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Nany novel solutiocns to the nationwide problem of golid waoste
disposal have been proposed. A receunt one which has been studiced
is the fceding of papcr producta to farm animals such as dajry
cattle as a source of cellulose (MERTENS et al, 1971a). Cattle will
consumn ratfona containing up to 20 weight % paper and assimilate
up to 907 of the dry matter of certain of them such as brown card-
board (HERTENS et al. 1971b). Office paper has also been advanta-
geouely Jncoarvonvated {n sheep ratfons (RISHIMUTA ct-al. 1969).

1t {s knoun that compounds such as the polychlorinated bi-
phenydn (FCB o) aye uscd ag dye cavricrs in specially printing
fnkg. High concentrations of PCB's have been reporvted as present
ifn carbonless copying paper (MASUDA et al. 1972), 1t is possible
that these compounds may survive when speclalty paper products are
regenerated for use in other paper products such as cardboard,
Yaperboard has been reported to contaln PCB-type compounds (ANQONY-
MOUS 1972). ‘These compounds could be transfcrred to cows' milk or
meat a8 rvesidues, Contamination of food by contact {s possible
i{ the paper material becomes part of a food container. Electron
capturing peaks in extracts of cereal grains have been traced to
the presence of corresponding compounds f{n cloth bags (LEVL and
NOWICKI 1972). Certain metals may also be present in paper as
constituents of the ink or as 8 result of the printing process.
Furthermore deep rooted treces may absorb unusual clemeits {rom
lover soll horfzong (ROREINSON et al. 1958) which may then be present
in paper.  In the work reporved a survey of abeul 100 papers and
paper products has been made for the presence of chlorinated organtic
compoundy using gag chreomatography with electron affinity and clec-
trolytic conductivity detectors and the combinaction pas chromato-
graphy-mass spectrometry., Metals and other clements in paper were
also detcermined by spark source mass spectrometry.

Experimental

Paper namples werc obtained and mille® Lo a [ine powder and
mixed. The newspapers analyzed issued between December, 1970
and April, 1971. In sampling ncwspapers and magazines prior to
grinding, only the center portions of papes were taken to minimize
contamfunatjon from human handling near pape edpes, Twenty five
grams of the powdered paper was blended with 200 ml of hexane {n
an ice bath and the solutfon was decanted aoud filtered. The paper
wag blended twice more with 50 ml portionsg of hexanc and the
solutions were filtered, cowbinced, concentrated by rotary evapora-
tion to about 10 ml and made to a {inal volume of 25 ml, The
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TABLE 1

Electron capturing compounds in various paperas

Paper

Nevapapera (hiack and white)

Afro-Ancrican (Baltimore, Md.)

The Atlanta Jouwrnal & Constitution

Thie Atlanta Journal & Constitulion ~ Magacine
“The Baltimore Sun

Poslon Globe - Magazine

Buf falo Evening News

Chicapgo Tribune

Chicapo Tribune - Mapazine

Chyfstian Sclence Monitor

The Clarfon-Ledger (Jackson, Miss,)
Commercfal Appeal (Heaphis, Tenn.)
Gouricr Jumnal (L'ville, Ky.)

Courler Journal & Times - Magazine (L'ville, Ky.)
The Dallas Mornlng Hews

Delta Demoerat-Times (Greenville, Miss.)
The Denver Post

The Denver Poat - Sunday Fepire

The Detroit News

The betroft News = Magazine

Discaver - Sunday Bulletia (Fhiladclphia, Pa.)
The BEvening Bulletin "
Family Weeckly = Hagazine

Greenficld Recordexr (Mags.)
Hevald-Awerican - Empire (Syracuse, N,Y,)
Ithaca Journal

Journal & Guide (Norfolk, Virginia)

las Angeles Sentinel

Jog Aneeles Times

Jos Angeles Times - Magazine

Mancester Guardian (lingland)

The Miaml News

Mid-South - Magazione (Memphis, Teun,)

The Minncapolic Tribune

" he Minancapolis Tribune ~ Mapazine

The Mountreal Star - Weekend Magazine
New Brunswick Daily (N, J,)

New York Post

New York Times

New York Times - Mapazine

The Oregonian (Portland, Oregon)
Parade - Magazine (Albany, N,Y,)

The Viadn bealer (Cleveland, Ohio) -
The Plajn Pealer - Mapazineg

The Post Standard (Syvacuse, N,Y.)
Rochester Democrat & Chronjfcle - Upstate Magazine
San Franclaco Examiner - Magazine

89

Ho. of penks

4
12
14
13

7
10
9
10
12
12
19
14
17
725
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St.. louiag Poat Dispatch , 7 ! /
St. louls Port Dispatch « Magazine 9 : R
Seattle Post-Intellipence 14 . ;
The Sun = Mapazine (Washinpton) 10 ; F
Sunday News (New York, N, Y.) 25 : :
Sunday delepram (Elmira, N,Y.) . >29

The Timen Plenyune (New Orleans) 10

The Timens Picayune - Magazine (Mew Orleans) 10

The Times Unfon (Albany, N.Y.) 11

The Washington Kvenlng Star 20

The HWashington Evening Star - Magazine 7

The Vanhington Post 9

The Haghington Poat - Magazine . 11

The Washington T'oat = Potomac Magazine 15

Newspapers (conlored)

The Atlanta Journal & Constitution 21

Roston Sunday Globe 10

puffalo Evenlup Hews ) : 29 ‘

Chicago Tribune 30 .
The Courfer Journal & Times (L'ville, Ky.) 20

The Delta Democrat Timeo (Greenville, Miss.) 23

The Denver lost >l

The Detrodt Sunday News 18

Hernld American (Syracuse, N,Y.) 16

The Yinneapolis Tribunc X 14

The Plasn Dealer (Cleveland, Ohio} ' 10

Rochester Democrat & Chronicle 19

St, louls Post Dispatch 26 .
San Francisco Lxaminer & Chrounlcle 14

The Sun (Baltimore, Md.) 20

The Sunday Bulletine (Philadelphia, Pa,) 21

Sunday Telegram (Elmira, N,Y,) 20

he Times Plcayune (New Orleans) 8

The Tiacs Unfon (Albany, N,Y.) 25

Washingtlon Pout ' . . 12

Mapazivcs

Amcrican llome . 28
Feudniulf >20
Hoard's Dalryman 23
Life _ 20
Newsweck : 23
Playboy ' 25
saturday Review _ 23
Science 18
Suceeasful Farming 17 ,
Sunect ’ 25
U.S. News & Wurld Report . 17
90
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Mincellancoua products

Brown cardboard
Ivown paper towels

Brown papcr bapn (mlecellancous sourcea) = 7

Columbin-Mianourian, NHeweprint
black fnk )
without {nk
colored {ink

Computer Paper

Gray cardboard

Solka ¥loc (purified wood ccllulosc)

Wagh, State Univ., Nilltopics

9l

'}5
>6 ~ »20

25
720

72
19
2)

>21
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resulting solution was analyzed by gas chromatography using an
electron alfinity and an clectrolyt{c conductivity detector in
the clhilorine mode, The column waa 6 feet long, packed with 10%
DC-200 on Gas-Chrom Q and operited at 200°C. Selected papers
were slge specifically analyzed for the presence of polychlori-
nated biphenyl compounds (sce Fipuve 1) using adaptations of the
puhlfnhed procedurcs (CRANT et al. 1971; SHYDER and REINERT 1971)
favolving sulfurle acid pavtitioning and column chromatography on
eiltca get folltowed by clectron af{infty pas chromatogrvaphy, A
Perkin-Elmer Model 270 and a8 Flanigan Model 1015 quadrapole gas
chromatograph-masn spectrometer weve also used In analysis for
these compoundn.  Following dry ashing of the paper at 4009
certain of the papers were also analyzed for motal content by
spark source misg spectrometry using a Madel M5-7 (Associated
Elcctrical Indusatrics) dnetrument with silver as an internal
standavd,

Results and Discussion

Table 1 1ists Lhe number of pcaks observed in the varioua
paper sampics by clectron a{finity gas chromatosraphic analysis.
“"Greater than® a certain number of peaks are indicoted when a
cluster of thoem could not be sceparvated. Response by clectrolytic

conductivity detectton indicated the presence of chlorine-containing

compoundg in these same paper samples. Since these compounds
were ¢atracted with hexane, 1t would indicate that they are fat
soluble and therefore would be of concern £{{ they entered animal
or human foods. The peaks eluted had vetention times up to about
25 minutea. The specific retention times of wmany of the peaks
were Identical from one paper sample to another and elso {dentical
with various of the isowmerg found in the polychlorinated bi-
phenyls (1242, 1248, 1254 and 1260) which were concurrently
chromatographed, Based on the comparative detector responscs of
the coumpounds in the papers surveyed to those of known quantitice
of I'CH standards the papers contained from about 2 to 40 ppm (as
equivalent PCR's) of these contaminants.

Table 2 liaty sualyvsis of scveral papers for various elementp,
The precision of the method L@ about -307%. The samples of
Ythaca Journal and Buffalo Evening News were black and white
while Parade magazine wae both black and white and coloved. The
high levels of certain elements such as antimony, lead and bavium

. in the Parade Magazine paper 1s noteworthy from a toxicolegic

standpolnt. 7Jhe presence of lead {n the cardheards In substantia)
concentrations would indicate that {t survives the process of
regeneration of paper into cardboard, The conceutrations of bovon
and gallium shown may be low owing to possible vapeorization losses
during sample ashing. Although not listed in Table 2, silicon and
eodfun were algo found as major clements in the papers.

Flpure 1 shows chromatograms ol computer paper (the injected
volume of extract represented 48 milliprams of paper) and 3 nano-
groms of the FCB, Avoclor 1200, ‘lhe paper sample was analyzed by
clectron affinity pan chromatography Lollowluy preliminacy sepavas
tion procedurcs (GRANT ct al, 1971; SNYDER and REINERT 1971)

92 *

DSW

032170

STLCOPCB4016132



PICoonEo

COMPUTER PAPER Lo ;

AROCLOR 1260

1 1 2 L 1 1 fl ]
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RETENTION TIME, MINUTES %6 0 a4 a8
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Mg
Al

Ca
T

Cr
Mn
Fc
Co
N{
Cu
n
Ga
Ge
As
Rb
Sr
Zr

Sb
Ba
Ce
la
Y

TABLE 2-

Selected elements in various papers
(ppm by wefight)

Buffalo ;
Ithaca Evening TParade Gray Brown Computor i
Journal Hewn Magazine  Cardboard Carvdhonvd  Taper k
260 3.6 31 550 900 25 '
960 600 920 4800 940 400
43,000 500 530 27,000 2000 75,060
26 760 1800 330 40 1100
4400 1000 3900 4300 1900 890
1000 36 250 620 300 3700 .
3.7 0.58 2.7 5.2 0.15 29 }
19 6.0 25 60 3,2 50 :
110 190 220 98 120 8.3
250 200 100 45 70 1100
0.7 0,16 0.52 k.2 3.2 2.5
3.3 1.7 0.45 4,5 130 14
15 8.6 9.0 25 5.2 2.1
110 150 86 690 8.0 9.5
3.1 0.3 1.8 3.2 1.5 31
0.18 0.02 0.27 0.12 0.11 0,05
0.10 0.02 0.11 0.22 0.04 0.1
0.41 2.4 1.5 0.30 0.64 3.3
1.4 a.78 4.3 19 9.6 11 i
0.56 0.05 0.68 0,57 0,92 13
0,11 0.01 0.12 0.06 0.006 0,089 i
0.1 0.29 6.5 0,01 0.24 0.2 ,
15 4.6 2.3 0.18 6.0 1.5
0.21 0.03 0.45 15 0.01 0.21
0.26 0.04 0.23 0.01 0.01 0.12 ;
10 5.0 180 8.3 3.3 0.02 '
94
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ment foncd carlfer apecifically designed to {solate PCB's. It do
obvious that several of the peaks in the sample of computer paper
are eimilar in retentfon time Lo those of Aroclor 1260, Other
carlfer cluting peaks in the computer paper sample corvespond in
retention time to thone in gna chromatosvams n{ Aroclor 1254,
Ertyacts of grey cardboard were subjected .to thin layer chroma-
tography on atumina and cluted with heptane.  The Bf value of the
apot developed with silver nitrate also corresponded to Aroclor
1254,

Gray cardtoard i{s a composite of regencrated papera from many
courees.  logfcally, then, Lt ia move apt to contain PCB's and
other foreign compounds., Jt was decided to use pas chromatography
and mausa gpectrometry for verification of the presence of CB'n
In pray carvdboard and computer paper, Both a Perkin Elmer Model
270 and a Finnfpan llodel 1015 quadrapole pas chromatograph-mags
spectyometer and computer system were employed.,  Samples were
extracted and posgible PCB's were isolated by adaptations of
published procedures (PESTICIDE AMALYTICAL MANUAL 1971). Complete
mass speclra vere obtained at approximately 3 sccond intervaig on
paa chromwographic effluents. FEvidetce Lor the presence of PCB'a
was Indicated by the appcavance of Isotopic chlorine clusters at
the nppropriate masseg for PCB-type compounds, To further enhance
pensitivity selective monitoring of the specifjc PCB chlorine mass
clusters wap perfoimed and the prescace of PCL's was agafn fndicated,
The exf{stence of other chlorinated components was evidenced by the
appearance of chlovine clusters at masses not corresponding to
pen'a. It {s possible that other chlorinated aromatie compounds
guch an the chlovinated naphthalenes (ARMOUR and BURKE 197)) would
algo be {solated by the procedure (VESTICIDE ANALYTICAL MANUAL 1971),
From the preliminary analysie of papcr presented here it i{s obvious
that there fg a need for caution and further fnvestigation when
paper L8 regencrated for use In food containers or as proposed for
uae apg 0 cclluloge subptitute in animal f{ceds.
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