig. 5. 

Jensen et aLi have reviewed some Merent qua&it&on methods. We prefer 
that in which the peaks of the Inchviduai components of the samples are compared 
with the corresponding peaks in PCB oils of known composition. 

In our laboratory we identify and determine as many biphenyls in the sampie 
as the chromatographic separation allows. They are calculated from known data of 
concentrations and responses of the biphenyls in Clophen A 50 or A 60 (ref. 4) The 
unidentified components in the samp!e are approximated to have the same percentage 
composition as the corresponding components in the Clophen standards. The resuhs 
of PCB analyses. are usuahy given as the total amount of chlorinated biphenyls. 

Oea.sionaiiy, two compounds do not separate at a certain temperature, but 
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