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Elimination of Chlorinated Dibenzofurans Associated with Poly-
d Hiphenyls Fed to Mallards (Anas platyrhynchos). Norstuom,
R. J., Riseanouas, R. W., AND CARTWRIGHT, D. J. (1976). Toxicol. Appl.
Pharmacol. 37,217-228. A method which allows chlorinated dibenzofurans
(CDFs) to be extracted from lipid and separated from interfering poly-
chiorinated biphenyis (PCBs) was tested. Greater than 90%; recovery of
tetra- to hexa-CDFs was found. Starting with 40 g of lipid, the detection
1imit for individuat CD¥s in Jipid was of the order of 9.01 ug/kg, Lipid from
maliards which had been fed Aroclor 1254 for approximately | year at levels
from § to 100 mg/kg in (he diet was found to contain 3750 mg/kg of PCB.
The mini of individusl CDFs (nine tetra- to hexa-CDFs)
potentislly in the lipid from this PCB concentration was in the order of
several tenths ug/kg. It was concluded that less than 3 % of the dosed CDFs
were accumulated by the mallards, since CDFs could not be detected by a.
comparison of lipid to Aroclor 1254 extracts containing the same amount
of PCBs. It appears unlikely that CDFs are sufficiently persistent in avian
species to enable their detection in environmental samples.

The chlorinated dibenzofurans (CDFs) are structurally similar to the chlorinated
dibenzo-p-dioxins (CDDs), some of which are both highly toxic and teratogenic
(Schwetzet al., 1973; Verrett, 1971), The effectiveness of several tetra- and penta-CDFs,
particularly 2,3,7,8-tetra-CDF, in inducing aryl hydrocarbon hydroxylase activity has
been found to be nearly as high as that of 2,3,7,8-tetra-CDD (A. Poland and A. S.
Kende, penonll eommunicltion). the latter being the most toxic of the CDDs. The
of aryl h bon hydroxylase induction by CDDs has been shown to be
nrongly comlltcd with toxicity (Poland and Golver, 1973). A dietary level of S ug/kg
of 2,3,7,8-tetra CDF was found to be highly toxic to chicks (Goldstein er af., 1974).
Embryotoxicity of the polychlorinated biphenyls (PCBs) Clophen A-60 and
Phenoclor DP-6 has been attributed to CDFs present as trace contaminants in the
commercial preparations (Vos and Koeman, 1970; Vos et al., 1970). Subsequently,
tetra-, penta-, and hexa-CDFs were detected in the American preparations of PCB,

' Address g to R. J. Ni , Toxic Chemicals Division, Canadian Wildlife Service,
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218 NORSTROM, RiSEBROUGH AND CARTWRIGHT

Aroclor 1248, 1254, and 1260; concentrations of the individual CDFs were in the order
of 0.1 jig/kg of the PCB (Bowes ef al., 1973). Therefore, CDFs are possible causes of
embryonic mortality and birth defacu observed in PCB-feeding experiments (Tumasonis
et al., 1973), and in PCB. lations of C Terns (Sterna hirundo)
in Long Island Sound (Hays and Rlsebrough 1972) ot Herring Gulls(Larus argentatus)
in Lake Ontario (Gilbertson and Hale, 1974).

Although little is known of their envir | persi: or lation in food
webs, substantial amounts of CDFs have entered the global environment associated
with PCBs as well as with chiorinated phenols (Buser et al., 1975). Attempts to detect
CDFsin eggs of Common Terns (Sterna hirundo) and Ospreys (Pandion haliaetus) from
Long Island Sound, in eggs of Herring Gulls from Lake Ontario (R. W. Risebrough
and G. W. Bowes, unpublished results; Bowes et al., 1973), and in several species of
birds and fish from the Bay of Fuady region (Zitko, 1972) have been unsuccessful. In
some cases, amounts of material used for lipid extraction, cleanup, and subsequent
analysis may have been too small. Before starting on a more exhaustive search for
residues in birds whose fack of reproductive success may be attributable to CDFs, it
was considered important to establish a method for quantitative recovery, and to
obtain information on the persistence of CDFs in avian species.

A PCB-feeding experiment of mallards (Anas platyrhynchos) carried out in 1971and
1972 showed both embryonic mortality and deformities among duckiings (D.
Cartwright, unpublished results). Subsequently the Aroclor 1254 used in this experiment
was examined for its CDF and the i of tetra-, penta-, and hexa-
CDFs were determined [prepsration Aroclor 1254 (1970) of Bowes ef al., 1975a]. Total
CDF concentration was 1.5 mg/kg of the PCB used. A high PCB concentration in the
mallards at the end of the experiment and the ample amount of availablie material
afforded an opportunity to determine the relative persistence of CDFsto PCBs in duck
tissues during the feeding experiment.

METHODS

PCB Freding Experiment

Aroclor 1254* was dissolved in corn oil and stirred into duck feed with a Hobart feed
blender. Three groups of 22 birds, 11 females and 11 males, were led diets containing
5, 50 and 100 mg/kg of Aroclor 1254 starting January 1, 1971. Progeny of these birds
hatched in the spring of 1971 were fed on the same diet as their parents until June 22,
1972, when they were kitled. The average dosage period of the progeny was 296 days.

A total of 23 progeny, about four males and four females from each of the dosage
groups, was used for the current study. Beaks, long wing feathers, and feet were removed
and di ded, and the inder was th hly homogenized by three passes through
a Hobart food chopper. After mixing and freeze drying, about 10% of the sample was
placed in a preextracted paper thimble in a large Soxhlet apparatus and extracted with
5 liters of hexane/acetone azeotrope for 48 hr. The bulk of the solvent was removed ina
large evaporating dish on a warm hot plate with successive additions of the extract to
prevent oxidation of lipid, and the final solvent removed under a nitrogen stream,
leaving 740 g of lipid.

2 Canada Colours, Ltd., Toronto, Canads; purchased in 1970.
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CHLURINATED DIBENZOFURANS IN MALLARDS 219

Two 0.5-g aliquots of the lipid were cleaned up for PCB analysis on a 2% water-
deactivated Florisil column (McLeod and Ritcey, 1973) using 300 ml of hexane as the
eluant. All analyses were performed on a Hewlett-Packard 5700 A gas chromatograph
equipped with a linear Ni-63 detector and a 6-ft x 2-mm i.d. glass column at 190°C
packed with 3%, SP-2100 on Supelcoport 100/120 mesh.’ Other conditions were:
injection port at 250°C, detector at 300°C, and flow rate at 30 ml/min of 10%, methane
in argon. Ch grams of the Aroclor 1254 dard and the lipid extract are
compared in Fig. 1. Using the peak with ion time approxi y 10 min as
reference, theconcentration of Aroclor 1254in the lipid was calculated to be 3750 mg/kg.

el

AROCLOR 1254

a . 0 " 20 £ ]
TIME s
Fta. 1. Relative abundance of PCBs in Aroclor 1254 compared to those in mallard lipid after 296
days’ administration of Aroclor 1254, The chromatograms have been normalized to the pesk with
retention time of (0 min.

Separation of CDFs from Lipids and PCBs
The method for wp.nllon of CDFs and PCBs from lipids (procedure 1, Table 1) wus

dapted from the col g method of Porter and Burke (1973). The necessity
of usml large volumea of hpad ruled out adsorption column cleanup. The Florisil/lipid
was g to Porter and Burke (1973), but the eluting solvent was

h d to 5'/ water/ itrile. The itrile was shaken with 100 ml of hexane,
then 50 mi of umnled sodium sulfate, 300 mi of water, and 15 mi of methylene chloride
were added. After shaking again, the aq Iayer was discarded and the hexane layer

was washed twice with 100 ml of water. The hexane layer was filtered through anhydrous
sodium sulfate, evlporllnd to dryness ina rotary evlpontor, and the residue was taken
up in S ml of hexane. Previ i in our lab y had shown these modifi-
cations to give essentially 1009, recovery of organochlorines such as Mirex which are
poorly recovered by the original method, without significantly increasing the amount
of co-eluting lipid.

The separation of PCBs from CDF's was the same as that of Bowes ¢f al. (1975a). The
bulk of the PCBs was removed on & column of 180 g of Florisil (Jeactivated with 29
water), as outlined in procedure 2, Table 1. Up to 2 g of PCBs may be placed on the
column.

3 Supeico, Inc., Bellefonte, Pa,
* Florisil PR gude Floridin Col'p Pittsburgh, Pa.
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TABLE |
CoLumN CHROMATOGRAPHY PROCEDURES USED FOR THE SEPARATION of CDFs smom PCBs AND LipiDs*

Procedure Column Eluaat Fraction
Ne. type Eluant volume no. Content of fraction
1 Partition® 5% waterfacetonilrile 200 — Lipid, biogenic hydrocarbons, Z
, PCNs and CDFs 2
2 Florisit® hexane 1200 1 PCBs, PCNs F
5% diethyl ether/hexane 400 2 PCBs, PCNs, di- and tri-CDFs g
5%, diethyl ether/hexane 400 3 PCBs, PCNs, ictra- and penta- »
CDFs s
25% diethyl ether/hexane 400 4 PCBs, PCNs, tetra-, penta-, and g
hexa-CDFs 3
25%, diethyl ether/hexane 400 M PCBs, PCNs, hexa-CDFs, lipid, g
and biogenic hydrocarboas T
acetone 500 § lipid, biogenic hydrocarbons 11
3 Aluminat 1% methyl chloride/hexane 10 — PCBs, PCNs 2
209 methylene chioride/ 10 — tetra- to hexa-CDFs, some >
hexane PCNs, lipid and hydrocarbons z
50%, methylene chioride/ 10 — lipid, biogenic hydrocarbons g
hexane ]
T
*CDF = i i ; PCB= biphenyl: PCN = polychlorinated naphthaiene. s
* Porter and Burke (1973). See text for modifications. For mailard hmd five partition columa eluates, 10 10 mi, d for dure 2.

€ Vos e1 al. (1570); Bowes ¢f al. (1975a). Fractions | and 2 containcd the majority of the PCBs, and were discarded. Fractions 3, 4, and S, which were highly
eariched in CDFs and PCNs, werc evaposated just to dryness and aken up in | mi of hexane foc pmmduw 1. Fractios 6 did not contain any CDFs.

* Porter and Burke (1971). Fractions 3, 4, and S may be passed through 3 ¢cither bi The first cluate was discarded. The
second cluate was evaparaicd to dryness, then akea up in 1 mi of hexane and tesied by GC ror the presence o(PCBa “The second eluaie was passed through
procedure 3 up 10 two more times. The third eluate higher 4 CDFs, but no CDF present in PCB mixtures has been found ia
this eluate.
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TABLE 2 Q

RecoverY oF Tk 10 Hexa-CDFs rrom THE CLEANUP AND PCB SEPARATION PROCEDURES® §

2

Z

Percent Recovery of: 5

-}

Recovery Procedure 3,4,6,7-tctra- 1,2,3,7,8-penta- 1,2,3,6,7,8-hexa- 2,3,4,6,7,8-bexa- o

test no. no. from Table 1 2,3,8-tri-CDF CDF CDF CDF CDF 3

Z

N

1 2 92 95 95 @ 94 g

2 2and3 87 97 95 39 94 g

3 1,2,and 3 82 94 93 36 — Z

* Thespiking levels and test solutions are described i the text. All recoveries are the mean of two results. The results were within +2 percentage units from :
the mean in all cases. >
* A large excess of acetone eluant did not recover any further amount. =

¢ Thesecovery in the alumina procedure (No. 3, Table 1) was 39 % in the 20 % methyk hioride/y fraction. Anadditional 55% dinthes02;, %
methylene chloride/hexane fraction. 3

12z
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222 NORSTROM, RISEBROUGH AND CARTWRIGHT

‘urther separation to remove last traces of PCBs was accomphshcd by passing
fractions 3, 4, and 5 from the Florisil col h h an alumi as
outlined in procedure 3, Table 1. Each of the three 20 % methylene chloride/hexane
cluates was passed two more times through procedure 3.

In order to have as direct a comparison as possible between CDFs in Aroclor 1254
fed to mallards and the amount present in the lipid, a solution of Aroclor 1254 was made
in corn oil so that the PCB concentration was the same as that in the mallard lipid
(3750 mg/kg). A series of five 8-g aliquots of both the corn oil solution and the mallard
lipid were then carried through procedure 1 (Table 1) and combined for separation of
the PCBs and CDFs by procedures 2 and 3, for a total of 40 g of lipid and 150 mg of
PCB per sample. The series was done in duplicate. The final volume was 1 ml for each
of the three final fractions used for GC analysis.

Recovery Experiments

The recovery of CDFs was studied in three tests employing spikes of authentic CDF
standards. A tri-, tetrs-, penta- and two hexa-CDFs, as indicated in Table 2, were
chosen because their retention times on the SP-2100 column employed for GC analysis
did not overlap those of any CDFs present in Aroclor 1254 (Bowes ef al., 1975b).
Aroclor 1254 was spiked at the 0.1-mg/kg level with the first four authentic CDF's for
recovery tests 2 and 3. The solutions for each of the recovery tests were made up as
follows: test 1, approximately 15 mg of each of the five authentic CDFs dissolved in
10 ml of hexane; test 2, 2 g of spiked Aroclor 1254 dissolved in 100 ml of hexane; and
test 3, 150 mg of spiked Aroclor 1254 dissolved in 8 g of corn oil.

RESULTS

Table 2 indicates the results of the recovery tests. With the exception of 1,2,3,6,7,8-
hexa-CDF, the recovery of all CDFs was generally greater than 90%. Neither the
absolute amount of CDF present, nor the presence of PCBs and lipid appesared to affect
the recoveries. The tri-CDF was partially lost in the alumina chromatography step. The
methods outlined in Table | can therefore be recommended for CDF's with four to six
chlorine atoms per molecule. It is not known whether hepta- and octa-CDFs would be

d by the hods. Compk recovery of 2,3,4,6,7,8-hexa-CDF from the
alumina column required a 50 % methylene chloride/hexane efuaat.

The low recovery of 1,2,3,6,7,8-hexa-CDF could beascribed to pastial decomposition
during storage as a solution in hexane. GC analysis of the standard showed the parent
and a decomposition peak at fonger retention time. The second peak was not recovered
in any of the tests, indicating that it was a polar compound. Sitice the parent CDF was
recovered in fractions 4 and 5, Table 1, but no more could be eluted with acetons in
fraction 6, it is p that during d p 8 pound formed which could
react in the GC mlet to reform the parent CDF, but couid not be cluted from Florisit.

The pattern of PCB accumulation by the maliards at the end of the 296-day dosing
period is shown in Fig. 1. All peaks with retention time less than approximately 6 min
were significantly reduced relative to the Jater peaks Peaks wuh retention time grester
than approxi ly 10 min i ially h d in height relative to one

2 Cat. Nu. AS40; Fisher Scientific, Fair Lawn, N.J.
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CHLORINATED DIBENZOFURANS IN MALLARDS 223

another when the mallard extract was pared to the Aroclor 1254 standard, as was
found for White Carneau pigeons (deFreitas and Norstrom, 1974). This is strong indi-
cation that the later PCBs were not metabolized to any extent by the mallards.

Elimination of unmetabolized PCB did, however, occur in females, since egg produc-
tion is an important route of excretion of unmctabolized PCBs from female birds
(Dahigren et al., 1972). In the present study, 1he majority of females were producing
eggs during the 3-month period prior to sacrifice. As a result, the PCB concentration in
the fat of individual dosage groups, which ranged from a low of 300 mg/kg for S mg/kg-
fed females to 9988 mg/kg for 100 mg/kg-fed males, was two to three times higher for
males thaa females in each dosage group (D. Cartwright, unpublished results).

The PCB concentration in the lipid of the composite whole body sample used for

CDF -analysis therefore gave the mini of CDFs p ially in the lipid,
that is, ing that no bolism or ion of PCBs or CDFs had occurred.
Using values ;wen by Bowes et al. (1975a) for the CDF coment of Aroclor 1254 (1970),
and 3750 mg/kg of Aroclor 1254 in lipid, the mini ions in the

lipid were approximately 0.8 ug/kg of tetra-CDFs, 1.5 pg/kg of penta-CDFs, and 0.9
ug/kg of hexa-CDFas.

Figure 2 compares the CDF content of 150 mg of Aroclor 1254 standard to the CDF
content of 40 g of mailard lipid. The lipid also contained 150 mg of Aroclor 1254, based
on the PCB reference peak with retention time 10 min (Fig. 1). For the individual CDFs

TABLE 3
IoenTTTY OF THE CDFS AND PCNS PRESENT IN AROCLOR 1254

Relative
Peak Compound No. of retention
designation* type chiorines time* Reference®

A CDF* 4 1.58 a
B PCN 6 1.72 a
(o} PCB 5 1.90 a
D PCN 6 2.00 a
E CDF s 240 b
F CDF 5 2.54 b
G CDF 5 2m b
H CDF* 3 2.95 a
1 PCN 7 344 a
J CDF 6 411 c
K CDF 6 425 <
L CDF 6 4.68 b
M CDF [ 498 b
N PCN 8 5.68 [

* As shown on Fig, 2.
? Relative to dieldrin on a 6-ft., 3% SP-2100 (OV-1) column.
* a, Bowes 7 of. (1973a); b, Bowes et al. (1973); ¢, G. W. Bowes, personal communication.
‘ Pomloml isomer identified a3 2,3,7, l-umlorodlbenmrurm
diby

| isomer identified as 2,3,4,7,8.
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224 NORSTROM, RISEBROUGH AND CARTWRIGHT

in Aroclor 1254, the peak height reproducibility between duplicates was within 10%.
The lettered peaks and their retention times relative to dieldrin are listed in Table 3.
Only two of the nine CDF's have been structurally identified (Bowes ef al., 1975b).
With minor exceptions, there were no detectable peaks in the mallard lipid extract
that matched a CDF present in Avoclor 1254. Based on a 2-min peak height, less than
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F10. 2. Relative abundance of CDFs in Aroclor 1254 (lower chromatograms) compared to those in
mallard lipid (upper chromatograms) after 296 days' oral adeministration of Aroclor 1254. Upper
panal (A) is Fraction 3, Table 1; middie panel (B) is Fraction 4, Table 1; panet {C) is Fraction 3,
Table 1. The amount of Aroclor 1254 represented is the same (or afl chromatograms, based on the peak
with retention time 10-min, Fig, 1.
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3% of the mini; P ial ation of CDFs was estimated to be present. The

sctual concentration may have been much lower. The detection limit for individual
CDFs was estimated to be in the order of 0.01 ug/kg starting with a 40-g lipid sample.
The large peak in the mallard extract with a similar retention time to peak A (Fig. 2A)
was shown not be 2,3,7,8-tetra-CDF by means of differing retention timesona S-ft 3%
OV—I/S'/ OV-ZIO 0. 5-n 3% OV-1/6% OV-225 column. The eﬂicn:ncy of PCB and
K (PCN) separation from CDFs in mallard fraction 3
(F‘. 2A) wasnot as good a3, and more variable than that of pure Aroclor 1254, probably
due to the presence of biogenic hydrocarbon or lipid materials. The heptachloro-
naphthalene, peak 1, derived from Aroclor 1254 was present in large quantities in the
mallard lipid (Fig. 2B), indicating that it was not easily metabolized or excreted. The
negative peaks in the chr gram of mallard fraction 5 (Fig. 2C) were shown to be
due to hydrocarbons when Florisil cleanup and treatment with concentrated sulfuric
acid did not remove them. GC snelysis using & flame {onization detector showed a
continuous series of peaks with retention times from 5 min to 2 hr,

DISCUSSION

Little is known about the envir i and bioace 1 ial
of CDFs. They are chemically stable (e.g., (ownrds strong acids and bases) l|ke many of
the more persistent organochlorines, but also more photochemically labile than PCBs
(Hutzinger 2t al., 1973). There is some evidence that Atlantic salmon (Salmo salar)
accumulated di-, tri-, and tetra-CDFs from food to increasingly higher levels as the
number of chlorines/moleculeincreased (Zitkoeral., 1973). Explanations forthe increase
included easier metabolism, faster excretion and decreased efficiency of uptake from the
G tract of the lower chiorinated CDFs. The accumulated concentrations of alt CDFs
were very low. Curley ef al. (1975) produced tentative mass spectral evidence that a
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226 NORSTROM, RISEBROUGH AND CARTWRIGHT

tetra-CDF was eliminated in the urine of rats fed Aroclor 1254. The presence 0f2,3,7.8-
tetra-CDF in Aroclor 1254 has been confirmed (Bowes er al., [975b). The ability to
detect CDFs in urine suggests that they are more rapidly eliminated from the rat than
PCBs, since the total tetra-CDF intake of all rats throughout the study was approxi-
mately 2.4 pg,* and the urine sample represented only a small time period in the PCB-
ingestion experiments.
Studies with the chemically similar CDDs may be indicative of CDF bi

lation potential. Microbial bolism and model Y studies with 2,3,7,8-tetra-
CDD (TCDD) indicated that it was more stable towards metabolic breakdown than

most orgi lorine ds (M and B: 1973; Isensee and Jones,
]975) However, unlike DDE and the more Iughly chlorinated PCBs, which are also
to bolism, TCDD ap d to be less efficiently absorbed from

the GI lmct, and was clenred from organums more rapidly as the unchanged molecule
(Vinopal and Casida, 1973; Piper et al., 1973).

The evidence, therefore, seems to point to a faster climination of CDFs than of PCBs,
which is strongly reinforced for birds by the present study which has shown that mallards
eliminated >97 % of all CDFs associated with Aroclor 1254 in the long-term feeding
experiment. The PCB concentrations reached were similar to those found in the most
highly contaminated wild birds, such as Herring Gulls in Lake Ontario (Gitbertson,
1974; Frank et al., 1975). A large body burden of PCBs may contribute to more rapid
clearance of CDFs by inducing a higher leve! of hydroxylase activity.

Further attempts to find CDF residues in the environment, even in birds with excep-
tionally high PCB i appear destined to fail. The practical difficulties of
environmental CDF analysis can be scen from the present study. To achieve the CDF
detection limit of 0.01 ug/kg in lipid, approximately 500 g wet weight tissue, containing

ap ial CDF ion of 0.8 ng/kg (ppt), was requlred for each analysis. The
use of mass frag y may climi time-C | p steps (Buser,
1975), Imt is unhkely to give much better detection limits. The contnbuhon of chlori-
nated p is to ination by CDFs may be as high as that of

PCBs (F’mtone etal., 1972), but given the apparent lack of CDF bioaccumulation, this
contribution is also unhkely to result in measurabie residues at the top of a food web.
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wan Veoaepresented by map composed of cigenvectors
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Poamt $as Jallows:
map a8 Thienemedtor e S T U feirenvectar 9 ()
where the numeniead cocthaents are Liken from egquation
1 Simndarhy, the treeeronih anomaly pettern vorrespond-
e 1 the vear Tollowme o bigh percentage ol alhacore
vateht ot of Sae Foanciee can e represenied ase

Ny B = RS Leigemector 41 - 017 (eigenvector W
A+ LS cigemector 1) (3}

These maps are presented v Bigs 40 The ning-widith data
were mostdy trom pees sited i ard focabiies, s that a
wide 7ing woukd generally be associated with anonmadously
wool, domdy  weather amd above normal - precipitation
wherdan a4 nasvos ving wonkd selfect warm, sunny and dry
comditivng

Bedow pormal t growth in the Pacitic Nosth-west
i, B i indicative of dey conditions associated with betow
tormal cvclonic activity dueing the tishing sason, Suany
and  mikl  weathee  would fuvone albacore  fishing  in
adpacent waters, as wouhl above normal insolation regand-
leay of weather. Phe resalling excess of stored hea the
weean wonlkd be given up throogh cvaporation during the
Tollowing autamn and winder and leadd to inereased yclonic
activty amd precipitation along te stonorth of San
Franviven. Vhese conditions would Teind to increased tree
growih during the fotlowing growing season (i, ),

Autimn and  wanter it anomaly  Features, com-
bined with sprimg clamate and the yearto-year atocorrela-
ton of ree-ring wudths, prodace  the other  ring-width
anamaly features i Big. 4 lor ahe Tollowing  growing
seson. Narrow ring wilths south of San Franciseo, for
example, imply betow roemal precipitation— an cxpected
feature since winter precipitation in the Pacific North-west
is  acgmisety  correlted  with  wisiter precipitation e
southern California®

e recomstructed values of alacore citch distribution
data (Fig, 2 amd interred population distribirtion alo scem
to enhibit Jong weem changes over imervaly of 10 yr or
more, which suggest the powili'ity that long term fluctua-
tinas in the e sosphiere sistem may e invohed,

I soceess of the calibration of tree rings with albacore
el indicates the possility. of relating tree-cung varis-
tens o any type of biodogecal verlations which are affected
hy targe scide climatic fngtuations, Such relationshups nty
e guantiticd and ased to recomstraet objectisely  other
chimatically-caused hintic vaviations in the past,

N CrLaek
National Oceanic anid A imospheric Adminngration,
National Mavine Fisheries Serviee,
Sonthwest Fisheries Center,
La totta, Calitornia Y2037
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Oats may grow hetter in water
depleted in oxygen 18 and deuterium
MWrane growme oats at Jelerent mperaiies amo i ol
dilerent 0 and dedternnn (D) abudamegs, we potced tha
GAts Bros i in Antiretie saler i which s deplered ny @ O ok
Dby a9 and 300 b e to standaa b mean ocean waret
(SATOW usedl as a womparatne rescrenee 1n hvadrowen ond
O RN SOTOPE stidies ), showed it growth 12 weeks soner
i did cats grosn o water contonme preater ' O aned 1)
CURCCRETITRS . Hie O seeiied YO grew berter g warer whueh
was ost depleted oy tie seabie sotopes thioazheg tie vtow
period,
The
seilent ghivs-corered ghon wis cpprosinately B baents

toawvere grown lom the same batehh of seefs 19w

Hye it seeds were added ta each e, contuning the sane
amovnt of vermiculite and SO0 mlwater to whieh S0 Ragnd
Liro, a commere
melied glagial ice from the ANLarcie s ith isetope comee et atons,
of 49 ACOSMOW) and  J00  SDSANOW Y e oiha
Jar contained ditilled vecan water with 10 0O (SMOW
and 17 81 ISNHOAWY Bt Girs were plaged i the s amber
atthe same time

The experiment was cepeated (heee tines soith nes materialy.
anve the grow thehambwer wis mamianed between £ 7and 1V ¢,
oee between M cmd b U and once the Temperatuee
Nuctttedt between 1.7 and 266 C Fach ime the oats i the
Wr o contaiing water depteted e e heasy isotopes ~howed
germination 12 weehs varhier and seemed to grow  bener
throughout the growth period, than oats grown e distdled
et witter.

Using outs grosn at 1S €, the Hirst sign of germingtion m the
sar contatining water depleted in the lieasy sotopes was 4 d alter
planting. On the dav o, enght plants toul of 25 had artaned
height of 6 e The nirst ~ of germination mte e warh
witler contiimeg te heanicr notope concenitaton, was atter
170 By the time e plants leud gitained a heght of bamoan tas
far, in that with waier depleted i the isotones, 23 plants that
fad reached the top of the i tapprosmatehs 25 om

Kashutin® observed that snow-water depleted in 1) morcases
the vield of cucombers, vinbshies amd sprme wheat compared
with controls grown 1 ordmiey witer ol unspeabied sotop
compustion. e cites expeciments on the ey prodin gt of
tens and the werght gam ot sichling ps. b hoth cases sater
depleted i 1Y was especialls ethoent i pramoting producinats

\though much has been done vn the etlect of B carghual
water on olocad sestenis, we sasgest Hal pescatchoon the
etfect D-depteted water on phant and ammiat e e mae o
fraitul, A ounon souree of saee depleted i B oo oo
A0 Jenmipared With S MO o and see o the A starcne
polw phitean, Water depletal by 1500 1x0
i ahe VSA from Rocks Mountam spow precamta g abose

Tertibiser, and been added. One yar contanald
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tdentification of chlorinated dibenzoturans

in American polychlorinated bipheny s

A arey of embryos has conttibuted 1o the reprodacone
tarhiaes ot aserad bind speoes, dhudag e spasahgakes
et e anany of soathern Scothamd’ the white face 1w oo
e eecttes albicdllar of Selibose i Hobtems and (i S
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galts s wreoatanny of Vake Onmtario' Sispected ¢
nchide  pop DI 12 2 onpechluropbeny D dichlorecih-
fene), other chloriated  brocides wdiar their dernatises,
and e pohehlormated bphenyis (PCRsy alt of which aee
Present ay contumnants i the cgest L PO aee present
high concentrations i the hird  populitions which  <ufter
cmbrvonic mortdin=* Other organochiorineg  compounds
which may be present in food webs include the chhormsaned
dibenzodioyins and the chilorinated dibenzofurans (Fig. ),
which nre toxic to embryos i umounts®? less than 1 g, They
are therefore among the most Loxic substances known and are
possible vanses of Hie observed mwrtatiny.

The chivrimtied dibenzodiosins and corinated dibenzo.
(urans, howeser, have proved ceceedingly ditticult 1o detect
i eavironmental samples in the concentrations at which (hey
are expected o be embryotoxic” ' The chlorinated diben-
otioxing enter the evironment as contaminants in preparttions
of the herbicide 24.5-T trefs § and 11 and the fungicide
premachiveophenst'*** - Chiormated dibenzoirios have been
found in a French (Phenoclor DPO) amd a German (Cophen
A0 PCB and were shown (o be the active embryotoxic agemt
in these preparations®, The technigues used, however, did not
detect chlorimateit dibenzoturins in an American PCB, Aroclor
1260, We report here (he presence of clilorinated dibenzolurians
o Arolor PCB, widely ssed in North America and Great
firitaiey, and in the same Aroclor 1260 prepariation examined
previouddy with wegative tiodings®.

Sanples of PCD examined inchude: Aroclor 1248, 1254 and
1260 (1969); Aroclor 1254 (897010 Areclor 1016 (1972); and
the sume thrce preparations studied by Vos er al*: Arochor
1260, Wt No. AK-3; Clophien A-o0 lot Noo 912440 ud
Phenoclor DP-6, Jot not specitied. The latter three PCBs were
abtained from De Vos, the others from the Monsanto Company
in the vears induated in parentheses.

PCHS extracted from ensiconmental sapmples mosi olten have
pas chromatographic profiles simitar 1o those of PUR formala-
vons containing approximately 48, S oe 60" chlorioe, ta
the Aroclar serics, the former (wo PCBS are cguivalem 1o
Aroctor 148 and Aroclor 1254, respectively. Aroclor 1264,
Pheancior DP6, and Clophen A6 alt contain approximately
w", cilorine.

Chivrinated  dibensofurans were identified i all Aroclor
prepacations exeept Aroclor 1016, as well as in Clophen A
and Phenoctor DI'6. Aroclor 1016 PCB mixture containing

Fig, 1 Shekerd structates ot o, chlorinated biphenyd, « 1y
1101 b, chivnaated dibencofurans, v 1 v 1 B: ¢, chlorinated
dibenzodiosms, x vy o« 1.8,

a,
Cr,
“
L0
o Cy,
b
8]
1
)y “h
(9]
‘.

Nattare Vol v fude 24 s

Talde 1 Chlotarated ibenselinam concent i Aok,
b and Phene b
PCn 1 sl ) otal
Sivcar 2% 9 AR N AT TR R R S
Arocter 1284 (Joniy AR BT R I L) [
Arochor 1284 (1970 DIUN Wy w o IS
Avoctor 1260t 01ny Ay o s sy )
Aroclor 12600000 AKYD  02125) DNy n g N
Aron 1016 11972) ND D
Claphen A.n0 (AT S0y LR
Phenoclor D1%-6 075 oy (RKY

PExpressed as pg e PO Y dues in pacentheses represent quantity
as pereentage Totat dibenzoturan

NDL now detecred (- 00t pgg )

Amounts of PCB cangimg trom 10 (o 210 @ were disolved
400 m) hexane, placed on @ Elorisil cotumy (R0 8 internad dunmeter
WS ) and eluted with: an rddional Fas il bevane, il
sueeessive MO ml colenes each of . diethy lether hevane, 25°
diethy bether bename and awctone, at o rne of approsmatcty 7 m)
mme L hemaior portion of the PCHwas elutedin e bene T ton,
whneh was descarded. Onadilinon of the S e, the eluates were
coteeted moan sieerssive 00 ml volumes Lo cimnate the polae
solvents, each ehinte was evaponred Gaee Just todrviess amd taken
an each e ma misnmal ameont ot hecane, Cach fraction, o |l
hexane, was placed on g avcrodununa column®® and euted with
1O mbeach of U and 207, methy lene chlorde 1o hevane, These were
abso tken twice just 1o dryness amd atide woup o voiume of 1 mb g
hexs T elimmate the merthvlene Chilonde belore gas chiromato-
gray anadysis. Aliguots ot afl fractions obtaimed before and alter
artitioniog on alunena were inecial into a ax foot glass column
cantimng 37, OV on (o0 120 mesh Supelcoport 1n Tracor M 1220

W Viewlett Packanl $700 gas  chromatogeaphs  caupped  with
SINY cleciron-capture detectors, PUBs were ‘f‘mnnl 10 he present in
cach frwhon clited from the lonsd column i onoums sullicient
1 intertere with e detecton ol Irace contammants, Partiionong vn
the ilamima columns separated most of the PCB aiterference into the
17, methvlene chiotale Tractons. On semovad of this interference,
drtferent peak patterns appeared in the Ciromatogeams of the 04
methyiene chlorude iractions, Compounds chating in the 20", methy-
lere chlonde ©ntron were collected for mass spectionetig amlysiy
ustng i 2001 ¢ Moent sphierer, amd s tap vomisting of 4 copadhay nbe
AU vy mternad dizmeter, 100 mm long) bent to s L shape, insersed
i digueed aateeazen e Methsleone Chlonde 20703 plh iy hesane
was ineeted oo the capdley as a nose, remosed with g (0l
wicropiperte, and placed diectly on e mas spectrometer probe
The probe was inserted itoa GEC AET MSO02 high resolition mass
mwter amd the salvent iemosed by the foree pump {he probe
prdly inserted into the ton source and muliipie scans were
reconded 10 the on-line igh 1esolution mode™

approximtely . chlorme and has replaced Aroclor 1242
nomany applications, prancipally as the dwelectric: Mud m
o™ Vatues reported i Vable 1orepresent the 1ot of
those compounds Tound i dml Flonsil fractions 2 60 A
ot of 1012 somers was adenitied m each PO B Two chlonn.
ated dibenzolurins contampions have been eported lor the
Clophen amd Phenodior previowsiv®s our dirst analyses of the
Clophen veseaded an additional five chlogmited dibwenzoturins®
Fhie stenctuees contamed fonr tosiseblorme atomns Other diben.
sofurans inchidimg these chlorimated to g lesser cxtent iy hase
been present i the st 3OO il Hracton but s was notexanaed
W de il as it contamed sabstamad POH mtericrence. Revently
synthessed 247 Kaer LRI pentas and 23367
he!
ind hevswhiorodibenzofuran, respecinedy, The lorwer 1wo
anthentic standards had retention tanes on the OV colomn
the sanme s those of ta o ddenzolurans isoliated from the 1O,
Vos et al® detected no o dierinated dibenzoluriny meoan
Aroctor 1200 prepacaton at o detecnon Tt of b oppom.
Fractionation il exmination ol the whentivad Aravior 1208
e our slndy conditm their Gmdimes based on the siated i,
but reveal the presence of UL chlorimaed dibenzatugives s the
preparation, hasing i 1onal comentriimon of 88 jg g ' PMCR
(Table 1) The same workers also found diethad ether exiracts
of the Clophen A6 and Phenoctor DP6 1o e much maore o
10 chick embryvos than dieths ] ether extiacts of Aroddor 260
Our study conlirms those ladios on the baas of 4 ldorinated
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contiming i misture of chinemated biphem y, dibenzofurans,
am) paphtialenes. Lleatshiey of peaks ae given i the @,
b, Mass pecttay of peas 2w s bluradibenzotran.

dibenzofuran content: the identici! Clophen and Phenoclor
contivin 18 and 17 times morz 1ot chiorimaied didenzofurans,
respectivety, than the Avoctor 1260,

A ISt i showing derived fram the
Arclor 1284 obtained in 1469 is represented in tig. 2 The
components were ctuted in the second 300 mi -lorisid fraction
and recovered Trome the atu nina column in 20%, methylene
chiwrite hevane, Fach of the numbered peaks was trapped
W deseribed  heee, wid identitied by mass smctronwetric
anadvais, A nominad mass plot of the high resolution mass
spectrum of peak 2 is shown in Fig. 2. Uhe plot includes all
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the ions with elemental compositions ringing 10 the aaximum
empirical Torma O 10,0501 201,14C, The melecular jon
chisier st nominal mse 04 310 fragments by successive losses
of CF e yield the jons at mbe 269 278 amd CO to the ions at
e 280 2450 A nor toss of CF from the peaks at mée 269-275
ab oegus to yichl the jons at mfe 234 238, Tollowed by (O
climination 1 m.e 206 210,

T gromy of peiks at mte 152 134 are the doubly charged
weheoubiar wonk, A idestieal spectrum was obtained from an
athentic stamband of 2 37 N-eteachlorodibensaturian, this
Ratter compound has a retention tine identi il oF peak
4 Peak s, theretore, o positioml isomer. The iiccuriate mass
wiwements Tor the characteristiv ions are within 2 ppm,
of the valculined exact ivsses, Peaks identiied on s chromito-
graen et Lheir cetention thaes rebanive todickinin are as foltows:
ture ol 1etra- aml peatachlorabplieny 28 tetrachiono-
ibenzeturan (1.1 pentachlorohiphens (1460 tetrachlorodi-

Benzoturan  (1S71; hesachioronaphehalene  (F 75 penti-
Cilormtuphem T CELXG) hesachoronaphithalene (20080 and
heptachoronapihadene (V00 An diguot  of - combinad

trarctinns dereced trany the supe Arocher 1258 was treated with
divzomethane tassess whether any clorimted octha-hydeos.
Miptheny s fpeeturansd were present, € hronsieograplie
aniely s oF the sample hetore and atier tecatment resalied in
adental chirominoy

A Liree guaanstities oF OB have entered the global enviroe-
et it beasanmed that the coataminant dibencatutans
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PCB's: How Toxic?

Polychivrinated biphenyls (PCB's) are
ized as ubiquil envir |
contaminants. In 1973, this worldwide
problem resulted in a decision by the
Organization for E ic Cooperati
and Development to controi the use and
dispossl of PCB's (/). At present, both
the U.S. and Canadian governments arc
preparing legislation for the control of
toxic substances. .
The concern over PCB's is based on
two factors, namely their environmenta!

SCIENCE. VOL. i9?

May 14,197

n@véw,%(

9~ ? w1 4.24«,

persistence and their toxicity. Recent re.
suits. however, cast douhts on the Iatter,
Bowes et al. (2) ohserved concentrations
of highly toxic polychiorinated diben-
zofurans (PCDF's) ranging from 0.1 10
0.5 microgram per gram in &il but one of
the North American PCB's (Aroclur).
Earlier studies by Vos et afl. (1) had
indicated that only PCB's manufactured
n Japan (Kanechior) and Europe (Clo-
phen, Phenochlor) contained such impu-
rities. In addition. PCDF's and other by-
products were recently found in “‘pure”
PCB isomers (¢).

The toxicity of PCDF's exceeds that
of PCB's by approximately four to six
orders of magnitude. Their presence in
PCB’s has. therefore. significant bearing
on toxicity studies on PCB's, com-
mercial mixtures, and isomer prepara.
tions alike. Yet. in only a small propor-
tion of the scientific reports on this sub-
jectis the problem of PCDF impurities in
PCB's discussed. Obviously, the degree
of this contamination is variable with the
origin and probably also with other de-
tails of the manufucturing processes.

1 gy d. therefore. that
in all future toxicity studies and for as
many past studies as can be docu-
mented, precise information on the
PCB's used (source, date of manufac-
ture, lot number, and so forth) be record-
ed. [ further recommend that past experi-
ments for which such information is
available be reevaluated in view af the
strong possibility of the presence of
PCDF's and their overniding toxic ef-
fecis.

Kiaus L. E. Karsen
Environment Canada,
Canada Centre for Inland Waters,
Burlington. Ontario L7R 446
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